
EG1200361 
Modulation of the Inflammatory Response by Ionizing Radiation and the 

Possible Role of Curcumin 
 

Thesis submitted in partial fulfillment for the Master Degree in Pharmaceutical Sciences 
(Pharmacology and Toxicology) 

 
By 

 
Marwa El-Sayed A. Hegazy 

Pharmacist in Drug Radiation Research Department 
 National Centre for Radiation Research and Technology 

Atomic Energy Authority (Egypt) 
 

 
Under Supervision of                

   
 

 
 
 
 
 
 
 
 

 
 

Department of Pharmacology and Toxicology  
Faculty of Pharmacy 

Cairo University 
2009 

 
 
 
 
 
 
 
 
 
 
 

 

Prof. Dr. Sanaa A.Kenawy 
Prof. of Pharmacology & Toxicology 

Faculty of Pharmacy 
Cairo University 

Prof. Dr.Mona A. El-Ghazaly 
Prof. of Pharmacology 

Deputy Head of Biotechnology 
Division 

National Centre for Radiation 
Research and Technology 
 Atomic Energy Authority 

(Egypt) 



 
Examination Board Approval Sheet 

 
 
 

Thesis Approval Committee                              Signature 
 

1- Prof. Dr. Sanaa A.Kenawy 
   Professor of Pharmacology  
   Faculty of Pharmacy                                              
   Cairo University                                     --------------------- 

 
2- Prof. Dr. Mona A. El-Ghazaly 
   Professor of Pharmacology 
   National Centre for Radiation                                
   Research and Technology 
   Atomic Energy Authority, Egypt           ---------------------- 

 
3- Prof. Dr. Ezz-EL Din S. EL-Denshary  
   Professor of Pharmacology & Toxicology  
   Faculty of Pharmacy 
   Cairo University                                    ---------------------- 

 
4- Prof. Dr. Laila Gamal EL-Din Mahran  
    Professor of Pharmacology & Toxicology  
    Dean of Faculty of Pharmacy 
    German University in Cairo                 ---------------------- 

 
 

  
                                                                 Date: 25/4/2009 
 
 
 
 
 
 
 
 
 
 
 



 
 

Prerequisite Postgraduate Courses  
 

Beside the work presented in this thesis, the candidate has attended the 
following courses for one year: 
 
General Courses 
 

• Computer and its applications 
• Literature search and scientific English language 
• Basic statistics 

 
Department Courses 
 

• Pathophysiology of diseases  
• Pharmacometrics  
• Toxicometrics 
• Immunopharmacology 

 
 She has successfully passed examinations in these courses with general 
grade “Very Good”. 
 
 

                                  Prof. Dr. Hekma Abd EL-Tawab 
 

             Head of Pharmacology and Toxicology Department 
                                            Faculty of Pharmacy 

                                               Cairo University  
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

Acknowledgements 
 

First of all thanks to ALLAH who is the guardian over everything, who directs 
my steps and gives me a measure of faith. His grace is sufficient. May his name be 
exalted, honored, and glorified. 

 
I would like to express my great thanks to my supervisor Dr. Sanaa A. 

Kenawy, Professor of Pharmacology & Toxicology, Faculty of Pharmacy, Cairo 
University, for her supervision and guidance during my research work. She was 
abundantly helpful and offered valuable assistance and support. In addition, she 
was always accessible and willing to help me on editing my thesis writing. 

 
It is difficult to overstate my gratitude to my supervisor Dr. Mona A. El-

Ghazaly, Professor of Pharmacology, Deputy Head of Biotechnology Division, 
National Centre for Radiation Research and Technology (NCRRT), for her 
supervision, and suggesting the plan of this work. I am indebted to Dr. Mona for 
her enthusiasm, her inspiration, and her great efforts to explain things clearly and 
simply. Throughout my thesis-writing period, she provided me stimulating 
suggestions, encouragement, sound advice, good teaching, good company, and lots 
of good ideas. The preparation of this thesis would not have been accomplished 
without her support, hard work and endless efforts. 

 
Dr. Ahmed Sh. Nada, Assist. Prof. at Department of Drug Radiation Research, 

NCRRT, deserves special thanks for his helps and support during my experimental 
work. 

 
My deepest gratitude goes to my family for their unflagging love and support 

throughout my life; this dissertation is simply impossible without them. I am 
indebted to my father, Prof. Dr. El-Sayed Hegazy, for his care and love. As a 
typical father he supports the family and spares no effort to provide the best 
possible environment for me to grow up and be what I' am now. I cannot ask for 
more from my mother, as she is simply perfect. I have no suitable word that can 
fully describe her everlasting love to me. I would like also to give my special 
thanks to my sister, my brother and my close friends whose patient love enabled 
me to complete this work. 

 
Last but not least, I would like to express my great thanks and gratitude to all 

my colleagues for all their help, support, interest and valuable cooperation. They 
had inspired me in research and life through our interactions during the long hours 
in the lab. 

Marwa Hegazy 



 
 

Contents  
   
  

I. Aim of the work ------------------------------------------------------------- 
II. Introduction ------------------------------------------------------------------- 
 

1. Ionizing Radiation --------------------------------------- 
2. Inflammation --------------------------------------------- 
3. The oxidative balance ----------------------------------- 
4. Reactive oxygen species and inflammation --------- 
5. Nutraceuticals -------------------------------------------- 
6. Curcumin -------------------------------------------------- 

 

III. Material and Methods ---------------------------------------------- 
1. Drugs and Doses  ----------------------------------------- 
2. Radiation Facilities  ------------------------------------ 
3. Chemicals and Reagents -------------------------------- 
4. The carrageenan air-pouch model  ------------------- 
5. The Adjuvant-Induced Arthritis model ------------ 
6. TNF-α assay  --------------------------------------------- 
7. Estimation of PGE2 -------------------------------------- 
8. Determination of blood reduced glutathione (GSH) ----- 
9. Determination of serum malondialdehyde (MDA) 
10. Trace metals (Zn, Cu, Fe, and Se) measurement  - 

 

IV. Results ----------------------------------------------------------  
V. Discussion ------------------------------------------------------ 
 

VI. Summary and conclusion -------------------------------- 
 

VII. References -------------------------------------------------- 
 

VIII. Arabic summary --------------------------------------  
 
                           
 
 

 
 
 
 
 

Subject                                                                                     page 

1 
3 
3 
9 
20 
28 
29 
34 

 
39 
39 
39 
40 
41 
43 
46 
48 
50 
51 
52 
54 

132 
 

154 
159 

 
١ 



 
 

 List of Tables 
 

 
Table Page

Table (1): Radiation quantities and units used in radiobiology. 4 
Table (2): Antioxidant defense systems. 22 
Table (3): The used chemicals. 40 
Table (4): Effect of curcumin and diclofenac on the volume of the 
inflammatory exudates collected from the air pouch in non-irradiated 
and irradiated rats. 

56 

Table (5): Effect of γ-radiation exposure (6 Gy) on blood GSH level in 
the air pouch model of inflammation, 24 h, 3 days and 7 days following 
exposure. 

59 

Table (6): Effect of curcumin and diclofenac on blood GSH level in the 
air pouch model of inflammation, in non-irradiated and irradiated rats. 

60 

Table (7): Effect of γ-radiation exposure (6 Gy) on serum MDA level in 
the air pouch model of inflammation, 24 h, 3 days and 7 days following 
exposure. 

63 

Table (8): Effect of curcumin and diclofenac on serum MDA level in the 
air pouch model of inflammation in non-irradiated and irradiated rats. 

64 

Table (9): Effect of curcumin and diclofenac on serum TNF-α level in 
the air pouch model of inflammation in non-irradiated and irradiated 
rats. 

67 

Table (10): Effect of curcumin and diclofenac on serum PGE2 level in 
the air pouch model of inflammation in non-irradiated and irradiated 
rats. 

70 

Table (11): Effect of curcumin and diclofenac on the hepatic zinc (Zn) 
content in the air pouch model of inflammation in non-irradiated and 
irradiated rats. 

73 

Table (12): Effect of curcumin and diclofenac on the hepatic copper 
(Cu) content in the air pouch model of inflammation in non-irradiated 
and irradiated rats. 

76 

Table (13): Effect of curcumin and diclofenac on the hepatic iron (Fe) 
content in the air pouch model of inflammation in non-irradiated and 
irradiated rats. 

79 

Table (14): Effect of curcumin and diclofenac on the hepatic selenium 
(Se) content in the air pouch model of inflammation in non-irradiated 
and irradiated rats. 

82 

Table (15): Effect of curcumin (50 mg/kg) and diclofenac (3 mg/kg) on 
the paw volume of arthritic non-irradiated and irradiated rats. 

86 

Table (16): Effect of γ-radiation in an acute dose level of 6 Gy at 24 h, 3 
days and 7 days after exposure on the level of blood GSH. 

91 

Table (17): Effect of curcumin and diclofenac on blood GSH level in 
adjuvant induced arthritis model in non-irradiated and irradiated rats. 

92 



Table (18): Effect of γ-radiation in an acute dose level of 6 Gy at 24 h, 3 
days and 7 days after exposure on the level of serum MDA. 

95 

Table (19): Effect of curcumin and diclofenac on serum MDA in 
adjuvant induced arthritis model in non-irradiated and irradiated rats. 

96 

Table (20): Effect of curcumin and diclofenac on serum TNF-α in 
adjuvant induced arthritis model in non-irradiated and irradiated rats. 

99 

Table (21): Effect of curcumin and diclofenac on serum PGE2 in 
adjuvant induced arthritis model in non-irradiated and irradiated rats. 

102 

Table (22): Effect of curcumin and diclofenac on hepatic zinc (Zn) 
content in adjuvant induced arthritis model in non-irradiated and 
irradiated rats. 

105 

Table (23): Effect of curcumin and diclofenac on hepatic copper (Cu) 
content in adjuvant induced arthritis model in non-irradiated and 
irradiated rats. 

108 

Table (24): Effect of curcumin and diclofenac on hepatic iron (Fe) 
content in adjuvant induced arthritis model in non-irradiated and 
irradiated rats. 

111 

Table (25): Effect of curcumin and diclofenac on hepatic selenium (Se) 
content in adjuvant induced arthritis model in non-irradiated and 
irradiated rats. 

114 

Table (26): Effect of low dose γ-radiation exposure in an acute dose level 
of 0.25 and 0.50Gy on blood GSH. 

117 

Table (27): Effect of low dose γ-radiation exposure in an acute dose level 
of 0.25 and 0.50Gy on serum MDA. 

119 

Table (28): Effect of low dose γ-radiation exposure in an acute dose level 
of 0.25 and 0.50Gy on serum TNF-α. 

121 

Table (29): Effect of low dose γ-radiation exposure in an acute dose level 
of 0.25 and 0.50Gy on serum PGE2. 

123 

Table (30): Effect of low dose γ-radiation exposure in an acute dose 
level of 0.25 and 0.50Gy on hepatic zinc (Zn) content. 

125 

Table (31): Effect of low dose γ-radiation exposure in an acute dose level 
of 0.25 and 0.50Gy on hepatic copper (Cu) content. 

127 

Table (32): Effect of low dose γ-radiation exposure in an acute dose level 
of 0.25 and 0.50Gy on hepatic iron (Fe) content. 

129 

Table (33): Effect of low dose γ-radiation exposure in an acute dose 
level of 0.25 and 0.50Gy on hepatic selenium (Se) content. 

131 

 
 
 
 
 
 
 
 
 



 
 
 

                       List of Figures 
 

 
Figure Page 

Fig (1): Inflammation. 10 
Fig (2): Vasoactive Mediators of Increased Vascular Permeability. 11 
Fig (3): Generation of arachidonic acid metabolites and their roles in 
inflammation. 

14 

Fig (4):  Cytokines involved in inflammatory reaction. 17 
Fig (5): The major endogenous antioxidants. 23 
Fig (6): Curcuma longa. 34 
Fig (7): Effect of curcumin on various pro-inflammatory diseases. 36 
Fig (8): Effect of exposure to γ-radiation in an acute dose level of 6 Gy at 
different time intervals on the volume of the exudates collected from the 
air pouch. 

55 

Fig (9): Effect of curcumin and diclofenac on the volume of the 
inflammatory exudates collected from the air pouch in non-irradiated 
and irradiated rats. 

57 

Fig (10): Effect of γ-radiation exposure (6 Gy) on blood GSH level in the 
air pouch model of inflammation, 24 h, 3 days and 7 days following 
exposure. 

59 

Fig (11): Effect of curcumin and diclofenac on the level of blood GSH in 
the air pouch model of inflammation in non-irradiated and irradiated 
rats. 

61 

Fig (12): Effect of γ-radiation exposure (6 Gy) on serum MDA level in the 
air pouch model of inflammation, 24 h, 3 days and 7 days following 
exposure. 

63 

Fig (13): Effect of curcumin and diclofenac on the level of serum MDA in 
the air pouch model of inflammation in non-irradiated and irradiated 
rats. 

65 

Fig (14): Effect of curcumin and diclofenac on the serum TNF-α level in 
the air pouch model of inflammation in non-irradiated and irradiated 
rats. 

68 

Fig (15): Effect of curcumin and diclofenac on the level of serum PGE2 in 
the air pouch model of inflammation in non-irradiated and irradiated 
rats. 

71 

Fig (16): Effect of curcumin and diclofenac on the hepatic zinc (Zn) 
content in the air pouch model of inflammation in non-irradiated and 
irradiated rats. 

74 

Fig (17): Effect of curcumin and diclofenac on the hepatic copper (Cu) 
content in the air pouch model of inflammation in non-irradiated and 
irradiated rats. 

77 

Fig (18): Effect of curcumin and diclofenac on the hepatic iron (Fe) 
content in the air pouch model of inflammation in non-irradiated and 
irradiated rats. 

80 



Fig (19): Effect of curcumin and diclofenac on the hepatic selenium (Se) 
content in the air pouch model of inflammation in non-irradiated and 
irradiated rats. 

83 

Fig (20): Effect of curcumin (50 mg/kg i.p.) and diclofenac (3 mg/kg i.p.) 
on the paw volume of arthritic non-irradiated rats. 

87 

Fig (21): Effect of exposure to γ-radiations (6 Gy) on the paw volume of 
arthritic rats. 

88 

Fig (22): Effect of curcumin (50 mg/kg) and diclofenac (3 mg/kg) on the 
paw volume of arthritic irradiated rats exposed to an acute dose level of 
γ-radiation (6 Gy). 

89 

Fig (23): Effect of γ-radiation in an acute dose level of 6 Gy at 24 h, 3 
days and 7 days after exposure on the level of blood GSH. 

91 

Fig (24): Effect of curcumin and diclofenac on blood GSH level in 
adjuvant induced arthritis model in non-irradiated and irradiated rats. 

93 

Fig (25): Effect of γ-radiation in an acute dose level of 6 Gy at 24 h, 3 
days and 7 days after exposure on the level of serum MDA. 

95 

Fig (26): Effect of curcumin and diclofenac on serum MDA in adjuvant 
induced arthritis model in non-irradiated and irradiated rats. 

97 

Fig (27): Effect of curcumin and diclofenac on serum TNF-α in adjuvant 
induced arthritis model in non-irradiated and irradiated rats. 

100 

Fig (28): Effect of curcumin and diclofenac on serum PGE2 in adjuvant 
induced arthritis model in non-irradiated and irradiated rats. 

103 

Fig (29): Effect of curcumin and diclofenac on hepatic zinc (Zn) content 
in adjuvant induced arthritis model in non-irradiated and irradiated 
rats. 

106 

Fig (30): Effect of curcumin and diclofenac on hepatic copper (Cu) 
content in adjuvant induced arthritis model in non-irradiated and 
irradiated rats. 

109 

Fig (31): Effect of curcumin and diclofenac on hepatic iron (Fe) content 
in adjuvant induced arthritis model in non-irradiated and irradiated 
rats. 

112 

Fig (32): Effect of curcumin and diclofenac on hepatic selenium (Se) 
content in adjuvant induced arthritis model in non-irradiated and 
irradiated rats. 

115 

Fig (33): Effect of low dose γ-radiation exposure in an acute dose level of 
0.25 and 0.50Gy on blood GSH. 

117 

Fig (34): Effect of low dose γ-radiation exposure in an acute dose level of 
0.25 and 0.50Gy on serum MDA. 

119 

Fig (35): Effect of low dose γ-radiation exposure in an acute dose level of 
0.25 and 0.50Gy on serum TNF-α. 

121 

Fig (36): Effect of low dose γ-radiation exposure in an acute dose level of 
0.25 and 0.50Gy on serum PGE2. 

123 

Fig (37): Effect of low dose γ-radiation exposure in an acute dose level of 
0.25 and 0.50Gy on hepatic zinc (Zn) content. 

125 

Fig (38): Effect of low dose γ-radiation exposure in an acute dose level of 
0.25 and 0.50Gy on hepatic copper (Cu) content. 

127 

Fig (39): Effect of low dose γ-radiation exposure in an acute dose level of 
0.25 and 0.50Gy on hepatic iron (Fe) content. 

129 



Fig (40): Effect of low dose γ-radiation exposure in an acute dose level of 
0.25 and 0.50Gy on hepatic selenium (Se) content. 

131 

      List of abbreviations 
 
 

AA Arachidonic acid 
AFCs Antibody forming cells 
AIA Adjuvant-induced arthritis 
AIDs Acquired immunodeficiency diseases 
AIP I-amino-3-iminopropene 

ANOVA Analysis of variance 
CAT Catalase 
CIA Collagen-induced arthritis 
COX Cyclo-oxygenase 
DFT Density functional theory 
FCA Freund's complete adjuvant 
GPX Glutathione peroxidase 
GR Glutathione reductase 

GSH Glutathione 
GSSG Glutathione disulfide 

Gy Gray 
HETE Hydroxyeicosatetraenoic acid 

HPETE Hydroperoxyeicosatetraenoic acid 
HRP Horseradish peroxidase 

IL Interleukine 
INF-α Interferon-alpha 
ISO Isoprenaline 
KeV Kilo-electron volts 
LET Linear energy transfer 
LO Lipo-oxygenase 
LPS Lipopolysaccaride 
LTs Leukotrienes 
LX Lipoxins 

MCP-1 Monocyte chemotactic protien-1 
MDA Malondialdehyde 
MIP-1 Monocyte inflammatory protien-1 
MTs Metallothioneins 

NF-κB Nuclear factor kappa B 
NK Natural killer 

NOD mice Non-obese diabetic mice 
NSAIDs Non-steroidal anti-inflammatory drugs 

NSB Non-specific binding 



OA Osteoarthritis 
OD Optical density 
PAF Platelet activating factor 

PDGF Platelet derived growth factor 
PGs Prostaglandins 
PMA Phorbol 12-myristate 13-acetate 
PMNs Polymorphnuclear leukocytes 
PPARγ Peroxisome proliferators-activated receptor 

gamma 
RF Rheumatoid factor 

ROS Reactive oxygen species 
RT Radiotherapy 

SOD Superoxide dismutase 
Th1 T helper cells 1 
THC Tetrahydrocurcumin 

TNF-α Tumor necrosis factor-alpha 
TPA 12-O-tetradecanoylphorbol-13-acetate 
TXA2 Thromboxanes A2 
TXB2 Thromboxanes B2 
γ - rays Gamma rays 

 
 
 
 
 
 

                     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
  



  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 



 
 
 

Inflammation is a complicated process involving damage of the 
microvasculature, leakage of blood elements into the interstitial spaces, 
migration of leukocytes into the inflamed tissue and release of chemical 
mediators locally. Phagocytic cells may also migrate into the inflamed area 
and the cellular lysosomal membrane may be ruptured with consequent release 
of lytic enzymes (Willoughby, 1989). 
 

In a variety of cells, ionizing radiation has been shown to enhance the 
production of reactive oxygen species (ROS) that can induce oxidative 
damage to vital cellular molecules including DNA, proteins and lipids 
(Takeda et al., 1999). ROS are tightly controlled by antioxidant defense 
systems, including non-enzymatic radical scavengers and enzymes that can 
either directly detoxify ROS or indirectly regulate their contents. The major 
enzymatic antioxidants are superoxide dismutase (SOD), which degrades 
superoxide anion radical, catalase and glutathione (GSH) redox system, which 
inactivates H2O2 and organic hydroperoxides (Meister, 1992). 
 

A nutraceutical that is a food or a part of food and provides medical or 
health benefits, including the prevention and treatment of disease may be 
advantageous in inflammation and exposure to radiation. Such products may 
range from isolated nutrients, dietary supplements and specific diets to 
genetically engineered designer foods, herbal products, and processed foods 
such as cereals, soups and beverages. 
 

Anti-inflammatory nutraceuticals are considered as moderate anti-
inflammatory agents and could be used for preventive therapy and perhaps as 
therapeutics for the treatment of inflammation related diseases (D'Acquisto et 
al., 2002). Different plant extracts and natural products have been shown to 
possess anti-inflammatory properties associated with potent inhibition of 
prostaglandins (PGs) and leukotrienes (LTs).                         
 

Hence, it seemed interesting to evaluate the potential use of curcumin to 
modulate, counteract or prevent the exaggerated inflammatory response 
induced in animals by exposure to gamma radiation.  
 

Furthermore, several studies indicate the efficacy of low dose γ-radiation in 
management of arthritis in rats (Sasai et al., 1999; Nakatsukasa et al, 2008).  



The present study was constructed in order to assess the possible potential 
of curcumin in two models of inflammation (the air pouch and the adjuvant-
induced arthritis models) with or without exposure to γ-radiations  

 
In order to achieve the goal of the present study, volume of the 

inflammatory exudates was measured in the air pouch model. In adjuvant-
induced arthritis model, the paw volume was also measured. Furthermore, 
blood glutathione (GSH), serum malondialdehyde (MDA), serum tumor 
necrosis factor-alpha (TNF-α) and serum prostaglandin E2 (PGE2) were 
investigated in the selected two models. In addition, certain trace elements 
(Zn, Cu, Fe, and Se) were also investigated in the previously mentioned 
models. Diclofenac was selected and used as standard reference. 

 
The study was extended to examine the effect of low-dose level of γ-

radiation (0.25 and 0.50 Gy) on the inflammatory process using the adjuvant 
induced arthritis model in rats in an attempt to explore the effect of radiation 
on inflammatory mediators (such as PGE2 and TNF-α), oxidative stress 
biomarkers (such as blood GSH and serum MDA) and certain trace elements 
(such as Zn, Cu, Fe, and Se). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

 
 
  

 
 
 
 
 
 
 
 
 
 



 
 
 
 

  
  

Ionizing radiation 
 

The increasing use of radiation and the recent incidents of massive radiation 
exposure give an importance to study possible radiation hazards. Radiation–
induced cell changes may result in death of the organism, death of the cells, 
modulation of physiological activity, or cancers that have no features 
distinguishing them from those induced by other types of cell injury (Valko et al., 
2004). 
 

Electromagnetic radiation is divided into non-ionizing and ionizing radiation 
according to the energy required to eject electrons from molecules (Bessonov, 
2006). Ionizing radiation, which may exhibit the properties of both waves and 
particles, has sufficient energy to produce ionization in matter. The ionizing 
radiation that exhibits corpuscular properties include alpha and beta particles, 
while those that behave more like waves of energy include x-rays and gamma-rays 
(γ-rays) (Bessonov, 2006). 
 

Radiation exposure comes from many sources and may be directly or indirectly 
ionizing. Directly ionizing radiation carries an electric charge that directly 
interacts, by electrostatic attraction or repulsion, with atoms in the tissue or the 
exposed medium. On the other hand, indirectly ionizing radiation is not electrically 
charged but results in production of charged particles by which its energy is 
absorbed (Metting et al., 1988). 
 

One of the characteristics of charged particles produced directly or indirectly is 
the linear energy transfer (LET), the energy loss per unit of distance traveled, 
usually expressed in kilo-electron volts (keV) per micrometer (µm). The LET, 
depending on the velocity and charge of the particles, may vary from about 0.2 to 
more than 1000 keV/µm (Table (1)). 

 
Radiation interacts with matter by direct and indirect processes to form ion 

pairs, some of which may be free radicals. These ion pairs rapidly interact with 
themselves and other surrounding molecules to produce free radicals. Both the 
indirect and direct activities of ionizing radiation lead to molecular damage, which 
is then translated to biochemical damage. Biochemical damage may then be 
amplified and expressed as biological injury in one of three basic processes, 



including damage to the DNA, which may become expressed, stimulation and 
release of biological mediators and alteration of nutritional vascular support. 

 
 
 

Table (1): Radiation quantities and units used in radiobiology (Meinhold, 
1995; Sinclair, 1996) 

Unit or 
quantity 

Symbol Application 

Becquerel Bq SI quantity of radioactivity, 
Bq = 1 disintegration/sec; Bq 
= 2.7 x 10-11 Ci 

Curie Ci Quantity of radioactivity; 1 Ci 
= 3.7 x 1010 dps 1 Ci = 3.7 x 
1010 Bq 

Gray Gy SI unit of absorbed dose; 1 Gy 
= 100 rad = 1 J/kg 

Rad rad Unit of absorbed dose; 1 rad = 
0..01 Gy = 100 ergs/g 

Rem rem Unit of dose equivalent; rad x 
Q x other modifying factor; 1 
rem = 0.01 Sv 

Sievert Sv SI unit of dose equivalent; rad 
x Q x other modifying factor; 
1 Sv = 100 rem 

Linear 
energy 
transfer 

LET Energy deposition per unit of 
path length; usually in eV/µm 

Relative 
biological 
effectiveness  

RBE Same effect from same dose 
of reference radiation; used in 
radiobiology 

Quality 
factor 

Q Biological effectiveness of 
radiation 

Working 
level 

WL 1.3 x 10-5 MeV α-energy/ liter 
air 

Electron volt eV Unit of energy; 1 eV= 1.6 x 
10-12 ergs; 1 eV = 1.6 x 10-19 
J 

 
The most abundant molecule in living system is water. It accounts for about 

55% of the mass in humans. Ionizing radiation interacts with water molecules to 
form an ionized pair consisting of a free electron   (e-) and an ionized water 



molecule (H2O+) in a process termed radiolysis. The free electron rapidly interacts 
with water to form the hydrate electron (H2O-), which decomposes to OH- and H.. 
The “.” Symbol designates a free radical, a molecule having an unpaired electron 
in the outer electron shell. The free radical may also be electrically neutral but 
remains highly reactive because of the unpaired electron. 

The second ion from the ion pair, H2O+, decomposes to H+ (hydrogen ion), and 
OH. (hydroxyl radical). The ionic designation depends on the molecular charge, so 
it is possible for a molecule to be a free radical and an ion. The hydroxyl radical 
contains nine protons and nine electrons and is electrically neutral. 
The end products of the radiolysis of water without oxygen are: 
 

H., OH. , H+, and OH- 

Of these, H. and OH. are the most important and comprise 55% of the initial 
relative yields. Both are highly reactive and have half-lives of 10-11 sec. this 
allows for the initial impact of the radiation ionization event, which may have 
missed the biological target, membrane, or DNA, to diffuse away from the initial 
site and produce damage by free radical attack of nearby molecule (Jenks and 
Griess, 1967; Valko et al., 2004). Free radical damage is “fixed” through reaction 
of oxygen, leading to formation of peroxy and hydroperoxy organic products that 
are more resistant to biochemical repair processes. 
 

