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Modulation of Immune Disorders Induced-
Arthritis in γ- Irradiated Rats

Abstract
Noura Magdy Salem Thabet
Radiation Biology Department,
National Center for Radiation Research and Technology,
Atomic Energy Authority, Cairo, Egypt.

This study was to evaluate the antioxidant and anti-
inflammatory capability of a laboratory preparation mixture
Nano Selenium-lovastatin (Lov-Se) against oxidative stress
and inflammatory cascade in irradiated and/or adjuvant
arthritic rats. The experimental animals were divided into:
adjuvant free groups and adjuvant induced groups. Rats were
exposed to whole body γ-radiation (2Gy every 3 days up to
total dose of 8 Gy) and received oral administration of 1ml
Lov-Se mixture (≈ 20 mg kg−1 day−1Lov and 0.1 mg kg−1

day−1Se) for 14 successive days. Animal model of arthritis was
organized by subcutaneous injection of complete freund’s
adjuvant. The antioxidant parameters (heart GSH-Px, CAT,
SOD, XDH, GSH and blood Se), and oxidant markers (heart
XO, NO, protein carbonyls and TBARS) and Also, the
inflammatory molecules (serum TNF-α, CRP and RF) were
determined. In irradiated Lov-Se rats, the results obtained
reveals that, TBARS, protein carbonyl, TNF-α, CRP levels,
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and XO, CAT and SOD activities were significantly
ameliorated as compared to irradiated rats. Also, heart GSH,
NO levels, XDH, GSH-Px activities and blood Se level were
significantly improved. In addition, the administration of Lov-
Se to the arthritic and arthritic irradiated rats ameliorates the
disturbance occurs in oxidative stress, inflammatory cascades
and antioxidant indicators when compared to control rats. In
conclusion, the proper administration of Lov-Se mixture might
reduce the radiation-induced heart injury via amending the
antioxidant molecules and decreasing lipid and protein
oxidation. Also, it could be suggested that Lov-Se mixture
might posses a considerable anti-inflammatory properties.

Keywords: - Complete freund’s adjuvant, Arthritis, γ-radiation,
Lov-Se, Oxidative stress, Antioxidant status, Inflammation
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Introduction and Aim of the Work

The formation, behavior and scavenging of oxygen free
radicals and other oxygen derived species in biological system
have received much attention. There is increasing evidence
that they are closely connected with a variety of pathological
conditions including atherosclerosis, cancer, arthritis and liver
diseases.

Free radicals, the highly reactive entity and very short-
lived molecules, are constantly produced in a wide variety of
normal physiological functions in all cells (e.g. via leakage
from the  mitochondrial  electron  transport  chain),  as  well
as following  phagocyte  activation  during  inflammation.
Although free radicals perform some useful functions, they are
toxic when generated in excess. The most important
characteristic of toxic free radicals either in vivo or in vitro is
peroxidation of lipids resulting in tissue damage and death of
affected cells (Sarban et al., 2005 and Vijayakumar et al.,
2006)

The harmful effect of reactive oxygen species (ROS) is
neutralized by a broad class of protective agents termed
antioxidants which prevents oxidative damage by reacting with
free radicals before any other molecules can become a target.
The non-enzymatic antioxidants (vitamin E, C and reduced
glutathione, GSH) and antioxidant enzymes (superoxide
dismutase, SOD, catalase, CAT and glutathione peroxidase,
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GSH-Px) play an important role in the protection of cells and
tissues against free radical mediated tissue damage
(Vijayakumar et al., 2006).

Ionizing radiation consists of energetic particles and
electromagnetic radiation, which can penetrate living tissue or
cells and result in the transfer of radiation energy to the
biological material. The absorbed energy of ionizing radiation
can break chemical bonds and cause ionization of different
atoms and molecules, including water and different
biologically important macromolecules, such as nucleic acids,
membrane lipids and proteins. Radiation interacts with
biological molecules producing toxic free radicals leading to
DNA and membrane damage. ROS and lipid peroxides have
been implicated in pathogenesis of a number of diseases,
including cancer, diabetes mellitus, rheumatoid arthritis,
infectious diseases, atherosclerosis and ageing (Jagetia and
Reddy, 2005).

Studies strongly suggest that oxidative stress from
ionizing radiation exposure can trigger a cascade of events,
including altered immune function, cellular transformation,
and tissue damage (Attar et al., 2007). A number of
pathological conditions including rheumatic diseases have
been proposed to be induced by oxidative stress, a state where
excess production ROS exceeds the antioxidant protection
(Kerimova et al., 2000). Rheumatoid arthritis (RA) is
characterized by a chronic inflammation in the synovial
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membranes of joints, associated with migration of activated
phagocytes and other leukocytes into synovial and periarticular
tissue. The latter processes could be concerned as early steps
of pathogenesis and prognosis of RA. Important signal
substances derived from the activated macrophages are the
oxygen radicals, such as superoxide anion (O2

•¯) and hydrogen
peroxide (H2O2) and the cytokines, such as tumor necrosis
factor-alpha (TNF-α). These mediating substances play key
roles in the progression of the rheumatoid inflammation
(Kerimova et al., 2000).

A group of the 3-hydroxy-3-methylglutaryl-coenzymeA
(HMG-CoA) reductase inhibitors (Statins) have been
characterized by their immunomodulatory effects, as well as
anti-inflammatory properties and antioxidant effect (Zhou and
Kummerow, 2002 and Arnaud et al., 2005). They can be
sub-grouped into, fungal fermented statins (lovastatin,
pravastatin and simvastatin) and entirely synthetic products
(fluvastatin and atorvastatin) (Gurevich et al., 2005).

Furthermore, selenium (Se) is an essential element for
human health. It has been recognized as antioxidant and its
presence is related with the reduction of certain types of cancer
and other diseases (Pedrero and Madrid, 2009).

Se is applied to treat RA alone or together with other
anti-rheumatic drugs. It is an essential trace element
contributing antioxidant defences as being a natural
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component of Se-dependent enzymes, in particularly of the
GSH-Px and thioredoxin reductase (Kerimova et al., 2000).

In the current study, lovastatin and selenium
nanoparticle were laboratory prepared in our lab. Lovastatin
produced by Monascus purpureus NRRL 1992 under solid
fermentation culture. Adjuvant induced by intradermal
injection of Complete Freund’s Adjuvant (CFA) is a chronic
generalized reaction and is an accepted experimental model of
rheumatoid arthritis (Devi et al., 2007).

The present study aim to evaluate the relationship
between oxidative status and the inflammatory response in
irradiated rats, arthritic rats and arthritic-irradiated rats. In
addition, to examine the ameliorating effect of lovastatin and
selenium nanoparticle mixture against oxidative stress and the
inflammation.

In order to achieve the objectives of this study, the
following parameters were assayed in rats; the experimental
animal model used:

I. Cardiac muscles
1- Antioxidant enzymes parameters such as SOD,

CAT, and GSH-Px, in cardiac muscles.
2- Oxidative stress markers such as thiobarbituric

acid reactive substances (TBARS), protein
carbonyl contents, GSH contents, nitric oxide
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(NO) and activities of xanthine oxidoreductase
(XOR) in rat heart tissue.

II. Blood/Serum parameters;
1- Se in blood.
2- C-reactive protein (CRP), rheumatoid factor (RF)

and Tumor Necrosis Factor-α (TNF-α) in serum.
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Review of Literature

Oxidative Stress: Basic Mechanism, Functional Effect and

Pathological Considerations.

Oxygen is an essential condition of aerobic life, and
oxidative metabolism represents a principal source of energy.
Partial reduction of molecular oxygen results in the formation
of potentially dangerous reactive oxygen\nitrogen species.

Reactive oxygen species (ROS) include two principal
groups: free radicals and normal molecules.

Free radicals, containing at least one unpaired electron
arise by the homolytic fission of a covalent bond where each
fragment retains one electron. This process requires energy
expense provided by e.g. high temperature or irradiation. In
biological systems, the energetically less demanding oxidation
(electron loss) or reduction (electron acceptation) constitutes
the two main routes to free radicals. The biologically most
important oxygen free radicals are superoxide anion (O2

•¯),
hydroxyl radical (OH•), peroxyl (ROO•), alkoxyl (RO•) and
hydroperoxyl (HO•).

Other ROS that are not free radicals, (normal molecules)
include hydrogen peroxide (H2O2), ozone (O3), hypochlorous
acid (HOCl) and singlet oxygen (1O2) (Pourova et al., 2010).
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Reactive nitrogen species (RNS) contain an atom of
nitrogen in their molecules. They are derived from the simple

molecule of nitric oxide (NO) synthesized in vivo from oxygen
during the conversion of L-arginine to L-citrulline by nitric
oxide synthase.

The RNS include free radical nitric dioxide (NO2
•) and

various non-free radicals, such as peroxynitrite and its
protonated form (peroxynitrous acid, ONOOH),
(alkylperoxynitrite, ROONO) and nitrosil (NO+) (Pourova et
al., 2010).

These ROS and RNS, which are continually generated
as byproducts of normal aerobic metabolism, can also be
produced to a greater extent under stress and pathological
conditions, as well as taken up from the external environment.

One of the primary intracellular sites for in vivo ROS
production is the mitochondria. This organelle generates ATP
through a series of oxidative phosphorylation processes that
ultimately involve a four electron reduction of O2 to water.
However, during this process, one- or two-electron reductions
of O2 can occur, leading to the formation of O2

•¯ or H2O2, and
these species can be converted to other ROS. Additional
examples of intracellular sources of ROS production include
reactions involving peroxisomal oxidases, cytochrome P-450
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enzymes, NAD(P)H oxidases , or xanthine oxidase. Another
significant endogenous source of ROS generation is via the
reduction of molecular oxygen by inflammatory cells (Kregel
and Zhang, 2007 and Ziech et al., 2010).

NO is one of the most widespread signaling molecules
and participates in virtually every cellular and organ function
in the body. Physiologic levels of NO produced by endothelial
cells are essential for regulating the relaxation and
proliferation of vascular smooth muscle cells, leukocyte
adhesion, platelet aggregation, angiogenesis, thrombosis,
vascular tone and hemodynamics. In addition, NO produced
by neurons serves as a neurotransmitter, and NO generated by
activated macrophages is an important mediator of the immune
response (Fang et al., 2002).

A variety of exogenous stimuli, such as radiation,
pathogen infections and exposure to xenobiotics can also cause
in vivo ROS production. Additionally, several specific types of
environmental stress can lead to the production of ROS
including heat stress, herbicide/insecticide contamination,
environmental toxins and ultraviolet light exposure. ROS
generation via these various sources can be specific for
particular tissues, cells and organelles (Kregel and Zhang,
2007).

Xanthine oxidoreductase (XOR) system is one of the
major sources of ROS and other free radical in biological
systems. It is found in a wide variety of species, ranging from
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bacteria to humans and present in almost all tissues of
mammals.

XOR system consists of two inter convertable forms,
xanthine dehydrogenase (XDH) and xanthine oxidase (XO).
XDH account about 90 percent of the total activity of XOR in
healthy tissues. XDH use NAD+ as electron acceptor during
the catabolism of hypoxanthine/xanthine to urates. While XO
uses molecular oxygen as electron acceptor producing
superoxide radical. The produced superoxide radicals may be
converted spontaneously and/or enzymatically into H2O2 and
then into either highly reactive OH• or into peroxynitrite
(ONOO•) through an interaction with nitric oxide.  XDH has
no role in the initiation or potentiation of oxidative damages in
cells. However, in many pathological conditions, XDH is
converted to oxygen dependent XO form. Ionizing radiation
has been shown to convert XDH to XO and contribute to
cellular damage (Zahran et al., 2006).

All organisms living in an aerobic environment are
exposed to ROS on a continual basis. In order to
counterbalance ROS-mediated injury, cellular antioxidant
defence systems exist and function by quenching and clearing
intracellular ROS activity and accumulation and maintaining
redox equilibrium.

The cellular antioxidant systems can be divided into two
major groups, enzymatic antioxidants (e.g., superoxide
dismutase (SOD), catalase (CAT), glutathione peroxidase
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(GSH-Px) and glutathione reductase) and non-enzymatic
antioxidants (e.g., glutathione (GSH), vitamins C and E).

Superoxide anion (O2
•¯) created from molecular oxygen

by the addition of an electron is, in spite of being a free
radical, not highly reactive. It lacks the ability to penetrate
lipid membranes and is therefore enclosed in the compartment
where it was produced (Nordberg and ArnÉr, 2001).

Two molecules of superoxide rapidly dismutate to H2O2 and
molecular oxygen and this reaction is further accelerated by
SOD:-

Hydrogen peroxide (H2O2) is not a free radical but is
nonetheless highly important much because of its ability to
penetrate biological membranes. It plays a radical forming role
as an intermediate in the production of more reactive ROS
molecules including HOCl (hypochlorous acid) by the action
of myeloperoxidase, an enzyme present in the phagosomes of
neutrophils

and, most importantly, formation of OH• via oxidation of
transition metals
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H2O2 once produced by the above mentioned
mechanisms is removed by at least three antioxidant enzyme
systems, namely catalases, glutathione peroxidases, and
peroxiredoxins (Nordberg and ArnÉr, 2001).

Catalases (CAT) of many organisms are mainly heme-
containing enzymes. The predominant subcellular localization
in mammalian cells is in peroxisomes, where CAT catalyzes
the reaction of H2O2 to water and molecular oxygen
(Nordberg and ArnÉr, 2001).

Glutathione peroxidases (GSH-Px) catalyse the
oxidation of GSH at the expense of a hydroperoxide, which
might be H2O2 or another species such as a lipid
hydroperoxide (ROOH):

Other peroxides, including lipid hydroperoxides, can
also act as substrates for these enzymes, which might therefore
play a role in repairing damage resulting from lipid
peroxidation. GSH-Px requires selenium (Se) at the active site,
and its deficiency might occur in the presence of severe
selenium deficiency.

The activity of the enzyme is dependent on the constant
availability of reduced GSH. The ratio of reduced to oxidized
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GSH is usually kept very high as a result of the activity of the
enzyme glutathione reductase:

The NADPH required by this enzyme to replenish the
supply of reduced GSH is provided by the pentose phosphate
pathway. Any competing pathway that utilizes NADPH (such
as the aldose reductase pathway) might lead to a deficiency of
reduced GSH and hence impair the action of GSH-Px.
Glutathione reductase is a flavine nucleotide dependent
enzyme and has a similar tissue distribution to GSH-Px
(Young and Woodside, 2001).

Glutathione (GSH) is the most abundant intracellular
thiol-based antioxidant, prevalent in millimolar concentrations
in all living aerobic cells. GSH might function directly as an
antioxidant, scavenging a variety of radical species, but GSH
also serves to detoxify compounds either via conjugation
reactions catalyzed by glutathione S-transferases or directly, as
is the case with H2O2 in the GSH-Px catalyzed reaction.
Oxidized glutathione (GSSG) is reduced by the NADPH-
dependent flavoenzyme glutathione reductase (Nordberg and
ArnÉr, 2001).

The “oxidative stress theory” holds that a progressive
and irreversible accumulation of oxidative damage caused by
ROS impacts on critical aspects of the aging process and
contributes to impaired physiological function, increased
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incidence of disease and a reduction in life span (Kregel and
Zhang, 2007).

Throughout the life cycle, any person may be at a risk of
oxidative stress induced by high rates of oxygen use (e.g.,
strenuous work and competitive sports), the autoimmune
activation of immune system cells (e.g., respiratory burst of
polymorphonuclear and mononuclear cells) and environmental
factors (e.g., pollutants containing (NO, nitrogen dioxide, and
OH•) and exposure to ionizing radiation). Prolonged exposure
to free radicals, even at a low concentration, may result in the
damage of biologically important molecules (such as lipids,
nucleic acids and proteins) and potentially lead to DNA
mutation, tissue injury and disease (Fang et al., 2002).