There are other molecules, such as hydrogen peroxide (H2O2), which are not 
necessarily free radicals, but are certainly very reactive.  Such molecules  along  
with  free  radicals  are  generally  referred  to  as  reactive-oxygen species (ROS) 
(Machlin et al., 1987). 
 

There are endogenous as well as exogenous sources of free radicals. The 
formation of ROS is a normal consequence of endogenous essential biochemical 
reactions (Machlin et al., 1987, Pacifici and Davies, 1991). The endogenous free 
radicals include those that are produced and act intracellulary, as well as those that 
are generated within the cell and released to surrounding area (Machlin et al., 
1987, Ames et al., 1993). They are derived from normal cellular metabolism and 
oxidative burst produced when phagocytic cells destroy invading microorganisms 
such as bacteria and viruses (Pacifici and Davies, 1991, Ames et al., 1993). 
 

The exogenous sources of free radicals include tobacco air pollutants, organic 
solvents, anesthetics, pesticides, radiation, and high oxygen environment. Under 
normal circumstances, there is good balance between the generation of ROS and 
the antioxidant defense systems that destroy them. When increased ROS levels are 
present in the face of a deficiency of antioxidant substances in the body, the 
situation is referred to as oxidative stress, which has been associated with increase 
in age (Ames et al., 1993, Julius et al., 1994,  Bales et al., 1999), and various 
chronic diseases (Opara, 2003). 



 
Superoxide anion, arising either through metabolic processes or following 

oxygen "activation" by physical irradiation, is considered the “primary” ROS, and 
can further interact with other molecules to generate “secondary” ROS, either 
directly or prevalently through enzyme- or metal-catalyzed processes (Fridovich, 
1986). 

Superoxide radical ion does not react directly with polypeptides, sugars, or 
nucleic acids, and its ability to peroxidise lipids is controversial. It is depleted 
undergoing a dismutation reaction: 
 

2O2
.- + 2H+ ⎯⎯→⎯SOD  H2O2 + O2                    

 
SOD activity accelerates this reaction in biological systems by about four orders 

of magnitude.  It should be noted that SOD enzymes work in conjunction with 
H2O2 removing enzymes, such as catalases and glutathione peroxidases (Michiels 
et al., 1994). 

 
The hydroxyl radical is highly reactive with a half-life in aqueous solution of 

less than 1 ns (Pastor et al., 2000). Thus when produced in vivo it reacts close to 
its site of formation. It can be generated through a variety of mechanisms. Ionizing 
radiation causes decomposition of H2O, resulting in the formation of OH. and 
hydrogen atoms OH. is also generated by photolytic decomposition of 
alkylhydroperoxides. 
 
Lipid peroxidation   
 

All cellular membranes are especially vulnerable to oxidation due to their high 
concentrations of unsaturated fatty acids. This damage is usually called lipid 
peroxidation. Thus, a single free radical can cause the breakdown of several 
polyunsaturated fatty acids, generating damaged and reactive products along its 
path causing cell edema. This influences vascular permeability, gives rise to 
inflammation and chemotaxis, and alters the activity of cell enzymes, including 
phospholipase. This destructive sequence is terminated only when two of these 
radicals react together or when the radicals are scavenged by an electron acceptor 
(Halliwell, 1999; Meral et al., 2000). 

 
During lipid peroxidation, malondialdehyde (MDA), a highly reactive 

dialdehyde, can also be generated. MDA can react with the free amino-group of 
proteins, phospholipids or nucleic acids, to produce inter and intra-molecular I-
amino-3-iminopropene (AIP) bridges and structural modifications of biological 
molecules (Meral et al., 2000). 

 



Protein denaturation 
  

Proteins, the major constituents of membranes, can serve as possible targets for 
attack by ROS. Among the various ROS, the OH. , RO., and nitrogen-reactive 
radicals predominantly cause protein damage. Proteins can undergo direct and 
indirect damage following interaction with ROS, including peroxidation, damage 
to specific amino-acid residues, degradation, and fragmentation. The consequences 
of protein damage as a response mechanism to stress include loss of enzymatic 
activity, altered cellular functions such as energy production, interference with the 
creation of membrane potentials, and changes in the type and level of cellular 
proteins (Halliwell et al., 1992). 
 
Nucleic acid denaturation 
 

Although DNA is a stable, well-protected molecule, ROS can interact with it 
and cause several types of damage: modification of DNA bases and damage to the 
DNA repair system. According to Dizdaroglu et al., (2002), not all ROS can cause 
damage; most is attributable to hydroxyl radicals. Following exposure of DNA to 
hydroxyl radicals, like those induced by ionizing irradiation, a variety of adducts 
are formed. H2O2 and superoxide might lead to the production of the OH. that can 
easily cause DNA damage similar to that obtained when hydroxyl radicals are 
involved. Depending on the extent of DNA damage, the effect may be mutagenic 
or lethal. Ionizing radiation exerts most of its damaging effect by this mechanism. 

 

Inflammation 
 

Inflammation can be described as a complicated process involving damage of 
the microvasculature, leakage of blood elements in the interstitial spaces, 
migration of leukocytes into the inflamed area and release of chemical mediators 
locally in response to infections by pathogens and injuries Fig (1). Its purpose is to 
destroy, dilute or sequester the injurious agent in order to permit healing. 
Phagocytic cells may also migrate into the inflamed area; the cellular lysosomal 
membranes may be ruptured with consequent release of lytic enzymes 
(Willoughby, 1989; Serhan et al., 2005). 

 
The main features of the inflammatory response are vasodilatation, increased 

vascular permeability and the release of chemical components. There may also be 
a change in biosynthesis, metabolic and catabolic profiles of many organs and 
activation of cells of the immune system as well as of complex enzymatic systems 
of blood plasma (Willoughby, 1989; Toumi et al., 2003). 

 



Inflammation occurs in three distinct phases: acute, subacute and chronic (or 
proliferative) (Banerjee et al., 2003). 
 

The acute response to tissue injury occurs in the microcirculation at the site of 
injury. Initially there is a transitient release of chemical mediators at the site 
causing vasodilatation and increased capillary permeability; protein-rich fluid then 
exudates from capillaries into the interstitial space. This fluid contains many of the 
components of plasma including fibrinogen, kinins, complement and 
immunoglobulin that mediate the inflammatory response. The acute inflammatory 
response is an essential component of host defense in response to tissue injury. An 
appropriate  response  isolates  and  contains  the  injury  and  either returns  the  
tissues  to  their  preinjury  state  or  at  least  to  a status  that  allows  healing.  
However, an excessive or misguided inflammatory response may produce adverse 
or even lethal results. 

The subacute phase is characterized by the movement of phagocytic cells to the 
site of injury. Polymorphnuclear leukocytes (PML) such as neutrophils are the first 
cells to infiltrate to the site of injury. As the inflammatory process continues, 
macrophages predominate and actively remove damaged cells or tissues. If the 
cause of injury is eliminated, acute inflammation may be followed by a period of 
tissue repair. Blood clots are removed by fibrinolysis, and damaged tissues are 
regenerated or replaced with fibroblasts, collagen, or endothelial cells. However, 
inflammation may become chronic leading to further tissue destruction and 
fibrosis (Willoughby, 1989; Banerjee et al., 2003). 
 

 
 



Fig (1): Inflammation involves: a) opening up of junctions between endothelial cells in post-
capillary venule to allow plasma proteins to escape b) adhesion of leukocytes to endothelial cells 
of post-capillary venule, followed by emigration of phagocytes into tissues. Inflammation is 
localized to area of infection/tissue injury by release of substances from micro-organisms or 
chemicals (chemical mediators) released from cells in tissues, e.g. histamine from mast cells. 
Once organisms destroyed inflammation settles down (resolves) (Bone, 1996). 
 
Mediators of inflammation 
 

Inflammatory mediators are soluble, diffusible molecules that act locally at the 
site of tissue damage and infection. They are produced from cells or plasma as 
illustrated in Fig (2). The mediation of inflammation compromises an extensive 
network of interacting chemicals that render the system with a high degree of 
redundancy that guarantees the response to be maintained even if one component 
of the system is deficient. There is almost no part of the inflammatory response 
that is dependant on a single mediator (Mark, 1999). 

 

 
 
Fig (2): Vasoactive Mediators of Increased Vascular Permeability (Fabiano et al., 2008). 
Vasoactive amines: 
 

Substances, such as histamine or serotonin, that contain amino groups and 
pharmacologically characterized by their action on the blood vessels (altering 
vascular caliber or permeability). Histamine and serotonin are believed to be the 
primary mediators in the immediate active phase of increased permeability. These 
chemicals are stored within cells for immediate release (Hohman and Dreskin; 
2001). 

 



Plasma proteins: 
 

There are various protein systems important in the inflammatory response, 
found in plasma. These systems include the complement, kinin and clotting 
systems. Complement system acts primarily as a defense mechanism against 
microbial agents. Complement activation is a cascade of events which resembles 
in some ways the coagulation pathway (Saadi and Platt, 1998; Fishelson et al., 
2001). 

 
The kinin system results in release of vasoactive bradykinin. Bradykinin is a 

potent vasodilator, which increases vascular permeability, produces pain, 
stimulates the release of histamine from mast cells and activates the arachidonic 
acid cascade (Bossi et al., 2004). 
 

Clotting system is a sequence of plasma proteins that can be activated by 
Hageman factor produced in the liver and circulating in inactive form. The final 
phase of the cascade is the production of chemokines, platelet activating factor 
(PAF), nitric oxide and induction of cyclooxygenase-2 for prostaglandins (PGs) 
production (Ratnoff and Rosenblum, 1958; Charles et al., 1979; Jesty and 
Beltrami, 2005). 
 
Arachidonic acid metabolites: 
 

Arachidonic acid (AA) is a 20-carbon polyunsaturated fatty acid that is derived 
directly from dietary sources or by conversion from the essential fatty acids like 
linoleic acid. It does not occur free in the cell but is normally esterified in 
membrane phospholipids. For arachidonic acid to be utilized by the cell, it must 
first be released from phospholipids. This is accomplished through the activation 
of cellular phospholipases, particularly phospholipase A2, via mechanical, 
chemical and physical stimuli or by other mediators. AA is the main precursor for 
eicosanoids as PGs, thromboxanes, leukotrienes via one of two major classes of 
enzymes: pathways: the cyclooxygenase (COX) pathway and the lipooxygenase 
pathway (LO) as shown in Fig (3) (Brash, 1999; Funk, 2001). 

 
1) Cyclooxygenase Pathway  
    

Two enzymes are able to produce eicosanoids: COX-1 and COX-2; COX-1 
normally present and necessary for every day activities, While inducible COX-2 is 
transcriptionally regulated and is synthesized at sites of inflammation (Joan and 
Vicente, 2003). 

 
a) Prostaglandins: 
 



Prostaglandins (PGs) are a group of unsaturated C20 fatty acids containing a 
cyclopentane ring and possessing hormone-like activity. They are named as 
derivatives of an imaginary fatty acid called prostanoic acid.  Prostaglandins 
mediate the vascular leakage and pain-producing effects of histamine and dilate 
blood vessels at sites of inflammation. They exert their effects on the smooth 
muscle of the gastrointestinal tract, the airways, the vasculature, and the 
reproductive tract; however, they also play important roles in platelet regulation 
and in the nervous system. (Funk, 2001; Joan and Vicente, 2003). 

 
 

Fig (3): Generation of arachidonic acid metabolites and their roles in inflammation. The 
molecular targets of action of some anti-inflammatory drugs are indicated by a red X (Mitchell 
et al., 1994). 

 
b) Thromboxanes: TXA2 was identified in 1975 as an agent produced by platelets 
through the action of thromboxane synthetase and cytokines complement 
fragments, and platelet-activating factors (PAFs), all can directly stimulate release 
of TXA2 from white blood cells. TXA2 contracted vascular smooth muscle and 
enhanced platelet aggregation with subsequent stimulation to synthesize and 
release more TXA2. This autocrine action leads to further platelet activation 
(Hamberg et al., 1975; Ushikubi et al., 1989, Norimichi, 2008). TXB2 is the 
metabolite of TXA2, produced via non-enzymatic hydrolysis. Although it is only 
one tenth as potent as TXA2, it does have some degree of biological activity (e.g., 
enhancement of endothelial permeability and activation of neutrophils). 
 



2) Lipooxygenase pathway 
 

There are several differences between the cyclooxygenase and lipooxygenase 
pathways. Unlike cyclooxygenase, lipooxygenase is present only in inflammatory 
cells. Furthermore, whereas cyclooxygenase is always active, requiring only the 
presence of arachidonic acid for endoperoxidase production, lipooxygenase must 
be activated for leukotriene synthesis to occur. 

a) Leukotrienes: Leukotrienes can be divided into two classes on the basis of 
differing biological actions: (1) LTB4 and (2) the cysteinyl leukotrienes (LTC4, 
LTD4 and LTE4). The most important actions of leukotrienes have to do with their 
central role in allergic and inflammatory diseases. LTB4 is the only product of 
lipooxygenase pathway involved in inflammation. The primary effects of LTB4 are 
neutrophil chemotaxis and activation (Brash, 1999; Hedqvist et al., 2000). 

b) Lipoxins: Lipoxins are a series of anti-inflammatory mediators. They are short 
lived endogenously produced non-classic eicosanoids whose appearance in 
inflammation signals the resolution of inflammation. They are abbreviated as LX, 
an acronym for lipoxygenase (LO) interaction products. At present two lipoxins 
have been identified; lipoxin A4 (LXA4) and lipoxin B4 (LXB4). Leukocytes, 
primarily neutrophils produce intermediates in lipoxins synthesis which are 
converted to lipoxins by platelets interacting with leukocytes. LXA4 and LXB4 
stimulate changes in microcirculation (Hedqvist et al., 2000). 

Platelet activating factor (PAF) 

Platelets produce a group of acetyl-alkylglycerol ether analogs of 
phosphatidylcholine called platelet-activating factors (PAFs) which cause platelet 
aggregation and stimulate release of lysosomal enzymes and reactive oxygen 
product formation by neutrophils, eosinophils, and macrophages (Summers and 
Albert, 1995; Gao-jun et al., 2007). 

Cytokines 

Cytokines are hormone-like proteins referred to as a diverse group of 
polypeptides and glycoproteins that are important mediators of inflammation. 
Cytokine is a general name; other names include lymphokine (cytokines made by 
lymphocytes), monokine (cytokines made by monocytes), chemokine (cytokines 
with chemotactic activities), and interleukin (cytokines made by one leukocyte and 
acting on other leukocytes). 

Cytokines are not stored intracellularly but they must be released in response to 
an immune stimulus. They are produced by numerous cell types. They are potent 
intercellular messengers that exert most of their actions on immune and 



inflammatory cells. Taken separately, they have a wide range of effects; 
considered as a group, their principal functions are to coordinate the immune 
response to foreign antigens by acting as growth factors and cellular activators and 
also to moderate this response via various feedback mechanisms. Cytokines are 
often produced in a cascade, as one cytokine stimulates its target cells to make 
additional cytokines (Charles and Dinarello, 1997; Dinarello, 1997). 

Each cytokine cannot be considered in isolation but should be regarded as part 
of a network of interacting mediators. Particular cytokine may induce or inhibit the 
action of others. An inflammatory stimulus induces production of TNF-α that can 
induce production of IL-1 and other proinflammatory cytokines. Both IL-1 and 
TNF-α induce the expression of anti-inflammatory cytokines (Dinarello et al., 
1982; Charles and Dinarello, 1997). 

The cytokine system is a very potent force in homeostasis; when activation of 
the network occurs locally; but when production is sustained or systemic there is 
no doubt that cytokines contribute to the symptoms and pathology of 
inflammatory, infectious and autoimmune disease. Thus cytokines appear to 
constitute a link between cellular injury or recognition of a non-self antigen and 
the development of local and systemic manifestations of inflammation, e.g. cell 
migration, oedema, fever, release of acute phase proteins and hyperalgesia (Antin 
and Ferrara, 1992; Schall et al., 1994).                                                                                         

Cytokines were classified on the basis of their primary actions, whether pro-
inflammatory or anti-inflammatory effects (Nicola, 1994) as shown in Fig (4). 
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Fig (4):  Cytokines involved in inflammatory reaction (Nicola, 1994). 

 

a) Pro-inflammatory cytokines: 

These cytokines principally TNF-α, IL-1 and IL-8 promote the inflammatory 
response by up regulating expression of genes encoding phospholipase A2, or 
cyclooxygenase-2 (COX-2), thereby increasing production of the corresponding 
pro-inflammatory mediators (PAF, and eicosanoids respectively) (Argenbright et 
al.,1992). 

Tumor necrosis factor- α (TNF-α)  

 Although TNF-α and IL-1 are structurally dissimilar, their functions overlap 
considerably, and they are known to act synergistically. TNF-α is produced 
principally by monocytes and macrophages but also by various other immune and 
endothelial cells. The most potent stimulus for its production is lipopolysaccharide 
(LPS) (endotoxin) from gram-negative bacteria, but other stressors (e.g., infection, 
trauma, ischemia, and toxins) can also induce its release (Voronov et al., 1999, 
Voronov et al., 2007). 

TNF-α causes neutrophils to be attracted first followed by monocytes and 
lymphocytes, thereby helping to regulate the inflammatory response. It also 
stimulates endothelial cells to produce a cytokine subset known as the chemokines 
(e.g., IL-8), which promote leukocyte migration into the tissues, and induce 
mononuclear phagocytes to produce IL-1 (Dinarello et al., 1982). This 
immunomodulatory factor has multiple actions including cytolysis, mitogenesis, 
and polymorphnuclear and lymphocyte recruitment as well as initiating a cascade 
of other cytokines most properly IL-6 and IL-1β (Zhang et al., 1995). 

Interleukin-1 (IL-1)  

IL-1 is produced by monocytes/macrophages and other cells, such as dendritic 
cells, some B cells, fibroblasts, epithelial cells, endothelium, and astrocytes. The 
main target cells for IL-1 are thymocytes, neutrophils, T and B cells, and various 
tissue cells (Dinarello, 1996; Voronov et al., 1999). IL-1 consists of a family of 
two proteins, namely IL-1α and IL-1β, which overlap in their biological activities 
and bind to the same receptors (Brooks et al, 1994; Voronov et al., 1999). The 
main activity of IL-1 involves immunoregulation, mainly via T cell co-stimulation, 
activation of B cells, and inflammation including fever induction, acute-phase 
proteins, and tissue damage. TNF and IL-1 act synergistically to produce the acute 
innate immune response to invading microorganisms, manifested by neutrophil 



activation and release of other cytokines that promote further immune activity as 
reviewed by Martin et al., (1997). 

 

Interleukin-6 (IL-6)            

IL-6 is produced by many cells including macrophages, T cells, B cells, 
fibroblasts, and endothelial cells (Schindler et al., 1990; Voronov et al., 1999). It 
acts mainly on T cells, B cells, and hepatocytes, affecting B cell differentiation and 
antibody-forming cells (AFCs) as well as stimulating the production of acute-
phase proteins in the liver. It is probably most accurate to think of IL-6 as a mixed 
proinflammatory/anti-inflammatory cytokine. It acts in a proinflammatory manner 
by providing a potent stimulus for hepatocyte synthesis of acute-phase proteins. It 
is also involved in promoting T cell differentiation and maturation and 
immunoglobulin production. However, IL-6 also has important anti-inflammatory 
effects. It has been shown to inhibit production of TNF and IL-1 by mononuclear 
cells and to reduce release of TNF secondary to endotoxin challenge (Schindler et 
al., 1990; Voronov et al., 1999). 

b) Anti-Inflammatory Cytokines:  

The anti-inflammatory cytokines exert their effects by inhibiting the production 
of proinflammatory cytokines, countering their actions, or both. One of the anti-
inflammatory cytokines Interleukin-10 (IL-10), is produced by activated 
macrophages. It is also produced by T cells and B cells. It inhibits IL-12 
production by activated macrophages, thereby reducing IFN-γ release and, 
consequently, decreasing macrophage activation. However, IL-10 also has 
proinflammatory effects, stimulating B cell function and enhancing the 
development of cytotoxic T cells as reviewed by Van der Poll et al., (1999). IL-10 
has been shown to have a significant role in limiting cytokine mediated 
inflammatory hyperalgesia (Poole et al., 1995). It can also reverse the cartilage 
degradation in patient with rheumatoid arthritis (RA) (Leistad et al., 1998; 
Fernandes et al., 2002). In addition to IL-10, IL-4 and IL-13 are considered anti-
inflammatory cytokines by virtue of their ability to antagonize INF-γ and thereby 
reduce macrophage activation. Because INF-γ is the major promoter of Th1 cells, 
these two agents indirectly suppress cytokine production by Th1 cells in much the 
same way that IL-10 does. 

The oxidative balance 

Formation of ROS and their degradation are key components of the metabolism 
of aerobic organisms. Certain  levels  of  ROS  are required  for  normal  cell  
functions,  but  if  in  surplus,  they  will cause oxidative stress (Turpaev, 2002). 



ROS like superoxide, hydrogen peroxide and lipid hydroperoxides can regulate the 
activities of several kinases, transcription factors, cell death machinery and 
proteins such as COX-2 and iNOS (Adcock et al., 1994; Mathy-Hartert et al., 
2002; Turpaev, 2002). The ROS also function as second messengers in 
intracellular signal transduction pathways (Los et al., 1995). However, upon 
prolonged activation in vivo, the deleterious effects of ROS and enzymes take an 
upper hand in the destruction of tissues by affecting the structure-function model 
of all macromolecules, sometimes irreversibly. 

A major role is played by ROS in the joint destruction by their ability to 
transform proteins to autoantigens and/or increase the susceptibility of proteins to 
degradation. Neutrophils play a crucial role in the development and manifestation 
of inflammation and they are the major source of free radicals at the site of 
inflammation. Lipid peroxidation mediated by free radicals might yield a large 
number of reactive aldehydes and also lipid peroxides which are causally involved 
in pathophysiological changes associated with oxidative stress in cells and tissues 
(Wolfreys et al., 1997, Dabrowski et al., 1999). 

Defenses against Oxidative Damage: 

There are two interconnected systems of antioxidants, consisting of a 
micronutrient component and an enzymatic system, which the body uses for 
defense against free radical damage (Opara, 2003). The nonenzymatic 
micronutrient system  involves  small  molecular  weight  molecules  like  
glutathione (GSH), and vitamins such as vitamin E (tocopherol), vitamin C 
(ascorbic acid), pre-vitamin A (beta-carotene), and vitamin A (retinol) as well as 
certain trace elements. 

GSH is a low-molecular-mass thiol-containing-tripeptide. It is composed of 
non-essential amino acids (glutamate, cysteine, glycine). Apart from its role as a 
cofactor for the glutathione peroxide activity, GSH is involved in ascorbic acid 
metabolism, maintaining communication between cells and generally preventing 
protein-SH groups from oxidizing and cross-linking. GSH is often called the 
master antioxidant and efficient free radical scavenger. It protects the body genetic 
material (DNA) from free radicals and oxidative changes in lipid peroxidation that 
severely damage membranes (Halliwell and Gutterige, 1995). 

While vitamins act as donors and acceptors of ROS, the trace elements act as 
cofactors, which regulate the activities of the antioxidant enzymes. The various 
trace elements and enzymes for which they act as cofactors are shown in Table (2) 
(Machlin et al., 1987). These enzymes include metalloenzymes, such as the 
selenium-containing glutathione peroxidase, the iron-containing catalase, and 



superoxide dismutase (SOD) with different isoenzymes that contain copper, zinc, 
or manganese (Machlin et al., 1987). 

Biological organisms have evolved defense mechanisms against free radicals 
that are known collectively as antioxidants. An antioxidant is a substance that 
prevents oxidation. In biological systems antioxidants can work in various ways, 
including catalytic removal of free radicals, as scavengers of free radicals or in the 
form of proteins that minimize the availability of pro-oxidants such as metal ions. 
However, there are circumstances in which certain antioxidants can actually 
behave as pro-oxidants (Halliwell, 1996). To prevent the interaction between 
radicals and the biological targets, the antioxidant should be present at the location 
where radicals are being produced in order to compete with the radical for the 
biological substrate (Halliwell et al., 1999; Kohen et al., 2002). 

Table (2): Antioxidant defense systems (Opara, 2006) 

Trace elements Relevant enzyme cofactor 
Selenium Glutathione peroxidase 

Iron Catalase 
Zinc Cytosolic superoxide dismutase 

Copper Cytosolic superoxide dismutase and 
ceruloplasmin 

Manganese Mitochondrial superoxide dismutase 
 

The major endogenous antioxidants are: 1) superoxide dismutase (SOD) which 
removes O2 -•, 2) catalase which converts H2O2 to water (H2O) and O2, and 3) 
glutathione peroxidase which helps with H2O2 removal and prevents hydroxyl 
radical (OH -•) formation (Mauro, 2006) (Fig (5)). Well known exogenous 
antioxidants include vitamin E (the tocopherols), vitamin C (ascorbic acid), uric 
acid, iron-binding proteins, selenium, and oestrogen, which can also function as 
antioxidants in specific systems (Gutteridge and Halliwell, 2000). 
 
Trace elements: 
 

Copper, iron, zinc and selenium are essential metalloelements. These essential 
metalloelements as well as essential amino acids, essential fatty acids and essential 
cofactors (vitamins) are required by all cells for normal metabolic processes that 
can not be synthesized de novo. Dietary intake and absorption are then required to 
obtain them. Amounts of Cu, Fe, Zn and Se found in body tissues and fluids 
correlate with the number and kind of metabolic processes requiring them 
(Lyengar et al., 1978). Ionic forms of these metalloelements have particularly 
high affinities for organic ligands found in biological systems and rapidly undergo 



bonding interaction to form complexes or chelates in biological systems 
(Sorenson et al., 2001). 
 

 
 

Fig (5): The major endogenous antioxidants (Mauro, 2006). 
 
Copper 
 

Although copper is the third most abundant essential trace mineral in the body, 
after iron and zinc, most people consider it unimportant. Even worse, many people 
have actually taken steps to exclude it from their diets and dietary supplements, 
believing it to be nothing more than a cause of free radical reactions. This is 
surprising, because copper has been recognized as an essential nutrient since the 
1920's (Harris, 2003). 
 

In fact, copper is emerging as one of the most important minerals in diet. While 
unbound, free copper does generate free radicals in vitro, the relevance of this in 
the body has been called more imaginary than real. In fact, copper has an entirely 
different role in the body, being a component of the most important antioxidant 
enzymes; copper-zinc superoxide dismutase and antioxidant protein; 
ceruloplasmin (Sorenson JR., 2002). Unbound, free copper is not found in large 
quantities in the human body. Instead, almost all of the copper in the human body 
is bound to transport proteins (ceruloplasmin and copper-albumin), storage 
proteins (metallothioneins), or copper containing enzymes (Huffman and 
O'Hallora, 2001). 

 



Copper is essential for the proper functioning of these copper-dependent 
enzymes, including cytochrome C oxidase (energy production), superoxide 
dismutase (antioxidant protection), tyrosinase (pigmentation), dopamine 
hydroxylase (catecholamine production), lysyl oxidase (collagen and elastin 
formation), clotting factor V (blood clotting), and ceruloplasmin (antioxidant 
protection, iron metabolism, and copper transport) (Solomons, 1985). Most 
features of severe copper deficiency can be explained by a failure of one or more 
of these copper-dependent enzymes. 

It appears clear that the decrease in antioxidant protection caused by copper 
deficiency goes beyond a decrease in the activity of copper-dependent antioxidant 
enzymes by inducing a wide range of disturbances in other antioxidant enzyme 
systems. Additionally, copper deficiency depresses Cu-Zn SOD activity and 
prostacyclin synthesis in the aorta (Mitchell et al., 1988). It also increases the 
susceptibility of lipoproteins and heart tissue to peroxidation, providing strong 
evidence that copper plays a vital role in the protection of the cardiovascular 
system from free -radical mediated damage and disease (Rayssiguier et al., 1993). 
Thus, it appears clear that adequate copper is vital for optimal functioning of many 
antioxidant enzymes. 

In fact, the main copper-containing enzyme, ceruloplasmin, is significantly 
elevated in inflammatory conditions and has anti-inflammatory activity (Frieden, 
1986). Additionally, it has been shown that copper deficiency increases the 
severity of experimentally-induced inflammation and that dietary copper must be 
increased to maintain adequate copper status of animals in an inflammatory state 
(Milanino et al., 1985). 

Iron 

It has been reported that iron and its complexes protect from ionizing radiation, 
play important role in facilitation of iron-dependant enzymes required for tissues 
or cellular repair processes including DNA repair (Ambroz et al., 1998). 
Hydrogen peroxide is a harmful by-product of many normal metabolic processes 
and to prevent damage, it must be quickly converted into other, less dangerous 
substances. Catalase is frequently used by cells to rapidly catalyze the 
decomposition of hydrogen peroxide into less reactive gaseous oxygen and water 
molecules (Gaetani et al., 1996). Catalase contains four porphyrin heme (iron) 
groups that allow the enzyme to react with the hydrogen peroxide. It is found in 
nearly all living organisms which are exposed to oxygen, where its function is to 
catalyze the decomposition of hydrogen peroxide to water and oxygen (Sicking et 
al., 2007). 

Zinc 



Zinc is an essential mineral that is found in almost every cell. It stimulates the 
activity of approximately 100 enzymes, which are substances that promote 
biochemical reactions in the body. Zinc supports a healthy immune system that is 
needed for wound healing, and maintains senses of taste and smell. It is also 
needed for DNA synthesis and the production of the inflammation reducing 
enzyme, superoxide dismutase (SOD) (Shankar et al., 1998). 

Superoxide dismutase is a zinc, copper and manganese containing enzyme that 
reacts with superoxide radicals to convert them to less dangerous chemical entities. 
Antioxidants such as zinc can form SOD, neutralizing these free radicals to 
prevent inflammation (Shankar et al., 1998; King et al., 2006). 

As an antioxidant, zinc has at least four roles: 1) protects vital biomolecules 
(sulfhydryl compounds) from oxidation; 2) competes with pro-oxident metals (iron 
and copper) for binding sites, thus decreasing their ability to form free radicals; 3) 
limits production of free radicals, such as superoxide and malondialdehyde 
(MDA), produced naturally by the body; 4) is an essential part of potent 
antioxidant enzymes zinc metallothionein, and the inflammation-reducing enzyme 
superoxide dismutase (SOD) (King et al., 2006). 

Zinc plays an important role in growth and development, the immune response, 
neurological function, and reproduction. On the cellular level, the function of zinc 
can be divided into three categories: 1) catalytic, 2) structural, and 3) regulatory 
(Cousins et al., 2006). 

Nearly 100 different enzymes depend on zinc for their ability to catalyze vital 
chemical reactions. Zinc-dependent enzymes can be found in all known classes of 
enzymes (Shankar et al., 1998). 

Zinc also plays an important role in the structure of proteins and cell 
membranes. A finger-like structure, known as a zinc finger motif, stabilizes the 
structure of a number of proteins. For example, copper provides the catalytic 
activity for the antioxidant enzyme copper-zinc superoxide dismutase (Cu-Zn-
SOD), while zinc plays a critical structural role (King et al., 2006). The structure 
and function of cell membranes are also affected by zinc. Loss of zinc from 
biological membranes increases their susceptibility to oxidative damage and 
impairs their function (O'Dell, 2000). 

Zinc finger proteins have been found to regulate gene expression by acting as 
transcription factors (binding to DNA and influencing the transcription of specific 
genes). Zinc also plays a role in cell signaling and has been found to influence 
hormone release and nerve impulse transmission. Furthermore, zinc has been 
found to play a role in apoptosis (gene-directed cell death), a critical cellular 



regulatory process with implications for growth and development, as well as a 
number of chronic diseases (Truong-Tran et al., 2000). 

 

Selenium 
 

Selenium appears to function as an antimutagenic agent, preventing the 
malignant transformation of normal cells. These protective effects of Se seem to be 
primarily associated with its presence in the glutathione per- oxidases (GSH-Pxs) 
and thioredoxin reductase, which are  known  to  protect  DNA  and  other  cellular  
components  from  oxidative  damage  (Schrauzer, 2000).  Generally, seleno-
enzymes are known to play roles in the control of cell division, oxygen 
metabolism, and detoxification process, induction of apoptosis in cancer cells and 
the functioning of the immune system. Other modes of actions involve inactivation 
of oncogenes (Trueba et al., 2004). 

 
Additionally, in vitro studies have shown that selenium compounds are able to 

inhibit oxidative stress-induced DNA damage and carcinogen-induced covalent 
DNA adducts formation. Furthermore, in vitro studies have shown that selenium is 
able to induce apoptosis and inhibits cell growth in transformed cells (Sinha et al., 
1996). 

 
Reactive oxygen species and inflammation 

 
Reactive  oxygen  species  (ROS)  are  associated  with  the inflammatory  

response and  frequently  they  contribute  to  the tissue damaging effects of 
inflammatory reactions (Pawliczak, 2003, Leiro et al., 2004). 

 
Intermediate concentrations of ROS induce apoptosis whereas at higher 

concentrations induce necrotic cell death (Takeda et al., 1999). The mutagenic 
effect of ROS is well established. It contributes to DNA damage evoked by 
ionizing radiation and certain chemical cycling oxidants such as doxorubicin 
(Akman et al., 1992) or paraquat, (Dusinska et al., 1998), and under certain 
circumstances it may lead to cancer. 
 

Inflammation,  which  was  recognized  as  a  simple  allergic reaction  for  
decades, is  currently  being  considered  to  underline  pathophysiology  of  a 
much broader spectrum of diseases than  previously  expected (Sadowski-
Debbing et al., 2002; Plytycz et al., 2003). 
 

Additionally, many of the mediators can leak from the local region and initiate 
inflammatory reactions elsewhere (Cleeland et al., 2003). Animal experiments 



have been extremely useful in understanding the entire inflammatory reaction 
since they demonstrate as a cascade of events, from the time when the stimulus is 
given till the reaction naturally resolves (Dawson et al., 1991, Finlay-Jones et al., 
1999). 
 

It is also of interest, during the last century, it was initially thought that even 
very low radiation doses were harmful. However, epidemiological finding and 
various animal and human experiments cast doubt on this theory. Low-dose 
radiation can induce various beneficial effects on living organisms, including 
prevention and cure of diseases (Dobbs et al., 1981; Shen et al., 1997). It was 
previously shown that low-dose total body irradiation delays tumor growth in 
animal experiments (Kojima et al., 2004), prevents type I diabetes in NOD mice 
(Takahashi et al., 2000), prevents chemically induced hepatotoxicity (Kojima et 
al., 2000), suppression of arthritis (Nakatsukasa et al., 2008), and autoimmune 
disease (Tanaka et al., 2005). These stimulative effects of low-dose radiation have 
been called radiation hormesis (Luckey, 2006). 

 
In addition, there's clinical evidence that radiotherapy (RT) can be effective for 

the treatment of a variety of benign diseases, such as osteoarthritis. Doses applied 
are often only a fraction of the doses applied during cancer RT. While stem cell 
kill is the hallmark of cancer RT, the mechanism underlying the therapeutic effects 
of low-dose RT are less well understood and there are currently no indication that 
cell kill is relevant (Trott and Kamprad, 1999). Clinical data and in vivo studies 
suggest that low dose radiation has anti-inflammatory effects and these contribute 
to the effectiveness of RT of benign diseases (Trott, 1994; Trott and Kamprad, 
1999). This contrasts the pro-inflammatory effects observed at higher radiation 
doses. 

 
The majority of in vivo data dealing with the effects of RT on benign disease 

come from experimentation with models for inflammatory joint disorders of 
different etiologies and pathologies (Trott et al., 1995; Fischer et al., 1998; 
Hildebrandt et al., 2000). 

 
Nutraceuticals 

 
Nutraceuticals as an alternative medical approach 
 

There have been considerable efforts to search for naturally occurring 
substances for intervention of several diseases. Many components from medicinal 
or dietary plants have been identified to possess potential properties. 
 



The term 'nutraceutical' was coined from 'nutrition' and 'pharmaceutical' and 
was originally defined as 'a food (or part of the food) that provides medical or 
health benefits, including prevention and/or treatment of a disease' (Kalra, 2003). 
Zeisel (1999) distinguished whole foods from the natural bioactive chemical 
compounds  derived  from  them  and  available  in  a  non-food matrix  by  using  
the  term  'functional  foods'  to  describe  the former and nutraceuticals to describe 
the latter. 
 

Nutraceuticals and functional foods could provide an advantageous alternative 
because, by regulatory laws, they have to be devoid of adverse effects. Under this 
newer definition, nutraceuticals are thus functional ingredients sold as powders, 
pills, and other medicinal forms not generally associated with food. The term 
nutraceuticals has no regulatory definition and is not recognized by the U.S. Food 
and Drug Administration, which uses instead the term ‘dietary supplements’ 
(Halsted, 2003). 

 
Epidemiological and laboratory studies suggest that diet plays an important role 

in preventing the development of several human diseases (Block et al., 1992; 
Willett, 1994). The disease-preventing effects of these foods are attributed in part 
to the presence of bioflavonoids, a group of naturally occurring polyphenolic 
substances (Kuo, 1997). The effects of some of these compounds are attributed to 
their strong anti-oxidant and anti-inflammatory properties, their ability to promote 
metal chelation, scavenging of free radicals, and detoxification of carcinogens 
(Ciolino et al., 1999; Sugihara et al., 1999; Dugas et al., 2000). 

 
Nutrition is better positioned to provide long-term rather than short-term health 

benefits. This is because, in most cases, a nutritional compound has only limited 
effects on its biological target and relevant and significant differences are reached 
only over time through a build- up effect in which daily benefits add up day after 
day. For this reason, and because the time window for intervention is longer in 
chronic diseases, such diseases should, in theory, benefit more from nutrition than 
do acute diseases. Osteoarthritis (OA) is one of the most prevalent and disabling 
chronic diseases affecting the elderly. Its most prominent feature is the progressive 
destruction of articular cartilage which results in impaired joint motion, severe 
pain, and, ultimately, disability. Its high prevalence and its moderate-to-severe 
impact on daily life pose a significant public health problem (Yelin, 2003). 
 

A cure for OA still remains elusive. Management is largely palliative, focusing 
on the alleviation of symptoms. Current recommendations for the management of 
OA include a  combination  of  non-pharmacological  interventions  (weight loss, 
education programs, exercise, and so on) and pharmacological  treatments  
(paracetamol,  nonsteroidal  anti-inflammatory   drugs   [NSAIDs],   and   others  
(Jordan et al., 2003). 



 
Among pharmacological treatments, NSAIDs, despite serious adverse effects 

associated with their long-term use, remain among the most widely prescribed 
drugs for OA (Abramson, 2003). 
 

There is a need for safe and effective alternative treatments while the absence of 
any cure reinforces the importance of prevention. Such prevention and alternative 
treatments of certain inflammatory diseases could come from nutrition. It is now 
increasingly recognized that, beyond meeting basic nutritional needs, nutrition 
may play a beneficial role. (German et al., 1999). 

 
Flavonoids the polyphenolic compounds which occur naturally in plants 

represent the large family of molecules separated in subgroups, including flavones, 
flavonols, flavavones, anthocyanidins, and catechins. These molecules are 
associated with the beneficial effects of wine (the French paradox) (Waterhouse, 
1995), green tea (Imai et al., 1995), and medicinal plants (Homma et al., 1992). 
Flavonoids which share a basic structure with vitamin E are potent scavengers of 
free radicals such as hydroxyl and superoxide radicals, and also act as chelators of 
transient elements (Robak et al., 1988, Husain et al., 1987). 

 
It has been reported that a flavonoid-enriched diet prevents various pathologies 

including cancer (Middleton et al., 1993) and coronary heart disease (Kromhout, 
1993). These polyphenolic compounds also have biological effects against 
inflammatory and allergic disorders by inhibiting the release of histamine 
(Middleton, 1996). It has been reported that flavonoids possess the potential to 
inhibit proteinase activity and to scavenge oxidants (Muller, 1992). 
 

The ethanolic extract of the leaf of Vitex Leucoxylon showed significant 
inhibition of carrageenan paw oedema and granulation tissue formation in rats 
(Makwana et al., 1994). 

The aqueous suspension of dried latex of Calotropis Procera (Arka) showed 
anti-inflammatory property when tested in the carrageenan and formalin-induced 
rat paw oedema models (Kumar et al., 1994). 

 
In another study, the triglyceride fraction of oil of Ocimum Sanctum (Tulsi) 

offered higher protection against carrageenan-induced paw oedema in rats and 
acetic acid induced writhing in mice, as compared to the fixed oil. Fixed oil of 
Ocimum sanctum and linolenic acid were found to possess significant anti-
inflammatory activity against PGE2, leukotriene and arachidonic acid induced paw 
oedema. The anti-inflammatory activity of linolenic acid present in the fixed oil of 
Ocimum sanctum was probably due to blockade of both, the cycloxygenase and 
lipoxygenase pathways of arachidonic acid metabolism (Singh and Majumdar, 
1997). 



 
 Alcoholic extract of Ochna Obtusata stem bark demonstrated potent anti-

inflammatory effects in the rat paw oedema and cotton pellet granuloma models 
(Sivaprakasam et al., 1996). 

 
All extracts of Abies Pindrow Royle leaf showed anti-inflammatory effect in 

various animal models of inflammation such as carrageenan-induced paw oedema, 
granuloma pouch and Freund’s adjuvant arthritis (Singh and Pandey, 1997). 
 

It has been reported that the extracts of Populus Tremula, Solidago Virgaurea 
and Fraxinus Excelsior exerted potent anti-inflammatory activity in the adjuvant 
induced arthritis model in rats. This effect was attributed to their content of 
Flavonoids and bioflavonoid (El-Ghazaly et al, 1992). Propolis extract is a natural 
product from the honey bee (bee glue) contains a mixture of natural substances 
such as amino acids, phenolic acids, phenolic acids esters, flavonoids and 
cinnamic and caffeic acids (Volpert and Elstner, 1993). Propolis has been found 
to possess a variety of pharmacological effects including anti-viral activity 
(Serkedjieva et al., 1992), inhibition of platelet aggregation, and anti-
inflammatory activity associated with potent inhibition of PGs and LTs (Khayyal 
et al., 1993). Moreover propolis was found to reduce the exaggerated 
inflammatory response in irradiated rats, reduces MDA level, normalize acid 
phosphatase activity and increase the activity of SOD enzyme in the adjuvant-
induced arthritis in irradiated rats (El-Ghazaly and Khayyal, 1995). 
 

The unsaponifiable constituents of avocado and soybean has been shown to 
have chondroprotective effect in vitro related to inhibition of collagenase, 
increased collagen synthesis (Mauviel et al., 1991), and in-vitro preservation of ß-
D-glusaminoglycan and hydroxyprolin of cartilage (Khayyal and El-Ghazaly, 
1998). 

 
The extracts of bitter candy tuft, lemon balm leaf, chamomile flower, caraway 

fruit, peppermint leaf, liquorices root, Angelica root and milk thistle fruit produce 
a dose dependant anti-ulcerogenic effect associated with a reduced acid out put, an 
increased mucin secretion, increase in PGE2 release, decrease in LTs and 
inhibition of the secondary hyperacidity (Khayyal et al., 2001,2006). 

 
Curcumin 

 
Turmeric (Curcuma longa rhizomes); commonly used as a spice, is well 

documented for its medicinal properties in Indian and Chinese systems of folk 
medicine. The other  salient  feature  of  turmeric/curcumin  is that  despite  being  
consumed  daily  for  centuries  in  Asian countries, it has not  been shown to cause 



any toxicity (Ammon et al., 1991). 
 
Over the years, a number of studies have tried addressing the pharmaco-kinetics 

of curcumin that is poorly absorbed from intestine after oral administration of 
different doses of tetrahydrocurcumin in rats (Ravindranath et al., 1980, 
Ravindranath et al., 1981, Ravindranath et al., 1982). 

 
 

 
Fig (6): Curcuma longa (Hatcher et al., 2008). 

 
Numerous studies have suggested presence of different metabolites of curcumin. 

It has been shown to be bio-transformed to dihydrocurcumin and 
tetrahydrocurcumin. Subsequently, these products are converted to 
monoglucuronide conjugates (Pan et al., 1999). In another study, it was reported 
that the main biliary metabolites of curcumin are glucuronide conjugates of 
tetrahydrocurcumin (THC) and hexahydrocurcumin (Holder et al., 1978). 
 

The medicinal properties of curcumin have been attributed mainly to the  
curcuminoids  and the main component  present  in  the  rhizome includes  
curcumin  (diferuloylmethane) (1,7-bis (4-hydroxy-3-methoxyphenyl)-1,6-
hepadiene-3,5-dione). 

 
Curcumin has been shown to possess wide range of pharmacological activities 

including anti-inflammatory (Srimal et al., 1973, Satoskar et al., 1986), anti-



cancer (Anand et al., 2008; Kunnumakkara et al., 2008) and antioxidant 
(Sharma, 1976, Toda et al., 1985). It is also effective in cardiovascular diseases 
(Hansson et al., 2006), diabetes (Nishiyama et al., 2005), asthma (Ram et al., 
2003), psoriasis (Kurd et al., 2008), renal diseases (Bayrak et al., 2008) and 
scleroderma (Tourkina et al., 2004). Furthermore, acquired immunodeficiency 
disease (AIDS) (Vlietinck et al., 1998), wound healing (Sidhu et al., 1998), and 
anti-microbial effects (Negi et al., 1999) were also affected by curcumin Fig (7). 
 

 
 

Fig (7): Effect of curcumin on various pro-inflammatory diseases (Aggarwal and 
Harikumar, 2009). 

 
Besides its culinary appeal for color and flavor, turmeric or curcumin has been 

widely used for centuries in Indian subcontinent for the treatment of a variety of 
illness such as common colds, coughs, jaundice, inflammatory bowel conditions, 
and arthritis as well as other inflammatory disorders (Ammon et al., 1991). 
Epidemiological observations, though inconclusive, are suggestive that turmeric 
consumption may reduce the risk of some form of cancers and render other 
protective biological effects in humans. 

 
Other studies have shown that curcumin exerted preventive and therapeutic 

effects in models of colitis by inhibiting nuclear factor kappa B (NF-кB) activation 



(Salh et al., 2003, Ukil et al., 2003). Ligands of peroxisome proliferators-activated 
receptor gamma (PPARγ) have been found to have therapeutic effects on 
trinitrobenzene sulphonic acid-induced colitis in rats (Saubermann et al., 2002; 
Lytle et al., 2005; Zhang et al., 2006). 
 

In addition, curcumin suppresses mitogen-induced proliferation of blood 
mononuclear cells, inhibits neutrophil activation and mixed lymphocyte reaction 
and also inhibits both serum-induced and platelet derived growth factor (PDGF)-
dependent mitogenesis of smooth muscle cells (Huang et al., 1992). It has also 
been reported to be a partial inhibitor of protein kinase (Liu et al., 1993, Reddy 
and Aggarwal, 1994).  
 

Moreover, curcumin was found to be a potent scavenger of a variety of reactive 
oxygen species including superoxide anion radicals, hydroxyl radicals (Reddy and 
Lokesh, 1994) and nitrogen dioxide radicals (Huang et al., 1992, Liu et al., 
1993). It was also shown to inhibit lipid peroxidation in different animal models 
(Sreejayan and Rao, 1994). 
 

Curcumin protected oxidative cell injury of kidney cells by inhibiting lipid 
degradation, lipid peroxidation and cytolysis (Cohly et al., 1998) and also 
decreased ischemia-induced biochemical changes in heart in a feline model 
(Dikshit et al., 1995). 

 
Vascular  endothelial  cells treated  with  curcumin  prevented  oxidant  

mediated  injury  by increased heme-oxygenase production (Motterlini et al., 
2000). Curcumin  was  found  to  protect  rat  myocardium  against isoprenaline 
(ISO) induced myocardial ischemic damage (Nirmala et al., 1996a, Nirmala et 
al., 1996b) and the protective effect was  attributed  to  its  antioxidant  properties  
by  inhibiting  free radial  generation  (Manikandan et al., 2004). It  caused  a  
decrease  in  the  degree  of  degradation  of  the  existing  collagen matrix  and  
collagen  synthesis,  two  weeks  after  the  second dose of ISO. These effects were 
attributed to free radical scavenging properties and inhibition of lysosomal enzyme 
release by curcumin (Nirmala et al., 1999). 
 

In addition, curcumin inhibited interleukin-1a (IL-1a), tumor necrosis factor-
alpha (TNF-α) and nuclear factor kappa B (NF-кB) in bone marrow stromal cells 
(Xu et al., 1998). On the other hand, little is known about the effect of curcumin 
on the development of cell-mediated immune responses and production of 
cytokines involved in inflammation and antitumor immune responses. 

 
Because pro-inflammatory and pro-oxidant states are closely linked to tumor 

promotion, substances with potent anti-inflammatory and/or anti-oxidant activities 
are anticipated to exert chemopreventive effects on carcinogenesis, particularly in 



the stage of promotion. Thus Chemopreventive properties of curcumin have been 
extensively investigated and well documented (Nagabhushan et al., 1992; 
Conney et al., 1997; Surh, 1999). 
 

Since oxygen radical reactions (Harman, 1956, Harman, 1986) and membrane 
damage (Vladimirov, 1986, Zs-Nagy, 1997) play a key role in aging, it is not 
surprising that diet supplementation with antioxidants may increase life span 
(Miquel et al., 1990) and protect against atherosclerosis (Henning et al., 1988), 
age-related immune decline (De la Fuente et al., 1998) and liver-mitochondrial 
damage (Miquel et al., 1995). In addition data suggest that curcumin and other 
antioxidant products from the dried rhizome of Curcuma longa may be useful for 
prevention and/or treatment of some age-related degenerative processes. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

             
 
 
 
 
 
 
 
 



 
 
 
 
 
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

 

Material and Methods 
 
Material: 
 
Animals 
 

Male albino rats, each weighing 120-180 g, were purchased from the animal 
breeding unit of the National Research Center, Giza, Egypt. They were housed 
under appropriate conditions of humidity, temperature and light. The animals were 
allowed free access to water and were fed a standard pellet rat diet. The rats were 
housed for at least one week before starting the experiments. 
 
Drugs and Doses 
 

1. Curcumin crystalline was obtained from Sigma; St. Louis, MO, USA. 
Curcumin was dissolved in 5% ethanol. It was used in a dose of 50 mg/Kg (Zhang 
et al., 2006).  
 

2. Diclofenac sodium was used as a reference standard NSAID and was obtained 
from Novartis (Cairo, Egypt) in form of ampoules of the sodium salt containing 
75mg/ml. Diclofenac was used in a dose of 3mg/kg for all the inflammatory models 
(El-Ghazaly et al., 1985, 1995). 
 
Radiation Facilities 
 

Irradiation of animals was carried out at the National Centre for Radiation 
Research and Technology, Atomic Energy Authority, Cairo, using the Gamma Cell-
40 biological irradiator furnished with a Caesium137 source. Animals were irradiated 
at radiation dose levels of 0.25, 0.50, and 6 Gy delivered at a rate of 0.012 Gy/sec. 

 
Chemicals and Reagents 
 

All the chemicals, reagents and reagent kits used in the present study and their 
sources are shown in the following table: 

 



Table (3): The used chemicals and reagents 
Item Source 

Carrageenan 
 

Sigma, UK 

Disodium ethylene diamine 
tetra-acetic acid (EDTA) 
 

Cambrian chemicals, 
Boddingtons, England 

Disodium hydrogen 
phosphate 
 

Sigma, St. Louis, MO, USA 

5,5-dithiobis-(2-nitrobenzoic 
acid) 
 

Sigma, St. Louis, MO, USA 

ELISA Kit for the 
determination of PGE2 
 

R&D systems, USA 

ELISA Kit for the 
determination of TNF-α 
 

Biosource Europe S.A., Belgium 

Ethanol 
 

Fluka,  St. Gallen, Switzerland 

Freund's Complete Adjuvant 
 

Behringwerke AG, Marburg, 
Germany 

Metaphosphoric acid 
 

Fluka, St. Gallen, Switzerland 

n-butyl alcohol 
 

BDH chemicals Ltd, Poole, 
England 

Nitric acid 
 

Prolabo, France 

Sodium citrate 
 

Sigma, St. Louis, MO, USA 

Thiobarbituric acid 
 

Sigma,  St. Louis, MO, USA 

Trichloroacetic acid 
 

Mallinckrodt, Griesheim, 
Germany 

 
Experimental Models 
 

In this study, two models of inflammation were used; the carrageenan air-pouch 
as an acute model and the adjuvant-induced arthritis as a chronic one. 
 



A 2% suspension of carrageenan was prepared by sprinkling 2g carrageenan 
powder over the surface of 100 ml saline (NaCl 0.9% w/v) and the particles allowed 
to soak between additions (Sedgwick et al., 1983). The suspension was then left at 
37˚C for 2-3 hours before use. 

 
The carrageenan air-pouch model 

 
Principle 
 

The air pouch lining of rats is composed of macrophages and fibroblasts arranged 
histologically in a manner similar to that of the synovial cavity lining in man. The 
maximal inflammatory reactivity towards irritants is expressed in the six days air 
pouch after its induction. This has been suggested to be due to (1) the better 
development of vasculature in the pouch wall, (2) interaction between the 
phagocytic cells of the lining and inflammatory stimuli, resulting in the generation 
of inflammatory mediators, and (3) the lining acting as a barrier that retains the 
inflammation and the products generated (Sedgwick et al., 1983). This model was 
modified by Tao et al., (1999) and Morikawa et al., (2003a, 2003b). The recent 
findings that air pouches produced in rats developing polyarthritis undergo changes 
similar to those in synovial linings in man lend further support to use this model for 
studying anti-inflammatory drugs (De Brito et al., 1988). 
 
Procedure  
 

Air pouches were produced in rats by subcutaneous injection of 20 ml of sterile 
air into the intra-scapular area of the back and were maintained by re-inflation with 
10 ml of air 3 and 6 days later. 1 ml of 2% carrageenan dissolved in saline was 
injected directly into the pouch on the next day of the last air injection. Animals 
were kept for 48 h before collection of samples for biochemical assays. Injections of 
air and carrageenan were performed under light ether anesthesia. 
 
Experimental design 
 

1. The rats were randomly divided into 3 groups each of 8 animals. The 
individual groups were administered curcumin (50mg/kg (i.p) dissolved in 5% 
ethanol), diclofenac (3 mg/kg (i.p)) and saline (i.p), 1 hour prior to the injection of 
carrageenan into the air pouch. The third group served as non-irradiated control. 
 

2. An experiment was performed on a group of 8 animals to examine the effect of 
5% ethanol that was used to dissolve curcumin. 