Due to their multiple double bonds, polyunsaturated
fatty acids are excellent targets for free radical attacks. So
lipids are one of the most sensitive oxidation targets for ROS.
Once lipid peroxidation (LPO) is initiated, a propagation of
chain reactions will take place until termination products are
produced. End products of LPO, such as malondialdehyde
(MDA), 4-hydroxy-2-nonenol (4-HNE) and F2-isoprostanes
are accumulated in biological systems. Aldehydes derived
from LPO are generally stable and they can diffuse within or
outside the cells and attack targets far from their formation
sites. Thus, these aldehydes are not only final products that are
able to maintain the LPO process, but they can also act as
mediators for primary free radicals that initiate LPO. Tissue
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LPO is a degradative phenomenon and is strongly implied in
the pathogenesis of several diseases, such as arteriosclerosis,
diabetes, cancer and rheumatoid arthritis (RA), as well as
toxicity associated to drugs and aging. Such oxidation is also
essential for the generation of atherosclerotic plaques. The
mechanism for plaque formation involves oxidation of low
density lipoproteins (LDL), uptake of those particles by
phagocytes in the subendothelial space via their scavenger
receptor, and finally, accumulation of these phagocytic cells in
the subendothelial space, where they stimulate formation of
atherosclerotic plaques. Cardiovascular disease with plaque
formation constitutes a large part of the total burden of disease,
at least in western countries. Therefore, prevention or decrease
of lipid peroxidation is of significant medical importance
(Nordberg and ArnÉr, 2001 and Tomás-Zapico and Coto-
Montes, 2007).

Furthermore, the exposure to endogenous oxidants and
electrophiles gives rise to an increase in the damage to cellular
macromolecules as important as DNA. DNA bases are also
very susceptible to ROS oxidation. DNA damage can be a
result of a series of reactions with the nitrogen bases of nucleic
acids, the deoxyribose residues or the phosphodiester
backbone. DNA lesions, that are not properly repaired,
accumulate through time and can contribute to the
development of diseases associated with aging. OH• radical is
able to add double bonds to nitrogen bases or to subtract
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hydrogen atoms from both methyl groups and deoxyribose
residues. OH• radical reactions with purines and pyrimidines
can even be mutagenic. Furthermore, oxidative damage to
other important molecules, such as lipids, can also affect to
DNA, since LPO byproducts, MDA and 4-HNE, are able to
react with the exocyclic amino groups of guanine, adenine and
cytosine (Tomás-Zapico and Coto-Montes, 2007).

Also, ROS can be oxidized almost all amino acid
residues in a protein. Some widely studied oxidative products
of amino acid residues include the formation of disulfide bonds
at cysteine residues, carbonyl derivatives, and many others
oxidized residues, such as methionine sulfoxide. These
oxidative modifications lead to functional changes in various
types of proteins, which can have substantial physiological
impact. For instance, oxidative damage to enzymes can cause a
modification of their activity, while oxidant-derived injury to
structural proteins and chaperones produces protein
aggregation (Kregel and Zhang, 2007).

Eventually, there is increasing evidence that the ROS
are closely connected with a variety of pathological conditions
including atherosclerosis, cancer, arthritis and liver diseases.
Free radicals have long been implicated as mediators of tissue
damage in RA patients. Correspondingly, it has been shown
that RA bloodstream neutrophils and monocytes are, as a rule,
characterized by the overproduction of oxygen and nitrogen
reactive species. The prooxidant/antioxidant imbalance in RA
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may be either due to acceleration of some cellular reactions or
insufficiency of the antioxidant defense system
(Ostrakhovitch and Afanas'ev, 2001 and Jaswal et al.,
2003).

ROS (O2
•¯, H2O2, OH• and NO) are physiologic

activators of transcription factors for proinflammatory
cytokines (Tumor Necrosis Factor-alpha (TNF-α), interleukin
(IL)-1 and IL-6) (Sukkar and Rossi, 2004). Fortunately, in
healthy individuals the ROS production is low and lipid
peroxidation is inhibited by the combined activities of various
antioxidants present in the plasma (Jaswal et al., 2003).

Radiation Exposure Induced Oxidative Stress and

Biological Modifications:-

Exposure to low level of radiation frequently has
become common during medical diagnostic procedures, space
or air travel, cosmic radiation and use of certain electronic
gadgets. Other sources of radiation exposure include radon in
houses, contamination from weapon testing sites, nuclear
accidents and radiotherapy of cancer. Ionizing radiation
produces cancer, death and loss of neural function in humans
and animals. It also induces killing, mutation and
chromosomal aberrations in cells (Bolus, 2001 and Jagetia
and Reddy, 2005).

Ionizing radiation consists of energetic particles
(electrons, protons, neutrons and α-particles) and
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electromagnetic radiation (x-rays and γ-rays), which can
penetrate living tissue or cells and result in the transfer of
radiation energy to the biological material. The absorbed
energy of ionizing radiation can break chemical bonds and
cause ionization of different atoms and molecules, including
water and different biologically important macromolecules,
such as nucleic acids, membrane lipids and proteins (Bolus,
2001 and Jagetia and Reddy, 2005).

When ionizing radiation interacts with cell, there are
really two possibilities: direct interaction or indirect interaction
in a cell. Direct interaction, a cell’s macromolecules (proteins,
lipids or DNA) is hit by the ionizing radiation, which affects
the cell as a whole, either killing the cell or mutating the DNA.
Indirect Interaction, occurs when radiation energy is
deposited in the cell, and the radiation interacts with cellular
water rather than with macromolecules within the cell. The
reaction that occurs is radiolysis of the water molecule,
resulting in a hydrogen molecule and hydroxyl (free radical)
molecule. If the 2 hydroxyl molecules recombine, they form
hydrogen peroxide, which is highly unstable in the cell. This
will form a peroxide hydroxyl, which readily combines with
some organic compound, which then combines in the cell to
form an organic hydrogen peroxide molecule, which is stable.
This may result in cellular oxidative stress and the loss of an
essential enzyme due to interaction with abundant free
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radicals, which could lead to cell death or a future mutation
(Bolus, 2001 and Jagetia and Reddy, 2005).

In this aspect, Undeger et al., (2004) observed that, 10
Gy of γ-irradiation induced significant increases in rat brain
lipid peroxidation products (thiobarbituric reactive substances;
TBARS). The exposure of rats to fractionated whole body γ-
irradiation up to total dose 7.5 Gy (1.5 Gy x 5 every other day)
resulted in significant increases in the amount of TBARS in
liver, kidney and spleen of rats (Nada and Azab, 2005). The
increase in the level of TBARS was accompanied by a decline
in the activities of SOD, CAT and GSH-Px in blood, liver and
spleen of mice exposed to 6.5 Gy of γ-irradiation (Badr El-
Dein, 2003). In culture of rats’ hepatocytes, the exposure to γ-
irradiation at doses of 1, 2 and 4Gy induced significant
increases in the levels of TBARS concomitant with significant
decreases in the activity of SOD, CAT and GSH-Px
(Srinivasan et al., 2006).

Jagetia and Reddy, 2005 observed that, radiation-
induced elevation in the LPO as well as depletion of GSH,
GSH-Px, SOD and CAT in liver and small intestine.

Exposure of mice to γ-irradiation reduced the GSH
activity in both the liver and intestine. Depletion of GSH in
vitro and in vivo is known to cause inhibition of GSH-Px
activity and has been shown to increase LPO (Jagetia and
Reddy, 2005).
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Mansour, 2006, showed that, 6 Gy of γ-irradiation
induced significant increases in MDA and NO level in rat
tissues and depletion in GSH, GSH-Px and SOD activities.

Whole body exposure of rats to γ-rays from irradiation
with 2 to 15 Gy induced an increase in rat brain NO content
(Lestaevel et al., 2003).

Contrary, the exposure of rats to fractionated whole
body γ-irradiation up to total dose 8 Gy (delivered as 1Gy
every other day) induced significant decreases in NO levels in
plasma, liver and intestine (Zahran et al., 2006).

Many cytokines can be induced by increased free radical
formation and other cytokines can aid in their production
through activation of signal transduction pathways (Laiakis et
al., 2007).

It has been reported that ionizing radiation induces the
expression of particular genes, such as TNF-α and platelet-
derived growth factor (Wanaga et al., 1998).

Rats exposed to high linear energy transfer (LET)
irradiation exhibited increased levels of TNF-α secretion by
splenocytes, while other cytokines remained unaffected. The
same study showed that basal levels of DNA synthesis in
leukocytes were upregulated both in blood and spleen,
indicating cell activation of the immune system demonstrated
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by the increased mitotic activity. Exposure to low LET
radiation can result in significant changes, as well. Rats that
received 10 Gy of whole-body γ-irradiation exhibited
increased levels of IL-1β, TNF-α and IL-6 mRNA at 3 and 6 h
post irradiation (Laiakis et al., 2007).

γ-irradiation of endothelial cells using doses as low as 2
Gy can bring about an inflammatory response with IL- 6 and
IL-8 being secreted from the cells (Laiakis et al., 2007).
Hayashi et al., (2003) revealed that exposure to radiation
caused significant increases in inflammatory activity obvious
by an elevated level of C-reactive protein (CRP).

Inflammation: Recruitment, Types, Mediators and
Implication

Inflammation is a pattern of response to injury, in which
cells and exudate accumulate in irritated tissues and tend to
protect from further damage. It may be classified as acute or
chronic.

In acute inflammation, the host response leads to
elimination of the irritant, followed by recovery involving
tissue regeneration. Acute inflammation is usually
characterized by recruitment of large numbers of neutrophil
leukocytes.

The chronic inflammation may result from failure of the
recovery phase of acute inflammation, or may occur as a
distinct process from the outset, because of the nature of the
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irritant. It is most appropriately defined in terms of the
process, in which continuing inflammation and attempted
tissue healing by repair occur simultaneously. The repair is
always a feature of chronic inflammation because it is
associated with irritants that cause destruction of tissue
architecture. It is achieved by ingrowths of granulation tissue,
which includes macrophages, fibroblasts and new blood
vessels. In chronic inflammation there is typically a less
pronounced exudative response and increased inflammatory
cellular recruitment (macrophage, the dominant infiltrating cell
in all forms of chronic inflammation), which may be
accompanied by local cellular proliferation. Many common
and clinically important disease states, such as RA, asthma,
tuberculosis, leprosy, schistosomiasis, chronic hepatitis,
thyroiditis and multiple sclerosis, are examples of chronic
inflammation and its consequences (Kumar and Wakefield,
2010).

The ordered process of cellular accumulation and
activation in acute and chronic inflammation is dependent
upon the sequential release of chemical mediators of
inflammation. Prominent group of this inflammatory mediator
are relatively small protein molecules, collectively referred to
as cytokines, which act as potent biological signals for cellular
migration and activation (Kumar and Wakefield, 2010).

Cytokines play critical roles in macrophage and T-cell
recruitment, activation and local replication; in the survival of
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inflammatory cells by inhibition of apoptosis of an immune
response; and in the induction of granulation tissue and
fibrosis. Cytokines exert their effects by binding to cell
membrane receptors on the same cell (autocrine action),
adjacent cells (paracrine action) or remote cells (acting as a
hormone). These mediators are characterized by redundancy
(with different cytokines having overlapping effects) and
pleiotropism (in which one particular cytokine has multiple
effects). The families of cytokines include molecules referred
to as chemokines, interleukins, interferons, colony-stimulating
factors and growth factors, many of which are important in
chronic inflammation.

Chemokines regulate leukocyte migration by modifying
the expression and affinity of adhesion molecules on the
leukocyte surface. During inflammation, circulating cells
attach to the vascular endothelium and migrate between
endothelial cells. When stimulated by cytokines, endothelial
cells regulate the recruitment of leukocytes via sets of surface
adhesion molecules that tether the two cells together.
Activation of the endothelial cells induces a variety of
cytokines, as well as adhesion molecules. The ability of
chemokines to attract and activate specific leukocyte subsets at
sites of inflammation appears to be an important determinant
of the nature of the inflammatory cellular infiltrate, as well as
of the subsequent evolution of the inflammatory response.
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The recruitment of neutrophils, in acute inflammation is
in part mediated by the activity of the so-called a chemokines
such as IL-8. This is followed by T-cell and monocyte
accumulation, believed to be mediated by other chemokines.
Additional chemokines exhibit relative specificity for
eosinophils or basophils, which are frequently associated with
allergic disorders (Kumar and Wakefield, 2010).

Some chemokines are considered pro-inflammatory and
can be induced during an immune response to recruit cells of
the immune system to a site of infection. Proinflammatory
cytokines such as IL-1, TNF-α and IL-6, which are primarily
produced by macrophages, play multiple roles in
inflammation. These include: (1) activation of vascular
endothelium, resulting in enhanced expression of leukocyte
adhesion molecules; (2) induction of chemokine synthesis; (3)
activation of the effector cells of inflammation, notably
neutrophils and macrophages; (4) induction of fever; (5)
synthesis by the liver of ‘acute-phase proteins’ such as
fibrinogen, amyloid A and CRP; and (6) subsequent induction
of other systemic manifestations of chronic inflammation such
as fever, night sweats, tiredness, anorexia and weight loss.

While infiltrating macrophages and T cells are
particularly important in cytokine-mediated activities in
chronic inflammation, they are certainly not the only cells
involved. Neutrophil polymorphonuclear leukocytes (PMNs)
and various resident cells of the involved tissue also
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contribute. Such cells are able to synthesize and release
cytokines such as IL-1, IL- 1 receptor antagonist, TNF-α, as
well as IL-6 and IL-8. Thus they may modulate the activity of
other cells of the chronic inflammatory response, by induction
of adhesion molecules, chemotaxis and enhancement of
effector mechanisms including phagocytosis and microbial
killing (the latter are stimulated by IL-1 and IL-8 as well as
TNF-α).

TNF-α is a potent cytokine that exerts diverse effects by
stimulating a variety of cells. It is a soluble 17-kd protein
composed of three identical subunits. It is produced mainly by
monocytes and macrophages, but also by B cells, T cells and
fibroblasts. TNF-α is an autocrine stimulator as well as a
potent paracrine inducer of other inflammatory cytokines,
including IL-1, IL-6, IL-8 and granulocyte- monocyte colony-
stimulating factor. Also, it promotes inflammation by
stimulating fibroblasts to express cell adhesion molecules
(CAMs), such as intercellular adhesion molecule 1 (ICAM-1).
These adhesion molecules interact with their respective ligands
on the surface of leukocytes, resulting in increased transport of
leukocytes into inflammatory sites, including the joints in
patients with RA (Choy and Panayi, 2001).

The systemic effects of inflammation are more
pronounced in chronic inflammatory diseases and may
contribute significantly to the clinical consequences. These
systemic effects are largely mediated by cytokines. Whereas
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the most prominent systemic effects of acute inflammation are
fever and leucocytosis, chronic inflammation is usually
associated with fatigue, sleepiness, weight loss and wasting
(Kumar and Wakefield, 2010).

The inflammatory process is usually tightly regulated,
involving both mediators that initiate and maintain
inflammation and mediators that shut the process down. In
states of chronic inflammation, an imbalance between the two
mediators leaves inflammation unchecked, resulting in cellular
damage (Choy and Panayi, 2001). Acute-on-chronic is the
case when failure of the recovery phase of acute inflammation.
The arthritis of rheumatoid disease is a typical example of the
acute-on-chronic inflammation seen in some autoimmune
diseases. Microscopically, the response is very similar to that
associated with persisting acute infections, although
accumulation of lymphocytes and plasma cells in the
synovium of affected joints is often striking. The ongoing
acute inflammation is evident in the synovial fluid, which
contains numerous neutrophils. These are recruited in response
to activation of the complement cascade by the local formation
of immune complexes, which consist of immunoglobulin
molecules and anti-immunoglobulin antibodies (known as
rheumatoid factors) produced by synovial plasma cells.

Arthritis, the joint inflammation, refers to a group of
diseases that cause pain, swelling, stiffness and loss of motion
in the joints. Rheumatoid Arthritis (RA) is a chronic systemic
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autoimmune disease (body’s immune system attacks itself)
characterized by acute-on-chronic inflammation of synovial
joints, often associated with inflammation in other organs and
tissues, in which various joints in the body are inflamed
(Surapneni and Gopan, 2008 and Kumar and Wakefield,
2010).

Rat  adjuvant  arthritis  is  an  experimental  model  of
polyarthritis which has been widely used for preclinical testing
of  numerous  anti-arthritic  agents  which  are  either  under
preclinical  or  clinical  investigation  or  are  currently  used
as therapeutics in this disease (Bendele, 2001 and Stills,
2005). The adjuvant arthritis induced by innately chronic
irritants includes relatively inert foreign bodies, some
microorganisms (e.g. tuberculosis and other mycobacteria) and
characterized by immunological inflammatory lesions with
delayed type hypersensitivity reactions (e.g. sarcoidosis).
Except during a transient acute phase, the microscopic
appearance of such lesions typically includes few neutrophils.
Instead, there is a predominance of lymphocytes, macrophages
and their derivatives, with the formation of multiple focal
aggregates of these cells referred to as granulomas (Kumar
and Wakefield, 2010).

In view of the presence of inflammation in the joint,
movement and rest induce alternating periods of relative
ischaemia and reperfusion. Such changes, which in other
tissues such as the heart and brain have been clearly associated
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with the generation of ROS as a direct result of the re-
introduction of calcium ions enhancing the activity of nitric
oxide synthetase (NOS) and related enzymes. It appears,
however, that this situation occurs primarily in severely
inflamed synovial tissue of human RA and osteoarthritis (OA)
patients. Such an increased formation of ROS has been shown
correlated with the increased reperfusion-induced damage to
proteins, lipids and glycosaminoglycans (Darlington and
Stone, 2001). In RA there is an increased incidence of
congestive heart failure and accelerated atherosclerosis, both
complications leading to an increased mortality in RA. TNF-α,
is a potent proinflammatory cytokine implicated in the
initiation and progression of inflammation as well as in the
mechanisms associated with accelerated atherosclerosis in this
disease (Gonzalez-Gay et al., 2006).

Treatment of such disorders is normally with analgesics,
anti-inflammatory and antirheumatic drugs, corticosteroids and
anti-TNF-α agent. Also, the defence mechanisms may be
strengthened by addition of antioxidant that may represent an
alternative approach.

Lovastatin, Selenim (Lov-Se) Combating Arthritis

Statins (HMG-CoA reductase inhibitors) are used
broadly for the treatment of hypercholesterolemia in the last
two decades. However, current understanding of the
pharmacological effects of statins is progressing toward the
insight that these agents do more than simply lower



Review of literature

28

cholesterol. They can be grouped into, lovastatin, pravastatin,
and simvastatin are derived from fungal fermentation and
fluvastatin and atorvastatin are entirely synthetic (Gurevich et
al., 2005).

Monascus-fermented rice known as the red mold rice
(RMR) or red yeast rice has been used as a food colorant and
spice. Monacolin K identified as lovastatin can be produced by
Monascus species under solid and submerged culture
effectively block de novo cholesterol biosynthesis (Lee et al.,
2008).

The antioxidant effect of statins is related to its ability to
reduce free radical formation. Chen et al., (1997) observed a
reduction in LPO and preservation of SOD in lovastatin
treatment group. In addition, lovastatin was effective in
lowering hepatic LPO in rabbits fed a high cholesterol diet
(Jeon et al., 2001). The O2

•¯ generating capacity of neutrophil
granulocytes decreased markedly while the activity of GSH-Px
increased significantly in ischemic heart patients treated with
lovastatin. Lovastatin might inhibit free radical generation
from leukocytes and other tissues by inhibiting the isoprenoid
reaction during the activation of NADPH oxidase. Lovastatin
preserved the endogenous antioxidant enzyme, SOD in
hyperlipidemic rabbits. The cellular GSH-Px activity was
enhanced in the cells treated with lovastatin and increased
H2O2 scavenging by endothelial cells (Zhou and Kummerow,
2002). The clinical benefits of statins could be related to an
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improvement in endothelial dysfunction, a reduction in blood
thrombogenicity, anti-inflammatory properties and
immunomodulatory actions (Gurevich et al., 2005).

Endothelial adhesion and transendothelial migration of
leukocytes are early events in the inflammatory response. The
leukocyte adhesion cascade is central to the anti-inflammatory
effects of statins (Weitz-Schmidt et al., 2002). The levels of
IL-6 and NO production reduced in lipopolysaccharide-
stimulated splenocytes isolated from lovastatin-treated animals
(Stanislausa et al., 2002). Furthermore, activation of NF-κB,
mRNA expression of cell adhesion molecules and mRNA
expression of pro-inflammatory and pro-fibrotic marker genes
(i.e. TNF-α, IL-6, TGFb, CTGF and type I and type III
collagen) were attenuated in 6 Gy irradiated Balb/c mice
treated with lovastatin in a time-dependent manner (Ostrau et
al., 2009).

The element selenium (Se) was recognized only 40
years ago as being essential in the nutrition of animals and
humans, due to its roles on a series of biochemical reactions
enhancing antioxidant activity. Se is a component of several
selenoproteins with essential biological functions. This
element acts as a cofactor of the GSH-Px family of enzymes
which protect against oxidative stress. Specifically, Se-
dependent GSH-Px enzyme recycles GSH, reducing LPO by
catalyzing the reduction of peroxides, including H2O2. In
general all these enzymes at their reduced state catalyse the
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breakdown of lipid hydroperoxides and H2O2 in cells. The
antioxidative function of Se can help to ameliorate the damage
induced by the ultraviolet-β radiation in humans. GSH-Px and
selenoprotein P are also involved in the regulation of the
inflammatory response (Navarro-Alarcon and Cabrera-
Vique, 2008).

The acute swimming exercise in rats increased the LPO
in the brain tissue of rats while Se supplementation prevented
the free radical formation by enhancing the antioxidant activity
(increased GSH brain contents) (Akil et al., 2011). Se was
effective in alleviating oxidative damage in liver and kidney of
rats by recovering activities of SOD and GSH-Px, and
decrease in the content of TBARS (Al-Othman et al., 2011).

The nutritional Se deficiency has been shown to impair
the development of both B- and T-cell-dependent immune
responses in growing animals. The susceptibility of the B-cell
development would imply impaired antibody responses due to
Se deficiency. Also, some studies have indicated that natural
killer cell-dependent cytotoxicity can be impaired by the
deficiency (Combs and Gray, 1998). The deficiency in Se is
associated with immune dysfunction, impaired resistance to
microbial and viral infections, inadequate phagocytosis and
antibody production, and increased cancer risk (Youn et al.,
2008). Se also has immunopotentiating effects: a deficiency in
Se appears to result in immunosuppression, whereas
supplementation with low doses of Se appears to result in
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augmentation and/or restoration of immunologic functions
(Maehira et al., 2002).

CRP, an acute phase reactant, is a marker for underlying
systemic inflammation. Increases in serum CRP have been
detected during acute stages of a variety of diseases, including
various infections, and noninfectious illnesses such as
rheumatic diseases, myocardial infarction and malignancies.
Circulating Se concentrations were significantly lower in
patients with acute injury or trauma of tissues, suggesting that
the distribution of Se in the body may change during the acute
phase response (Maehira et al., 2002).

Moreover, the mRNA expressions of proinflammatory
cytokines (IL-1β, TNF-α, IFN-γ), iNOS activity and content of
NO were significantly increased in pancreas of untreated
diabetes mellitus mice compared to normal mice. The selenite
administration to diabetic animals could significantly reverse
those increases (Zeng et al., 2009).
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Materials and Methods

I. Materials
A. Strains

Fungal culture of Monascus purpureus NRRL
1992 was obtained from the Drug Radiation Research
Department at National Center for Radiation Research
and Technology (NCRRT), Cairo, Egypt.

Saccharomyces cerevisiae (Yeast cells) local
isolate from Drug Radiation Research Department at
NCRRT.

B. Reagents
1. Reagents for lovastatin production:-
 Potato dextrose agar (PDA) medium: containing

infusion of potatoes (20%), dextrose (2%) and agar
(2%).

2. Reagents for Selenium Nanoparticle:-
 GYP slant agar (2% glucose, 1% yeast extract, 2%

peptone and 2% agar).
3. Reagents for Thiobarbituric Acid Reactive Substances

assay:-
 Trichloroacetic acid (TCA) (BDH) 40% dissolved in

distilled water.

 Thiobarbituric acid (TBA) 0.67% dissolved in distilled
water (freshly prepared).
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 Standard solution of 10M malondialdehyde. 0.1M
malondialdehyde-bis-diaceta (1,1,3,3,tetra-ethoxy-
propane) dissolved in distilled water.

 N-butyl alcohol.
4. Reagents for Protein Oxidation (Carbonyl Group)

assay
 2-4-dinitrophenylhydrazine (DNPH): 10 mM dissolved

in 2M HCL.

 30% TCA dissolved in distilled water

 6M guanidine-HCL dissolved in 20 mM potassium
dihydrogen phosphate pH 2.3.

 Ethanol: ethyl acetate (mixture 1:1 V/V)
5. Reagents for Nitric Oxide assay
 Sulfanilamide Solution (1%) dissolved in 5%

phosphoric acid.

 N-1-napthylethylene-diamine-dihydrochloride
(NEDD) Solution (0.1%) dissolved in distill water.

 1.5 g of zinc sulfate dissolved in 100 ml of distill
water.

 400 mg of vanadium (III) chloride (VCl3) dissolved in
50 ml of 1 M HCl.

 Standard solution of sodium nitrite solution (50μM)
6. Reagents for Selenium Content assay
 Pure NO (65%), (S.G.1.42)

 H2O2
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7. Reagents for Xanthine Oxidoreductase assay
 Xanthine: 50 µM of dissolved in 1M NaOH.

 β-Nicotinamide adenine dinucleotide "sodium salt"
(NAD+): 500 µM dissolved in distilled water.

 Tris (Hydroxy-Methyl) Aminomethane (Tris buffer)
(pH 8.0): 50 mM dissolved in appropriate amount of
distilled water.

 Sodium pyruvate: 0.5 mM dissolved in distilled water.

 Lactate dehydrogenase (LDH)

 HCl (0.58 M)
8. Reagents for Superoxide Dismutase assay
 Phosphate buffer: pH 8.3, 0.052 M dissolved in

distilled.

 Phenazine methosulfate: 186 µM dissolved in distilled
water.

 Nitroblue tetrazolium (NBT): 300 µM dissolved in
distilled water.

 β-Nicotinamide adenine dinucleotide hydrogen
"disodium salt" (NADH): 780 µM dissolved in
distilled.

9. Reagents for Catalase assay
 Phosphate buffer 50mM, pH 7.0

 Substrate: 0.059M H2O2 dissolved in 50mM phosphate
buffer pH 7.
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10.Reagents for Glutathione Peroxidase assay
 Glutathione (GSH): 0.008M dissolved in distilled.

 Sodium azide: 0.03M dissolved in distilled water.

 Disodium EDTA: 0.009M dissolved in distilled water.

 H2O2: 0.0018M dissolved in distilled water.

 Precipitation solution, 1.67g glacial metaphosphoric
acid, 0.2g of disodium or di potassium EDTA and 30g
of NaCl were dissolved in distilled water and the
volume was made up to 100ml.

 Disodium phosphate solution (42.5g/l of distilled water).

 5.5` dithiobis 2-nitrobenzoic acid (DTNB), 40mg in
100ml of Na citrate (1g/dl).

 Stock standard of GSH: 100mg GSH was dissolved in
water and the volume was made up to100ml. The
working standard was prepared by diluting 5ml of stock
with 5ml-distilled water.

11.Reagents for Reduced Glutathione assay
 EDTA solution: 335 mg was dissolved in 100ml

distilled water.

 Precipitation solution: mixture of 1.67g of meta
phosphoric acid, 0.2 g EDTA disodium salt, 30g sodium
chloride in 100ml of distilled water.

 Disodium phosphate solution: 42.5g dissolved in 1L of
distilled water.

 DTNB: 40mg dissolved in 100ml of Na citrate (1g/dl).
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 GSH standard: 100mg of GSH dissolved in 100ml of
distilled water.

12.Reagents for Total Protein Content assay
 The alkaline copper solution:

a. An alkaline sodium carbonate solution was prepared
by dissolving 10g of sodium carbonate in 0.5N
NaOH and the volume was made to100ml.

b. A copper sulfate-sodium potassium tartarate
solution was prepared by dissolving 0.5g
CuSO4.5H2O in 100ml of sodium potassium
tartarate solution (1%).

 The alkaline copper solution was prepared on the day of
use by adding 1ml of (b) to 10ml of (a).

 Standard protein solution: 12mg of Bovine albumin
were dissolved in distilled-water and the volume was
made to 100ml.

 Folin-Ciocalteau reagent: A stock reagent (2N) was
purchased from (Sigma). The stock solution was diluted
with distilled water 1:20 on the day of use.

13.Reagents for Tumor Necrosis Factor- Alpha assay
 TNF-α Microplate: A 96-well polystyrene microplate

(12 strips of 8 wells) coated with a monoclonal antibody
against TNF-α.

 Sealing Tapes: Each kit contains 3 pre-cut, pressure-
sensitive sealing tapes that can be cut to fit the format of
the individual assay.

 TNF-α Standard: TNF-α in a buffered protein base (2
ng, lyophilized). Reconstitute the 2 ng of TNF-α
Standard with 2 ml of MIX Diluent to generate a 1
ng/ml of solution. Allow the standard to sit for 10
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minutes with gentle agitation prior to making dilutions.
Prepare triplicate standard points by serially diluting the
TNF-α standard solution with equal volume MIX
Diluent to produce 0.5, 0.25, 0.125, 0.0625, 0.0313, and
0.0156 ng/ml. MIX Diluent serves as the zero standard
(0 ng/ml). Any remaining solution should be frozen at -
200C.

 Biotinylated TNF-α Antibody (100x): A 100-fold
concentrated biotinylated polyclonal antibody against
TNF-α (80 μl). Spin down the antibody briefly and
dilute the desired amount of the antibody 1:100 with
MIX Diluent. Any remaining solution should be frozen
at -200C.

 MIX Diluent Concentrate (10x): A 10-fold concentrated
buffered protein base (30 ml). Dilute the MIX Diluent
Concentrate 1:10 with reagent grade water. Store for up
to 1 month at 2-80C.

 Wash Buffer Concentrate (20x): A 20-fold concentrated
buffered surfactant (30 ml). Dilute the Wash Buffer
Concentrate 1:20 with reagent grade water.

 Streptavidin-Peroxidase Conjugate (SP Conjugate): A
100-fold concentrate (90 μl). Spin down the SP
Conjugate briefly and dilute the desired amount of the
conjugate 1:100 with MIX Diluent. Any remaining
solution should be frozen at -200C.

 Chromogen Substrate: A ready-to-use stabilized
peroxidase chromogen substrate tetramethylbenzidine (8
ml).

 Stop Solution: A 0.5 N hydrochloric acid to stop the
chromogen substrate reaction (12 ml).

14.Reagents for C-reactive protein assay
All reagents were stored at 2-8C.
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 CRP calibrators (1ml/vial): six vials of references CRP
antigen at levels of 0, 0.5, 2.0, 5.0, 15 and 30 µg/ml.

 CRP Enzyme reagent (13ml/vial): one vial containing
biotin labeled monoclonal IgG and Anti-CRP in buffer,
dye and preservative.

 Sterptavidin Coated Microplate (96 wells):- one (96
wells) microplate coated with sterptavidin and packaged
in an aluminum bag with a drying agent.

 Serum Diluent concentrate (20 ml):- one vial of serum
diluent contains buffer salts and a dye. Dilute the serum
diluent concentrate to 200 ml in a suitable container
with distilled or deionized water.

 Wash solution concentrate (20 ml):- one vial contains a
surfactant in buffered saline. A preservative has been
added. Dilute contents of wash concentrate to 1000ml
with distilled or deionized water in a suitable storage
container store at room temperature 20-27 C for up to
60 days.

 Substrate solution
o Substrate-A (7ml/vial):- one bottle containing

tetramethylbenzidine in buffer.
o Substrate-B (7ml/vial):- one bottle contains

hydrogen peroxide in buffer.
Pour the contents of the vial labeled solution A into
the vial labeled solution B. Mix and store at 2-8C.

 Stop solution (8 ml/vial):- one bottle contains a strong
acid (1N HCL).

15.Reagents for Rheumatoid Factor assay
 RF-microplate: - A 96-well, Divisible microplate

consisting of 12 modules of 8 wells each, coated Fc
fragments of highly purified IgG. Ready to use.
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 RF-calibrators:- 5 vials, (1.5 ml) each combined
Calibrators with IgG, IgM and IgA class rheumatoid
factor antibodies (A-E) in a serum/buffer matrix (PBS,
BSA, NaN3 <0,1% (w/w)) containing: 0; 15; 50; 150;
500 U/ml. Ready to use.

 RF- Controls: 2 vials (1.5) ml each RF Controls in a
serum/buffer matrix (PBS, BSA, NaN3 <0,1% (w/w))
positive (1) and negative (2), for the respective
concentrations. Ready to use.

 Sample buffer: 1 vial, 20 ml Sample buffer (Tris, NaN3
<0,1% (w/w)), yellow, concentrate (5x). Dilute the
contents of each vial of the sample buffer concentrate
(5x) with distilled or deionized water to a final volume
of 100 ml prior to use. Store refrigerated: stable at 2-8
°C.

 Enzyme conjugate solution: 1 vial, 15 ml Enzyme
conjugate solution (PBS, PROCLIN 300 <0,5% (v/v)),
(light red) containing polyclonal rabbit anti- IgG,
polyclonal rabbit anti-IgM and polyclonal rabbit anti-
IgA; labelled with horseradish peroxidase. Ready to use.