 



3. Three other groups of rats each of 8 animals were irradiated by exposure to 
radiation dose level of 6 Gy then the air pouch was performed 24 h, 3 days and 7 
days after exposure. 

 
4. According to the results obtained from the previous step, three other groups of 

rats each of 8 animals were irradiated at radiation dose level of 6 Gy then 7 days 
after irradiation the model air pouch was performed. The groups were treated with 
curcumin (50mg/kg (i.p) dissolved in 5% ethanol), diclofenac (3 mg/kg (i.p)) and 
saline (i.p.), 1 hour prior to the injection of carrageenan into the air pouch. The third 
group served as irradiated control. 

All animals were sacrificed by inhalation of diethyl ether 48 h after carrageenan 
challenge. A small incision was made in the pouch wall and the contents of the air 
pouch were carefully removed using a sterile Pasteur pipette after injection of 2 ml 
heparinized saline (Morikawa et al., 2003a). 
 

The volume of the exudates was obtained by subtracting 2 ml from the total 
volume of the fluid mixture and the volume was recorded. 
 

A blood sample was then withdrawn from the heart using a heparinized syringe to 
be used for the determination of reduced glutathione. One portion of blood was 
centrifuged for the separation of serum, which was subsequently used for the 
determination of MDA, PGE2 and TNF-α. 
 

The liver was then isolated, washed with saline and kept frozen for investigation 
of trace elements. 
 
 The Adjuvant-Induced Arthritis model 
 
Principle 
 

Adjuvant-induced arthritis in rats is one of the most common experimental animal 
models reflecting human rheumatoid arthritis. It has been used widely as a chronic 
inflammation model for the evaluation of anti-rheumatic drugs. Polyarthritis in rats 
was shown to develop after treatment of the animals with Freund’s complete 
adjuvant (FCA) (Pearson, 1956). Thereafter, this model gained popularity as a 
screening method for the identification of novel anti-inflammatory agents. 
Adjuvant arthritis appears to be best manifested in rats, since injection of adjuvant 
into any other species has been either without effect or produced only local edema 
(Glenn and Gray, 1965). 
 

When the adjuvant is injected into the sub-plantar area of the hind paw, a local 
non-specific inflammatory reaction produces a peak in swelling of the injected paw 
by day 4. A secondary rise in the paw volume is noted by days 10-12 in the injected 



paw, and at the same time, the first signs of a reaction in the non-injected paw are 
observed. Other physical changes become apparent at this time, which include a 
decrease in food intake, roughening of the hair and an increased irritability to 
handling. The hallmark of the adjuvant disease is the chronic systemic inflammation 
or arthritis. The first signs of arthritis occur approximately 10 days after the adjuvant 
inoculation. The initial changes generally observed involve the localized area of 
swelling and redness which worsen reaching peak between day 18 and 25 after the 
injection of the adjuvant (Pearson and Wood, 1959). 

 
In early stages of adjuvant arthritis, the synovial cells and the fibroblasts in the 

synovial membrane proliferate, resulting in thickening of the synovial lining cell 
layer. The synovitis is typified by extensive periarticular edema and infiltration of 
mononuclear cells, predominantly lymphocytes, histocytes, plasma cells, and 
neutrophils. The increased proliferation of the synovial tissue leads to formation of 
granulation tissue or pannus, resulting in the destruction of the articular cartilage 
and destruction of the whole joint. 
 
Procedure 
 

According to the method of Pearson, (1964), a sub-plantar injection of 0.1 ml 
Freund's complete adjuvant (FCA) was inoculated into the right hind paw of rats. To 
assess the time course of the adjuvant-induced edema, the paw volume was 
measured before 0, 4, 8, 14, 18 and 21 days after adjuvant inoculation using the 
electrical device described by Kemper and Ameln (1959), where changes in the 
dielectric matter (air, in this instance) of a condenser induced by the rat paw causes 
capacital alterations which are measured in the form of arbitrary units. 
 

After the third week, the animals were sacrificed and the blood was collected 
using a heparinized syringe for the determination of reduced glutathione. One 
portion of blood was centrifuged for the separation of serum, which was 
subsequently used for the determination of MDA, PGE2 and TNF-α. 
The liver was then isolated, washed with saline and kept frozen for investigation of 
trace elements. 
 
Experimental Design 
 

1. The rats were randomly divided into 3 groups each of 8 animals. The 
individual groups were given daily curcumin (50mg/kg (i.p) dissolved in 5% 
ethanol), diclofenac (3 mg/kg (i.p)) and saline (i.p.), on day 14 after induction of 
arthritis and were kept for one week before collection of samples. The third group 
served as non-irradiated control. 
 



2. An experiment was performed on a group of 8 animals to examine the effect of 
5% ethanol that was used to dissolve curcumin. 
 

3. Irradiation of animals: 3 groups of rats each of 8 animals were irradiated by 
exposure to a dose level of 6 Gy and adjuvant induced arthritis model  was 
performed 24 hr, 3 days and 7 days after exposure. 
 

4. According to the results obtained from the previous step, 3 groups of rats each 
of 8 animals were irradiated at radiation dose level of 6 Gy then 7 days after 
exposure to radiation the adjuvant-induced arthritis model was performed. Two 
groups of rats were treated daily with curcumin (50mg/kg (i.p) dissolved in 5% 
ethanol) and diclofenac (3 mg/kg (i.p)) starting on day 14 after induction of arthritis 
and were kept for one week before collection of samples. One group was injected 
with saline (i.p) and served as irradiated control. 
 

5. In an attempt to study the possible role of exposure to ionizing radiation in the 
management of arthritis two groups of rats each of 8 animals were exposed to a 
single low dose level of γ- ray's radiation of 0.25 and 0.50 Gy on day 14 after 
induction of arthritis and were kept for one week before collection of samples. 
TNF-α assay  

 
TNF-α was estimated according to the manufacture instructions of rat specific 

ELISA kits obtained from Biosource Europe S.A., Belgium (Flick and Gifford, 
1984). 
 
Principle of the assays 
 

The assay employs the quantitative sandwich enzyme immunoassay technique. 
An antibody specific for Rt TNF-α has been pre-coated onto a microplate. Standards 
control and samples are pipetted into the wells and followed by the addition of a 
biotinylated second antibody. During the first incubation, the Rt TNF-α antigen 
binds simultaneously to the immobilized antibody on one site, and to the solution 
phase biotinylated antibody on second site. After removal of excess antibody, 
Streptavidin-horseradish peroxidase (HRP) enzyme is added. This binds to the 
biotinylated antibody to complete the four-member sandwich. After a second 
incubation and washing to remove the entire unbound enzyme, a substrate solution 
is added which is acted upon by the bound enzyme to produce color. The intensity 
of this colored product is directly proportional to the concentration of Rt TNF-α 
present in the original specimen. The samples values were then read off the standard 
curve. 
 
Reagents 
 



1. Streptavidin- HRP concentrates: 120 µl Streptavidin- HRP concentrate + 12 ml 
Streptavidin- HRP diluent 
2. Streptavidin- HRP Diluent, Buffer 
3. Rat TNF-α standard, Rat TNF-α standard was reconstituted according to labeled 
instructions, then 0.1 ml of it is added to 0.4 ml standard diluent buffer to form a stock solution of 
1000 pg/ml for TNF-α.Then serial dilutions were made after 5 minutes with gentle mixing. 
4. Standard diluent buffer, 25 ml 15 mM sodium azide. 
5. Incubation buffer, 12 ml 8 mM sodium azide. 
6. Rat TNF-α Biotin conjugate, 6 ml 15 mM sodium azide 
7. Rat TNF-α control, Kit control + 1 ml distilled water 
8. Wash buffer concentrate, 25 ml wash buffer concentrate + 600 ml distilled water 
9. Stabilized chromogen, 25 ml tetramethybenzidine (TMB). 

  
Procedure 
 

The assay was performed following the instruction in the leaflet of the kit, 
outlined briefly below. The reagents, working standard, control, and samples were 
prepared as mentioned in the leaflet as follows, 

 
1. The provided incubation buffer (50 µl) was added to the centre of each well. Well 
reserved for chromogen blank should be left empty.  
2. The standard diluent buffer (100 µl) was added to zero wells. Well reserved for 
chromogen blank should be left empty then standard (100 µl) was added to the 
appropriate microtiter wells. 
3. For all samples (serum), 50 µl of standard diluent buffer was added to each well 
followed by 50 µl of sample. The plate was tapped gently to mix. 
4. Biotinylated anti- TNF-α (Biotin conjugate) solution (50 µl) was pipette into each 
well except the chromogen blank then, the plate was tapped gently for 1 min then 
was covered and incubated for 1 hour and 30 minutes at room temperature. 
5. The wells were aspirated and washed 4 times by the wash buffer using the multi-
channel pipette. Any excess buffer was removed by inverting the plate over a clean 
towel. 
6. Streptavidin-HRP working solution (100 µl) was then added to each well except 
the chromogen blank and the plate was covered and incubated for another 45 
minutes at room temperature. 
7. After the wells have been washed as mentioned above, 100 µl of stabilized 
chromogen was added to each well and the plate was incubated for 30 minutes at 
room temperature and in the dark. 
8. Finally, 100 µl of stop solution was added to each well and the optical density for 
each well was measured using Dynatech® MR5000 ELISA reader set at 450 nm. 
Calculation 
 



The average zero standard optical density (OD) was subtracted from the readings 
of standard, control and samples. 
A standard curve was plotted between the OD of the standards against the standard 
concentration, using regression analysis to determine the best fitting line. This 
standard curve was used to determine the concentration of Rt TNF-α (pg/ml) in the 
samples. 
 
Estimation of PGE2 
 
Principle 
 

PGE2 assay is based on the competitive binding technique in which prostanoids 
(PGE2) present in the sample competes with a fixed amount of horseradish 
peroxidase (HRP)-labeled PGE2 for sites on a mouse monoclonal antibody. During 
the incubation, the mouse monoclonal antibody becomes bound to the goat anti-
mouse antibody coated onto the microplate. Then a substrate is added after washing 
away any unbound sample and excess conjugate to determine the bound-enzyme 
activity. Immediately following color development, the absorbance is read at 450 
nm. The intensity of the color measured is inversely proportional to the amount of 
rat prostanoid in the sample (Williams et al., 1999). 
 
Reagents 
 
1. PGE2 conjugate, PGE2 conjugated to horseradish peroxidase 
2. PGE2 Standard, 980 µL calibrated diluent RD5-39 was pipette into the 2500 pg/ml tubes of 
PGE2. Then 500µL were pipette into the remaining tubes of PGE2.  
3. PGE2 Antibody Solution, Mouse monoclonal antibody to PGE2 
4. calibrated diluent RD5-39, 21 ml Buffered protein base 
5. Wash Buffer Concentrate, 30 ml wash buffer + 270 ml distilled water 
6. Color reagent A: 12.5 ml of stabilized hydrogen peroxide. 
7. Color reagent B: 12.5 ml of stabilized chromogen, tetramethybenzidine (TMB). 
8. Substrate solution: equal volumes of color reagent A and B were mixed within 15 minutes 
before use. 
9. Stop Solution, 2N sulfuric acid. 
 
Procedure 
 

The assay was performed following the instruction in the leaflet of the kit, 
outlined briefly below: The reagents, working standard, control, and samples were 
prepared as mentioned in the leaflet as follow, 

 
1. Wells were reserved for Non-specific Binding (NSB), Maximum Binding (B0) and 

Substrate Blank. 



2. Assay buffer (150 µL and 100 µL) was added to the NSB and B0 wells respectively 
then, standard or samples (150 µL) were added to the remaining wells. 

3. PGE2 antibody solution (50 µL) was added to each well except the NSB and 
Substrate Blank wells. 

4. PGE2 conjugate (50 µL) was added to each well except the substrate blank wells. 
5. The plate was then covered and incubated for 2 hours at room temperature on a 

horizontal orbital microplate shaker set at 500±50 rpm. The plate was then aspirated 
and washed 4 times by the wash buffer. 

6. pNPP substrate solution (200 µL) was added to all wells and was incubated for 30 
minutes at room temperature away from light. 

7. Finally, stop solution (50 µL) was added to each well and the O.D was measured 
using a Dynatech® MR5000 ELISA reader at 540 nm.  
 
Calculation 
 

 The average NSB OD was subtracted from the readings of standard, control and 
samples (corrected OD) 
A standard curve was constructed by plotting the mean absorbance of rat standard 
PGE2 on the y-axis against the concentration on a logarithmic X-axis to draw the 
best fitting straight line. This standard curve was used to determine the 
concentration of rat PGE2 (pg/ml) corresponding to the mean absorbance in the 
samples as described. 
 
Determination of blood reduced glutathione (GSH)  
 
Principle 
 

The method of assay of GSH depends on the fact that GSH reacts with Ellman’s 
reagent [5,5-dithiobis-(2-nitrobenzoic acid)] to form a stable yellow colour of 5-
thio-2-nitrobenzoic acid, which can be measured spectrophotometrically at 412 nm 
(Beutler et al., 1963). 

 
Procedure  
 

Heparinized blood (100 µl) was haemolysed with 0.9 ml cold bi-distilled water at 
4°C, then the blood proteins were precipitated using 1.5 ml of a precipitating 
solution (1.67 gm meta-phosphoric acid + 0.2 g disodium ethylene diamine tetra-
acetic acid + 30 g sodium chloride in 100 ml bi- distilled water). The precipitating 
solution was freshly prepared just before use. The mixture was left for 5 min, then 
centrifuged at 1000 rpm for 15 min. To 1 ml of the resulting supernatant, 4 ml of 
0.3M phosphate solution (prepared by dissolving 42.59 g disodium hydrogen 
phosphate in one liter of bidistilled water) followed by 0.5 ml Ellmans reagent 



(prepared by dissolving 40 mg of 5,5-dithiobis-(2-nitrobenzoic acid) in 100 ml 1% 
sodium citrate) were added and left for 5 min to allow the yellow color reaction to 
develop. The absorbance was read on a Unicam spectrophotometer 8625 UV/VIS, 
England, at 412 nm. 
 

The standard solution was prepared by dissolving 7.5 mg of GSH in 100 ml of 
1% meta-phosphoric acid. Serial dilutions in concentrations ranging from 9 - 75 
µg/ml were then prepared. To 1 ml of the standard GSH serial dilutions, 4 ml of 
phosphate buffer and 0.5 ml Ellmans reagent were added and the absorbance was 
read on a Beckman (model 24) spectrophotometer at 412 nm against a blank 
containing 1 ml of bidistilled water. A standard curve was constructed by plotting 
absorbance of the samples against their concentration. 
-Blood GSH was expressed as mg %, calculated as follows: 
                GSH (mg %) = AT/AS x 0.0375n x 2.5/0.1 x 100, where:  
AT= absorbance of the test sample 
AS= absorbance of the standard sample 
 n= concentration of the standard as mg % 
 
Determination of serum malondialdehyde (MDA) 
 
Principle 
 

Estimation of serum MDA level reflects the degree of lipid peroxidation. Serum 
MDA may be determined colorimetrically depending on the reaction with 
thiobarbituric acid at low pH (2-3). The resultant pink pigment product 
(thiobarbituric acid reactive substance) is extracted by n-butanol, and the absorbance 
was determined spectrophotometrically at 535 nm (Yoshioka et al., 1979). 
 
Procedure  
 

An aliquot of heparinized blood was centrifuged at 3000 rpm for 10 min. Then 
0.5 ml of the separated plasma was shaken with 2.5 ml of 20% trichloroacetic acid 
in a 10 ml screw-capped tube. one ml of 0.67% thiobarbituric acid was then added 
to the mixture, shaken and warmed for 30 min in a boiling water bath, followed by 
rapid cooling. Four ml of n-butyl alcohol were added to the mixture and shaken 
vigorously to extract the MDA content. The mixture was then centrifuged at 3000 
rpm for 10 min. The resultant n-butyl alcohol layer was separated and its MDA 
content was determined by the degree of absorbance against blank containing 0.5 ml 
distilled water instead of the sample using a Unicam spectrophotometer 8625 
UV/VIS at 535 nm. 1,1,3,3-tetraethoxy-propane was used as a standard. 
The standard solution was prepared by using serial dilutions of MDA in 
concentration ranging from 5 – 30 nmol/ 0.5ml by dissolving 1,1,3,3-tetraethoxy-
propane in distilled water to produce MDA. A standard curve was constructed 



relating the concentration of MDA to the respective absorbance. MDA 
concentration in plasma samples was determined as nmol/ml by interpolation from 
the standard curve (Yoshioka et al., 1979). 
Trace metals (Zn, Cu, Fe, and Se) measurement by atomic 
absorption ion spectrophotometry  
 

The method used for estimation of trace metals, is based on the fact that atoms of 
an element in the ground or unexcited state well adsorb light of the same wave 
length that they emit in the excited state. The wave length or the resonance lines are 
characteristic for each element. No two elements have identical resonance lines. 
Atomic absorption spectrophotometer involves the measurement of light absorbed 
by atoms in the ground sate. It is different from flame photometry in that the later 
employs the measurement of light emitted by atoms in the exited state. Most 
elements have several resonance lines but usually one line is considerably stronger 
than the others. The wave length of this line is generally the one selected for 
measurement. Occasionally however it may be necessary to select another resonance 
line either to reduce sensitivity or because a resonance line of an interfering element 
is very close to the one of interest (Kirbright and Sargent, 1974). 
 
Tissue Sample Preparation: 
 

Liver samples (1g) were prepared by washing thoroughly with deionized water 
then, digested in concentrated pure nitric acid (65%) and hydrogen peroxide (4:1 
ratio). Sample digestion is carried out with acids at elevated temperature and 
pressures by using Microwave Sample Preparation Labstation, MLS-1200 MEGA. 
Samples were then converted to soluble matter in deionized water to appropriate 
concentration level. The studied elements were detected quantitatively using 
standard curve method for each element (Kingston and Jassie, 1988). 
 

The microwave is an electromagnetic energy. Frequencies for microwave heating 
are set by the Federal Communication Commission and International Radio 
Regulations Microwave Frequencies designated for industrial, medical and scientific 
uses. The closed vessels technology included by microwave heating gives rise to 
several advantages: (1) Very fast heating rate (2). Temperature of an acid in a closed 
vessel is higher than the atmospheric boiling point (3) Reduction of digestion time 
(4) Microwave heating raises the temperature and vapour pressure of the solution (5) 
The reaction may also generate gases further increasing the pressure inside the 
closed vessels. This approach significantly reduces overall sample prep time and 
eliminates the reed for laboratories to invest in multiple convertional apparatuses, 
(Vacuum drying oven, digestion system and water or sanded baths). 
 
Statistical analysis 



    
Data were expressed as mean ± standard error (s.e). Statistical analysis was 

performed using instat software, version 2 (Graph Pad Software, Ine., San Diego, 
USA). One way analysis of Variance (ANOVA) followed by Tukey-Kramer 
multiple comparison test was used for comparison means of different groups. The 
level of significance was fixed at P=0.05. If P < 0.05 this indicates significant 
difference. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
I. The air pouch model 
 
1. Effect of curcumin or diclofenac on the volume of the inflammatory 
exudates collected from the air pouch in non-irradiated and irradiated rats 
 

Exposure of animals to an acute radiation dose level of 6 Gy did not affect 
the volume of exudates 24 h or 3 days after exposure. However, a marked 
increase in the volume of exudates was observed after 7 days of exposure. The 
volume increased by 41.18 % compared to that of the non-irradiated group (Fig 
8). 
 

Injection of carrageenan into the air pouch resulted in an increase in the 
volume of exudates by 50 % as compared to that of the pouch injected only with 
saline. Administration of curcumin (50 mg/kg) or diclofenac (3 mg/kg) i.p., one 
hour prior to carrageenan injection suppressed the volume of inflammatory 
exudates by 42.35 % and 36.86 % respectively in the non-irradiated rats (Table 
4 and Fig 9). 
 

As shown in Fig (9) both curcumin (50 mg/kg) and diclofenac (3 mg/kg) i.p, 
were almost equipotent in the doses used and led to a marked inhibition in the 
volume of the inflammatory exudates by 46.67 % and 36.67 % respectively in 
the irradiated rats, indicating similar effect as that produced in non-irradiated 
animals. 
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Fig (8): Effect of exposure to γ-radiation in an acute dose level of 6 Gy at different 
time intervals on the volume of the exudates collected from the air pouch.  
The experiment was performed after 24 h, 3 days and 7 days of exposure to γ-radiation 
in an acute dose level of 6Gy (n =8). Results are expressed as mean volume ± s.e. mean. 
ANOVA was carried out by Tukey-Kramer's test. 
* Significant difference from respective non-irradiated control at P < 0.05. 
# Significant difference from irradiated (24 h) at P < 0.05. 
$ Significant difference from irradiated (3 days) at P < 0.05. 
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Table (4), Effect of curcumin or diclofenac on the volume of the inflammatory exudates 
collected from the air pouch in non-irradiated and irradiated rats. 
 

Groups Volume of the exudates (mls) 

Non-irradiated Irradiated (6 Gy) 
 

Control (carrageenan) 4.25 ± 0.112 6.00 ± 0.171 

Curcumin (50mg/Kg) 2.45* ± 0.131 3.20* ± 0.127 

Diclofenac (3mg/Kg) 2.68*  ± 0.075 3.80*  ± 0.107 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Collection of the exudates was carried out 48 h following carrageenan challenge 
(n =8). Results are expressed as mean volume ± s.e. mean. ANOVA was carried out by 
Tukey-Kramer's test. 
* Significant difference from respective control at P < 0.05. 
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Fig 
(9): Effect of curcumin or diclofenac on the volume of the inflammatory exudates 
collected from the air pouch in non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the experiment. 
Collection of the exudates was carried out 48 h following carrageenan challenge (n =8). 
Results are expressed as mean percentage inhibition of the inflammatory exudates ± s.e. mean. 
ANOVA was carried out by Tukey-Kramer's test. 
* Significant difference from respective control at P < 0.05. 
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2. Effect of curcumin or diclofenac on blood glutathione (GSH) level in the 
air pouch model of inflammation in non-irradiated and irradiated rats  
 

Results shown in Table (5) and Fig (10) demonstrate that exposure to acute 
radiation dose level of 6 Gy before injection of carrageenan into the 6 day old 
air pouch, did not affect the blood GSH level at any studied interval (24 h, 3 
days or 7 days post exposure). 
 

Results presented in Table (6) and Fig (11) reveal that curcumin injection 
significantly caused a remarkable rise in the level of blood GSH by 48.93 % 
while injection of diclofenac caused a further rise in the blood level of GSH by 
82.76 % as compared with non–irradiated inflamed group. 
 

The same pattern of results was observed in the irradiated group since, as 
shown in Table (6) and Fig (11), injection of curcumin and diclofenac (i.p.) one 
hour prior to inoculation of carrageenan into the air pouch increased the blood 
level of GSH by 32.43% and 52.39 % respectively as compared to irradiated 
inflamed group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (5), Effect of γ-radiation exposure (6 Gy) on blood GSH level in the air pouch 
model of inflammation, 24 h, 3 days and 7 days following exposure. 
 

Groups Blood GSH (µg/ml) Percentage change 
Non-irradiated inflamed 7.950 ± 0.183 ------------------- 
Irradiated (24 h) inflamed 7.577 ± 0.3456 4.69 % 
Irradiated (3 days) inflamed 8.467 ± 0.5410 6.50 % 
Irradiated (7 days) inflamed 7.717 ± 0.2463 2.93 % 

 
Results are expressed as mean ± s.e. mean (n =8). ANOVA was carried out by Tukey-
Kramer's test. 
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Fig (10): Effect of γ-radiation exposure (6 Gy) on blood GSH level in the air pouch 
model of inflammation, 24 h, 3 days and 7 days following exposure. Results are expressed 
as mean ± s.e mean (n =8). ANOVA was carried out by Tukey-Kramer's test. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (6): Effect of curcumin or diclofenac on blood GSH level in the air pouch model of 
inflammation in non-irradiated and irradiated rats. 
 

Groups Blood GSH (µg/ml) 

Non-irradiated Irradiated (6 Gy) 
Normal 10.39 ± 0.274 5.353 ± 0.403 
Carrageenan 7.950 *± 0.183 7.717* ± 0.246 
Curcumin (50mg/Kg) 11.84*# ± 0.295 10.22*# ± 0.316 
Diclofenac (3mg/Kg) 14.53*#  ± 0.470 11.76*#  ± 0.464 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Collection of the blood was carried out 48 h following carrageenan challenge (n 
=8). Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-Kramer's 
test. 
* Significant difference from respective normal group at P < 0.05. 
# Significant difference from respective control group injected with carrageenan at P < 0.05. 
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Fig (11): Effect of curcumin or diclofenac on blood GSH level in the air pouch model of 
inflammation in non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Collection of the blood was carried out 48 h following carrageenan challenge (n 
=8). Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-Kramer's 
test. 
* Significant difference from respective normal group at P < 0.05. 
# Significant difference from respective control group injected with carrageenan at P < 0.05. 
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3. Effect of curcumin or diclofenac on serum malondialdehyde (MDA) level 
in the air pouch model of inflammation in non-irradiated and irradiated 
rats  
 

Results in Table (7) and Fig (12) reveal that after exposure of rats to 
radiation dose level of 6 Gy and induction of air pouch, the level of MDA in 
serum did not change significantly after 24 hr and 3rd day after exposure. MDA 
level dramatically increased significantly by 69.56 % on the 7th day as compared 
with non-irradiated inflamed control group. 
 

Injection of carrageenan into the pouch induced in non-irradiated animals led 
to a marked increase in MDA level by about 54.39 % of the normal value. 
When curcumin (50mg/Kg) and diclofenac (3mg/Kg) were administered i.p. to 
animals one hour prior to carrageenan injection into the 6 day air pouch led to a 
reduction in serum MDA level by 25.94 % and 12.89 % respectively (Table 8 
and Fig 13 ). 
 

Acute irradiation of animals before induction of inflammation into the air 
pouch using carrageenan led to a marked elevation in the serum level of MDA 
by 74.77 %. 

Curcumin and diclofenac administered i.p. followed by carrageenan, showed 
a very potent effect in decreasing the rise in serum level of MDA by 3-fold 
(Table 8 and Fig 13). 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 



Table (7), Effect of γ-radiation exposure (6 Gy) on serum MDA level in the air pouch 
model of inflammation, 24 h, 3 days and 7 days following exposure. 
 

Groups Serum MDA 
(nmole/ml) 

Percentage change 

Non-irradiated inflamed 6.67 ± 0.178 ------------------- 
Irradiated (24 h) inflamed 5.89 ± 0.217 11.69 % 
Irradiated (3 days) inflamed 7.17 # ± 0.275 7.49 % 
Irradiated (7 days) inflamed 11.31* # $ ± 0.361 69.56 % 

 
Results are expressed as mean ± s.e mean (n =8). ANOVA was carried out by Tukey-
Kramer's test. 
* Significant difference from respective non-irradiated control at P < 0.05. 
# Significant difference from irradiated (24 h) at P < 0.05. 
$ Significant difference from irradiated (3 days) at P < 0.05. 
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Fig (12): Effect of γ-radiation exposure (6 Gy) on serum MDA level in the air pouch 
model of inflammation, 24 h, 3 days and 7 days following exposure. 
Results are expressed as mean ± s.e mean (n =8). ANOVA was carried out by Tukey-
Kramer's test. 
* Significant difference from respective non-irradiated control at P < 0.05. 
# Significant difference from irradiated (24 h) at P < 0.05. 
$ Significant difference from irradiated (3 days) at P < 0.05. 
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Table (8): Effect of curcumin or diclofenac on serum MDA level in the air pouch model 
of inflammation in non-irradiated and irradiated rats. 
 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Collection of the blood was carried out 48 h following carrageenan challenge (n 
=8). Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-Kramer's 
test. 
* Significant difference from respective normal group at P < 0.05. 
# Significant difference from respective group injected with carrageenan at P < 0.05. 
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Fig (13): Effect of curcumin or diclofenac on the serum MDA level in the air pouch 
model of inflammation in non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Collection of the blood was carried out 48 h following carrageenan challenge (n 
=8). Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-Kramer's 
test. 
* Significant difference from respective normal group at P < 0.05. 
# Significant difference from respective group injected with carrageenan at P < 0.05. 
 