 3,3´,5,5´-Tetramethyl-benzidine (TMB) substrate
solution: 1 vial, 15 ml TMB substrate solution. Ready to
use.

 Stop solution: 1 vial, 15 ml Stop solution (1 M
hydrochloric acid). Ready to use.

 Wash solution: 1 vial, 20 ml Wash solution (PBS, NaN3
<0,1% (w/w)), concentrate (50x). Dilute the contents of
each vial of the buffered wash solution concentrate
(50x) with distilled or deionized water to a final volume
of 1000 ml prior to use. Store refrigerated: stable at 2-8
°C.
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C. Experimental Animals

Female albino rats (120-150g) obtained from the
Egyptian Holding Company for Biological Products and
Vaccines were used as experimental animals. Animals were
kept under standard conditions of temperature and humidity
along the experimental period. The rats were fed on standard
pellets of concentrated diet containing all the necessary
nutritive elements. Liberal water intakes were available.
Animal procedures were performed in accordance with the
Ethics Committee of the National Research Centre and in
accordance with the recommendations for the proper care and
use of laboratory animals.

D. Induction of Arthritis with an Adjuvant

Rats were injected subcutaneously with a single dose of
0.8 ml of Complete Freund’s adjuvant (CFA) (product of BD,
USA) containing 400 µg dry Mycobacterium butyricum into
the dorsal root of the tail under ether anesthesia (Yokoro et
al., 2003). The day of adjuvant injection is referred to as day
zero.

E. Radiation Facility

Whole body γ-irradiation of rats was performed with a
Canadian gamma cell-40, (137Cs) at the National Center for
Radiation Research and Technology, Cairo, Egypt at a dose
rate of 0.46Gy min-1.

F. Experimental Set Up:
In the present experiment the patch of animals were

classified into 8 groups as follow:-
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1) Normal control (n=18), rats were daily received 1ml
distilled water via oral tube. Six Rats will be sacrificed on the
1st, 15th and 29th day post the starting time of the experiment
(time zero).

2) Lov-Se (n=12), rats were received oral
administrations of the lab prepared agents (1ml) (≈20 mg kg−1

day−1Lov and 0.1mg kg−1 day−1Se nanoparticle) starting from
the time zero of the experiment.

In this group, 6 rats were sacrificed at the 1st day to be
compared with the rats of the other groups that sacrificed on
the 1st day. The other 6 rats were sacrificed at the 15th day to be
compared with the rats of the other groups that sacrificed on
the 15th and 29th day post the time zero.

Adjuvant Free Groups
3) Irradiated (n=12), rats of this group were whole body

exposed to fractionated doses of γ-radiation (2Gy every 3 days
up to total dose of 8 Gy) and received daily 1ml distilled water
via oral tube starting at time zero of the experiment.

4) Irradiated+Lov-Se (n=12), rats of this group were
exposed to γ-radiation and received daily oral administration
of Lov-Se suspension (1 ml) starting at the experiment time
zero.

Six Rats will be sacrificed on the 1st and 15th day post
the starting time of the experiment (time zero).

Adjuvant Induced Groups
The efficacy of Lov-Se mixture was evaluated at three

time intervals; these three experimental intervals included 1st,
15th and 29th day post the experimental time zero (induction of
arthritis using CFA). The development of arthritis require
about 2 weeks after adjuvant injection (Yokoro et al., 2003).
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5) Arthritic (n=18), rats of this group were inoculated
by adjuvant inducer CFA and received 1ml distilled water
daily starting from the zero time of the experiment.

6) Arthritic Irradiated (n=18), rats of this group were
inoculated by adjuvant inducer, exposed to γ-radiation (2Gy
every 3 days up to total dose of 8 Gy) and received 1ml
distilled water orally starting at zero time of the experiment.

7) Arthritic Lov-Se (n=18), all rats of this group were
inoculated by adjuvant inducer at time zero of the experiment.
12 rats were received successive doses of Lov-Se starting at
time zero whereas, the rest of animals received the mixture
doses starting from day 15th of the experiment (after
proliferation of arthritis by the adjuvant) and continued until
28th day.

8) Arthritic Irradiation Lov-Se (n=18), all rats of this
group were inoculated by adjuvant inducer at time zero of the
experiment and exposed to γ-radiation. As in the previous
group, 12 rats were received  successive doses of Lov-Se
starting at time zero and the rest of  animals received the
mixture doses starting from day 15th of the experiment and
continued to 28th day.

Six rats from each group were sacrificed on the 1st, 15th

and 29th day post the experiment time zero.

G. Biological Sample Preparation

After an overnight fast, rats were anesthetized with ether
and then sacrificed. Blood samples from each rat were
collected by retro-orbital puncture using blood capillary tubes.
Blood sample was divided into 2 parts; first part was collected
on diNa-EDTA and the other parts were left to coagulate to
obtain serum. Heart was directly separated after sacrificing,
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washed in ice-cold saline then the heart samples were
homogenized in doubly distilled water (10% W/V) then the
cell debris was removed by centrifugation at 3000 rpm for 10
min. In the homogenates supernatant; TBARS, Protein
carbonyl content, NO, XOR, SOD, CAT, GSH-Px, GSH and
total protein were determined. In the blood, Se was
determined. Finally, in the serum; TNF-α, CRP and RF were
determined.

II. Methods
A. Treatment Preparation:

1-Lovastatin
Fungal culture of Monascus purpureus was maintained

routinely in a PDA medium and subcultured every 30 days
interval (Rajasekaran et al., 2009).

Seed culture was prepared by transferring a loopful of
spore from PDA agar plate into 250 ml Erlenmeyer flask
containing 100 ml basal medium (100 g, dextrose; 10 g,
peptone; 2 g, KNO3; 2 g, NH4H2PO4; 0.5 g, MgSO4.7H2O and
0.1 g, CaCl2 dissolved in 1000 ml distilled water, pH 6.6). The
culture was incubated at 30oC for 48 h at 110 rpm
(Rajasekaran et al., 2009).

Monascus Fermented Rice Preparation: One kilogram
of rice was soaked in distilled water (1L) at room temperature
for 2 h and excess water was removed after soaking. Fifty
gram of soaked rice with 0.5 gram of wheat bran was added to
250 ml Erlenmeyer flask. The moisture content was adjusted
to 66%  by adding the nutritional liquid broth (40 g, glucose; 4
g, sodium glutamate; 3 g, pepton; 3 g, NH4NO3 and 5 g,
NaH2PO4; dissolved in 1000 ml distilled water, pH 6.6) and
autoclaved for 20 min at 121°C. After cooling, the mixture was



Materials and Methods

44

inoculated with 5ml seed culture spore solution (4-6x105

spores/ml) of Monascus purpureus then incubated at 30°C for
16 days. The fermented rice was then dried at 50°C to a
constant weight and used for further study (Chen and Hu,
2005).

The dried fermented rice was crushed to powder and
used for extraction. One gram of powder was suspended in 5
ml ethyl acetate at pH=3.5 and kept in a shaker incubator at
180 rpm and 70 °C for 1.5 h. The mixtures were centrifuged at
5000 rpm for 8 min, supernatant was collected. The
supernatant (extract) absorbance was read at 238 nm using
UV-Visible Spectrophotometer (Rajasekaran et al., 2009 and
Panda et al., 2010).

The extract was concentrated by vacuum distillation at
temperature range from 40°C-60°C. The concentrate was then
cooled to a temperature (8°C), and left to stand a few hours so
that the lovastatin crystallized. The obtained crude product was
recrystallized and the yield was 0.7mg lovastatin/g dried
fermented rice. Verification of lovastatin structure was carried
out by:

1- High performance liquid chromatography (HPLC)
analysis (Agilat 1100 Compuliriezal, Colum C18 Reversed
Phase Hypersil).

2- Fourier Transform Spectroscopic Infrared (FT-IR)
technique (JASCO FT-IR 6300).

3- Ultraviolet spectra (JASCO V-560).
4- NMR-spectra (Bruker, AVANCE 300).
5- Elemental analysis (C, H, O) was performed by Perkin-

Elemer 2400 Analyzer at Micro Analytical Center-Cairo
University and melting point.
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2-Selenium Nanoparticle
Production of GSH by Saccharomyces cerevisiae:

Saccharomyces cerevisiae was maintained on GYP slant
agar at 4°C and subcultured every 30 days. All chemicals and
solvents used were of analytical grade (Xiong et al., 2009).

Yeast cells were obtained from high-cell-density batch
cultivation in GYP medium, by centrifuging the cultivation
broth at 4000 r/min for 10 min. After the cells were washed
with distilled water, GSH was extracted from wet yeast cells
using ethanol: water concentration, 25% (v/v) extraction
solvent, with 1 h of extraction time at room temperature. The
solid to liquid ratio (w/v) was kept at 30% wet cell weight per
extraction solvent. The supernatant was used for the
determination of GSH after centrifugation at 4000 r/min for 10
min (Xiong et al., 2009)

Wet cell weight (WCW, g/l) was measured by
centrifuging the culture broth at 4000 r/min for 10 min and
washing twice with distilled water. The concentration of GSH
was obtained by the Ellman method (Ellman, 1959). The
amount of disruption of the yeast cells was estimated by
microscopic examination. The protein concentration was
determined by the method of Lowry (Lowry et al., 1951). All
of the assays were performed in triplicate (Xiong et al., 2009).
Preparation of Selenium Nanoparticle:

Selenious acid (0.04 mM) under stirring was mixed
with GSH as product from Saccharomyces cerevisiae (0.2
mM) and 200 mg bovine albumin solution in 100 ml deionized
water. The pH of the mixture was adjusted to 7.2 with 1.0 M
sodium hydroxide to initiate the reaction. The reaction lasted
one hour under sonication condition, during which the red
elemental Se and oxidized glutathione (GSSG) formed. The
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red solution was dialyzed against doubly distilled water for 96
h with the water changing every 24 h to separate GSSG from
Nano-Se. Then solution contains 30µg/ml of selenium
nanoparticles (30 ppm) was obtained and characterized by:

1-Dynamic Light Scattering (DLS) technique (zeta
potential /particle size, NICOMP 380 ZLS).

2-Transmission Electron Microscope (TEM) (JEOL
Electron Microscope, JEM-100CX) (Huang et al.,
2003).

B. Biochemical Measurements
I. Oxidative Parameters:-

1-Determination of Thiobarbituric Acid Reactive
Substances (TBARS): -

Principle:-
The concentration of TBARS was determined according

to the method of Yoshioka et al., (1979). The method is based
on the determination of malondialdehyde an end product of
lipid peroxidation, which can react with thiobarbituric acid to
yield a pink colored complex exhibiting a maximum
absorption at 532nm.
Procedure:-
1. In 10ml centrifuge tube, 0.5ml of sample was shaken with

2.5ml of TCA.
2. After centrifugation at 3000 rpm for 10 minutes 2ml of the

supernatant were transferred to another dry test tube and
1ml of TBA was added.

3. The mixture was shaken and warmed for 30 minutes in a
boiling water bath followed by rapid cooling.
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4. In parallel, standard and blank were prepared by adding
1.9ml of TCA, 1ml of TBA and 0.1ml of standard solution
in case of standard and 2ml of TCA to 1ml of TBA in case
of blank.

5. To all tubes, 4ml of n-butyl alcohol were added, and after
shaking, the tubes were centrifuged at 3000 rpm for 10
minutes.

6. 2ml of the n-butanol layer were transferred to the cuvette
and the optical density (OD) measured at 532nm.

Calculation:-

MDA nmole/ g wet tissue =
O.D of the sample

 Conc. of standard 
Dilution factor (D.F)O.D of the standard

2-Determination of Protein Oxidation (Carbonyl Group):-
Principle:

The protein carbonyl content was estimated by the method
of Julie et al., (1999). The spectrophotometric carbonyl assay
is based on the reaction of 2-4-dinitrophenylhydrazine
(DNPH) with carbonyl groups (ketones and aldehydes) to
produce 2-4-dinitrophenylhydrazone. The amount of
hydrazone formed is quantitated spectrophotometrically.
Procedure:
1.0.5ml of 10 mM DNPH (dissolved in 2M HCL) was added

to 0.5ml of the sample containing a known amount of tissue
protein.

2.Sample and blanks were prepared using 0.5ml of HCL
without addition of DNPH.
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3.After addition of DNPH solution (or 2M HCL to the blanks),
the tubes were vortexed every 10 min for a period of one
hour.

4.0.5ml of 30% TCA was then added to each tube.
5.The tubes were vortexed then, Placed in an ice-bath for 10

min and then spun in micro-centrifuge for 15 min at 11,000
r.p.m

6.After centrifugation, the supernatant was decanted and 1 ml
ethanol: ethyl acetate solution was added to each tube.

7.Following mechanical disruption of the pellet by vortexing,
the tubes were allowed to stand for 10 min and then spun
again 15 min at 11,000 r.p.m.

8.The supernatant was decanted and the pellet washed with
ethanol: ethyl acetate two more times.

9.After the final wash, the protein was solubilized in 1 ml of
6M guanidine hydrochloride.

10.To speed up the solubilization process, the samples were
incubated at 37 ̊C for 30-60 min.

11.The final solution was centrifuged to remove any insoluble
materials.

12.The protein carbonyl content was measured spectrophoto-
metrically at 380nm.

Calculation:
The carbonyl content was calculated from absorbance

and an absorption coefficient, E= 22.000 M-1cm-1.

Protein Carbonyl (μ mole/mg protein)=
Absorption

 D.F
E  mg protein in sample
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3-Determination of Nitric Oxide: -
Nitric oxide (NO) concentration was determined following

the procedure described by Miranda et al., (2001).
Principle:

Determination of NO is based on measurement of total
nitrite levels which is the only stable end product of the
autoxidation of NO in aqueous solution which provides a
reliable and quantitative estimate of NO output in vivo.
Vanadium (III) in dilute acid solution effects the quantitative
reduction of nitrate to nitrite and/or NO, both of which are
captured by Griess reagents. The Griess reaction entails
formation of a chromophore from the diazotization of
sulfanilamide by acidic nitrite followed by coupling with
bicyclic amines such as N-1-(napthyl)-ethylenediamine, as
following:

Which results in a measurable pink metabolite measured
at 540 nm.
Procedure:
1. Deproteinization of samples: 100 µl of sample was mixed

with 100 µl of Zinc sulfate and incubated for 10 min.
2. After incubation the samples were centrifuged (10, 000

rpm, 10 min at 4°C) and the supernatant was used for
determination of nitrite.
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3. Reduction of nitrate to nitrite: 100 µl of deproteinized
samples supernatant mixed with 100 µl of VCl3.

4. Total nitrite measurement: reduced samples were rapidly
followed by addition of the Griess reagents, Sulfanilamide
(50 µl) and NEDD (50 µl).

5. Following 10 min incubation, absorbance was measured at
540 nm using a microplate reader system.

Calculation:

NO concentrations
(m mole/ g wet tissues) =

O.D of the Sample
 Conc. of standard D.F

O.D of the Standard

4-Determination of Selenium Content:-
Principle:

The method used in the estimation, is based on the fact
that atoms of an element in the ground or unexcited state well
adsorb light of the same wavelength that they emit in the
excited state. The wavelength of that light or the resonance
lines is characteristic for each element. No two elements have
identical resonance lines.

Atomic absorption spectrophotometry involves the
measurement of the light absorbed by atoms in the ground
state. Most elements have resonance lines but usually one line
is considerably stronger than the others. The wavelength of
this line is generally the one selected for measurement.
Occasionally 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).
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Procedure:-
1.Blood samples were digested in concentrated pure NO and

H2O2 in 4:2 ratios (IAEA, 1980).
2.Sample digestion is carried out with acids at elevated

temperature and pressures by using microwave sample
preparation lab station, MLS-1200 MEGA.

3.Samples then converted to soluble matter in deionized water
to appropriate concentration level.

4.The selected element was then estimated quantitatively by
using SOLAR system unicam 939 Atomic absorption
spectrophotometry with a deuterium background corrections,
fitted with GFTV accessory, a SOLAR GF 90, Grafite
Furnce and SOLAR FS 90 plus. Furnce autosampler and
supplied with vapour system (Hydride Kit) unit for the
estimation of volatile metals such as selenium. The system
was controlled by SOLAR data station running the SOLAR
advanced and QC software packages. Hallow cathode lamps
were used to determine the following element selenium. All
solutions were prepared with ultrapure water within a
specific resistivity of 18 MΩcm-1, obtained from (ELGA
Ultra Pure Water Station). Deionizer feed water, using
reverse osmosis unit and mixed bed ion exchange, thus
removing most of the dissolved salts. Solution was prepared
immediately before use (Kingston and Jassie, 1988).