Groups Serum MDA (nmole/ml) 

 Non-irradiated Irradiated (6 Gy) 
Normal 4.32 ± 0.117 7.55 ± 0.172 
Carrageenan 6.67* ± 0.182 11.31* ± 0.361 
Curcumin (50mg/Kg) 4.94# ± 0.127 4.04*#  ± 0.211 
Diclofenac (3mg/Kg) 5.81*#  ± 0.241 5.15*#  ± 0.118 
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4. Effect of curcumin or diclofenac on serum level of tumor necrosis factor-
α (TNF-α) in the air pouch model of inflammation in non-irradiated and 
irradiated rats 
 

As shown in Table (9) and Fig (14), injection of carrageenan into the 6 days 
old air pouch of non-irradiated animals led to significant increase in serum 
TNF-α level by a 23.82 % of the normal value. Similar increase in TNF-α level 
was observed in irradiated animals at dose level of 6 Gy. 

 
Treatment of animals with curcumin (50mg/Kg) one hour prior to 

carrageenan injection showed inhibition in the rise in serum TNF-α level by 
23.05% in non-irradiated rats and 34.29 % in irradiated ones. 
 

Similar effect was shown by diclofenac (3mg/Kg) it suppressed the rise in 
TNF-α by 19.97 % in non-irradiated rats and 37.21 % in irradiated ones (Table 
9 and Fig 14) as compared with the respective controls. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (9): Effect of curcumin or diclofenac on serum TNF-α level in the air pouch model 
of inflammation in non-irradiated and irradiated rats. 
 

Groups Serum TNF-α (pg/ml) 

Non-irradiated Irradiated (6 Gy) 
Normal 572.3 ± 18.95 701.0 ± 26.94 
Carrageenan 708.6* ± 33.95 876.8*± 28.56 
Curcumin (50mg/Kg) 545.3# ± 16.76 576.1*# ± 20.28 
Diclofenac (3mg/Kg) 567.1# ± 16.87 550.5*# ± 14.62 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Collection of the blood was carried out 48 h following carrageenan challenge (n 
=8). Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-Kramer's 
test. 
* Significant difference from respective normal group at P < 0.05. 
# Significant difference from respective group injected with carrageenan at P < 0.05. 
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Fig (14): Effect of curcumin or diclofenac on the serum TNF-α level in the air pouch 
model of inflammation in non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Collection of the blood was carried out 48 h following carrageenan challenge (n 
=8). Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-Kramer's 
test. 
* Significant difference from respective normal group at P < 0.05. 
# Significant difference from respective group injected with carrageenan at P < 0.05. 
 
 

* 
* 

# # *# *# 



5. Effect of curcumin or diclofenac on serum prostaglandin E2 (PGE2) in 
the air pouch model of inflammation in non-irradiated and irradiated rats 
 

As shown in Table (10) and Fig (15), injection of carrageenan into the 6-
days old air pouch led to a significant increase in serum PGE2 level by 16.49% 
of the normal value. 
 

After exposure of rats to radiation dose level of 6 Gy before carrageenan 
injection resulted in rise of serum PGE2 level by 8.27% of the irradiated control. 
 

Administration of curcumin (50mg/Kg i.p.) significantly reduced the rise in 
PGE2 level by 21.10% in the non-irradiated group and by 23.55 % in the 
irradiated ones. 
 

The extent of PGE2 inhibition after treatment with diclofenac (3mg/Kg i.p.) 
reached 20 % both in non-irradiated and irradiated rats (Table 10 and Fig 15) 
as compared with the respective control groups. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (10): Effect of curcumin or diclofenac on serum PGE2 level in the air pouch model 
of inflammation in non-irradiated and irradiated rats. 
 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Collection of the blood was carried out 48 h following carrageenan challenge (n 
=8). Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-Kramer's 
test. 
* Significant difference from respective control at P < 0.05. 
# Significant difference from respective group injected with carrageenan at P < 0.05. 
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Fig (15): Effect of curcumin or diclofenac on serum PGE2 level in the air pouch model 
of inflammation in non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Collection of the blood was carried out 48 h following carrageenan challenge (n 
=8). Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-Kramer's 
test. 
* Significant difference from respective control at P < 0.05. 
# Significant difference from respective group injected with carrageenan at P < 0.05. 
 

Groups Serum PGE2 (pg/ml) 
 

 Non-irradiated Irradiated (6 Gy) 
Normal 3694 ± 74.91 4303 ± 33.54 
Carrageenan 4303*  ± 71.02 4659* ± 24.90 
Curcumin (50mg/Kg) 3395* # ± 40.13 3562* #  ± 109.30 
Diclofenac (3mg/Kg) 3449* # ± 32.49 3570* #  ± 75.50 

* *
*# *# *# *# 



6. Effect of curcumin or diclofenac on the hepatic zinc (Zn) content in the 
air pouch model of inflammation in non-irradiated and irradiated rats 
 

Results shown in Table (11) and Fig (16) reveal that injection of carrageenan 
into 6 days-old air pouch causes a reduction in the hepatic content of zinc by 
33.7% as compared to normal group. 
 

Irradiation of animals causes a decrease in zinc content in the liver by 32.8% 
when compared with that of normal non-irradiated group (Table 11 and Fig 
16). 
 

Results indicate that treatment with curcumin (50mg/Kg) one hour prior to 
carrageenan injection increased significantly the content of zinc in liver by 
18.36% and 21.21% in non-irradiated and irradiated animals respectively. 
 

Treatment with diclofenac (3mg/Kg) increased the zinc level by 31.6% and 
30.5% in non-irradiated and irradiated animals respectively. The effect of 
diclofenac was more pronounced than curcumin in irradiated group. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



Table (11): Effect of curcumin or diclofenac on the hepatic zinc (Zn) content in the air 
pouch model of inflammation in non-irradiated and irradiated rats. 
  

Groups Hepatic zinc content (mg/l) 

Non-irradiated Irradiated (6 Gy) 
Normal 50.43 ± 1.03 33.89 ± 0.69 
Carrageenan 33.45*± 1.60 32.01 ± 0.49 
Curcumin (50mg/Kg) 39.59*# ± 0.64 38.80*# ± 0.44 
Diclofenac (3mg/Kg) 44.03*# ± 1.79 41.78*#  ± 0.76 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the experiment 
(n =8). Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-
Kramer's test. 
* Significant difference from respective normal group at P < 0.05, 
# Significant difference from respective group injected with carrageenan at P < 0.05. 
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Fig (16): Effect of curcumin or diclofenac on the hepatic zinc (Zn) content in the air 
pouch model of inflammation in non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the experiment 
(n =8). Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-
Kramer's test. 
* Significant difference from respective normal group at P < 0.05, 
# Significant difference from respective group injected with carrageenan at P < 0.05. 
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7. Effect of curcumin or diclofenac on the hepatic copper (Cu) content in 
the air pouch model of inflammation in non-irradiated and irradiated rats 
 

As shown in Table (12) and Fig (17) injection of carrageenan into 6 days-old 
air pouch caused a reduction in the concentration of copper in liver by 51.8% as 
compared to control. 
 

Irradiation of animals led to a reduction in the concentration of copper in 
liver by 34.8% as compared with non-irradiated control (Table 12 and Fig 17). 
 

Injection of carrageenan into the air pouch of irradiated animals resulted in a 
further reduction in copper concentration by 24.7%. 
 

Treatment of non-irradiated animals with curcumin increased the content of 
copper in liver. However, it doesn't reach the original values (Table 12 and Fig 
17). Same effect was observed after treatment with diclofenac, the copper 
content reached a value of 3.353 mg/l 
 

In irradiated animals, treatment with either curcumin or diclofenac 
successfully raised copper content by 44.1% and 50.5% respectively. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 



Table (12): Effect of curcumin or diclofenac on the hepatic copper (Cu) content in the 
air pouch model of inflammation in non-irradiated and irradiated rats. 
 

Groups Hepatic copper content (mg/l) 

Non-irradiated Irradiated (6 Gy) 
Normal 4.74 ± 0.15 3.09 ± 0.22 
Carrageenan 2.29* ± 0.052 2.33* ± 0.12 
Curcumin (50mg/Kg) 3.20*# ± 0.077 3.35# ± 0.054 
Diclofenac (3mg/Kg) 3.35*# ± 0.079 3.50# ± 0.073 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the experiment 
(n =8). Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-
Kramer's test. 
* Significant difference from respective normal group at P < 0.05, 
# significant difference from respective group injected with carrageenan at P < 0.05. 
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Fig (17): Effect of curcumin or diclofenac on the hepatic copper (Cu) content in the air 
pouch model of inflammation in non-irradiated and irradiated rats. Curcumin 
(50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the animals one 
hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations was carried 
out by an acute dose level of 6 Gy, 7 days before the beginning of the experiment (n =8). 
Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-Kramer's test. 
* Significant difference from respective normal group at P < 0.05, 
# significant difference from respective group injected with carrageenan at P < 0.05. 
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8. Effect of curcumin or diclofenac on the hepatic iron (Fe) content in the 
air pouch model of inflammation in non-irradiated and irradiated rats 
 

As shown in Table (13) and Fig (18) injection of carrageenan into 6 days-old 
air pouch caused a reduction in the concentration of iron in liver by 21.25% as 
compared to control. 
 

When animals were irradiated 7 days before injection of carrageenan into the 
air pouch, it led to a reduction in the concentration of iron in liver by 10.8% as 
compared with irradiated control (Table 13 and Fig 18). 
 

Treatment of non-irradiated animals with curcumin increased the content of 
iron in liver, but it wasn't significant. On the other hand, treatment with 
diclofenac increased the iron content significantly by 11.5%. 
 

In irradiated animals, treatment with either curcumin or diclofenac showed a 
significant effect on the content of iron in liver, as they increased iron content 
by 12.7% and 13% respectively. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



Table (13): Effect of curcumin or diclofenac on the hepatic iron (Fe) content in the air 
pouch model of inflammation in non-irradiated and irradiated rats. 
 

Groups Hepatic iron content (mg/l) 

Non-irradiated Irradiated (6 Gy) 
Normal 187.4 ± 2.35 163.7 ± 4.08 
Carrageenan 138.2* ± 2.42 146.0* ± 1.13 
Curcumin (50mg/Kg) 143.6* ± 1.40 164.6# ± 1.54 
Diclofenac (3mg/Kg) 154.1*# ± 4.33 165.0# ± 2.95 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the experiment 
(n =8). Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-
Kramer's test. 
* Significant difference from respective normal group at P < 0.05, 
# Significant difference from respective group injected with carrageenan at P < 0.05. 
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Fig (18): Effect of curcumin or diclofenac on the hepatic iron (Fe) content in the air 
pouch model of inflammation in non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the experiment 
(n =8). Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-
Kramer's test. 
* Significant difference from respective normal group at P < 0.05, 
# Significant difference from respective group injected with carrageenan at P < 0.05. 
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9. Effect of curcumin or diclofenac on the hepatic selenium (Se) content in 
the air pouch model of inflammation in non-irradiated and irradiated rats 
 

As shown in Table (14) and Fig (19) injection of carrageenan into 6 days-old 
air pouch caused a reduction in the concentration of selenium in liver by 55% as 
compared to normal group. 
 

Irradiation of animals led to a reduction in the concentration of selenium in 
liver by 15.7% as compared with non-irradiated control (Table 14 and Fig 19). 
 

Injection of carrageenan into the air pouch of irradiated animals resulted in a 
further reduction in selenium concentration by 14% inhibition. 
 

Treatment of non-irradiated animals with curcumin increased the content of 
selenium in liver by 80.8%. Similar effect was observed after treatment with 
diclofenac, where the selenium content increased by 87% (Table 14 and Fig 
19). 
 

In irradiated animals, treatment with either curcumin or diclofenac 
significantly raised selenium content by 11.31% and 27.2% respectively. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 



Table (14): Effect of curcumin or diclofenac on the hepatic selenium (Se) content in the 
air pouch model of inflammation in non-irradiated and irradiated rats. 
 

Groups Hepatic selenium content (ng/ml) 

Non-irradiated Irradiated (6 Gy) 
Normal 229.5 ± 1.32 193.4 ± 2.78 
Carrageenan 103.2 *± 3.45 166.2*± 1.38 
Curcumin (50mg/Kg) 186.6*# ± 8.77 185.0# ± 2.67 
Diclofenac (3mg/Kg) 192.9 *#± 2.44 211.4*#  ± 7.99 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the experiment 
(n =8). Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-
Kramer's test. 
* Significant difference from respective normal group at P < 0.05, 
# Significant difference from respective group injected with carrageenan at P < 0.05. 
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Fig (19): Effect of curcumin or diclofenac on the hepatic selenium (Se) content in the air 
pouch model of inflammation in non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals one hour prior to carrageenan injection into the air pouch. Exposure to γ-radiations 
was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the experiment 
(n =8). Results are expressed as mean ± s.e mean. ANOVA was carried out by Tukey-
Kramer's test. 
* Significant difference from respective normal group at P < 0.05, 
# Significant difference from respective group injected with carrageenan at P < 0.05. 
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II. Adjuvant-induced arthritis model 
 
1. Paw volume 
 
Effect of curcumin and diclofenac on paw volume in non-irradiated rats 
 

Results shown in Table (15) and illustrated in Fig (20) show the changes in 
paw volume which occur during the first 3 weeks after a single injection of 
Freund's complete adjuvant (FCA) into the rat hind paw. The injected paw 
swells immediately giving rise to an acute inflammatory phase which lasts from 
the first day through to the 8th. 
 

A secondary rise in paw volume occurred from day 8, reached a peak on day 
14 and persisted till the end of the observation period. 
 

Daily treatment with curcumin (50mg/kg) and diclofenac (3mg/kg) starting 
on day 14 after inoculation of the adjuvant and lasting for one week markedly 
inhibited the paw swelling. By comparing the paw oedema of treated rats with 
that of untreated controls, it was found that on day 18 curcumin and diclofenac 
induced an inhibition of the inflammatory response amounting 20% and 21.25% 
respectively. At the end of the experimental period (on day 21), the percentage 
inhibition reached 35.15% for curcumin and 37% for diclofenac. 
 
Effect of curcumin and diclofenac on paw volume of rats exposed to γ-
radiations 
 

Exposure of rats to radiation dose level of 6 Gy before inoculation of 
Freund's complete adjuvant, caused a remarked increase in the injected paw 
volume following the same pattern as in case of non-irradiated groups. 
However, it was observed that the paw volume at the second phase starting from 
day 8 to day 14 and through till the end of the experiment was markedly higher 
than non-irradiated group Fig (21).  
 

When curcumin (50 mg/kg) or diclofenac (3 mg/kg) was administered daily 
from day 14 after inoculation of the adjuvant, both drugs successfully reduced 
the inflammatory response. 
 

With curcumin the percentage of inhibition was 43.7% and with diclofenac it 
was 46.2%. Both curcumin and diclofenac were equipotent in non-irradiated 
and irradiated groups. The results are presented in Table (15) and illustrated in 
Fig (22). 
 



Table (15): Effect of curcumin (50 mg/kg) or diclofenac (3 mg/kg) on the paw 
volume of arthritic non-irradiated and irradiated rats. 
 

 
Treatments were carried out after two weeks of inoculation of the adjuvant. Results are expressed as 
means of 8 observations in arbitrary units ± s.e mean. ANOVA was carried out by Tukey-Kramer's 
test. 
* Significant difference from respective arthritic group at P < 0.05. 
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Fig (20): Effect of curcumin (50 mg/kg i.p.) or diclofenac (3 mg/kg i.p.) on the paw 
volume of non-irradiated arthritic rats. 
Treatments were carried out after two weeks of inoculation of the adjuvant. Results are 
expressed as means of 8 observations in arbitrary units' ± s.e mean. ANOVA was carried out 
by Tukey-Kramer's test. 
* Significant difference from non-irradiated arthritic group at P < 0.05. 

Non-irradiated Irradiated (6 Gy) 
Days FCA Curcumin Diclofenac FCA Curcumin Diclofenac
Day 0 16.00 ± 

0.5345 
16.50 ± 
0.3273 

16.75 ± 
0.3660 

18.50 ± 
0.5000 

18.00 ± 
0.3780 

19.00 ± 
0.5345 

Day 4 39.00 ± 
0.3780 

40.00 ± 
0.6547 

40.00 ± 
0.5345 

39.75 ± 
0.4532 

39.50 ± 
0.5000 

40.25 ± 
0.5901 

Day 8 32.00± 
0.2673 

32.13± 
0.2266 

32.25± 
0.2500 

34.25± 
0.1637 

34.38± 
0.2631 

34.63± 
0.4199 

Day 14 38.50± 
0.1890 

38.38± 
0.2631 

38.50± 
0.2673 

50.00 ± 
1.464 

51.25 ± 
0.7500 

51.25 ± 
0.6478 

Day 18 40.00 ± 
0.5345 

*32.25 ± 
0.7008 

*31.50 ± 
0.9063 

49.75 ± 
0.5901 

*39.00 ± 
0.3780 

*38.50 ± 
0.3273 

Day 21 41.25 ± 
0.3660 

*26.75 ± 
0.3660 

*26.00 ± 
0.5345 

49.25 ± 
0.3660 

*27.75 ± 
0.5901 

*26.50 ± 
0.6268 

*
*
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Fig (21): Effect of exposure to γ-radiations (6 Gy) on the paw volume of arthritic rats. 
Animals were irradiated 7 days before the beginning of the experiment. Results are expressed 
as means of 8 observations in arbitrary units ± s.e mean. ANOVA was carried out by Tukey-
Kramer's test. 
* Significant difference from non-irradiated arthritic group at P < 0.05. 
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Fig (22): Effect of curcumin (50 mg/kg) or diclofenac (3 mg/kg) on the paw volume of 
irradiated arthritic rats exposed to an acute dose level of γ-radiation (6 Gy). Animals were 
irradiated 7 days before the beginning of the experiment. Treatments were carried out after two 
weeks of inoculation of the adjuvant. Results are expressed as means of 8 observations in 
arbitrary units' ± s.e mean. ANOVA was carried out by Tukey-Kramer's test. 
* Significant difference from irradiated arthritic group at P < 0.05. 

*
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2. Effect of curcumin or diclofenac on blood glutathione (GSH) level in 
adjuvant-induced arthritis model in non-irradiated and irradiated rats 
 

Results in Table (16) and Fig (23) revealed that the level of blood GSH in 
the non-irradiated arthritic group was 12.92µg/ml. After exposure of rats to 
radiation dose level of 6Gy and induction of arthritis, the level of blood GSH 
decreased significantly after 24 h and 3 days after exposure. But the percentage 
change was significantly higher by 46.42% on the 7 days as compared with non-
irradiated arthritic group. 
 

As shown in Table (17) and Fig (24), the level of blood GSH of non-
irradiated arthritic rats showed significant increase of 24.35% as compared with 
the control group. 
 

Treatment with curcumin markedly increased the level of blood GSH by 
96.44% as compared with the arthritic group. Treatment with diclofenac also 
increased the level of blood GSH to a much lesser extent than curcumin and the 
percentage increase was 22.76%. 
 

In the irradiated groups of rats (Fig 24), inoculation of FCA caused an 
increase in blood GSH by 29.33% when compared with control. Curcumin 
treatment successfully increased the level of blood GSH by 58.75%. 
The increase in GSH level after treatment with diclofenac was 49.94% as 
compared with the irradiated arthritic group. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (16): Effect of γ-radiation in an acute dose level of 6 Gy at 24 h, 3 days and 7 days 
after exposure on the level of blood GSH. 
 

Groups Blood GSH (µg/ml) Percentage change 
Non-irradiated arthritic 12.92 ± 0.19 ------------------- 
Irradiated (24 h) arthritic 8.61* ± 0.32 33.37 % 
Irradiated (3 days) arthritic 10.29*# ± 0.57 20.36 % 
Irradiated (7 days) arthritic 6.92*# $ ± 0.25 46.42 % 

  
Results are expressed as mean ± s.e mean (n =8). ANOVA was carried out by Tukey-Kramer's 
test. 
* Significant difference from respective non-irradiated arthritic group at P < 0.05. 
# Significant difference from irradiated (24 h) at P < 0.05. 
$ Significant difference from irradiated (3 days) at P < 0.05. 
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Fig (23): Effect of γ-radiation in an acute dose level of 6 Gy at 24 h, 3 days and 7 days after 
exposure on the level of blood GSH. 
Results are expressed as mean ± s.e mean (n =8). ANOVA was carried out by Tukey-Kramer's test. 
* Significant difference from respective non-irradiated arthritic group at P < 0.05. 
# Significant difference from irradiated (24 h) at P < 0.05. 
$ Significant difference from irradiated (3 days) at P < 0.05. 
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Table (17): Effect of curcumin or diclofenac on blood GSH level in adjuvant-induced 
arthritis model in non-irradiated and irradiated rats. 
 
 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals daily after two weeks of the inoculation of the adjuvant till the end of the 
experiment. Exposure to γ-radiations was carried out by an acute dose level of 6 Gy, 7 days 
before the beginning of the experiment. Results are expressed as mean ± s.e. mean of 8 
observations. ANOVA was carried out by Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 
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Fig (24): Effect of curcumin or diclofenac on blood GSH level in adjuvant-induced arthritis 
model in non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the animals 
daily after two weeks of the inoculation of the adjuvant till the end of the experiment. Exposure to γ-
radiations was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Results are expressed as mean ± s.e. mean of 8 observations. ANOVA was carried out 
by Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 
 
 

Groups Blood GSH (µg/ml) 

 Non-irradiated Irradiated (6 Gy) 
Non-arthritic 10.39 ± 0.27 5.35 ± 0.40 
Arthritic 12.92*  ± 0.19 6.92* ± 0.25 
Arthritic + Curcumin (50mg/Kg) 25.38*#  ± 0.12 16.99*#  ± 0.32 
Arthritic + Diclofenac (3mg/Kg) 15.86*#   ± 0.33 10.38*#  ± 0.17 

*

*

*#

*#
*#

*#



3. Effect of curcumin or diclofenac on serum Malondialdehyde (MDA) in 
adjuvant-induced arthritis model in non-irradiated and irradiated rats 
 

As shown in Table (18) and Fig (25), after exposure of rats to radiation dose 
level of 6 Gy and inoculation of FCA, the level of MDA in serum started to 
increase significantly by 70.37 % on the 7 day as compared with non-irradiated 
arthritic group. 
 

The level of MDA in serum of normal rats in the adjuvant induced arthritis 
model as shown in Table (19) and Fig (26) was markedly increased after 
inoculation of FCA by 74.8% as compared with the non-arthritic group. 
 

Treatment with either curcumin or diclofenac reduced serum MDA. A 
remarkable decrease in MDA level was observed after treatment with 
diclofenac, the percentage decrease was 41% as compared with the non-arthritic 
group. 
 

A remarkable increase in MDA level was observed in irradiated groups, even 
before injection of FCA and the increase was 74.5% as compared with non-
irradiated group, and it was much higher after inoculation of FCA. 
 

Both curcumin and diclofenac reduced MDA level by 65.63% and 70.4% 
respectively. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 



Table (18): Effect of γ-radiation in an acute dose level of 6 Gy at 24 h, 3 days and 7 days 
after exposure on the level of serum MDA. 
 

Groups Serum MDA (nmole/ml) Percentage change 
Non-irradiated arthritic 7.56 ± 0.16 ------------------- 
Irradiated (24 h) 6.32* ± 0.20 16.36 % 
Irradiated (3 days) 6.54* ± 0.097 13.53 % 
Irradiated (7 days) 12.88*# $ ± 0.16 70.37 % 

 
Results are expressed as mean ± s.e mean (n =8). ANOVA was carried out by Tukey-Kramer's test. 
* Significant difference from respective non-irradiated arthritic group at P < 0.05. 
# Significant difference from irradiated (24 h) at P < 0.05. 
$ Significant difference from irradiated (3 days) at P < 0.05. 
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Fig (25): Effect of γ-radiation in an acute dose level of 6 Gy at 24 h, 3 days and 7 days 
after exposure on the level of serum MDA. 
Results are expressed as mean ± s.e mean (n =8). ANOVA was carried out by Tukey-
Kramer's test. 
* Significant difference from respective non-irradiated arthritic group at P < 0.05. 
# Significant difference from irradiated (24 h) at P < 0.05. 
$ Significant difference from irradiated (3 days) at P < 0.05. 
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Table (19): Effect of curcumin or diclofenac on serum MDA in adjuvant-induced 
arthritis model in non-irradiated and irradiated rats. 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the animals 
daily after two weeks of the inoculation of the adjuvant till the end of the experiment. Exposure to γ-
radiations was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Results are expressed as mean ± s.e. mean of 8 observations. ANOVA was carried out 
by Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 
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Fig (26): Effect of curcumin or diclofenac on serum MDA in adjuvant-induced arthritis model in 
non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the animals 
daily after two weeks of the inoculation of the adjuvant till the end of the experiment. Exposure to γ-
radiations was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Results are expressed as mean ± s.e. mean of 8 observations. ANOVA was carried out by 
Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 
 
 
 

Groups Serum MDA (nmole/ml) 

Non-irradiated Irradiated (6 Gy) 
Non-arthritic 4.33± 0.12 7.55 ± 0.17 
Arthritic 7.56* ± 0.16 12.88* ± 0.16 
Arthritic + Curcumin (50mg/Kg) 6.51*# ± 0.10 4.43*# ± 0.06 
Arthritic + Diclofenac (3mg/Kg) 4.46#  ± 0.19 3.81*# ± 0.22 
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4. Effect of curcumin or diclofenac on serum tumor necrosis factor-α (TNF-
α) in adjuvant-induced arthritis model in non-irradiated and irradiated 
rats 
 

As shown in Fig (27) the serum level of TNF-α rose by 34.77% in the 
inflamed group as compared to control. 
Administration of curcumin or diclofenac significantly attenuated the rise of 
serum level of TNF-α to a value of 36.13% and 27.81% respectively. 
 

Exposure of rats to 6Gy γ-radiations resulted in an increase in serum level of 
TNF-α (Table 20 and Fig 27). A further rise was observed after inoculation of 
FCA by 12.78% (Fig 27). 
 

Treatment with curcumin (50mg/kg) or diclofenac (3mg/kg) successfully 
reduced the level of TNF-α by 29.24% and 24.36% respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (20): Effect of curcumin or diclofenac on serum TNF-α in adjuvant-induced arthritis 
model in non-irradiated and irradiated rats. 
 