Calculation:
The element concentration in the original sample could

be determined from the following equation:

Se concentrations (µg/ml) =
A (sample)

 Conc. of standard D.F
A (standard)
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II. Antioxidant Parameters:-
1- Determination of Xanthine Oxidoreductase Activity: -
Principle:-

Xanthine oxidoreductase system, including xanthine
dehydrogenase (XDH) and xanthine oxidase (XO) activities.
XDH and XO activities were assayed by measurement of uric
acid formation at 293 nm in the presence or absence of NAD+

at 37°C, as described by (Kamiński and Jezewska, 1979)
with minor modifications.
Procedure:
1. In case of XDH, the reaction mixture contained: 100 µL

NAD+, 600 µL Tris buffer (pH 8.0), 25 µL LDH, 75 µL
sodium pyruvate and 100 µL sample. Blank tube contain all
the contents except that, sample was replaced by distilled
water.

2. In case of XO, the reaction mixture contained: 700 µL Tris
buffer (pH 8.0) and 100 µL sample. Blank tube contain all
the contents except that, sample was replaced by distilled
water.

3. Reaction started by the addition of xanthine and the
reaction was allowed to proceed at 37°C for 30 minute.

4. Reaction terminated by the addition of 0.5 ml HCl (0.58
M).

5. Levels of uric acid produced from XDH and XO were
determined spectrophotometrically at 293 nm

Calculations:
XDH and XO activities were expressed as [nmole uric acid

formed/mg protein/min] using a molar extinction coefficient of
7.59 cm-1mM-1 for uric acid.
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Units/ml enzyme =
(∆A293nm/min Sample - ∆A293nm/min Blank) 3D.F

7.59  0.1

Where:
3 = total volume (in milliliters) of assay
7.59 = millimolar extinction coefficient of uric acid at 293nm
0.1 = volume (in milliliter) of enzyme used

Units/mg protein =
Units/ml enzyme

mg protein/ml enzyme

2-Determination of Superoxide Dismutase Activity: -
Principle:

The Superoxide Dismutase (SOD) activity was assayed
according to the procedure described by Kakkar et al. (1984).

In the assay, superoxide ions (O2
•¯), generated by

phenazine methosulfate converts Nitroblue tetrazolium (NBT)
to NBT-diformazan, which absorbs light at 560 nm. SOD
reduces the O2

•¯ concentration and thereby lowers the rate of
NBT-diformazan formation. The extent of reduction in the
appearance of NBT-diformazan is a measure of SOD activity
present in an experimental sample.
Procedure:
1. In a dry test tube, 1.2 ml Phosphate buffer, 0.1ml Phenazine

methosulfate, 0.3 ml NBT and 0.1 ml Sample.
2. A control was also prepared by following the same steps as

for the tests at the exception that 0.1ml of distilled water
was added instead of 0.1ml sample.

3. Reaction was started by the addition of NADH.
4. After incubation at 30°C for 90 sec, the reaction was

stopped by the addition of 1 ml of glacial acetic acid.



Materials and Methods

54

5. Reaction mixture was stirred vigorously and shaken with 4
ml butanol.

6. The mixture was allowed to stand for 10 min centrifuged
and butanol layer was extracted out.

7. Color intensity of the chromogen developed in the butanol
was measured at 560 nm against butanol as blank.

Calculation:
SOD activity was defined as the mount of enzyme required

to give 50% inhibition of NBT reduction and expressed as
Units/min/mg protein.

% inhibition =
(∆A560nm/min) control – (∆A560nm/min) Test

100
(∆A560nm/min) control

Units/ml enzyme =
% Inhibition  D.F

(50%) 0.1

Where:
0.1 = Volume (in milliliter) of enzyme used
50% = Inhibition of the rate of NBT reduction as per the unit definition

Units/mg protein =
Units/ml enzyme

mg protein/ml enzyme

3-Determination of Catalase Activity: -
Principle: -

The catalase (CAT) activity was determined following
the procedure described by Bergmeyer et al., (1987) where
the disappearance of peroxide is followed
spectrophotometrically at 240nm. The method is based on the
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catalytic function of the enzyme where CAT catalyzes the
following reaction:

2 H2O2 2 H2O  O2

The results are expressed as unit, and one unit is equal to
one micromole of hydrogen peroxide (H2O2) decomposed per
minute under specified conditions at 25C.
Procedure:
1. Into the cuvette 1ml of the substrate (H2O2) was pipetted.
2. The enzymatic reaction was initiated by the addition of 2ml

of the CAT containing sample.
3. The incubation system was contained in a final volume of

3ml.
4. Readings were taken at 30 seconds intervals for 180

seconds and the decrease in absorbency at 240nm/minute
was determined against reagent blank.

Calculation:

CAT activity (U/g protein) =
A/min  1000  D.F  3

43.6*  2

Where: -

A = the decrease in absorbancy at 240 nm/minute.
43.6* = molar absorbance index for H2O2 at 240nm in 0.1cm cuvette.
3 = the total volume in the cuvette
2 = the volume of the sample.

4-Determination of Glutathione Peroxidase Activity: -
Principle: -

Glutathione peroxidase (GSH-Px) activity was assayed
according to the method of Gross et al., (1967). The method
relies on the following reaction:-
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2 GSH   + H2O2 GSH-Px       GSSG + 2H2O
The residual Glutathione (GSH) concentration was

calculated and the amount of GSH consumed per unit time is a
measure of the catalytic activity of GSH-Px.
Procedure:-
1. For test, 0.5ml of sample, 0.5ml of GSH, 0.5ml of sodium

azide, 0.5ml of disodium EDTA and 3ml of distilled water
were incubated at 37C for 10 min.

2. For standard, sample and substrate were replaced by 0.5ml
working standard solution and 0.5ml distilled water,
respectively. For blank, 0.5ml of water replaced the 0.5ml
of sample.

3. The reaction was initiated by the addition of 1ml of H2O2.
4. 3ml of precipitation solution was added to stop reaction

after 10 min.
5. All tubes were centrifuged, filtrated and 2ml of filtrate from

each one was transferred to another tube.
6. 8ml of disodium phosphate solution and 1ml of DTNB

were added to filtrate.
7. The optical density (O.D) was detected at 412nm within 4

min against distilled water.
Calculation: -

Consumed GSH / min =

O.D. Blank - O.D. Test
Conc. of standard  D.F 

1

O.D Standard Incubation time

Units/mg protein =
Consumed GSH / min

mg protein/ml enzyme
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5-Determination of Reduced Glutathione (GSH):-
Principle:

DTNB is a disulfide chromogen which is readily reduced
by SH groups to an intensely yellow color. The absorbance of
the reduced chromogen is measured at 412 nm. This is directly
proportional to GSH concentration in the sample. GSH was
determined by the method of Ellman, (1959).
Procedure:
1. For test, 0.2 ml of sample was mixed with 1.8ml of EDTA

solution and 3ml of precipitation reagent.
2. This mixture was allowed 5 min before centrifugation.
3. To 2ml of filtrate, 4ml of phosphate solution and 1ml of

DTNB reagent were added and read at 412 nm.
4. For blank, 0.2 ml of sample was replaced by distilled

water.
5. For standard, 0.2ml of sample was replaced by standard

GSH solution.
Calculation:-
mg GSH /g wet tissue =

O.D. Test
Conc. of standard  D.F

O.D Standard

6-Determination of Total Protein Content: -
Principle: -

This parameter was determined to evaluate antioxidant
activities relative to protein. The protein content was
determined according to the Folin-Lowry method (Lowry et
al., 1951). The method is based on the reaction of protein with
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the Folin-Ciocalteau reagent to give a colored complex. The
color so formed is due to the reaction of alkaline copper with
the protein and the reduction of phosphomolybdate by tyrosine
and tryptophan present in the protein.
Procedure: -
1. 0.5ml of the sample was mixed with 0.5ml of alkaline

copper solution in a dry test tube.
2. Standard and blank were prepared replacing the sample by

standard solution and distilled water, respectively.
3. All the tubes were mixed thoroughly and allowed to stand

for 10 min at room temperature in the dark.
4. 2 ml Folin-Ciocalteau reagent were rapidly added with

immediate mixing.

5. After incubation for 10 minutes at 50C, the tubes were
cooled and the optical density (O.D) recorded at 720nm.

Calculation: -

mg protein/g wet tissue =
O.D. sample

 Conc. of standard × D.F
O.D. standard

III. Inflammatory Markers:-
1-Determination of Tumor Necrosis Factor-Alpha: -
Principle:-

Tumor Necrosis Factor-Alpha (TNF-α) levels were
measured by enzyme-linked immunosorbent assay (ELISA) kit
(ASSAYPRO, USA) following the manufacturer’s instructions
(Stamm et al., 2001). The assay of TNF-α ELISA kit is
designed for detection of TNF-α in plasma, serum or cell
culture supernatants. This assay employs a quantitative
sandwich enzyme immunoassay technique that measures TNF-
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α in less than 5 hours. A monoclonal antibody specific for
TNF-α has been precoated onto a microplate. TNF-α in
standards and samples is sandwiched by the immobilized
antibody and a biotinylated polyclonal antibody specific for
TNF-α, which is recognized by a streptavidin-peroxidase
conjugate. All unbound material is then washed away and a
peroxidase enzyme substrate is added. The color development
is stopped and the intensity of the color is measured.
Procedure:-
1. All reagents, working standards and samples were prepared

as instructed. All reagents were brought to room
temperature before use. The assay was performed at room
temperature (20-30C).

2. 50 μl of Standard or sample were added to wells. Wells was
covered and incubated for two hours. The timer started after
the last sample addition.

3. 200 μl of wash buffer was used to wash for five times with
plate inverting to decant the contents. The plate was
slapped 4-5 times on absorbent paper towel to complete
remove liquid at each step.

4. 50 μl of Biotinylated TNF-α Antibody was added to each
well and incubated for two hours.

5. 200 μl of wash buffer was used to wash five times as above.
6. 50 μl of SP Conjugate was added to wells and incubated for

30 minutes. Then turn on the microplate reader and set up
the program in advance.

7. 200 μl of wash buffer was used to wash five times as above.
8. 50 μl of Chromogen substrate was added to wells and

incubated for approximately 12 minutes or till the optimal
blue color density develops. The plate was gently taped to
ensure thorough mixing and the bubbles were broken in the
well with pipette tip.



Materials and Methods

60

9. 50 μl of stop solution was added to each well. The color
was changed from blue to yellow.

10.The absorbance was red on a microplate reader at a
wavelength of 450 nm immediately. Some unstable black
particles may be generated at high concentration points
after stopping the reaction for about 10 minutes, which
would reduce the readings.

Calculation: -

TNF-α (Pg /ml serum)=
O.D. of sample

 Conc. of standard × D.F
O.D. of standard

2-Determination of C-reactive protein: -
Principle:-

C-reactive protein (CRP) levels were measured by
ELISA kit (Monobind Inc. Lake Forest, USA) following the
manufacturer’s instructions (Kimberly et al., 2003). In this
procedure, the immobilization take place during the assay at
the surface of a microplate well through the interaction of
sterptavidin coated on the well and exogenously added
biotinylated monoclonal anti-CRP antibody.

Upon mixing monoclonal biotinylated antibody, the
enzyme labeled antibody and serum containing the native
antigen, reaction results between the native antigen and the
antibodies, without competition or steric hindrance, to form a
soluble sandwich complex.

Simultaneously, the complex is deposited to the well
through the high affinity reaction of sterptavidin and
biotinylated antibody. After equilibrium is attained, the
antibody-bound fraction is separated from unbound antigen by
decantation or aspiration. The enzyme activity in the antibody-
bound fraction is directly proportional to the native antigen
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concentration. By utilizing several different serum references
of known antigen values, as dose response curve can be
generated from which the antigen concentration of an
unknown can be ascertained.
Procedure:-
1. 10µl of each sample was dispensing into 2 ml of serum

diluents. Then covered, mixed thoroughly by inversion and
Stored at 2-8◦C.

2. The microplates wells was Formated for each serum
references, control and sample.

3. 25µl of the appropriate serum references, control and
sample was pipette.

4. 100µl of the CRP enzyme reagent was added to each well.
5. The microplate was swirled gently for 20-30 seconds to

mix and cover.
6. The microplate was incubated for 15 minutes at room

temperature.
7. The contents was Discarded from the microplate by

decantation. The plate was taped and blotted by dry
absorbent paper.

8. 300µl of wash buffer was added then decanted. The process
was repeated twice for a total of three washes.

9. 100µl of working substrate solution was added to all wells
and Incubated at room temperature for 15 minutes.

10. 50 µl of stop solution was added to each well and mixed
gently for 15-20 seconds.

11. The absorbance in each well was red at 450nm. The results
were read within 30 minutes after adding the stop solution.

Calculation: -

µg CRP/ml serum =
O.D. Sample

 Conc. of standard × D.F
O.D. Standard
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3-Determination of Rheumatoid Factor: -
Principle:-

Rheumatoid Factor (RF) levels were measured by
ELISA kit (ORGENTEC Diagnostika GmbH, Germany)
following the manufacturer’s instructions (Swedler et al.,
1997).

The fragment crystallizable region (Fc region) is the tail
region of of highly purified Immunoglobulin G (IgG) is bound
to microwells. Antibodies against this antigen, if present in
diluted serum or plasma, bind to the respective antigens.
Washing of the microwells removes unspecific serum and
plasma components. Horseradish peroxidase (HRP) conjugated
anti- IgG, anti- IgM and anti- IgA immunologically detects the
bound antibodies forming a conjugate/antibody/antigen
complex. Washing of the microwells removes unbound
conjugate. An enzyme substrate in the presence of bound
conjugate hydrolyzes to form a blue color. The addition of an
acid stops the reaction forming a yellow end-product. The
intensity of this yellow color is measured photometrically at
450 nm. The amount of colour is directly proportional to the
concentration of IgG, IgM and IgA antibodies present in the
original sample.
Procedure:-
1. All samples were diluted 1:100 with sample buffer before

assay. Therefore combine 10 μl of sample with 990 μl of
sample buffer in a polystyrene tube. Mix well.

2. A sufficient number of microplate modules were prepared
to accommodate controls and prediluted samples.

3. 100 μl of calibrators, controls and prediluted samples were
pipet in duplicate into the wells.

4. Then incubated for 30 minutes at room temperature (20-28
°C).
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5. The contents of the microwells were discarded and washed
3 times with 300 μl of wash solution.

6. 100 μl of enzyme conjugate was dispensing into each well.
7. Then incubated for 15 minutes at room temperature.
8. The contents of the microwells were discarded and washed

3 times with 300 μl of wash solution.
9. 100 μl of TMB substrate solution was dispensing into each

well then incubated for 15 minutes at room temperature.
10.100 μl of stop solution was added to each well of the

modules and incubated for 5 minutes at room temperature.
11.The optical density (O.D) was red at 450 nm and the results

were calculated. The developed colour is stable for at least
30 minutes. Optical densities were red during this time.

Calculation: -

U RF/ml serum =
O.D. of sample

 Conc. of standard × D.F
O.D. of standard

Statistical Analysis

The SPSS/PC computer program was used for statistical
analysis of the results. Data were analyzed using one-way
analysis of variance (ANOVA) followed by post hoc test for
multiple comparisons.

The data were expressed as mean ± standard error.
Differences were considered significant at (P ≤ 0.05).
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Results

I. Verification of Mixture Components:-

1. Lovastatin
Analysis of lovastatin (Figure 1) in HPLC is carried out;

these analytical procedures confirm the production of
lovastatin in the fermentation medium by the Monascus
purpureus isolates (Figure 2).

Lovastatin crystals obtained after crystallization process
was confirmed by FT-IR technique, Ultraviolet spectra, NMR-
spectra and melting point.

The UV spectrum showed maximum absorbance at
λ=238 nm. The IR spectrum (KBr) showed in Figure (3)
absorption bands at 3548 (OH), 2944, 2820 (CH-aliphatic) and
1709 (C=O) Cm-1.

1H-NMR (DMSO-d6) spectrum showed in Figure (4),
0.9 (t-3H-CH3-18), 1.1 (3s- 9H-3CH3), 1.2 (q-2H-CH2-11),
1.5 (q-2H-CH2-12), 1.8 (q-2H-CH2-17), 2.1(d-2H-CH2-14),
2.4(m-1H-CH), 2.6(d-2H-CH2-16), 3.6(m-1H-CH-15), 4.2(t-
1H-CH-13), 5.4(q-1H-CH-6), 5.5(d-1H-CH-4), 5.9(d-1H-CH-
4) and 6.2(s-1H-OH) (Figure 1).