Groups Serum TNF-α (pg/ml) 

Non-irradiated Irradiated (6 Gy) 
Non-arthritic 572.3 ± 18.95 701.0 ± 26.94 
Arthritic 771.3* ± 15.43 790.6*± 9.50 
Arthritic + Curcumin (50mg/Kg) 492.6# ± 19.46 559.4*# ± 18.98 
Arthritic + Diclofenac (3mg/Kg) 556.8# ± 33.07 598.0*# ± 18.67 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the animals 
daily after two weeks of the inoculation of the adjuvant till the end of the experiment. Exposure to γ-
radiations was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Results are expressed as mean ± s.e. mean of 8 observations. ANOVA was carried out 
by Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 
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Fig (27): Effect of curcumin or diclofenac on serum TNF-α in adjuvant-induced arthritis 
model in non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the animals 
daily after two weeks of the inoculation of the adjuvant till the end of the experiment. Exposure to γ-
radiations was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Results are expressed as mean ± s.e. mean of 8 observations. ANOVA was carried out 
by Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 
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5. Effect of curcumin or diclofenac on serum prostaglandin E2 (PGE2) in 
adjuvant-induced arthritis model in non-irradiated and irradiated rats 
 

The changes in serum level of PGE2 followed the same pattern as in case of 
TNF-α (Table 21 and Fig 28). Inoculation of FCA showed a marked increase in 
PGE2 level by 55.63% as compared to control. 
 

Exposure to γ radiation at dose level of 6 Gy led to a rise in serum PGE2 level 
by 16.5% (Fig 28). Furthermore, injection of FCA into hind paw of irradiated 
rats caused a further increase in PGE2 level by 32.12%. 
 

Each of curcumin and diclofenac were able to reduce the elevated level of 
PGE2 by 39.68% and 49.5% in non-irradiated group, and 42.6% and 46.25% in 
irradiated ones respectively (Fig 28). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (21): Effect of curcumin or diclofenac on serum PGE2 in adjuvant-induced 
arthritis model in non-irradiated and irradiated rats. 

 
Groups PGE2 in serum (pg/ml) 

Non-irradiated Irradiated (6 Gy) 
Non-arthritic 3694 ± 74.91 4303 ± 33.54 
Arthritic 5749* ± 44.75 5685* ± 61.18 
Arthritic + Curcumin (50mg/Kg) 3468# ± 74.82 3263*# ± 219.40 
Arthritic + Diclofenac (3mg/Kg) 2903# ± 578.30 3056 *#± 180.10 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the animals 
daily after two weeks of the inoculation of the adjuvant till the end of the experiment. Exposure to γ-
radiations was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Results are expressed as mean ± s.e. mean of 8 observations. ANOVA was carried out 
by Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 
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Fig (28): Effect of curcumin or diclofenac on serum PGE2 in adjuvant-induced arthritis model 
in non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the animals 
daily after two weeks of the inoculation of the adjuvant till the end of the experiment. Exposure to γ-
radiations was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Results are expressed as mean ± s.e. mean of 8 observations. ANOVA was carried out 
by Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 
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6. Effect of curcumin or diclofenac on the hepatic zinc (Zn) content in 
adjuvant-induced arthritis model in non-irradiated and irradiated rats 
 

Inoculation of FCA into rats resulted in a remarkable decrease in the 
concentration of zinc in liver by 43.57% as compared with control group; these 
results are shown in Table 22 and illustrated in Fig 29. 
 

Exposure of animals to radiation dose level of 6 Gy, and even before 
induction of arthritis by 7 days, caused a fall in zinc concentration in liver by 
32.8%. Moreover, injection of FCA caused a further decrease in zinc 
concentration by 24.6% (Table 22 and Fig 29). 
 

Each of curcumin and diclofenac were able to significantly increase the 
concentration of zinc in liver by 17.5% and 10.2% respectively in non irradiated 
rats and by 42% and 21.5% in irradiated ones. 
 

Curcumin showed a more potent effect as compared with diclofenac in 
increasing the content of zinc in liver. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (22): Effect of curcumin or diclofenac on hepatic zinc (Zn) content in adjuvant-
induced arthritis model in non-irradiated and irradiated rats. 

 
Groups Hepatic zinc content (mg/l) 

Non-irradiated Irradiated (6 Gy) 
Non-arthritic 50.43 ± 1.03 33.89 ± 0.69 
Arthritic 28.46* ± 0.91 25.56* ± 0.44 
Arthritic + Curcumin (50mg/Kg) 33.44*# ± 0.72 36.29# ± 1.04 
Arthritic + Diclofenac (3mg/Kg) 31.36* ± 0.34 31.06 *# ± 0.37 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to 
the animals daily after two weeks of the inoculation of the adjuvant till the end of the 
experiment. Exposure to γ-radiations was carried out by an acute dose level of 6 Gy, 7 
days before the beginning of the experiment. Results are expressed as mean ± s.e. mean 
of 8 observations. ANOVA was carried out by Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 
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Fig (29): Effect of curcumin or diclofenac on hepatic zinc (Zn) content in adjuvant-induced 
arthritis model in non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the animals 
daily after two weeks of the inoculation of the adjuvant till the end of the experiment. Exposure to γ-
radiations was carried out by an acute dose level of 6 Gy, 7 days before the beginning of the 
experiment. Results are expressed as mean ± s.e. mean of 8 observations. ANOVA was carried out 
by Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 
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7. Effect of curcumin or diclofenac on the hepatic copper (Cu) content in 
adjuvant-induced arthritis model in non-irradiated and irradiated rats. 
 

As shown in Table (23) Fig (30), induction of arthritis caused a fall in copper 
concentration in liver of rats by 29.2%. 
 

Exposure to ionizing radiation, before injection of FCA, caused a decrease in 
copper concentration in liver by 34.78% as compared with non-irradiated group. 
No significant change was observed after inoculation of FCA in irradiated 
group. 
 

Treatment with either curcumin or diclofenac significantly restored the 
content of copper concentration in liver; the increase was 28.93% and 31.29% 
respectively in case of non-irradiated group and 41% and 42% in case of the 
irradiated ones. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Table (23): Effect of curcumin or diclofenac on hepatic copper (Cu) content in 
adjuvant-induced arthritis model in non-irradiated and irradiated rats. 

 
Groups Hepatic copper content (mg/l) 

Non-irradiated Irradiated (6 Gy) 
Non-arthritic 4.74 ± 0.15 3.09 ± 0.22 
Arthritic 3.36* ± 0.11 3.17 ± 0.14 
Arthritic + Curcumin (50mg/Kg) 4.33# ± 0.09 4.47*# ± 0.33 
Arthritic + Diclofenac (3mg/Kg) 4.41*$ ± 0.09 4.51*# ± 0.25 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to 
the animals daily after two weeks of the inoculation of the adjuvant till the end of the 
experiment. Exposure to γ-radiations was carried out by an acute dose level of 6 Gy, 7 
days before the beginning of the experiment. Results are expressed as mean ± s.e. mean 
of 8 observations. ANOVA was carried out by Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 
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Fig (30): Effect of curcumin or diclofenac on hepatic copper (Cu) content in 
adjuvant-induced arthritis model in non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to 
the animals daily after two weeks of the inoculation of the adjuvant till the end of the 
experiment. Exposure to γ-radiations was carried out by an acute dose level of 6 Gy, 7 
days before the beginning of the experiment. Results are expressed as mean ± s.e. mean 
of 8 observations. ANOVA was carried out by Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 
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8. Effect of curcumin or diclofenac on the hepatic iron (Fe) content in 
adjuvant-induced arthritis model in non-irradiated and irradiated rats 
 

A slight, but significant decrease in the content of iron in liver of inflamed 
rats was observed (Table 24 and Fig 31). Iron concentration was reduced by 
16.70%. 
 

After exposure to 6 Gy γ-radiations, the level of iron was reduced by 12.65%. 
A further decrease in the concentration of iron in liver was observed after 
inoculation of FCA by 18.2% of the control non-irradiated group. 
 

Treatment of arthritic group with curcumin (50 mg/kg) for a period of one 
week caused a significant rise in iron concentration in liver by 33.44% and 
19.20% in non-irradiated and irradiated groups respectively. 
 

On the other hand, as shown in Table (24) and illustrated in Fig (31), 
treatment with diclofenac caused a significant increase in the iron content in 
liver by 21.6% and 7.63% in non-irradiated and irradiated group respectively, 
but to lesser extent than curcumin. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (24): Effect of curcumin or diclofenac on hepatic iron (Fe) content in 
adjuvant-induced arthritis model in non-irradiated and irradiated rats. 

 
Groups Hepatic iron content (mg/l) 

Non-irradiated Irradiated (6 Gy) 
Non-arthritic 187.4 ± 2.35 163.7 ± 4.08 
Arthritic 156.1* ± 3.91 153.3*± 0.36 
Arthritic + Curcumin (50mg/Kg) 208.3# ± 14.07 182.7*# ± 2.32 
Arthritic + Diclofenac (3mg/Kg) 189.8# ± 3.75 165.0# ± 1.74 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals daily after two weeks of the inoculation of the adjuvant till the end of the 
experiment. Exposure to γ-radiations was carried out by an acute dose level of 6 Gy, 7 days 
before the beginning of the experiment. Results are expressed as mean ± s.e. mean of 8 
observations. ANOVA was carried out by Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 

 

0

100

200

300

400

500

Non-irradiated Irradiated

H
ep

at
ic

 ir
on

 c
on

te
nt

 (m
g/

l) Non-arthritic Arthritic Arthritic+Curcumin Arthritic+Diclofenac

 
Fig (31): Effect of curcumin or diclofenac on hepatic iron (Fe) content in adjuvant-
induced arthritis model in non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to the 
animals daily after two weeks of the inoculation of the adjuvant till the end of the 
experiment. Exposure to γ-radiations was carried out by an acute dose level of 6 Gy, 7 days 
before the beginning of the experiment. Results are expressed as mean ± s.e. mean of 8 
observations. ANOVA was carried out by Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 
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9. Effect of curcumin or diclofenac on the hepatic selenium (Se) content in 
adjuvant-induced arthritis model in non-irradiated and irradiated rats 
 

Data given in Table (25) and Fig (32) demonstrates that injection of FCA 
into hind paw of rats caused a decrease in selenium concentration in liver at the 
end of the experimental period. The decrease was 9.3% of the control level. 
 

In case of irradiated group, exposure of rats to 6 Gy γ-radiations caused a 
significant decrease in selenium content by 15.73% as compared to non-
irradiated control. However, inoculation of FCA did not cause any further 
reduction in selenium concentration (Table 25 and Fig 32). 
 

Results demonstrated that treatment with curcumin (50 mg/kg) daily for one 
week, did not affect the selenium content in liver of inflamed rats. While, in 
irradiated group curcumin significantly increased selenium concentration by 
13.2%. 
 

On the other hand, treatment with diclofenac (3 mg/kg) daily for one week, 
caused a significant elevation in selenium concentration by 13% and 36.4% in 
non-irradiated and irradiated group respectively (Table 25 and Fig 32). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (25): Effect of curcumin or diclofenac on hepatic selenium (Se) content in 
adjuvant-induced arthritis model in non-irradiated and irradiated rats. 

 
Groups Hepatic selenium content (ng/ml) 

Non-irradiated Irradiated (6 Gy) 
Non-arthritic 229.5 ± 1.32 193.4 ± 2.78 
Arthritic 208.2* ± 2.02 188.0 ± 2.95 
Arthritic + Curcumin (50mg/Kg) 210.6* ± 5.21 212.8*# ± 3.29 
Arthritic + Diclofenac (3mg/Kg) 235.4#  ± 2.47 256.4 *# ± 4.69 

 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to 
the animals daily after two weeks of the inoculation of the adjuvant till the end of the 
experiment. Exposure to γ-radiations was carried out by an acute dose level of 6 Gy, 7 
days before the beginning of the experiment. Results are expressed as mean ± s.e. mean 
of 8 observations. ANOVA was carried out by Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 
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Fig (32): Effect of curcumin or diclofenac on hepatic selenium (Se) content in 
adjuvant-induced arthritis model in non-irradiated and irradiated rats. 
Curcumin (50mg/kg) or diclofenac (3mg/kg) was administered intra-peritoneal (i.p.) to 
the animals daily after two weeks of the inoculation of the adjuvant till the end of the 
experiment. Exposure to γ-radiations was carried out by an acute dose level of 6 Gy, 7 
days before the beginning of the experiment. Results are expressed as mean ± s.e. mean 
of 8 observations. ANOVA was carried out by Tukey-Kramer's test. 
* Significant difference from respective non-arthritic group at P < 0.05. 
# Significant difference from respective arthritic group at P < 0.05. 

 
 
 

* *
#

*#
*#



III. Management of arthritis by exposure to low-dose ionizing 
radiation 
 
1. Effect of exposure to a low-dose γ-radiation on blood glutathione (GSH) 
in arthritic rats 
 

The normal blood GSH level of the non-irradiated rats was 10.39µg/ml. 
Adjuvant inoculation caused an increase in the concentration of blood GSH 
reaching a value of 12.92 µg/ml. Rats exposed to low dose γ-radiation level of 
0.25Gy 2 weeks after inoculation of adjuvant, caused a further increase in blood 
GSH reaching 15.22 µg/ml. 
 

Exposure of rats to radiation dose level of 0.50Gy caused a remarkable 
increase in blood GSH to reach a value of 24.92 µg/ml. Results are shown in 
Table (26) and illustrated in Fig (33). 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (26): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 and 
0.50Gy on blood GSH in arthritic rats. 

 
Groups Blood GSH 

(µg/ml) 
Percentage change 

Non-arthritic non-irradiated  10.39 ± 0.27 ------------------- 
Arthritic non-irradiated  12.92* ± 0.19 24.35 % 
Arthritic irradiated (0.25 Gy) 15.22*# ± 0.16 46.49 % 
Arthritic irradiated (0.50 Gy) 24.92*#  ± 0.25 139.85 % 

 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out by 
Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 0.05. 
# Significant difference from non-irradiated arthritic group at P < 0.05. 
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Fig (33): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 and 
0.50Gy on blood GSH in arthritic rats. 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out by 
Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 0.05. 
# Significant difference from non-irradiated arthritic group at P < 0.05. 
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2. Effect of exposure to a low-dose γ-radiation on serum Malondialdehyde 
(MDA) in arthritic rats 
 

The normal serum MDA of the non-irradiated rats was 4.32 nmole/ml. 
Inoculation of the FCA into rat hind paw increased the serum level of MDA by 
nearly 2 fold to reach a value 7.56 nmole/ml. 
 

Exposure of rats to a radiation dose level of 0.25Gy two weeks after 
inoculation of adjuvant had no effect on the level of serum MDA. However, an 
acute exposure at dose level of 0.50Gy, two weeks after inoculation of the FCA 
led to a dramatic decrease in the serum level of MDA to reach a value 5.74 
nmole/ml. Results are shown in Table (27) and illustrated in Fig (34). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (27): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 
and 0.50Gy on serum MDA in arthritic rats. 
 

Groups Serum MDA 
(nmole/ml) 

Percentage change 

Non-arthritic non-irradiated  4.32 ± 0.12 ------------------- 
Arthritic non-irradiated  7.56* ± 0.16 75 % 
Arthritic irradiated (0.25 Gy) 7.20* ± 0.25 66.59 % 
Arthritic irradiated (0.50 Gy) 5.74*#  ± 0.28 32.87 % 

 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out 
by Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 0.05. 
# Significant difference from non-irradiated arthritic group at P < 0.05. 
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Fig (34): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 and 
0.50Gy on serum MDA in arthritic rats. 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out 
by Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 0.05. 
# Significant difference from non-irradiated arthritic group at P < 0.05. 
 
 
 
 
 
 
 
 
 

* *

*#



3. Effect of exposure to a low-dose γ-radiation on serum tumor necrosis 
factor-α (TNF-α) in arthritic rats 
 

The normal serum TNF-α of the non-irradiated rats was 572.3 pg/ml. 
Inoculation of FCA led to a marked increase in TNF-α concentration from 572.3 
pg/ml to 771.3 pg/ml with a 34.77 % increase. 
 

Irradiation of animals two weeks after adjuvant inoculation to radiation dose 
level of either 0.25 or 0.50Gy decreased the concentration of TNF-α in serum to 
594.3 and 621.2 pg/ml respectively as compared to control. Results are shown 
in Table (28) and illustrated in Fig (35). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (28): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 
and 0.50Gy on serum TNF-α in arthritic rats. 

 
Groups Serum TNF-α 

(pg/ml) 
Percentage change 

Non-arthritic non-irradiated  572.3 ± 18.95 ------------------- 
Arthritic non-irradiated  771.3* ± 15.43 34.77 % 
Arthritic irradiated (0.25 Gy) 594.3# ± 20.59 3.84 % 
Arthritic irradiated (0.50 Gy) 621.2# ± 23.54 8.54 % 

 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out 
by Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 
0.05. 
# Significant difference from non-irradiated arthritic group at P < 0.05. 
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Fig (35): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 and 
0.50Gy on serum TNF-α in arthritic rats. 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out 
by Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 0.05. 
# Significant difference from non-irradiated arthritic group at P < 0.05. 
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4. Effect of exposure to a low-dose γ-radiation on serum prostaglandin E2 
(PGE2) in arthritic rats 
 

Results are shown in Table (29) and illustrated in Fig (36). Inoculation of 
FCA caused a remarkable increase in the serum PGE2 level reaching a value 
4.75 ng/ml. 
 

Exposure of rats to radiation dose level of 0.25Gy, two weeks after 
inoculation of the adjuvant markedly reduced the concentration of PGE2 to a 
value 3.4 ng/ml. 
 

The serum PGE2 was also reduced, but to a lesser extent when rats were 
exposed to 0.50Gy γ-radiations, two weeks after the beginning of the 
experiment, the serum level of PGE2 was 3.9ng/ml. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (29): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 
and 0.50Gy on serum PGE2 in arthritic rats 

 
Groups Serum PGE2 

(pg/ml) 
Percentage change 

Non-arthritic non-irradiated  3694 ± 74.91 ------------------- 
Arthritic non-irradiated  4749* ± 44.75 28.56 % 
Arthritic irradiated (0.25 Gy) 3447*# ± 49.34 6.69 % 
Arthritic irradiated (0.50 Gy) 3942*#  ± 63.54 6.71 % 

 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out by 
Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 0.05. 
# Significant difference from non-irradiated arthritic group at P < 0.05. 
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Fig (36): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 and 
0.50Gy on serum PGE2 in arthritic rats 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out by 
Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 0.05. 
# Significant difference from non-irradiated arthritic group at P < 0.05. 
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5. Effect of exposure to a low-dose γ-radiation on the hepatic zinc (Zn) content 
in arthritic rats 
 

The normal value of hepatic zinc in non-irradiated rats was 50.43 mg/l. 
Inoculation of FCA into non-irradiated rats resulted in a remarkable decrease in 
the concentration of zinc in liver by 43.56% as compared with control group. 
 

Exposure of animals to radiation dose level of 0.25 and 0.50Gy, and even 
after induction of arthritis by two weeks, caused a significant increase in zinc 
concentration in liver by 27.28% and 23.79% respectively. Results are shown in 
Table (30) and illustrated in Fig (37). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (30): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 
and 0.50Gy on hepatic zinc (Zn) content in arthritic rats 

 
Groups Hepatic zinc content 

(mg/l) 
Percentage 

change 
Non-arthritic non-irradiated  50.43 ± 1.03 ------------------- 
Arthritic non-irradiated  28.46* ± 0.91 43.56 % 
Arthritic irradiated (0.25 Gy) 36.67*# ± 1.47 27.28 % 
Arthritic irradiated (0.50 Gy) 38.43*# ± 1.12 23.79 % 

 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out 
by Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 0.05. 
# Significant difference from non-irradiated arthritic group at P < 0.05. 
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Fig (37): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 and 
0.50Gy on hepatic zinc (Zn) content in arthritic rats. 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out by 
Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 0.05. 
# Significant difference from non-irradiated arthritic group at P < 0.05. 
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6. Effect of exposure to a low-dose γ-radiation on the hepatic copper (Cu) 
content in arthritic rats 
 

The normal value of hepatic copper in non-irradiated rats was 4.74 mg/l. 
Induction of arthritis caused a fall in copper concentration in liver of rats by 
29.18%. 
 

Exposure to low dose ionizing radiation (0.25 and 0.50Gy) after two weeks 
from inoculation of FCA, caused a slight increase but not significant in copper 
concentration in liver by 20.51 % and 16.43 % respectively. Results are shown 
in Table (31) and illustrated in Fig (38). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (31): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 
and 0.50Gy on hepatic copper (Cu) content in arthritic rats 

 
Groups Hepatic copper 

content (mg/l) 
Percentage 

change 
Non-arthritic non-irradiated  4.74 ± 0.15 ------------------- 
Arthritic non-irradiated  3.36* ± 0.11 29.18 % 
Arthritic irradiated (0.25 Gy) 3.77* ± 0.11 20.51 % 
Arthritic irradiated (0.50 Gy) 3.96* ± 0.23 16.43 % 

 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out by 
Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 0.05. 
# Significant difference from non-irradiated arthritic group at P < 0.05. 
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Fig (38): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 and 
0.50Gy on hepatic copper (Cu) content in arthritic rats 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out by 
Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 0.05. 
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7. Effect of exposure to a low-dose γ-radiation on the hepatic iron (Fe) 
content in arthritic rats 
 

Results are shown in Table (32) and illustrated in Fig (39) show a slight, but 
significant decrease in the content of iron was observed in the liver of adjuvant 
inflamed arthritic rats. Iron concentration was reduced by 16.70%. The normal 
value of hepatic iron in non-irradiated rats was 187.4 mg/l.   
 

Exposure of arthritic group to low dose γ-radiations (0.25 and 0.50Gy), 
caused a significant rise in iron concentration in liver in a matter that restores 
iron concentration in liver to the control value. Results are shown in Table (32) 
and illustrated in Fig (39). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (32): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 
and 0.50Gy on hepatic iron (Fe) content in arthritic rats 

 
Groups Hepatic iron content 

(mg/l) 
Percentage 

change 
Non-arthritic non-irradiated  187.4 ± 2.35 ------------------- 
Arthritic non-irradiated  156.1* ± 3.91 16.70 % 
Arthritic irradiated (0.25 Gy) 190.4# ± 4.47 1.60 % 
Arthritic irradiated (0.50 Gy) 185.7# ± 4.78 0.91 % 

 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out by 
Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 0.05. 
# Significant difference from non-irradiated arthritic group at P < 0.05. 
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Fig (39): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 and 
0.50Gy on hepatic iron (Fe) content in arthritic rats 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out by 
Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 0.05. 
# Significant difference from non-irradiated arthritic group at P < 0.05. 
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8. Effect of exposure to a low-dose γ-radiation on the hepatic selenium (Se) 
content in arthritic rats  
 

The normal value of hepatic selenium in non-irradiated rats was 229.5ng/ml. 
Injection of FCA into hind paw of rats caused a decrease in hepatic selenium 
content. The decrease was only 9.28% of the normal content, but indeed 
significant. 
 

In case of irradiated group, exposure of rats to 0.25Gy γ-radiations two weeks 
after FCA inoculation caused a non significant increase in selenium. 
 

Exposure of rats to 0.50Gy γ-radiations caused a significant increase in 
selenium content in liver by 6.14% when compared to control. Results are 
shown in Table (33) and illustrated in Fig (40). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (33): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 
and 0.50Gy on hepatic selenium (Se) content in arthritic rats 

 
Groups Hepatic selenium 

content (ng/ml) 
Percentage 

change 
Non-arthritic non-irradiated  229.5 ± 1.32 ------------------- 
Arthritic non-irradiated  208.2* ± 2.02 9.28 % 
Arthritic irradiated (0.25 Gy) 213.8 ± 6.85 6.84 % 
Arthritic irradiated (0.50 Gy) 243.6#  ± 4.04 6.14 % 

 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out 
by Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 0.05. 
# Significant difference from non-irradiated arthritic group at P < 0.05. 
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Fig (40): Effect of low-dose γ-radiation exposure in an acute dose level of 0.25 and 
0.50Gy on hepatic selenium (Se) content in arthritic rats. 
Results are expressed as mean ± s.e mean of 8 observations. ANOVA was carried out 
by Tukey-Kramer's test. 
* Significant difference from respective non-irradiated non-arthritic group at P < 0.05. 
# Significant difference from non-irradiated arthritic group at P < 0.05. 
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The current results revealed that injection of carrageenan into the air 
pouch resulted in an increase in the volume of exudates by 50%. The rat air 
pouch was formed in the present experiment by the subcutaneous injection 
of air over several days and was composed of a lining of cells that consists 
primarily of macrophages and fibroblasts. Injection of carrageenan into the 
fully formed air pouch produced an inflammatory granulomatous reaction 
characterized by a production of chemical mediators in the fluid exudates, 
including prostaglandins and leukotrienes, as well as a significant influx of 
polymorphnuclear leukocytes (PMNs) and macrophages (Sedgwick and 
Lees, 1986). The degree of non-immunologically-mediated carrageenan-
induced acute inflammation was characterized by the analysis of the 
contents of the air pouch. This was manifested by the amounts of fluid 
exudation, as well as, the content of the inflammatory mediators and 
cytokines (Masferrer et al., 1994; Tao et al., 1999; Wallace et al., 1999). 
 

In the present study, carrageenan led to accumulation of exudates 
(leukocyte infiltration) in non-irradiated rats. It was observed that exposure 
of animals to an acute radiation dose level of 6 Gy, 7 days before performing 
the experiment was sufficient enough to cause rise in the volume of 
exudates. 

 
Previous studies have shown that when animals were exposed to gamma 

radiations, they become excessively sensitive to ionizing radiation (El-
Ghazaly et al., 1985; Fliss and Menard, 1994). Such exaggerated 
inflammatory response was associated with augmented release of PGs, 
leukotrienes and cytokines (Higgs et al., 1975; Kitchen et al., 1978). 
Furthermore, irradiation is known to exert deleterious effects on tissues 
through the release of free oxygen radicals (Valko et al., 2007). The 
exaggerated inflammatory response was found to be suppressed effectively 
by NSAIDs that act by inhibiting PG synthesis (Michalowski, 1994). 
Moreover, many anti-inflammatory agents owe their beneficial activity to 
being oxygen radical scavenger as well. 

 
The successful recruitment of leukocytes from the lumen of a vessel to the 

area of inflammation is considered as an important mechanism that supports 
the host's initial defense system. This seemingly simple event is supported 
by a sophisticated process of cytokine cascades, cell-to-cell communication 
and the expression of redundant chemotactic mediators that collectively aid 
in the delivery of specific leukocyte sub-populations to a restricted area of 
tissue injury (Palmer et al., 1980, Borgeat, 1989). 

 



Moreover, leukocytes which migrate into the site of inflammation become 
activated and proceed to release proteolytic enzymes and initiate the local 
generation of PGs at the inflamed site (Di Rosa et al., 1971; Oh-ishi, 1997). 
 

The observed increase in the volume of exudates following exposure to γ-
radiation is in agreement with previous studies (Sedgwick et al., 1983; El-
Ghazaly et al., 1995; Tao et al., 1999; Khayyal et al., 2005; El-Hasek, 
2007). The increase in the volume of exudates might be attributed to the 
increase in PGs levels in tissues following irradiation (Eisen and Walker, 
1976) and/or enhanced release of lysosomal enzymes as a result of 
disruption of the lysosomal membranes under the influence of radiation. 
According to Trocha and Catravas (1980), this disruption may occur as a 
result of direct interaction of cellular membranes with γ-rays or through an 
action of the free radicals produced by ionizing radiation on them. The free 
radicals would then attack fatty acid side chains with double bonds, such as 
those of arachidonic acid, thus increasing the biosynthesis of PGs and 
eventually increasing their concentration. 

 
PGs might further destabilize lysosomal membranes resulting in the 

dispersion of lysosomal enzymes throughout the cell. The increase in cyclic 
nucleotide synthesis, which has been observed previously after irradiation of 
animals, might contribute to the lysis of lysosomes and the release of 
enzymes that cause cellular injury (Trocha and Catravas, 1980). 

Present results showed an increase in the level of PGE2 in serum of rats 
after inoculation of carrageenan into the 6-days old air pouch by 16.49 % of 
the control value. After exposure of rats to radiation, a further rise in PGE2 
was observed. These results were in accordance with those of previous 
investigations where PGE2 increased in serum (Sedgwick et al., 1983) and 
in the exudates in non-irradiated rats (Sedgwick et al., 1983; Tao et al., 
1999; Khayyal et al., 2005) and after exposure to ionizing radiation (El-
Ghazaly et al., 1995; El-Hazek, 2007). 

 
The increase in PGE2 may be attributed to activation of cytoplasmic 

phospholipase A2 by ionizing radiation, triggering the release of arachidonic 
acid from membrane phospholipids and subsequent production of 
eicosanoids through the cyclo-oxygenase and lipo-oxygenase pathways 
(Milas and Hanson, 1995; Hahn and Gamelli, 2000; Choy and Milas, 
2003). 
 

In the model of carrageenan air pouch, the current results revealed that the 
level of PGE2 increased in the serum of the irradiated rats as compared to 
non-irradiated ones. These findings are consistent with previous 
observations, that exposure of animals to ionizing radiation was associated 



with an increase in eicosanoids production. The hydroxyl radicals (OH.) 
generation after radiation exposure could be responsible for the increase in 
PGs release since they attack fatty acid side chains with several double 
bonds such as those of arachidonic acid (Halliwell, 1999; Valko et al., 
2007), which consequently could increase the rate of biosynthesis of PGs. 
Moreover, it was previously reported that, within hours after irradiation, 
increased levels of PGE2 was detectable in most tissues, and the increased 
eicosanoids levels was found to persist for several days or weeks 
(Michalowski, 1994). 
 

Another factor which may be responsible for the rise of PGs after 
irradiation is the death of highly sensitive cells and eventually phagocytosis. 
It has been reported that white blood cells, engaged in phagocytosis, release 
PGs, which in turn attract more phagocytes (Higgs et al., 1975). It's also 
possible that elevation of PGs levels might result from a reduction in the rate 
of PGs degradation. A reduction in prostaglandin dehydrogenase activity has 
been observed several days after irradiation and coincides with an elevation 
in PGs levels (Eisen and Walker, 1976). 

 
Results of the present study showed that injection of carrageenan into the 

6-days old air pouch of non-irradiated animals led to a significant increase in 
serum level of TNF-α. Same effect was observed in irradiated animals at 
dose level of 6 Gy. These results are in agreement with previously reported 
findings (Hallahan et al., 1989; Khayyal et al., 2005; El-Hazek, 2007). 
 

Cytokines the protein mediators that play important roles in inflammation 
and immune response (Elias et al., 1990; Antin and Ferrara, 1992) appear 
to constitute a link between cellular injury and the development of local and 
systemic manifestations of inflammation, e.g. cell migration, oedema, fever, 
release of acute phase protein and hyperalgesia (Dinarello, 1997; Ferreira 
et al., 1988). 
 

A property of several cytokines is the capacity to induce their own 
production and that of other cytokines, TNF-α induced production of IL-1 
(Dinarello et al., 1982), IL-6 (Schindler et al., 1990) and IL-8 (Strieter et 
al., 1989). Prostaglandins and sympathomimetics release according to the 
release of the cytokines IL-1β and IL-8 (Strieter et al., 1989; Cunha et al., 
1991). 

 
TNF-α is produced by several types of cells especially by macrophages. It 

induces neutrophils proliferation during inflammation, but it also induces 
neutrophils apoptosis upon binding to the TNF-R55 receptor (Murray et al., 



1997). TNF-α participates in both inflammatory disorders of inflammatory 
and non-inflammatory origin (Strieter et al., 1993). 
 

Ionizing radiation was shown to regulate a wide variety of genes 
associated with inflammation, especially those producing cytokines such as 
TNF-α (Hallahan et al., 1989; Sherman et al., 1991) and IL-1 (Woloschak 
et al., 1990). 
 

There's an emerging concept that the biological response of pro- and anti-
inflammatory cytokines affect the outcome of certain disease. In 
inflammatory diseases, IL-1 and TNF-α are produced and function primarily 
as pro-inflammatory cytokines and because of their multiple pro-
inflammatory properties, these cytokines contribute to disease. Specific 
blockade of either IL-1, TNF-α or both results in a reduction in the severity 
of the inflammation (Dinarello, 1997). 

 
This study was undertaken to investigate the potential effect of curcumin 

on the inflammatory response induced in irradiated rats. Curcumin as natural 
product possesses anti-inflammatory, anti-oxidant and anti-cancer properties 
(Ammon and Whal, 1991; Chan et al., 2003; Hatcher et al., 2008). It was 
interesting to evaluate the potential use of curcumin to counteract or prevent 
the exaggerated inflammatory response induced in animals after exposure to 
ionizing radiation. The experimental models of 6-days old air pouch 
(Sedgwick et al., 1983) as acute model and adjuvant-induced arthritis 
(Pearson, 1963) as chronic one were used in the present study. 
 

The present results revealed that, treatment of the inflamed rats having 6-
days old air pouch, with either curcumin or diclofenac suppressed the 
inflammatory exudates. Similar effect was also observed in irradiated rats. 
Such results lend further support to the reported anti-inflammatory activity 
of curcumin. 

 
The polyphenol curcumin is the active ingredient in the herbal remedy 

and dietary spice turmeric (Curcuma Longa Limm). Many of the activities 
associated with curcumin relate to its ability to suppress acute and chronic 
inflammation (Shishodia et al., 2005), in previous studies curcumin was 
found to inhibit inflammation induced by carrageenan (Srimal and 
Dhawan, 1973; Reddy at al., 1994), and acute lung injury induced by 
cyclophosphamide (Venkatesan and Chandrakasan, 1995). 

 
It was reported that curcumin had comparable activity to phenyl butazone, 

a commonly used anti-inflammatory agent in rats (Srimal and Dhawan, 
1973). Furthermore, whereas phenylbutazone produced a significant 



leucopenia and lymphocytopenia, curcumin did not (Srimal and Dhawan, 
1973). 
 

In another study (Huang et al., 1991), it was shown that topical 
application of curcumin markedly inhibited TPA and arachidonic acid 
induced epidermal inflammation (ear edema in mice). On the other hand, it 
was reported that curcumin has greater lysosomal membrane stabilization 
effect as compared with ibuprofen (Sirvastava and Srimal, 1985). 
 

In addition Joe and Lokesh (1997) demonstrated that curcumin lower the 
release of lysosomal enzymes and eicosanoids in rat peritoneal 
macrophages. Moreover, it was reported earlier that curcumin in a dose of 
100 and 200 mg/kg inhibited granuloma formation (Sirvastava and Srimal, 
1985). 
 

Curcumin exerted inhibitory activity on the acute inflammation in vivo, 
part of which can be explained by its capacity to inhibit the synthesis of 
cytokines and PGs at the inflammatory site (Hanif et al., 1997; Lev-Ari et 
al., 2006). 
 

The concentration of TNF-α and PGE2 were markedly reduced in the 
serum of curcumin-treated animals than those from control animals. 
Previous reports suggest that curcumin inhibited the function of 
inflammatory cells that produce these inflammatory mediators (Joe and 
Lokesh, 1997). It's probable that neutrophils and monocytes were the targets 
of the inflammatory effects of curcumin. Since, they contributed toward the 
majority of exudates cells and are known to produce the assessed 
inflammatory mediators. Curcumin was administered one hour before 
challenge with carrageenan and the mode of administration clearly blocked 
carrageenan-induced inflammation. This was documented by the decrease of 
the exudates, and inflammatory mediators including TNF-α and PGE2. 
Monocytes/ macrophages are the main sources of chemokines as well as 
TNF-α and PGE2 (Sugimoto and Narumiya, 2007). 
 

The effect of curcumin on inflammatory cells, such as 
monocytes/macrophages that produce large amounts of inflammatory 
mediators, would explain the anti-inflammatory effect of curcumin (Hsu et 
al., 2008). In previous work it was reported that, the secretion of TNF-α by 
macrophages was irreversibly inhibited by curcumin (Gao et al., 2004). 
 

Huang et al (1991), have reported that, in-vitro, curcumin inhibits lipo-
oxygenase and cyclo-oxygenase activities in phorbol 12-myristate 13-acetate 
(PMA)-induced inflammation of mouse fibroblast cells. It was also found 



that; curcumin inhibits the production of pro-inflammatory 
monocyte/macrophage-derived cytokines (IL-8), monocyte inflammatory 
protein-1 (MIP-1), monocytes chemotactic protein-1 (MCP-1), interleukin-
1β (IL-1β) and TNF-α in PMA or LPS-stimulated peripheral monocytes and 
alveolar macrophages (Abe et al., 1999). 
 

Regarding the mechanism of action of curcumin, it has been shown that 
curcumin can inhibit COX activity in rat peritoneal and human platelets 
(Ammon and Wahl, 1991). Furthermore, the addition of curcumin to 
homogenates of mouse epidermis inhibited the metabolism of 5-
hydroxyeicosatetraenoic acid (5-HETE), of arachidonic acid to 8-HETE, and 
arachidonic acid to PGE2, PGF2α, and PGD2 (Huang et al., 1991). 
 

Furthermore, treatment with curcumin suppressed phorbol ester (PMA)-
mediated induction of COX-2 protein and synthesis of PGE2 in several 
gastrointestinal cell lines (Zhang et al., 1999). In human colon cells, 
curcumin was shown to inhibit COX-2 induction by the colon promoter TNF 
or fecapentaene-12 through the inhibition of NF-κB (Plummer et al., 1999), 
while NSAIDs directly inhibit COX-2 activity (Vane and Botting, 1995). 
 

In addition, it was found that curcumin reduces pro-inflammatory 
leukotrienes synthesis via inhibition of LOX enzymes (Huang et al., 1991; 
Skrzypczak-Jankun et al., 2000; Wallace, 2002). 
 

All cellular membranes are especially vulnerable to oxidation due to their 
high concentration of unsaturated fatty acids. Activated oxygen, however, 
readily reacts with polyunsaturated fatty acids to cause lipid peroxidation 
which disturbs physiological functions of living cell (Yoshioka et al., 1979). 

 
The serum MDA concentration was enhanced after the injection of 

carrageenan. This rise was more pronounced in irradiated animals, indicating 
that exposure to ionizing radiation could have resulted in increased lipid 
peroxidation as a result of generation of free radicals which attack cellular 
membrane and oxidize unsaturated fatty acids leading to the observed 
increase in the serum level of MDA. These results are in accordance with 
those of previous findings indicating an increase in MDA level in inflamed 
irradiated animals (El-Ghazaly and Khayyal, 1995; Han et al., 2005; El-
Hazek, 2007). 
 

A previous study revealed that oxidative stimulation of G proteins in 
human brain membranes by metabolic pro-oxidants, homocysteine and 
hydrogen peroxide, can be significantly depressed by curcumin (Jefremov 
et al., 2007). Curcumin was shown to inhibit lipid peroxidation in a rat liver 



microsome preparation (Reddy and Lokesh, 1992) as well as in rat brain 
homogenates, where curcuminoids actually exhibited more potent 
antioxidant activity than alpha-tocopherol (Sreejayan and Rao, 1994). 
 

Rats that were fed curcumin for 7 days prior to being treated with 
cyclophosphamide to induce lung injury, exhibited an increase in antioxidant 
defense mechanisms (Venkatesan and Chandrakasan, 1995). Topical 
application of curcumin markedly inhibited 12-O-tetradecanoylphorbol-13-
acetate (TPA) and arachidonic acid-induced epidermal inflammation (ear 
edema) in mice (Huang et al., 1991). 
 

An interesting aspect of curcumin's activity is the ability to exert both 
radioprotective effects in normal cells and radiosensitizing effects in cancer 
cells (Jagetia, 2007). Although the mechanism(s) enabling curcumin to 
exert these opposing effects are not entirely understood, it has been 
suggested that curcumin's ability to reduce oxidative stress and inhibit 
transcription of genes related to oxidative stress and inflammatory responses 
may afford protection against the harmful effects of radiation, whereas the 
radiosensitizing activity might be due the upregulation of genes responsible 
for cell death (Jagetia, 2007). 
 

The botanical anti-oxidant effects of curcumin induce its activity through 
free radical quenching mechanism and electron hydrogen donation (Okada 
et al., 2001). 
 

Curcumin was found to be a very potent antioxidant (Osawa et al., 1995; 
Unnikrishnan and Rao, 1995; Iqbal et al., 2003). It was found to generate 
hydroxyl radicals through the Fenton reaction by reducing Fe3+ to Fe2+ 

(Iqbal et al., 2003). Effect of curcumin as superoxide scavenger was studied 
and curcumin was found to be a potent scavenger of superoxide (Sreejayan 
and Rao, 1996). It has also been reported that there is a better correlation 
between anti-inflammatory activity and superoxide scavenging property.  
 

It has been demonstrated that curcumin abolished both phorbol-12 
myristate-13 acetate (PMA) and thapsigargin-induced ROS generation in 
cells from control and diabetic subjects. The pattern of these ROS inhibitory 
effects as a function of dose-dependency suggest that curcumin 
mechanistically interferes with protein kinase (PKC) and calcium regulation 
(Balasubramanyam et al., 2003). 

 
The antioxidant activity of curcumin and dimethoxy curcumin was tested 

by radiation-induced lipid peroxidation in rat liver microsomes. It has been 
suggested that, although the energetics to remove hydrogen from both 



phenolic OH and the CH (2) group of the beta-diketo structure were very 
close, the phenolic OH was essential for both antioxidant activity and free 
radical kinetics. This was further confirmed by density functional theory 
(DFT) calculations where it was shown that the -OH hydrogen was more 
labile for abstraction compared to the -CH (2) hydrogen in curcumin 
suggesting that phenolic OH plays a major role in the activity of curcumin 
(Priyadarsini et al., 2003). 
 

The bioavailability of curcumin is reported to be at least in part due to the 
presence of tetra-hydrocurcumin, which is a major metabolite of curcumin in 
the body. Functional groups, phenolic hydroxyl and diketon contribute to 
tetra-hydrocurcumin anti-oxidant action, where phenolic hydroxyl is a better 
scavenger of free radicals (Okada et al., 2001; Naidu and Thippeswamy, 
2002). 
 

Phenolic compounds have been known to act as anti-oxidants not only 
because of their ability to donate electrons, but also because of their stable 
radical intermediates which can effectively prevent the oxidation at cellular 
and physiological level (Kumar et al., 2006). 
 

Turmeric owes its characteristic yellow color to three major pigments; 
curcumin (50-60%), demethoxycurcumin (20-30%), and 
bisdemethoxycurcumin (7-20%) (Govindarajan, 1980). All these 
curcuminoids are known to have anti-oxidant activities (Toda et al., 1985). 
Further studies revealed that curcumin was a potent quencher of singlet 
oxygen species (Das and Das, 2002). 
 

Curcumin may suppress cancer development by inhibiting enzymes that 
lead to tumor production (Surh, 2002). Curcumin also prevents cancer along 
with inflammation by inducing production of enzymes used to detoxify 
electrophylic species produced in lipid peroxidation (Piper et al., 1998). 
 

Inhibitors of lipid peroxidation can be classified as radical scavengers 
(Grijalba et al., 1998) and also chelators and reducers of ferric ion at the 
active site (Kemal et al., 1987). Furthermore, curcumin lowered lipid 
peroxidation by enhancing the activities of anti-oxidant enzymes (Reddy 
and Lokesh, 1994). 
 

Oxidative stress has been implicated in various human degenerative 
diseases, such as atherosclerosis (Ross et al., 2001), cancer (Kovacic et al., 
2001), Parkinson's disease (Jenner et al., 1996) and Alzheimer's disease 
(Aliev et al., 2002). In addition, all types of ionizing radiation generate ions 
which can lead to the formation of free radicals and ROS. Thus, ionizing 



radiation is a pro-oxidant (Sies et al., 1985). Increased oxidative stress has 
been demonstrated after radiation exposure in various in vivo and in vitro 
models systems (Miura et al., 2000; Shin et al., 2002). 

 
Cells have developed enzymatic systems which convert oxidants into non-

toxic molecules, thus protecting the organism from the deleterious effects of 
oxidative stress. The major enzymatic anti-oxidants that act to limit the 
activity of ROS are superoxide dismutase (SOD) which converts the 
superoxide anion O2- into a less toxic product H2O2 and O2, two forms of 
SOD exist, a manganese containing SOD (MnSOD) present in mitochondria 
and a copper-zinc dependant SOD (CuZnSOD) present in cytosol (Halliwell 
et al., 1992). 
 

Catalase (CAT) (iron containing enzyme) is the second enzyme which 
acts in cellular detoxification. CAT converts H2O2 into H2O and O2. In H2O2 
detoxification, the selenium dependant glutathione peroxidase (GPX) 
converts H2O2 into water via the oxidation of reduced GSH in oxidized GSH 
(GSSG) (Levy et al., 1993; Minhas and Thornalley, 1995). 

GSH is a tripeptide which represents the major non-protein thiol in the 
body. This molecule is found in large quantities in organs exposed to toxins 
such as kidney, liver, lung and intestine (millimolar concentration). In 
contrast, very little is found in body fluid (micromolar concentration) 
(DeLeve and Kaplowttz, 1991). GSH plays a role in protein synthesis, 
amino acid transport, DNA synthesis and more generally in cellular 
detoxification (Levy et al., 1993; Minhas and Thornalley, 1995). 
 

Blood GSH was shown to be reduced after the injection of carrageenan. 
This reduction was more pronounced in irradiated animals, indicating that 
the dose of ionizing radiation used (6Gy) was sufficient to cause depletion of 
blood GSH in the present study. These results are in accordance with 
previous work indicating a decrease in GSH level in inflamed irradiated 
animals (Sarkar et al., 1983). 
 

Results obtained concerning the reduction in blood GSH was confirmed 
by the reduction in selenium concentration in liver. Selenium is a 
micronutrient essential for the immune system and can also modulate 
radiation-induced reaction (Mckenzie, 2000; Rafferty et al., 2002). 
 

Previous results on animal experiments suggest that low selenium 
concentration is a biological result of the acute-phase response of 
pathological conditions (Maehira et al., 2002). 
 



Selenium compounds prevent in vitro the release of radiation-induced 
pro-inflammatory cytokines (IL-1, IL-8 and TNF-α) by inhibition of mRNA 
for these cytokines in human keratinocytes (Mckenzie, 2000). 

 
There have been observations showing the reaction between plasma 

selenium concentration and acute-phase response markers in patients with 
different inflammatory disorders including psoriasis and malignancies 
(Maehira et al., 2002; Koyanagi et al., 2004; Rocha-Pereira et al., 2004). 
One hypothesis attributes the cancer preventing activity of selenium to its 
essential role in maintaining the activities of the anti-oxidant enzymes 
glutathione peroxidase and thioredoxin reductase (Michiels et al., 1994; 
Mustacich et al., 2000). Thus the radioprotective effect entirely is 
attributable to the essential role of selenium in maintaining anti-oxidant 
enzyme activities. 
 

In the present study, irradiation of animals caused depression in copper 
level in the liver. Similar observations were obtained by many investigators 
where they recorded the decrease in liver copper after irradiation (Yukawa 
et al., 1980). 

 
Copper is one of the essential trace elements in human and disorders 

associated with its deficiency and excess have been reported (Suzuki et al., 
1994). It is essential for the proper functioning of copper-dependant 
enzymes including cytochrome C oxidase (energy production), tyrosinase 
(pigmentation), dopamine hydroxylase (catecholamine production), lysyl 
oxidase (collagen and elastin formation) and clotting factor V (blood 
clotting) (Solomons, 1985). 

 
Copper is also a component of the most important anti-oxidant enzyme, 

copper-zinc superoxide dismutase (Sorenson, 2002). Copper-dependant 
enzymes posses high affinities for oxygen, depending on the number of 
incorporated copper atoms (Abdel-Mageed and Oehme, 1990). These may 
explain the decrease of copper due to excess utilization of copper-dependant 
enzymes after irradiation, or may be due to de novo synthesis of catalase and 
CuZn-SOD which prevent the formation of free radicals associated with 
irradiation (Wei et al., 2001), so that it causes an enhancement of anti-
oxidant defense mechanism (Svensson et al., 2006). 
 

The current results revealed that, irradiation and injection of carrageenan 
into 6 day-old air pouch caused a reduction in the concentration of zinc in 
liver. Zinc protects various membranes system from peroxidation damage 
induced by high oxygen tension and stabilization of perturbations 
(Micheletti et al., 2001). The protective effect of zinc against radiation 



hazards have been reported by many investigators (Markant and Pallauf, 
1996; Morcillo et al., 2000). 
 

Zinc is an essential element for cell growth and cell survival (Norii, 
2008). The anti-oxidant role of zinc could be related to its ability to induce 
metallothioneins (MTs) (Suntres and Lui, 2006). There is increasing 
evidence that MT can reduce toxic effects of several types of free radicals 
including superoxide, hydroxyl and peroxyl radicals (Pierrel et al., 2007). 
For instance, the protective action of pre-induction of MT against lipid 
peroxidation induced by various oxidative stresses has been documented 
extensively (Morcillo et al., 2000). 
 

It was concluded that the protective effect of zinc was due to the 
facilitation of some homeostatic mechanism which was suggested to be 
induction of MT synthesis and some undefined cooperative biochemical role 
in facilitating the GSH-dependant reduction of radiosensitivity of normal 
cells (Matsubara, 1987). 
 

It was reported that the redistribution of zinc after irradiation and/or 
inflammation may be physiological response, these may include DNA repair 
(Cai and Cherian, 2003), scavenging the toxic free radicals (Kumari et al., 
1998), neuroprotection (Cai et al., 2000) and prevention of radiation-
induced dermatitis (Ertekin et al., 2004). The present results suggest the 
possibility that the redistribution and acceleration of zinc metabolism have 
stimulated the defense mechanism against radiation and/or inflammation 
damage. 
 

Results of the current study revealed that, irradiation and injection of 
carrageenan into 6 days-old air pouch caused a reduction in the 
concentration of iron in liver as compared to the control group. 
 

5-lipoxygenase (5-LO) belongs to the class of iron containing 
lipoxgenases that catalyze the incorporation of dioxygen into unsaturated 
fatty acid, preferentially arachidonic acid, at C-5 giving rise to a respective 
5-hydrperoxy/5-hydroxy fatty acid derivatives. It's also the key enzyme in 
LTs biosynthesis, catalyzes initial steps in conversion of arachidonic acid to 
biologically active LTs through lipoxygenase pathway. LTs are a group of 
highly potent molecules that mediate inflammatory and allergic reactions. 
Their patho-physiological role has been well defined in various disease 
conditions such as asthma, allergic arthritis, psoriasis, inflammatory bowel 
disease, etc (Crooks and Stockely, 1998). 
 



Although LTs may not be involved in the initial stages of a disease, they 
appear to play an important role in the propagation of the disease by 
exacerbating the initial, primarily local events and eventually leading to 
tissue damage. The biological effects of LTs can be antagonized or 
prevented by targeting LT production through inhibition of 5-LO pathway 
and thus may have a therapeutically potential in a variety of inflammatory 
and allergic disease (Werz, 2007). Many natural and synthetic compounds 
with redox and non-redox potential are known to be inhibitors of 5-LO 
(Altmann et al., 2001). A number of lipoxygenase inhibitors are considered 
as anti-oxidants and inhibit lipid peroxidation (Slater et al., 1987, Rackova 
et al., 2007). 
 

Previous studies clearly demonstrated that spice aqueous extract and 
active principles, either individually or in combination significantly inhibit 
5-LO, the key enzyme involved in biosynthesis pathway of LTs in human 
PMNL cell (Prasad et al., 2004). 
 

Curcumin significantly inhibited secretion of LTs in rat macrophages and 
reduced carrageenan-induced paw inflammation as well as adjuvant-induced 
arthritis in rats, thus clearly indicating the ability of that spice principles to 
interact with 5-LO pathway (Reddy and Lokesh, 1994; Joe and Lokesh, 
1997). These inflammatory responses were mediated through LTs. 

In general many phenolic / flavonoid compounds found in vegetables / 
fruits are shown to modulate 5-LO and PG synthase pathways of arachidonic 
acid (Laughton et al., 1991; Alanko et al., 1993). Previous studies, has 
examined the inhibitory effect of curcmin on human PMNL, 5-LO activity. 
Curcumin significantly inhibits 5-LO activity (Prasad et al., 2004). 
  

The adjuvant-induced arthritis in rats was chosen in this study as model of 
chronic inflammation. The inflammatory response in the adjuvant-induced 
arthritis model takes place generally in 5 main phases (Baumgartner et al., 
1974): a primary acute local inflammatory phase occurring during the first 
week after adjuvant inoculation due to the irritant quality of the adjuvant and 
the release of inflammatory mediators, a second phase, characterized by 
remission of acute inflammation, occurring between days 7 to 12 and a third 
phase, where signs of chronic and systemic inflammation take place, 
occuring between days 12-28. The fourth phase overlaps with the preceding 
phase and is characterized by osteogenic activity in the inflamed joint. The 
fifth phase occurs 35 days after adjuvant inoculation and is marked by 
articular deformity. 

 
In this study, rats were sacrificed after 21 days (third phase) of adjuvant 

inoculation, where first signs of arthritis had occurred, including swelling 



and redness of the hind paw associated with the release of inflammatory 
mediators in the plasma. The whole body exposure of rats to ionizing 
radiation led to a significant increase in the intensity of inflammation which 
was very remarkable at the end of the examination period (day 21). This 
exaggerated response was attributed to increased levels of PGs in tissues 
following irradiation and/or release of lysosomal enzymes due to tissue 
injury induced by the excessive release of free radicals due to radiolysis of 
water present in the body (Trocha and Catravas, 1980).  
 

Treatment with curcumin 50 mg/kg or diclofenac 3 mg/kg reduced 
successfully the exaggerated inflammatory response.  Anti-inflammatory 
activity of curcumin has been demonstrated in acute and chronic models of 
inflammation in rats and mice (Srimal et al., 1971; Srimal and Dhawan, 
1973). In rats with Freund′s adjuvant-induced arthritis, administration of 
curcumin significantly reduced the inflammatory swelling compared to 
control (Srimal and Dhawan, 1973). Oral doses up to 160 mg/kg of 
curcumin failed to prevent phenylquinone-induced inflammation in mice. In 
instances of acute inflammation, oral administration of curcumin was found 
to be as effective as cortisone or phenylbutazone, whereas in chronic 
inflammation it was only half as effective (Mukhopadhyay et al., 1982). 
Curcumin may also be applied topically to animal skin to counteract 
inflammation and irritation associated with inflammatory skin conditions 
and allergies (Mukhopadhyay et al., 1982). 
 