The founded results of elemental analysis were C
(70.69%), H (9.40%) and O (19.91%). Melting point was
found at (157°C -159°C).

All the previous data of Lovastatin was found to be in
concurrence with reported spectral data (Ahmad et al., 2009
and Endo, 1979).
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Figure (1): The chemical structure of lovastatin

(a)

(b)

Figure 2: HPLC chromatogram of (a) standard lovastatin and (b) sample lovastatin.
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Figure (3): IR- spectrum of lovastatin

Figure (4): 1H-NMR- spectrum of lovastatin

2-Selenium nanoparticals
Transmission Electron Microscope (TEM) examination

of the solution containing Se nanoparticals preparation
demonstrated particles within nano range as shown in (Figure
5). Besides, application of Dynamic Light Scattering (DLS)
technique revealed that the Se particles size were distributed in
nano scale and the main particle diameter was 49.6nm±
8.7(SD) (Figure 6).
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Figure 5: TEM of selenium nanoparticle

Figure 6: DLS of selenium nanoparticle
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II. Anti-arthitic effect of the lovastatin/Selenium
mixture:-

1-Adjuvant Free Group

TBARS contents of heart in the different groups of rats
are presented in Table (1a) and illustrated by Figure (7).

In control group, heart TBARS contents are ranged
between 162.52± 9.18 and 172.46± 9.19. In lovastatin-
selenium (Lov-Se), no significant changes were recorded in
TBARS contents of heart on 1st and 15th day post-
administration of the last dose of the mixture, compared with
their corresponding control values. In irradiated group,
significant increases (P≤0.05) of 33.58% and 81.20% were
recorded in TBARS content on the 1st and 15th day post-
irradiation, respectively, compared to their corresponding
control values. In Irradiated Lov-Se, significant increases
(P≤0.05) of 24.50% and 45.95% were observed on the 1st and
15th day compared with their corresponding control values.

The experimental data revealed that Lov-Se has
significantly (P≤0.05) diminished the radiation-induced
increase of TBARS contents in heart tissue of Irradiated Lov-
Se group on 15th day, compared to their corresponding values
in irradiated rats.

Protein carbonyl contents of heart in the different
groups of rats are presented in Table (1b) and illustrated by
Figure (8).

In control group, heart protein carbonyl contents ranged
between 34.42±1.80 and 37.74±1.89. In Lov-Se group, no
significant changes were recorded in protein carbonyl contents
of heart on 1st and 15th day post-administration of the last dose
of the mixture, compared with their corresponding control
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values. In irradiated group, significant increases (P≤0.05) of
27.75% and 51.75% were recorded in protein carbonyl content
on the 1st and 15th day post-irradiation, respectively, compared
to their corresponding control values. In Irradiated Lov-Se,
no significant changes were recorded on the 1st and 15th day
compared with their corresponding control values.

The experimental data revealed that Lov-Se has
significantly (P≤0.05) diminished the radiation-induced
increase of protein carbonyl contents in heart tissue compared
to their corresponding values in irradiated rats.

NO contents of heart in the different groups of rats are
presented in Table (1c) and demonstrated by Figure (9).

In control group, heart NO contents ranged between
10.07±0.54 and 10.24±0.65. In Lov-Se group, no significant
changes were observed in NO contents of heart on 1st and 15th

day post-administration of the last dose of the mixture,
compared with their corresponding control values. In
irradiated group, no significant changes were observed in NO
contents of heart on 1st day post irradiation but significant
decrease (P≤0.05) of 23.83% were recorded in NO content on
15th day post-irradiation, respectively, compared to their
corresponding control values. In Irradiated Lov-Se, no
significant changes were recorded on the 1st and 15th day
compared with their corresponding control values.

The experimental data revealed that Lov-Se improved
the radiation-induced decrease of NO contents in heart tissue
compared to their corresponding values in irradiated rats on
15th day.

Se contents in blood of different groups of rats are
presented in Table (1d) and illustrated by Figure (10).
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In control group, Se content ranged between
0.398±0.022 and0.430±0.023. In Lov-Se group, no significant
changes were observed in Se contents on 1st and 15th day post-
administration of the last dose of the mixture, compared with
their corresponding control values. In irradiated group, no
significant change was observed in Se contents on 1st, but
significant decrease (P≤0.05) of 55.81 % was observed in Se
contents on 15th day post-irradiation, compared to their
corresponding control values. In Irradiated Lov-Se, no
significant changes were recorded on the 1st but significant
decrease (P≤0.05) of 20.23% was observed in Se contents on
15th day compared with their corresponding control values.

The results demonstrated that Lov-Se has significantly
(P≤0.05) improved the radiation-induced decrease of in Se
contents in blood compared to their corresponding values in
irradiated rats on 15th day.
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Table (1): The change in heart TBARS, protein carbonyl, NO and blood Se
contents in of different animal groups

Parameters
Animals Groups

Experimental Times Intervals
1st Day 15th Day

a) TBARS (n mole/g wt tissues)
Control 172.46± 9.19a 162.52± 9.18a

Lov-Se
%

176.28± 13.47a,d

2.22
170.52± 10.88a

4.92
Irradiated

%
230.38± 14.23b

33.58
303.54± 20.03c

81.20
Irradiated Lov-Se

%
214.72± 14.64b,d

24.50
249.50± 16.21b

45.95
LSD value =39.76

b) Protein carbonyl (P mole/ mg protein)
Control 34.42±1.80a,d 37.74±1.89a,b,e

Lov-Se
%

32.00±2.82a

7.03
34.54±3.34a,d

8.48
Irradiated

%
43.97±2.95b,e

27.75
57.27±4.30c

51.75
Irradiated Lov-Se

%
42.67±3.16b,d,e

23.97
44.10±2.87e

16.85
LSD value =8.54

c) NO (m mole/ g wt tissues)
Control 10.07± 0.54a 10.24± 0.56a

Lov-Se
%

10.51± 0.72a

4.37
9.85± 0.72a

3.81
Irradiated

%
10.24± 0.69a

1.69
7.80± 0.72b

23.83
Irradiated Lov-Se

%
9.92± 0.89a

1.49
9.78± 0.69a,b

4.49
LSD value =1.99

d) Se (µg/ml)
Control 0.398±0.022a,b 0.430±0.023a

Lov-Se
%

0.400±0.029a,b,c

0.50
0.386±0.031a,b,c

10.23
Irradiated

%
0.332±0.024b,c

16.58
0.190±0.016d

55.81
Irradiated Lov-Se

%
0.353±0.026b,c

11.31
0.343±0.026b,c

20.23
LSD value =0.0715

Each value represents the mean± S.E. (n=6).  %: Percentage of changes from control group.
Values with unlike superscript letters are significantly different (P≤0.05).
LSD: Least Significant Difference.
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Figure (7): TBARS contents in heart of different animal groups.

Figure (8): Protein carbonyl contents in heart of different animal groups.
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Figure (7): TBARS contents in heart of different animal groups.

Figure (8): Protein carbonyl contents in heart of different animal groups.
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Figure (9): NO contents in heart of different animal groups.

Figure (10): Se contents in blood of different animal groups.
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XDH activity of heart in the different groups of rats is
presented in Table (2a) and illustrated by Figure (11).

In control group, XDH activity ranged between
1.11±0.062 and 1.23±0.062. In Lov-Se group, no significant
changes were observed in XDH activity on 1st and 15th day
post-administration of the last dose of the mixture, compared
with their corresponding control values. In irradiated group,
significant decrease (P≤0.05) of 17.89% and 55.86% is
observed in XDH activity on 1st and 15th day post-irradiation,
respectively, compared to their corresponding control values.
In Irradiated Lov-Se, no significant changes were recorded on
the 1st but significant decrease (P≤0.05) of 30.63% was
observed in XDH activity on 15th day compared with their
corresponding control values.

The results demonstrated that Lov-Se has significantly
(P≤0.05) improved the radiation-induced decrease of in XDH
activity in heart tissue compared to their corresponding values
in irradiated rats on 15th day.

XO activity of heart in the different groups of rats are
presented in Table (2b) and demonstrated by Figure (12).

In control group, XO activity ranged between
0.74±0.042 and 0.77±0.039. In Lov-Se group, no significant
changes were observed in XO activity on 1st and 15th day post-
administration of the last dose of the mixture, compared with
their corresponding control values. In irradiated group, no
significant change was recorded in XO activity on 1st, but
significant increase (P≤0.05) of 64.86% was observed on 15th

day post-irradiation, respectively, compared to their
corresponding control values. In Irradiated Lov-Se, no
significant changes were recorded on the 1st but significant
increase (P≤0.05) of 25.68% was observed in XO activity on
15th day compared with their corresponding control values.
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The results demonstrated that Lov-Se has significantly
(P≤0.05) diminished the radiation-induced increase of XO
activity in heart tissue compared to their corresponding values
in irradiated rats on 15th day.

Table (2): The change in XDH and XO activities in heart of different animal
groups

Parameters
Animals Groups

Experimental Times Intervals
1st Day 15th Day

a)XDH (U/ mg protein)
Control 1.23±0.062a 1.11±0.062a,b

Lov-Se
%

1.19±0.083a,b

3.25
1.13±0.089a,b

1.80
Irradiated

%
1.01±0.096b

17.89
0.49±0.034c

55.86
Irradiated Lov-Se

%
1.02±0.098a,b

17.07
0.77±0.066d

30.63
LSD value =0.22

b) XO (U/ mg protein)
Control 0.77±0.039a,c,d,e 0.74±0.042a,c,d

Lov-Se
%

0.71±0.061c,d

7.79
0.66±0.057d

10.81
Irradiated

%
0.89±0.067a,e

15.58
1.22±0.103b

64.86
Irradiated Lov-Se

%
0.86±0.054a,c,e

11.69
0.93±0.065e

25.68
LSD value =0.186

Each value represents the mean± S.E. (n=6).  %: Percentage of changes from control group.
Values with unlike superscript letters are significantly different (P≤0.05).
LSD: Least Significant Difference
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Figure (11): XDH activity in heart of different animal groups.

Figure (12): XO activity in heart of different animal groups.
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Figure (12): XO activity in heart of different animal groups.
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SOD activity of Heart in the different groups of rats are
presented in Table (3a) and demonstrated by Figure (13).

In control group, SOD activity ranged between
1790.59±101.28 and 1824.26±103.35. In Lov-Se group, no
significant changes were obtained in SOD activity on 1st and
15th day post-administration of the last dose of the mixture,
compared with their corresponding control values. In
irradiated group, significant increases (P≤0.05) of 40.31% and
52.42% were observed in SOD activity on 1st and 15th day
post-irradiation, respectively, compared to their corresponding
control values. In Irradiated Lov-Se, significant increases
(P≤0.05) of 36.06% were observed in SOD activity on 1st day
post-irradiation, compared to their corresponding control
values.

The experimental data showed that Lov-Se has
significantly (P≤0.05) improved the radiation-induced increase
of SOD activity in heart tissue compared to their
corresponding values in irradiated rats.

CAT activity of heart in the different groups of rats are
presented in Table (3b) and demonstrated by Figure (14).

In control group, CAT activity ranged between
2.48±0.139 and 2.59±0.143. In Lov-Se group, no significant
changes were obtained in CAT activity on 1st and 15th day
post-administration of the last dose of the mixture, compared
with their corresponding control values. In irradiated group,
significant increases (P≤0.05) of 47.88% and 80.24% were
observed in CAT activity on 1st and 15th day post-irradiation,
respectively, compared to their corresponding control values.
In Irradiated Lov-Se, no significant changes were recorded on
the 1st day but significant increase (P≤0.05) of 37.50% was
obtained in CAT activity on 15th day compared with their
corresponding control values.
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The results demonstrated that Lov-Se has significantly
(P≤0.05) improved the radiation-induced increase of CAT
activity in heart tissue compared to their corresponding values
in irradiated rats.

GSH-Px activity of heart in the different groups of rats
are presented in Table (3c) and demonstrated by Figure (15).

In control group, GSH-Px activity ranged between
0.106±0.0055 and 0.112±0.0057. In Lov-Se group, no
significant changes were obtained in GSH-Px activity on 1st

and 15th day post-administration of the last dose of the
mixture, compared with their corresponding control values. In
irradiated group, no significant change was observed in GSH-
Px activity on 1st, but significant decrease (P≤0.05) of 39.62%
was observed in GSH-Px activity on 15th day post-irradiation,
compared to their corresponding control values. In Irradiated
Lov-Se, no significant changes were recorded on the 1st day
but significant decrease (P≤0.05) of 18.87% was observed in
GSH-Px activity on 15th day compared with their
corresponding control values.

The results demonstrated that Lov-Se has significantly
(P≤0.05) increase the radiation-induced decrease of GSH-Px
activity in heart tissue compared to their corresponding values
in irradiated rats on 15th day.

GSH contents of heart in the different groups of rats are
presented in Table (3d) and demonstrated by Figure (16).

In control group, heart GSH contents are ranged
between 19.77±1.00 and 20±1.06. In Lov-Se group, no
significant changes were observed in GSH contents on 1st and
15th day post-administration of the last dose of the mixture,
compared with their corresponding control values. In
irradiated group, no significant changes were obtained in
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GSH contents on 1st day but significant decrease (P≤0.05) of
31.50% were recorded in GSH content on 15th day post-
irradiation, respectively compared to their corresponding
control values. In Irradiated Lov-Se, no significant changes
were recorded on the 1st and 15th day compared with their
corresponding control values.

The results demonstrated that Lov-Se has significantly
(P≤0.05) improved the radiation-induced decrease of GSH
contents in heart tissue compared to their corresponding values
in irradiated rats on 15th day.
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Table (3): The change in SOD, CAT and GSH-Px activities and GSH contents
in heart of different animal groups

Parameters
Animals Groups

Experimental Times Intervals
1st Day 15th Day

a) SOD (U/ mg protein)
Control 1824.26± 103.35a,e 1790.59± 101.28a,e

Lov-Se
%

2058.70± 193.10a,c,e

12.85
1612.50± 147.80a

9.95
Irradiated

%
2559.59± 172.64b,d

40.31
2729.22± 184.33d

52.42
Irradiated Lov-Se

%
2482.04± 176.44b,c,d

36.06
2210.25± 173.59b,e

23.44
LSD value =457.44

b) CAT (U/ g protein)
Control 2.59±0.143a 2.48±0.139a

Lov-Se
%

2.60±0.245a

0.39
2.67±0.176a

7.66
Irradiated

%
3.83±0.249b,d

47.88
4.47±0.280d

80.24
Irradiated Lov-Se

%
2.87±0.188a,c

10.81
3.41±0.295b,c

37.50
LSD value =0.63

c) GSH-Px  (U/ mg protein)
Control 0.112±0.0057a 0.106±0.0055a

Lov-Se
%

0.105±0.0065a,c

6.25
0.110±0.0068a

3.77
Irradiated

%
0.106±0.0072a

5.36
0.064±0.0052b

39.62
Irradiated Lov-Se

%
0.111±0.0074a

0.89
0.086±0.0069c

18.87
LSD value =0.0185

d) GSH (mg GSH/ g wt tissues)
Control 19.77± 1.00a 20.00± 1.06a

Lov-Se
%

19.53± 1.39a

1.21
19.89± 1.39a

0.55
Irradiated

%
19.84± 1.61a

0.35
13.70± 1.39b

31.50
Irradiated Lov-Se

%
19.70± 1.55a

0.35
17.72± 1.50a

11.40
LSD value =3.94

Each value represents the mean± S.E. (n=6).  %: Percentage of changes from control group.
Values with unlike superscript letters are significantly different (P≤0.05).
LSD: Least Significant Difference.
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Figure (13): SOD activity in heart of different animal groups.

Figure (14): CAT activity in heart of different animal groups.
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Figure (15): GSH-Px activity in heart of different animal groups.

Figure (16): GSH contents in heart of different animal groups.
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Figure (15): GSH-Px activity in heart of different animal groups.

Figure (16): GSH contents in heart of different animal groups.
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TNF-α level in serum of different groups of rats are
presented in Table (4a) and illustrated by Figure (17).

In control group, TNF-α level ranged between
99.00±5.47 and 101.83±5.30. In Lov-Se group, no significant
changes were observed in TNF-α level on 1st and 15th day post-
administration of the last dose of the mixture, compared with
their corresponding control values. In irradiated group, no
significant changes were observed in TNF-α level on 1st, but
significant increase (P≤0.05) of 32.32% was observed in TNF-
α level on 15th day post-irradiation, compared to their
corresponding control values. In Irradiated Lov-Se, no
significant changes were recorded on the 1st and 15th day
compared with their corresponding control values.