Rheumatoid arthritis is a typical immune-mediated disease characterized 

by chronic inflammation in the synovium, the formation of pannus tissue, 
and destruction of joint tissues (Feldmann et al., 1996). In adjuvant arthritis, 
macrophages play a major role in the inflammatory process, since after 
activation they are capable of synthesizing inflammatory cytokines such as 
TNF-α and IL-1β (Arend and Dayer, 1995; Feldmann et al., 1996). These 

cytokines induce the expression of inducible cyclooxygenase-2 (COX-2), 
resulting in the production of PGE2. These earlier studies are supported by 
the present findings that showed that the PGE2 level was markedly increased 
in this model, an effect which could have been at least partly due to 
macrophage activation, but does not rule out the possibility of COX-2 
upregulation, as reported by Anderson et al (1996). The level of PGE2 was 
found to be appreciably higher in the plasma of rats exposed to ionizing 
radiation. This might be attributed to the exaggerated inflammatory response 
to FCA by exposure to ionizing radiation (El-Ghazaly et al., 1985). 

 
NSAIDs may act via single or combination of any of the mechanisms 

involving inhibition of arachidonic acid metabolism, inhibition of cyclo-
oxygenase (COX), inhibition of PG synthesis, inhibition of lipo-oxygenase 



(LOX), inhibition of cytokines release of steroidal hormones from the 
adrenal, stabilization of lysosomal membranes and uncoupling of oxidative 
phosphorylation (Vane and Botting, 1995; Leone et al., 2007). 
 

NSAIDs inhibited IgM-RF production in vivo. Furthermore, serum IgM-
RF was reduced when NSAIDs were administred in vivo. It's thought that 
NSAIDs effectively remove suppressor T-Cells from the tonic inhibition of 
PGE2. This previously unrecognized action of NSAIDs may be a factor in 
their efficacy in rheumatoid arthritis (Goodwin et al., 1984). 
 
The effect of irradiation on the release of proinflammatory cytokine (TNF-α) 
in the adjuvant arthritis model followed a similar pattern to that in the six 
day-air pouch one.   
 

Ionizing radiation showed a similar effect on the level of free radicals 
released in rats injected with FCA as it did in those treated with carrageenan 
in the air pouch model. This is parrallel to earlier studies by El-Ghazaly et 
al., 1985 and El-Ghazaly and Khayyal, 1995. Curcumin and diclofenac 
had similar effects in both models.  
 

Present data showed that both curcumin and diclofenac had a potent anti-
inflammatory activity in acute and in chronic inflammation, indicating that 
their effect is not only confined to inhibition of PGE2 levels, but extends to 
involve other mediators not necessarily related to inhibition of the enzyme. 

 
In was previously observed that exposure of rats before induction of 

adjuvant arthritis to radiation dose level of 0.50 Gy led to suppression of 
paw oedema volume in a manner similar to treatment with NSAIDs (El-
Ghazaly et al., 1985, 1986), and reduction of the release of histamine and 
PGs for perfused guinea pig lung (Khayyal et al., 1989). Moreover, several 
studies indicated the efficacy of low dose γ-radiation in management of 
arthritis in rats (Sasai et al., 1999; Nakatsukasa et al., 2008). 
 

In this study, the effect of low dose level of γ-radiation (0.25 and 0.50Gy) 
on the inflammatory process using the adjuvant-induced arthritis model was 
investigated in rats in an attempt to explore the effect of radiation on 
inflammatory mediators, oxidative stress and certain trace elements. 
 

Present results revealed a reduction in serum TNF-α, and serum PGE2 
levels indicating that protection is offered by low-dose radiation on 
adjuvant-induced arthritis, these results are in accordance with those of 
Nakatsukasa et al (2008). 
 



Nakatsukasa et al (2008), studied the effect of low-dose γ-radiation on 
collagen-induced arthritis (CIA) in mice, it was found that paw swelling, 
redness, and bone degradation were suppressed by irradiation, which also 
delayed the onset of pathological change and reduced the severity of the 
arthritis. Production of tumor necrosis factor-alpha, interferon-gamma, and 
interleukin-6, which play important roles in the onset of CIA, was 
suppressed by the irradiation. The authors suggest that, low-dose γ-radiation 
could attenuate CIA through suppression of pro-inflammatory cytokines and 
autoantibody production. 
 

As previously discussed, in adjuvant arthritis, macrophages play a major 
role in the inflammatory process, since after activation they are capable of 
synthesizing inflammatory cytokines such as TNF-α and IL-1β (Arend and 
Dayer, 1995; Feldmann et al., 1996). These cytokines induce the 
expression of inducible cyclooxygenase-2 (COX-2), resulting in the 
production of PGE2. Thus, suppression of TNF-α and serum PGE2 appears to 
be one of the mechanisms of irradiation-induced attenuation of AIA. It could 
be suggested that suppression of TNF-α, and PGE2 production could play an 
important role in the observed suppressing effect of low-dose irradiation on 
AIA. 
 

Moreover, it was reported that, production of IL-6 was significantly 
suppressed by irradiation. These results suggest that low-dose irradiation 
suppresses the production of anti-bovine CII antibody in CIA in mice via 
mechanisms that include suppression of IL-6 production and down-
regulation of plasma cells (Sasai et al., 1999; Nakatsukasa et al., 2008). 
 

Suppression of adjuvant-induced arthritis observed in rats following 
whole body irradiation could be explained by the immunosuppressant effect 
of ionizing radiation. Radiation can affect the immune system at three main 
points of cell proliferation (Till and McCulloch, 1961; Patt and Quastler, 
1963). These are the formation of stem cells in the bone marrow, the early 
differentiation of cells in the thymus and the proliferation of 
immunocompetent cells. Moreover, irradiation of T-cells in vitro results in a 
decrease in production of IgM rheumatoid factor (Ceuppens et al., 1982) 
which is implicated in rheumatoid arthritis. 
 

The phenomenon of immunosuppression by irradiation has been made 
used in medical practice for suppressing immune response in organ and 
tissue transplantation as well as in the treatment of patients with severe 
rheumatoid arthritis (Kotzin et al., 1981; Trentham et al., 1981). Ionizing 
radiation has also been used experimentally in rats for the treatment of 



adjuvant arthritis (Schurman et al., 1981; Leirisalo-Repo, 1990) and 
collagen arthritis (Nakatsukasa et al., 2008). 
 

Regarding the oxidative markers, results revealed that, irradiation of 
animals, two weeks after adjuvant inoculation, at radiation dose level of 
either 0.25 or 0.50Gy caused a marked increase in blood GSH. Also acute 
exposure at dose level of 0.50Gy led to a dramatic decrease in the serum 
MDA. 
 

In general, the relation between low-dose radiation and anti-inflammatory 
effect is mediated mainly through anti-oxidative properties which are the 
principal mechanism of its action (Kojima et al., 2004). As previously 
illustrated, cells have enzymatic and non-enzymatic systems against ROS. 
The antioxidant enzymes--superoxide dismutase (SOD): manganese SOD 
(MnSOD) and copper-zinc SOD (CuZnSOD), as well as glutathione (GSH), 
are the most important intracellular antioxidants in the metabolism of ROS. 
Overproduction of ROS challenges antioxidant enzymes (Durovic et al., 
2008). Induction of these antioxidant systems in vitro and in vivo by low-
dose radiation has been reported (Durovic et al., 2008) and has been 
attributed to suppression of lipid peroixodation in rats (Yamaoka et al., 
1991). 
 

Avti et al (2005) showed that whole body exposure to 25 cGy and 50 cGy 
gamma radiation modulated the antioxidant defense system in the liver and 
lungs of mice. The induction of endogenous glutathione and antioxidant 
enzyme activities for superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxidase (GPX), and glutathione reductase (GR) may be 
beneficial in protecting the cells from ROS-induced oxidative stress. 
 

Similar results were obtained in brain by Kojima et al (1999) in mice 
after irradiation with 50 cGy. They observed induction of cerebral 
endogenous anti-oxidative potency and might be effective in prevention 
and/or therapy of ROS related to neurodegenerative disorders such as 
Parkinson's and Alzheimer's disease. In contrast to high doses, low doses 
(0.25-0.5 Gy) of radiation can increase the cellular GSH level in mice in 
vivo. The ability to induce cellular defense mechanisms in response to 
environmental changes is a fundamental characteristic of eukaryotic and 
parakaryotic cells. 
 

Kojima et al (2004) suggested that low doses of gamma rays activate 
immune functions via induction of GSH which in turn enhance the 
appearance of natural killer (NK) in splenocytes lowering tumor growth. 
 



There was a receptive attention for assessing the sudden unexpected 
finding of low dose–induced reduction of the enzyme thymidine kinase in 
mouse bone marrow in vivo (Zamboglou et al., 1981; Feinendegen et al., 
1983; Feinendegen et al., 1984). This change appeared with a delay of 
hours as an apparent consequence of temporary intracellular signaling that 
also concomitantly increased the concentration of free glutathione, and both 
responded concomitantly to reactive oxygen species (ROS) (Feinendegen et 
al., 1987).  
 

The results concerning the elevation in blood GSH following low dose 
irradiation was confirmed by the elevation in selenium concentration in liver 
as well. Selenium is a micronutrient essential for the immune system and can 
also modulate radiation-induced reaction (Mckenzie, 2000; Rafferty et al., 
2002). Selenium has an essential role in maintaining the activities of the 
antioxidant enzymes glutathione peroxidase (GPX) and thioredoxin 
reductase (Michiels et al., 1994; Mustacich et al., 2000). 
 

Also, exposure of animals to radiation dose level of 0.25 and 0.50 Gy 
caused a significant increase in zinc, copper, iron concentration in liver. This 
could be attributed to the induction of endogenous antioxidant enzyme 
activities (Durovic et al., 2008). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
  
  
  
  
  
  
  
  
  
 
 
 

 

 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



The present study was constructed in order to assess the possible potential of 
curcumin to modulate, counteract or prevent the inflammatory response induced 
in irradiated and non-irradiated rats. 

 
Male albino rats have been used. Irradiation of animals was performed using 

the Gamma Cell-40 Biological irradiator furnished with a Caesium137 source at 
the NCRRT. Animals were irradiated at radiation dose level of 0.25, 0.50 and 
6Gy. 

 
Two models of inflammation have been chosen in this study; the carrageenan 

air-pouch as an acute model and the adjuvant-induced arthritis as a chronic one. 
Curcumin was used in a dose of 50mg/kg administred i.p. and diclofenac 
sodium was used as a reference standard NSAID (3 mg/kg) administred i.p. 

 
The carrageenan air-pouch model was used as a model of acute inflammation 

in normal rats and in those exposed to an acute dose of γ-radiation of 6Gy at 
different time intervals (24 h, 3 days and 7 days). The 7 days was chosen for 
further investigations. Measurement of the accumulated volume of the 
inflammatory exudates in the air pouch induced in the rat back after an acute 
injection of carrageenan was carried out, 48 h following the carrageenan 
challenge. Curcumin and diclofenac were administred one hour prior to the 
injection of carrageenan into the air pouch. 

 
The adjuvant-induced arthritis model was used as a model of chronic 

inflammation. Tests were performed on both non-irradiated and on animals 
exposed to 6Gy γ-radiation, at different time intervals (24 h, 3 days and 7 days). 
The 7 days wer chosen for further investigations. Freund's complete adjuvant 
was injected in the right hind paw of the rats, and the size of the injected paw 
was subsequently measured on day 0, 4, 8, 14, 18 and 21 after adjuvant 
inoculation. Curcumin and diclofenac were given once daily from day 14 to day 
21 after the inoculation of the adjuvant into the right hind paw. 

 
Furthermore, a blood sample was used for the determination of reduced 

glutathione. Another portion of blood was centrifuged for the separation of 
serum, which was subsequently used for the determination of MDA, PGE2 and 
TNF-α. In addition, certain hepatic trace elements contents (Zn, Cu, Fe, and Se) 
were also investigated. 

 
On the other hand, the study was extended to examine the effect of low dose 

level of γ-radiation (0.25 and 0.50 Gy) on the inflammatory process using the 
adjuvant induced arthritis model in rats in an attempt to explore the effect of 
radiation on inflammatory mediators, oxidative stress and certain trace 
elements. Two groups of rats were exposed to a single dose level of γ- ray's 



radiation of 0.25 and 0.50Gy on day 14 after the inoculation of the adjuvant into 
the right hind paw. Serum PGE2, TNF-α, MDA, blood GSH levels and certain 
hepatic trace elements content (Zn, Cu, Fe, and Se) were investigated. 

 
The results of the present work could be summerized as follows: 
 
The carrageenan air-pouch model:  
 

1. The influence of carrageenan in irradiated rats was higher than that in 
non-irradiated ones. 

 
2. The present results indicated that ionizing radiation was responsible 

for the increased volume of exudates and production of PGE2 and 
TNF-α. Curcumin suppressed the inflammatory exudates. In addition, 
the concentration of TNF-α and PGE2 were markedly reduced in the 
serum of curcumin treated animals. Curcumin clearly blocked the 
carrageenan-induced inflammation. 

3.  Exposure to an acute dose of irradiation of 6Gy was shown to 
increase the release of MDA into the serum of irradiated rats treated 
with carrageenan, thus indicating an effect on lipid peroxidation, 
possibly as a result of free radical release. 

 
4. Blood GSH was shown to be reduced after the injection of 

carrageenan. This reduction was more pronounced in irradiated 
animals. Moreover, this was confirmed by the reduction in liver 
selenium content. Curcumin was able to restore blood GSH level and 
liver selenium content as well. This could be attributed to the very 
potent anti-oxidant effect of curcumin. 

 
5. In addition, reduction in liver contents of copper, zinc and iron was 

recorded after carrageenan injection and irradiation. Curcumin was 
able to restore the hepatic content of these trace elements due to its 
previously discussed antioxidant and anti-inflammatory effects. 

 
The adjuvant-induced arthritis model: 

  
1. Exposure of rats to radiation dose level of 6 Gy caused a marked 

increase in the injected paw volume. Daily treatment with 
curcumin (50mg/kg) and diclofenac (3mg/kg) starting on day 14 
after inoculation of the adjuvant and lasting for one week markedly 
inhibited the paw swelling. 

 



2. The levels of serum PGE2, TNF-α and MDA of arthritic animals 
were higher than that of non-arthritic ones in both irradiated and 
non-irradiated animals. In addition, the hepatic content of zinc, 
copper, iron and selenium follows the same pattern as observed in 
the acute air-pouch model. Exposure of rats to γ-radiation increased 
the intensity of inflammation. Curcumin was able to suppress the 
observed inflammatory response and to exert a protective effect 
against radiation. 

 
3. It may be concluded from this study that irradiation of animals 

caused marked changes in the inflammatory response in the two 
models of inflammation. Curcumin suppressed the inflammatory 
response in both irradiated and normal animals. 

 
4. Considering that inflammation plays a major role in most chronic 

illnesses, anti-inflammatory agents are needed for prevention and 
treatment purposes. Although several different  NSAIDs have been 
approved for treatment of inflammatory conditions, most of them 
have side effects, especially when consumed over long periods of 
time. Because curcumin inhibits multiple proinflammatory 
pathways, it could be of value in treatment of chronic inflammatory 
diseases. 

 
Management of arthritis by exposure to low-dose ionizing radiation:  

 
1. Present results revealed a reduction in serum PGE2 and TNF-α 

levels indicating that protection is offered by low-dose radiation 
against adjuvant-induced arthritis. 

 
2. Regarding the oxidative markers, results revealed that, irradiation 

of animals, at radiation dose level of either 0.25 or 0.50 Gy caused 
a marked increase in blood GSH level. Also acute exposure at low-
dose level of γ-radiation caused a reduction in serum MDA. The 
relation between low-dose radiation and anti-inflammatory effect 
could be mediated mainly through anti-oxidative properties which 
are the principal mechanism of its action. Induction of antioxidant 
systems by low-dose radiation has been attributed to suppression of 
lipid peroxidation in rats. 

 
3. The increase in hepatic zinc, copper, iron and selenium contents 

was observed following exposure to low dose γ-radiation. This 
could be attributed to the induction of endogenous antioxidant 
enzyme activities. 



 
4. It has been demonstrated that low-dose γ-radiation has a 

suppressing effect on the development of the pathology in AIA in 
rats which might be useful in clinical implication. 
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رد الفعل االلتهابى بإستخدام االشعاع المؤين والدور المحتمل         تغير  امكانية دراسةب هذا البحث    يختص  

  .للكركم للوقاية والحد من رد الفعل اإللتهابى 

فى عالج حـاالت    ) كجم/ مجم ٥٠(أجراء البحث على ذكور الجرذان البيضاء لدراسة تأثير الكركم          تما

 ٣(ديكلوفينـاك     وقد أستخدم  مشععةال-االلتهابات المزمنة والحادة المحدثة فى الجرذان المشععة وغير       

  كمـصدر  ١٣٧– السيزيوم  جاما استخدام خلية التشعيع  تشعيع الجرزان ب  تم   و .كمرجع دوائى ) كجم/مجم

  .جراى ٦ -٠,٥٠ -٠,٢٥ وهى  للتشعيع فى هذة الدراسةمستويات ة وتم استخدام ثالثاشعاعى

  -:آلتى  تم إستخدام نموذجين من نماذج االلتهابات المحدثة كافى هذه الدراسه

 لإلرتشاح فى الجيب الهوائى المحـدث       المسببهنموذج االلتهاب المحدث بإستخدام مادة كاراجينان        )١(

تم حقن كالمن الكركم و ديكلوفينـاك قبـل         . مشععةال-ر الجرذان المشععة وغير   و أيام فى ظه   ٦لمدة  

 جـراى   ٦ شـعاعى مستوى ا وتم تشعيع الجرذان عند      .ساعة من حقن كاراجينان فى الجيب الهوائى        

التشعيع  قد تم إختيار   ول ). أيام ٧ أيام ،    ٣ ساعة ،    ٢٤(  زمنية   مددوذلك قبل إجراء التجربة عند ثالث       

وقد أستخدم هذا النمـوذج لدراسـة اإللتهابـات الحـادة           .  أيام قبل إجراء التجارب فى هذه الدراسة       ٧

 . ساعة من حقن كاراجينان    ٤٨ بعد   ودراسة معدل زيادة إفراز السائل المجمع فى الجيب الهوائى وذلك         

الدهايـد فـى     ألفا ومالونـدي  -النخرىباإلضافة الى إنه تم قياس كمية البروستاجالندين وعامل الورم          

 –النحـاس    ( العناصر الـضئيله   مصل وجلوتاثيون فى الدم وكذلك قياس المحتوى الكبدى من بعض         ال

  .) السلينيوم– الحديد –الزنك 

 لإلرتشاح فى النسيج الخلوى فى خـف        المسببهحدث نتيجة حقن مادة فرويندز       نموذج اإللتهاب الم   )٢(

-سة اإللتهاب المزمن فى الجـرذان المـشععة وغيـر         االجرذان والذى تم إستخدامه كأحد النماذج لدر      

 أيام من بدايـة     ٧شعة جاما قبل    ا جراى من    ٦ مستوى اشعاعى لقد تم تشعيع الجرذان عند       و .مشععةال

وتم  .) أيام ٧ أيام ،    ٣ ساعة ،    ٢٤(ة   زمني مددم إختيارها بعد إجراء التجربة عند ثالث        التجربة والتى ت  

مرة يوميا من اليوم الرابع عشر حتى       ) كجم/ مجم ٣(وديكلوفيناك  ) كجم/ مجم ٥٠(حقن كال من الكركم     

يمـن   لإلرتشاح فى النسيج الخلوى فى الخف األ       المسببهاليوم الواحد والعشرين من حقن مادة فرويندز        

 ١٨ ،   ١٤ ،   ٨ ،   ٤ ،   ٠(مشععة وقياس حجم الخف على فترات زمنية بعد         ال-للجرذان المشععة وغير  

 .شاح المحدث بالخف األيمن للجرذانلدراسة تأثير الكركم فى تثبيط اإلرت) ا يوم٢١، 

 الدهايد فـى   الفا ومالوندي –النخرىومن ناحية أخرى ، تم قياس كل من بروستاجالندين وعامل الورم            

 – الحديـد    – النحاس   –مصل وجلوتاثيون فى الدم وكذلك قياس المحتوى الكبدى من عناصر الزنك            ال

  .السلينيوم

 فـى ) شعة جاما ا(امتدت الدراسة لمعرفة تأثير إستخدام الجرعات المنخفضة من اإلشعاع المؤين            )٣(

تيجة حقن مادة فروينـدز     فعل اإللتهابى وذلك بإستخدام نموذج إلتهاب المفاصل المزمن المحدث ن         الرد  

 مستوى اشعاعى  مجموعتين من الجرذان وتم تعريض إحدى المجموعتين ل        فىحيث تم إجراء التجارب     



 جراى وذلك كجرعة وحيدة فى اليوم الرابع عشر بعد          ٠,٥٠ مستوى اشعاعى  جراى واألخرى ل   ٠,٢٥

الدهايـد فـى     الونـدي الفا وم –النخرىحقن فرويندز وتم قياس كل من بروستاجالندين وعامل الورم          

، مصل وجلوتاثيون فى الدم وكذلك قياس المحتوى الكبدى لعنـصر النحـاس ، الزنـك ، الحديـد                   ال

  .السلينيوم

   -: ويمكن تلخيص نتائج الدراسة الحالية على النحو التالى 

ائى لإلرتشاح فى الجيب الهـو    سببه  نموذج اإللتهاب الحاد المحدث بإستخدام مادة كاراجينان الم        :أوال

  :ر الجرذان و أيام فى ظه٦المحدث 

لسائل المجمـع فـى الجيـب الهـوائى         أظهرت النتائج أن اإلشعاع المؤين أدى الى زيادة حجم ا         * 

كمـا  . الفا فى مصل الـدم    –النخرىباإلضافة الى زيادة إفراز كال من بروستاجالندين وعامل الورم          

  .ت الملحوظة أظهرت النتائج أن الكركم له تأثير مثبط لهذه الزيادا

شعة جاما كان له دور فعال فـى زيـادة معـدل    ا جراى من ٦ثبت أن تعرض الجرذان لجرعة  *  

الدهيد مما يدل على زيادة نسبة تأكسد الدهون والتى أدت الى زيادة الشقائق الحـرة وقـد                  مالوندي

  .أظهرت الدراسة أن الكركم له تأثير مضاد للتأكسد

 جلوتاثيون فى الدم بعد حقن مادة كاراجينان وهذا اإلنخفاض قـد            أظهرت النتائج إنخفاض معدل   *  

وقد لوحظ ايضا إنخفاض معدل السلينيوم فى الكبد ممـا           .ر بصورة أوضح فى الجرذان المشععة     ظه

 الطبيعى فـى     الى مستواه  جلوتاثيون اعادة   هذا وقد وجد أن الكركم له مقدرة على       . يؤكد هذه النتائج  

 وقد يرجع هذا الى خصائص الكـركم القويـة المـضادة            ،لينيوم فى الكبد  مستوى الس  كذلك    و ،الدم

  .للتأكسد

باإلضافة الى ذلك لوحظ إنخفاض المحتوى الكبدى لكل من النحاس والزنك والحديد بعد الحقـن               *  

 فى إعادة المحتوى الكبـدى      اوجد أن للكركم تأثير    .بمادة كاراجينان وبعد التعرض لإلشعاع المؤين     

 ويرجع ذلك الى ماتم مناقشته سالفا من التأثير المضاد          ، الى معدالتها الطبيعية   لضئيلهصر ا لهذه العنا 

  .لإللتهابات والمضاد للتأكسد للكركم

 لإلرتـشاح فـى النـسيج       المسببه فرويندزنموذج إلتهاب المفاصل المحدث نتيجة حقن مادة         :ثانيا

   :الخلوى فى خف الجرذان 

مـشععة وكانـت أكثـر      ال-أظهرت الدراسة حدوث زيادة تدريجية فى حجم خف الجرذان غير         *  

  .وأظهر الكركم فعاليته فى تثبيط اإلرتشاح المحدث فى خف الجرذان. وضوحا فى الجرذان المشععة

الفـا  –النخـرى ومعامل الورم   إرتفاع مستويات بروستاجالندين    من ناحية أخرى أظهرت النتائج      *  

محدث لها فـى    ال-مصل فى الجرذان المحدث لها االلتهاب عن الجرذان غير        الالدهايد فى    يومالوند

مشععة باإلضافة الى ذلك سارت النتائج على نفس الـوتيرة عنـد            ال-كل من الجرذان المشععة وغير    

نموذج الحـاد   ال التى لوحظت فى      والحديد قياس المحتوى الكبدى لكل من الزنك والنحاس والسلينيوم       



وقد أدى التعرض لإلشعاع     . لإلرتشاح فى الجيب الهوائى    ديهدث بإستخدام مادة كاراجينان المؤ    المح

 وقد أدى العالج بالكركم الى تثبيط اإللتهابات المحدثـة          ،الجامى الى زيادة حدة اإللتهاب فى الجرذان      

  .ثار اإلشعاعآوالى الوقاية من 

يؤدى الى زيادة حدة رد الفعل اإللتهابى فـى         يمكن إستنتاج أن تعرض الجرذان لإلشعاع الجامى        *  

كل من النموذجين المستخدمين فى هذه الدراسة ومقدرة الكركم على تعديل رد الفعل اإللتهابى فـى                

  .مشععةال-كال من الجرذان المشععة وغير

 اسـتعمال مـضادات     مراض المزمنـة أصـبح    أل فى معظم ا   ا رئيسيا وبما أن اإللتهاب يمثل دور    * 

سـترودية  الوبالرغم من أن العديد من مـضادات اإللتهابـات ا         .  للحد منها   شيئا ضروريا  اإللتهابات

استرودية قد ثبت فعاليتها فى عالج العديد من اإللتهابات اإل أنها التزال تحمل الكثيـر مـن                 -وغير

ال ولهذا ينصح بإستخدام الكركم مستقب    . اآلثار الجانبية الضارة وخاصة عند إستخدامها لفترات طويلة       

  .لعالج اإللتهابات فى األمراض المزمنة لما له من فعالية فى تثبيط اإللتهابات

(  نموذج لعالج التهاب المفاصل من خالل التعرض لجرعات منخفضة مـن اإلشـعاع المـؤين                :ثالثا

  ) :إشعة جاما 

ثبـيط  أظهرت نتائج هذه الدراسة فاعلية استخدام الجرعات المنخفضة من اإلشعاع الجامى على ت            *  

مصل فى نموذج اإللتهاب المحدث فـى       الالفا فى   -النخرىمستويات بروستاجالندين ومعامل الورم     

  .المفاصل بمادة فرويندز

وفيما يختص بدالالت التأكسد فقد وجد أن تعرض الجرذان لإلشعاع الجـامى عنـد جرعـات                *  

فة الى إنخفاض مستوى     جلوتاثيون بالدم باإلضا    قد أدى الى زيادة ملحوظة فى       جراى ٠,٥٠،  ٠,٢٥

  .مصلالالدهيد فى  مالوندي

وذلك )  السلينيوم – الحديد   –الزنك     (الضئيلهأظهرت النتائج زيادة المحتوى الكبدى من العناصر        *  

نزيمـات المـضادة    ال وهذا يرجع الى تحفيز ا     ،بعد التعرض لجرعات منخفضة من اإلشعاع المؤين      

  .فضة من اإلشعاع المؤينللتأكسد بعد التعرض لتلك الجرعات المنخ

استخدامه فى جرعات منخفضة لـه تـأثير مثـبط إللتهـاب      بيمكن إستنتاج أن اإلشعاع الجامى      *  

  . أكلينكيا فيما بعديا تجريبتستلزم اهتماماالمفاصل وهذه الدراسة 
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