The results demonstrated that Lov-Se has significantly
(P≤0.05) improved the radiation-induced increase of in TNF-α
levels in serum compared to their corresponding values in
irradiated rats.

CRP levels in serum of different groups of rats are
presented in Table (4b) and illustrated by Figure (18).

In control group, CRP levels ranged between
44.34±2.35 and 44.80±2.32. In Lov-Se group, no significant
changes were observed in CRP levels on 1st and 15th day post-
administration of the last dose of the mixture, compared with
their corresponding control values. In irradiated group,
significant increases (P≤0.05) of 28.08% and 30.29% were
obtained in CRP levels on 1st and 15th day post-irradiation,
respectively, compared to their corresponding control values.
In Irradiated Lov-Se, no significant changes were recorded on
the 1st and 15th day compared with their corresponding control
values.
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The results demonstrated that Lov-Se has significantly
(P≤0.05) improved the radiation-induced increase of in CRP
levels in serum compared to their corresponding values in
irradiated rats.

RF levels in serum of different groups of rats are
presented in Table (4c) and illustrated by Figure (19).

In control group, RF levels ranged between 51.37±2.65
and 52.64±2.88. In Lov-Se group, in irradiated group and in
Irradiated Lov-Se no significant changes were observed in RF
levels on 1st and 15th day, compared with their corresponding
control values.
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Table (4): The change in TNF-α, CRP and RF level in serum of different animal
groups

Parameters
Animals Groups

Experimental Times Intervals
1st Day 15th Day

a) TNF-α  (pg/ml)
Control 101.83±5.30a,b 99.00±5.47a

Lov-Se
%

106.92±7.89a,b

4.99
107.99±7.36a,b

9.08
Irradiated

%
123.17±10.51b,c

20.95
131.00±10.15c

32.32
Irradiated Lov-Se

%
109.00±7.20a,b,c

7.04
95.04±6.04a

4.00
LSD value =22.04

b) CRP (µg/ml)
Control 44.34± 2.35a 44.80±2.32a

Lov-Se
%

41.52±2.53a

6.36
46.95±3.31a

4.80
Irradiated

%
56.79±3.41b,c

28.08
58.37±3.85b

30.29
Irradiated Lov-Se

%
49.32±3.26a,c

11.23
45.48±3.07a

1.52
LSD value =8.73

c) RF  (U/ml)
Control 52.64±2.88a 51.37±2.65a

Lov-Se
%

53.43±3.75a

1.50
49.47±3.23a

3.70
Irradiated

%
56.44±3.55a

7.22
59.62±3.95a

1.68
Irradiated Lov-Se

%
52.96±3.89a

0.61
55.18±4.21a

7.42
LSD value =10.15

Each value represents the mean± S.E. (n=6).  %: Percentage of changes from control group.
Values with unlike superscript letters are significantly different (P≤0.05).
LSD: Least Significant Difference.
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Figure (17): TNF-α level in serum of different animal groups.

Figure (18): CRP level in serum of different animal groups.
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Figure (19): RF level in serum of different animal groups.
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2-Adjuvant Induced Groups

TBARS contents of heart in the different groups of
adjuvant arthritic rats are presented in Table (5a) and
illustrated by Figure (20).

In control group, heart TBARS contents ranged
between 162.52± 9.18 and 172.46± 9.19. In Lov-Se group, as
described before in Table (1a). In arthritic group, significant
increases (P≤0.05) of 56.22%, 124.38% and 157.46% were
recorded in TBARS content on 1st, 15th and 29th day, compared
to their corresponding control values. In arthritic Lov-Se,
significant increases (P≤0.05) of 112.60% and 131.38% were
observed in TBARS content on 15th and 29th day. In arthritic
irradiated, significant increases (P≤0.05) of 100.65 %, 247.22
% and 375.41 % were observed in TBARS content on 1st, 15th

and 29th day, compared to control values. In arthritic
irradiated Lov-Se, significant increases (P≤0.05) of 83.69%,
183.89% and 246.97% were observed on the 1st, 15th and 29th

day compared with their corresponding control values.
The experimental data revealed that administration of

Lov-Se in arthritic Lov-Se and arthritic irradiated Lov-Se has
significantly (P≤0.05) diminished the adjuvant arthritic and/or
radiation-induced increase in TBARS contents of heart tissue
on 15th and 29th day, compared to their corresponding values in
arthritic and arthritic irradiated rats respectively.

Protein carbonyl contents of heart in the different
groups of adjuvant arthritic rats are presented in Table (5b)
and illustrated by Figure (21).

In control group, heart protein carbonyl contents ranged
between 34.42±1.80 and 37.74±1.89. In Lov-Se group, as
describe before in Table (1b). In arthritic group, significant
increases (P≤0.05) of 24.54% and 37.46% were recorded in
protein carbonyl content on 15th and 29th day, compared to
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their corresponding control values. In arthritic Lov-Se, no
significant changes were observed in protein carbonyl contents
of heart on 1st, 15th and 29th day, compared to their
corresponding control values. In arthritic irradiated,
significant increases (P≤0.05) of 28.04%, 37.78% and 50.34%
were observed in protein carbonyl content on 1st, 15th and 29th

day, compared to their corresponding control values. In
arthritic irradiated Lov-Se, no significant changes were
observed in protein carbonyl contents of heart on 1st, 15th and
29th day, compared to their corresponding control values.

The experimental data revealed that administration of
Lov-Se in arthritic Lov-Se and arthritic irradiated Lov-Se has
significantly (P≤0.05) diminished the adjuvant arthritic and/or
radiation-induced increase of protein carbonyl contents in
heart tissue on 15th and 29th day, compared to their
corresponding values in arthritic and arthritic irradiated rats
respectively.

NO contents of heart in the different groups of adjuvant
arthritic rats are presented in Table (5c) and illustrated by
Figure (22).

In control group, heart NO contents ranged between
10.00±0.53 and 10.24±0.65. In Lov-Se group, as describe
before in Table (1c). In arthritic group, significant increases
(P≤0.05) of 20.80% and 20.30% were recorded in NO content
on 15th and 29th day, compared to their corresponding control
values. In arthritic Lov-Se, no significant changes were
observed in NO contents of heart on 1st, 15th and 29th day,
compared to their corresponding control values. In arthritic
irradiated, significant decreases (P≤0.05) of 23.14% and
26.20% were observed in NO content on 15th and 29th day,
compared to their corresponding control values. In arthritic
irradiated Lov-Se, no significant changes were observed in
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NO contents of heart on 1st, 15th and 29th day, compared to
their corresponding control values.

The results demonstrated that administration of Lov-Se
in arthritic Lov-Se and arthritic irradiated Lov-Se rats has
significantly (P≤0.05) improved the adjuvant arthritic and/or
radiation-induced decrease of NO contents in heart tissue on
15th and 29th day, compared to their corresponding values in
arthritic and arthritic irradiated rats respectively.

Se contents of heart in the different groups of adjuvant
arthritic rats are presented in Table (5d) and illustrated by
Figure (23).

In control group, heart Se activity ranged between
0.398±0.022 and 0.430±0.023. In Lov-Se group, as describe
before in Table (1d). In arthritic group, significant decreases
(P≤0.05) of 50.00% and 46.94% were observed in Se contents
on 15th and 29th day, compared to their corresponding control
values. In arthritic Lov-Se, significant decrease (P≤0.05) of
20.93% and 21.76% was recorded in Se contents on 15th and
29th day, compared to their corresponding control values. In
arthritic irradiated, significant decreases (P≤0.05) of 35.68%,
40.69% and 37.41% were recorded in Se contents on 1st, 15th

and 29th day, compared to their corresponding control values.
In arthritic irradiated Lov-Se, significant decreases (P≤0.05)
of 28.14%, 22.32% and 23.23% were recorded in Se contents
on 1st, 15th and 29th day, compared to their corresponding
control values.

The experimental data showed that administration of
Lov-Se has significantly (P≤0.05) increase the adjuvant
arthritic and /or radiation induced decrease of Se contents in
heart tissue on 15th and 29th day and on 1st, 15th and 29th day
compared to their corresponding values in arthritic and
arthritic irradiated rats, respectively.
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Table (5): The change in heart TBARS, protein carbonyl, NO and blood Se contents in
of different animal groups

Parameters
Animals Groups

Experimental Times Intervals
1st Day 15th Day 29th Day

a) TBARS (nmole/g wt tissues)
Control 172.46±9.19a 162.52±9.18a 169±8.54a

Lov-Se
%

176.28±13.47a

2.22
170.52±10.88a

4.92
170.52±10.88a*

0.89
Arthritic

%
269.41±23.37b,f

56.22
364.66±33.08d,e,g

124.38
435.10±42.12g,i

157.46
Arthritic Lov-Se

%
207.31±13.54a,f

20.21
345.52±21.12b,e,h

112.60
391.04±34.87d,g,h,i

131.38
Arthritic Irradiated

%
346.04±21.05b,d

100.65
564.31±36.42c

247.22
803.45±65.17j

375.41
Arthritic Irradiated Lov-Se

%
316.80±24.10b,d

83.69
461.38±27.90i

183.89
586.38±43.09c

246.97
LSD value =83,69

b) Protein carbonyl (P mole/ mg protein)
Control 34.42±1.80a,c 37.74±1.89a,c,e 35.50±1.96a,c,e

Lov-Se
%

32.00±2.82c

7.03
34.54±3.34a,c

8.48
34.54±3.34a,c*

2.70
Arthritic

%
41.29±2.65a,e,f,g,h

2.42
47.00±3.35b,d,f

24.54
48.80±4.47b,d,h

37.46
Arthritic Lov-Se

%
38.50±2.45a,c,e,f

11.85
33.39±3.19c,g

11.53
34.22±2.80c,g

3.61
Arthritic Irradiated

%
44.07±3.61d,e

28.04
52.00±4.16b,d

37.78
53.37±3.79b

50.34
Arthritic Irradiated Lov-Se

%
43.19±3.76a,e,d

25.48
35.33±2.52a,c,e

6.39
34.28±3.17c,g

3.44
LSD value =8.83

c) NO (m mole/ g wt tissues)
Control 10.07± 0.54a 10.24± 0.56a 10.00±0.53a,d

Lov-Se
%

10.51± 0.72a

4.37
9.85± 0.72a,d,e

3.81
9.85± 0.72a,d,e*

1.50
Arthritic

%
9.47±0.79a,c

5.96
8.11±0.72c,d,f

20.80
7.97±0.68b,c,e,f

20.30
Arthritic Lov-Se

%
10.12±0.75a

0.5
9.67±0.65a,c

5.57
8.85±0.69a,c,f

11.50
Arthritic Irradiated

%
8.80±0.77a,c,f

12.61
7.87±0.66b,c,f

23.14
7.38±0.61f

26.20
Arthritic Irradiated Lov-Se

%
9.29±0.63a,c

7.75
9.75±0.77a,c

4.79
8.69±0.62a,c,f

13.10
LSD value =1.91
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Continue Table (5)
d) Se Concentration (µg/ml)

Control 0.398±0.022a,f 0.430±0.023a 0.409±0.022a

Lov-Se
%

0.400±0.029a,h

0.50
0.386±0.031a,b

10.23
0.386±0.031a,b*

5.75
Arthritic

%
0.384±0.029a,b,g

3.52
0.215±0.018c

50.00
0.217±0.016c

46.94
Arthritic Lov-Se

%
0.395±0.028a,f

0.75
0.340±0.022b,d,f,h

20.93
0.320±0.024d,g

21.76
Arthritic Irradiated

%
0.250±0.016c,e

35.68
0.255±0.017c,e

40.69
0.256±0.016c,e

37.41
Arthritic Irradiated Lov-Se

%
0.286±0.021d,e

28.14
0.334±0.024b,f,d,g

22.32
0.314±0.021e,d

23.23
LSD value =0.064

Each value represents the mean± S.E. (n=6).  %: Percentage of changes from control group.
Values with unlike superscript letters are significantly different (P≤0.05). LSD: Least Significant Difference.
*This data is the data from 15th day treatment that was used to compare with 29th data of other groups.

Figure (20): TBARS contents in heart of different animal groups.
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Figure (21): Protein carbonyl contents in heart of different animal groups

Figure (22): NO contents in heart of different animal groups.



Results

94

Figure (23): Se contents in heart of different animal groups.

XDH activity of heart in the different groups of
adjuvant arthritic rats are presented in Table (6a) and
illustrated by Figure (24).

In control group, heart XDH activity ranged between
1.11±0.062 and 1.23±0.062. In Lov-Se group, as describe
before in Table (2a). In arthritic group, significant decreases
(P≤0.05) of 40.65%, 51.35 and 60.00% were recorded in XDH
activity on 1st, 15th and 29th day, compared to their
corresponding control values. In arthritic Lov-Se, significant
decreases (P≤0.05) of 26.02%, 42.34% and 37.39% were
observed in XDH activity on 1st, 15th and 29th day, compared
to their corresponding control values. In arthritic irradiated,
significant decreases (P≤0.05) of 43.90%, 47.75% and 55.65%
were obtained in XDH activity on 1st, 15th and 29th day,
compared to their corresponding control values. In arthritic
irradiated Lov-Se, significant decreases (P≤0.05) of 24.39%,
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33.33% and 39.13% were recorded in XDH activity on 1st, 15th

and 29th day, compared to their corresponding control values.
The results demonstrated that administration of Lov-Se

in arthritic Lov-Se and arthritic irradiated Lov-Se has
significantly (P≤0.05) increase the adjuvant arthritic and/or
radiation-induced decrease of XDH activity in heart tissue on
15th and 29th day, compared to their corresponding values in
arthritic and arthritic irradiated rats, respectively.

XO activity of heart in the different groups of adjuvant
arthritic rats are presented in Table (6b) and illustrated by
Figure (25).

In control group, heart XO activity ranged between
0.74±0.042 and 0.79±0.041. In Lov-Se group, as describe
before in Table (2b). In arthritic group, significant increases
(P≤0.05) of 58.44%, 63.00% and 69.62% were recorded in XO
activity on 1st, 15th and 29th day, compared to their
corresponding control values. . In arthritic Lov-Se, significant
increases (P≤0.05) of 33.77%, 63.51% and 37.97% were
observed in XO activity on 1st, 15th and 29th day, compared to
their corresponding control values. In arthritic irradiated,
significant increases (P≤0.05) of 59.74%, 105.41% and
81.01% were obtained in XO activity on 1st, 15th and 29th day,
compared to their corresponding control values In arthritic
irradiated Lov-Se, significant increases (P≤0.05) of 45.95%,
and 32.91% were recorded in XO activity on 15th and 29th day,
compared to their corresponding control values.

The results demonstrated that administration of Lov-Se
in arthritic Lov-Se and arthritic irradiated Lov-Se has
significantly (P≤0.05) decrease the adjuvant arthritic and/or
radiation induced increase of XO activity in heart tissue
compared to their corresponding values in arthritic and
arthritic irradiated rats respectively.
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Table (6): The change in XDH and XO activities of heart in different animal groups.

Parameters
Animals Groups

Experimental Times Intervals
1st Day 15th Day 29th Day

a) XDH activity  (U/ mg protein)
Control 1.23±0.062a 1.11±0.062a 1.15±0.063a

Lov-Se
%

1.19±0.083a

3.25
1.13±0.089a

1.80
1.13±0.089a*

1.74
Arthritic

%
0.73±0.045b

40.65
0.54±0.038d,e

51.35
0.46±0.043e

60.00
Arthritic Lov-Se

%
0.91±0.083c,f

26.02
0.64±0.047b,d,g

42.34
0.72±0.047b

37.39
Arthritic Irradiated

%
0.69±0.056b,d

43.90
0.58±0.041b,d,e

47.75
0.51±0.048e,g

55.65
Arthritic Irradiated Lov-Se

%
0.93±0.070c

24.39
0.74±0.065b,f

33.33
0.70±0.055b,d

39.13
LSD value =0.17

b) XO activity (U/ mg protein)
Control 0.77±0.039a,b 0.74±0.042a,f 0.79±0.041a,b,i

Lov-Se
%

0.71±0.061a

7.79
0.66±0.057a

10.81
0.66±0.057a*

16.45
Arthritic

%
1.22±0.084c,e

58.44
1.37±0.130e,g

63.00
1.34±0.119e,g,h

69.62
Arthritic Lov-Se

%
1.03±0.075c,i

33.77
1.21±0.101c,e

63.51
1.09±0.098c,h

37.97
Arthritic Irradiated

%
1.23±0.111c,e

59.74
1.52±0.123g

105.41
1.43±0.115e,g

81.01
Arthritic Irradiated Lov-Se

%
0.99±0.082b,c,f

28.57
1.08±0.101c,h

45.95
1.05±0.095c

32.91
LSD value =0.259

Each value represents the mean± S.E. (n=6).  %: Percentage of changes from control group.
Values with unlike superscript letters are significantly different (P≤0.05). LSD: Least Significant Difference.
*This data is the data from 15th day treatment that was used to compare with 29th data of other groups.
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Figure (24): XDH activity in heart of different animal groups.

Figure (25): XO activity in heart of different animal groups.
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SOD activity of heart in the different groups of adjuvant
arthritic rats are presented in Table (7a) and illustrated by
Figure (26).

In control group, heart SOD activity ranged between
1790.59±101.28 and 1824.26±103.35. In Lov-Se group, as
describe before in Table (3a). In arthritic group, significant
decreases (P≤0.05) of 41.28% and 52.91% were observed in
SOD activity on 15th and 29th day, compared to their
corresponding control values. In arthritic Lov-Se, significant
decrease (P≤0.05) of 20.18% was recorded in SOD activity on
29th day, compared to their corresponding control values. In
arthritic irradiated, significant decreases (P≤0.05) of 28.75%
and 53.28% were recorded in SOD activity on 15th and 29th

day, compared to their corresponding control values. In
arthritic irradiated Lov-Se, significant decreases (P≤0.05) of
18.83% and 19.01% were recorded in SOD activity on 15th and
29th day, compared to their corresponding control values.

The experimental data showed that administration of
Lov-Se has significantly (P≤0.05) increase the adjuvant
arthritic and /or radiation induced decrease of SOD activity in
heart tissue compared to their corresponding values in arthritic
and arthritic irradiated rats, respectively.

CAT activity of heart in the different groups of adjuvant
arthritic rats are presented in Table (7b) and illustrated by
Figure (27).

In control group, heart CAT activity ranged between
2.48±0.139 and 2.70±0.144. In Lov-Se group, as describe
before in Table (3b). In arthritic group, significant decreases
(P≤0.05) of 35.52%, 45.56% and 51.48% were observed in
CAT activity on 1st, 15th and 29th day, compared to their
corresponding control values. In arthritic Lov-Se, significant
decrease (P≤0.05) of 27.04% was recorded in CAT activity on
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29th day, compared to their corresponding control values. In
arthritic irradiated, significant decreases (P≤0.05) of 31.27%,
43.15% and 52.59% were recorded in CAT activity on 1st, 15th

and 29th day, compared to their corresponding control values.
In arthritic irradiated Lov-Se, significant decreases (P≤0.05)
of 30.74% were recorded in CAT activity on 29th day,
compared to their corresponding control values.

The experimental data showed that administration of
Lov-Se has significantly (P≤0.05) increase the adjuvant
arthritic and /or radiation induced decrease of CAT activity in
heart tissue on 1st, 15th and 29th day, compared to their
corresponding values in arthritic and arthritic irradiated rats.

GSH-Px activity of heart in the different groups of
adjuvant arthritic rats are presented in Table (7c) and
illustrated by Figure (28).

In control group, heart GSH-Px activity ranged
between 0.106±0.0055 and 0.112±0.0057. In Lov-Se group, as
describe before in Table (3c). In arthritic group, significant
decreases (P≤0.05) of 42.45% and 47.27% were obtained in
GSH-Px activity on 15th and 29th day, compared to their
corresponding control values. In arthritic Lov-Se, significant
decrease (P≤0.05) of 27.27% was recorded in GSH-Px activity
on 29th day, compared to their corresponding control values. In
arthritic irradiated, significant decreases (P≤0.05) of 48.11%
and 43.64% were obtained in GSH-Px activity on 15th and 29th

day, compared to their corresponding control values. In
arthritic irradiated Lov-Se, significant decreases (P≤0.05) of
31.82% were recorded in GSH-Px activity on 29th day,
compared to their corresponding control values.

The results demonstrated that administration of Lov-Se
in arthritic Lov-Se and arthritic irradiated Lov-Se has
significantly (P≤0.05) increase the adjuvant arthritic induced
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decrease of GSH-Px activity in heart tissue, compared to their
corresponding values in arthritic rats and arthritic irradiated
rats.

GSH contents of heart in the different groups of
adjuvant arthritic rats are presented in Table (7d) and
illustrated by Figure (29).

In control group, heart GSH contents ranged between
19.77±1.00 and 20.30±1.05. In Lov-Se group, as describe
before in Table (3d). In arthritic group, significant decreases
(P≤0.05) of 42.60% and 52.96% were recorded in GSH
contents on 15th and 29th day, compared to their corresponding
control values. In arthritic Lov-Se, significant decreases
(P≤0.05) of 22.55% and 35.02% were observed in GSH
contents on 15th and 29th day, compared to their corresponding
control values. In arthritic irradiated, significant decreases
(P≤0.05) of 48.05% and 57.93% were obtained in GSH
contents on 15th and 29th day, compared to their corresponding
control values. In arthritic irradiated Lov-Se, significant
decreases (P≤0.05) of 31.45 % and 38.23% were recorded in
GSH contents on 15th and 29th day, compared to their
corresponding control values.

The results demonstrated that administration of Lov-Se
in arthritic Lov-Se and arthritic irradiated Lov-Se has
significantly (P≤0.05) increase the adjuvant arthritic and/or
radiation-induced decrease of GSH contents in heart tissue on
15th and 29th day, compared to their corresponding values in
arthritic and arthritic irradiated rats, respectively.
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Table (7): The change in SOD, CAT and GSH-Px activities and GSH contents  of heart
in different animal groups

Parameters
Animals Groups

Experimental Times Intervals
1st Day 15th Day 29th Day

a) SOD  activity (U/ mg protein)
Control 1824.26±103.35a,b,c 1790.59±101.28a,c,f 1817.00±95.31a,b,c

Lov-Se
%

2058.70±193.10c

12.85
1612.50±147.80a,b,h

9.95
1612.50±147.80a,b,h*

11.25
Arthritic

%
1548.08±93.40b,f,g

15.14
1051.42±91.54d,e

41.28
855.58±73.80e

52.91
Arthritic Lov-Se

%
1604.59±141.49a,b,g

12.04
1619.84±121.46a,b,h

9.54
1450.33±97.03g,h

20.18
Arthritic Irradiated

%
1841.09±153.95a,b,c

0.92
1275.83±93.69d,g

28.75
848.99±66.91e

53.28
Arthritic Irradiated Lov-Se

%
1927.08±144.47a,c

5.64
1453.38±106.74g,h

18.83
1471.51±105.64f,g,h

19.01
LSD value =331.79

b) CAT activity (U/ g protein)
Control 2.59±0.143a,g,h 2.48±0.139a,f,g,h 2.70±0.144h

Lov-Se
%

2.60±0.271a,g,h

0.39
2.67±0.176g,h

7.66
2.67±0.176g,h*

1.11
Arthritic

%
1.97±0.151b,e

35.52
1.35±0.113c,d

45.56
1.31±0.107d

51.48
Arthritic Lov-Se

%
2.46±0.200a,f,g,h

5.02
2.14±0.176b,f,e

13.71
1.97±0.131b,e

27.04
Arthritic Irradiated

%
1.78±0.126c,e

31.27
1.41±0.122c,d

43.15
1.28±0.114d

52.59
Arthritic Irradiated Lov-Se

%
2.25±0.209b,g

13.13
2.18±0.164a,b,e

12.10
1.87±0.133b,e

30.74
LSD value = 0.449

c) GSH-Px activity (U/ mg protein)
Control 0.112±0.0057a,b,f 0.106±0.0055a,b,f,g 0.110±0.0056a,b,f

Lov-Se
%

0.105±0.0065a,b,f,g

6.25
0.110±0.0068a,b,f

3.77
0.110±0.0068a,b,f*

0.00
Arthritic

%
0.110±0.0076a,b,f

1.79
0.061±0.0054c,e

42.45
0.058±0.0053c,e

47.27
Arthritic Lov-Se

%
0.120±0.0084b

7.14
0.094±0.0067f,h

11.32
0.080±0.0055d,h

27.27
Arthritic Irradiated

%
0.100±0.0093a,f,g

10.71
0.055±0.0045e

48.11
0.062±0.0047c,e

43.64
Arthritic Irradiated Lov-Se

%
0.119±0.0085b

8.18
0.091±0.0072d,g,h

14.15
0.075±0.0057c,d

31.82
LSD value = 0.019
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Continue Table (7)
d) GSH (mg GSH/ g wt tissues)

Control 19.77±1.00a 20±1.06a 20.30±1.05a

Lov-Se
%

19.53±1.39a

1.21
19.89±1.39a

0.55
19.89±1.39a*

2.02
Arthritic

%
18.56±1.37a,f

6.12
11.48±0.93b,c,e

42.60
9.55±0.86b,e

52.96
Arthritic Lov-Se

%
19.14±1.32a

3.19
15.49±1.33f,g

22.55
13.19±1.03c,d,g

35.02
Arthritic Irradiated

%
18.44±1.20a,f

6.73
10.39±0.89b,d,e

48.05
8.54±0.60b

57.93
Arthritic Irradiated Lov-Se

%
18.90±1.25a

4.40
13.71±0.95c,g

31.45
12.54±0.83c,e,g

38.23
LSD value =3.15

Each value represents the mean± S.E. (n=6).  %: Percentage of changes from control group.
Values with unlike superscript letters are significantly different (P≤0.05). LSD: Least Significant Difference.
*This data is the data from 15th day treatment that was used to compare with 29th data of other groups.

Figure (26): SOD activity in heart of different animal groups.
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Figure (27): CAT activity in heart of different animal groups.

Figure (28): GSH-Px activity in heart of different animal groups.
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Figure (29): GSH contents in heart of different animal groups.

TNF-α level in serum of the different groups of
adjuvant arthritic rats are presented in Table (8a) and
illustrated by Figure (30).

In control group, serum TNF-α level ranged between
99.00±5.47 and 104.00±5.26. In Lov-Se group, as describe
before in Table (4a). In arthritic group, significant increases
(P≤0.05) of 33.33 % and 26.10 % were obtained in TNF-α
level on 15th and 29th day, compared to their corresponding
control values. In arthritic Lov-Se, significant increases
(P≤0.05) of 33.79 % were observed on the 29th day compared
with their corresponding control values. In arthritic
irradiated, significant increases (P≤0.05) of 29.08 %, 27.26 %
and 59.09 % were recorded in TNF-α level on 1st, 15th and 29th

day, compared to their corresponding control values. In
arthritic irradiated Lov-Se, significant increases (P≤0.05) of
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33.17% were observed on the 29th day compared with their
corresponding control values.

The experimental data showed that administration of
Lov-Se has significantly (P≤0.05) improve the adjuvant
arthritic and /or radiation induced increase of TNF-α level in
serum on 1st, 15th and 29th day compared to their corresponding
values in arthritic and arthritic irradiated rats respectively.

CRP levels in serum of the different groups of adjuvant
arthritic rats are presented in Table (8b) and illustrated by
Figure (31).

In control group, serum CRP activity ranged between
44.34±2.35 and 45.63±2.65. In Lov-Se group, as describe
before in Table (4b). In arthritic group, significant increases
(P≤0.05) of 26.34%, 30.09% and 26.41% were observed in
CRP levels on 1st, 15th and 29th day, compared to their
corresponding control values. In arthritic Lov-Se no
significant changes were recorded on the 1st, 15th and 29th day
compared with their corresponding control values. In arthritic
irradiated, significant increases (P≤0.05) of 28.28% and
72.21% were recorded in CRP levels on 15th and 29th day,
compared to their corresponding control values. In arthritic
irradiated Lov-Se, no significant changes were recorded on the
1st, 15th and 29th day compared with their corresponding
control values.

The experimental data showed that administration of
Lov-Se has significantly (P≤0.05) improve the adjuvant
arthritic and /or radiation induced increase of CRP levels in
serum on 1st, 15th and 29th day compared to their corresponding
values in arthritic and arthritic irradiated rats, respectively.
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RF levels in serum of the different groups of adjuvant
arthritic rats are presented in Table (8c) and illustrated by
Figure (32).

In control group, serum RF activity ranged between
51.37±2.65 and 54.00±3.03. In Lov-Se group, as describe
before in Table (4c). In arthritic group, significant increases
(P≤0.05) of 40.90% and 40.13% were observed in RF levels
on 15th and 29th day, compared to their corresponding control
values. In arthritic Lov-Se no significant changes were
recorded on the 1st, 15th and 29th day compared with their
corresponding control values. In arthritic irradiated,
significant increases (P≤0.05) of 33.33% were recorded in RF
levels on 29th day, compared to their corresponding control
values. In arthritic irradiated Lov-Se, no significant changes
were recorded on the 1st, 15th and 29th day compared with their
corresponding control values.
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Table (8): The change in TNF-α, CRP and RF level of heart in different animal groups
Parameters

Animals Groups
Experimental Times Intervals

1st Day 15th Day 29th Day
a) TNF-α levels (pg/ml)

Control 101.83±5.30a,c 99.00±5.47a,c 104.00±5.26a,c,g

Lov-Se
%

106.92±7.89a,c,g

4.99
107.99±7.36a,b,c,d

9.08
107.99±7.36a,b,c*

3.84
Arthritic

%
108.00±9.28a,b,c,d

6.06
132.00±8.68d,f

33.33
131.15± 9.00b,d,f

26.10
Arthritic Lov-Se

%
101.00±7.38a,c

0.8
100.22±7.65a,c

1.23
139.15±9.19f

33.79
Arthritic Irradiated

%
131.44±11.02b,d,f

29.08
125.99±8.69b,d,f,g

27.26
165.45±14.01e

59.09
Arthritic Irradiated Lov-Se

%
117.18±7.97a,b,d,f

15.07
102.10±6.65a,c,g

3.13
138.50±10.18f

33.17
LSD value =24.10

b) CRP levels (µg/ml)
Control 44.34±2.35a,e,f 44.80±2.32a,e,f 45.63±2.65a,b,e,f

Lov-Se
%

41.52±2.53a,e

6.36
46.95±3.31a,b,e,f

4.80
46.95±3.31a,b,e,f*

2.89
Arthritic

%
56.02±4.24b,c

26.34
58.28±5.45c

30.09
57.68±3.77c

26.41
Arthritic Lov-Se

%
51.76±3.56a,b,c

16.73
42.89±3.37a,e,f

4.26
41.17±3.19e

9.77
Arthritic Irradiated

%
48.87±3.63a,b,c,e

10.22
57.47±3.96c

28.28
78.58±5.88d

72.21
Arthritic Irradiated Lov-Se

%
43.62±3.81a,e,f

1.62
42.23±3.48a,e,f

5.74
52.04±3.86c,f

14.05
LSD value =10.49

c) RF levels (U/ml)
Control 52.64±2.88a,b 51.37±2.65a,g 54.00±3.03a,b,f

Lov-Se
%

53.43±3.75a,b

1.50
49.47±3.23a

3.70
49.47±3.23a*

8.39
Arthritic

%
62.79±4.64b,c,g

19.28
72.38±5.09c,e

40.90
75.67±4.79e

40.13
Arthritic Lov-Se

%
58.73±4.95a,b,d

11.57
56.40±4.98a,b,d

9.79
58.35±5.27a,b,d

8.06
Arthritic Irradiated

%
64.82±5.28b,c,e

23.14
68.49±5.55c,d,e

33.33
66.50±4.89c,d,e,f

23.15
Arthritic Irradiated Lov-Se

%
60.26±4.87a,b,c

14.48
55.81±4.22a,b,f

8.64
60.53±5.13a,b,c

12.09
LSD value =12.71

Each value represents the mean± S.E. (n=6).  %: Percentage of changes from control group.
Values with unlike superscript letters are significantly different (P≤0.05). LSD: Least Significant Difference.
*This data is the data from 15th day treatment that was used to compare with 29th data of other groups.
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Figure (30): TNF-α level in serum of different animal groups.

Figure (31): CRP level in serum of different animal groups.
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Figure (32): RF level in serum of different animal groups.
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Discussion

Oxidative stress from ionizing radiation exposure and
other environmental and health challenges can trigger a
cascade of events, including altered immune function, cellular
transformation, chronic inflammation and tissue damage
(Attar et al., 2007). The persistent production of large
amounts of ROS may induce changes in signal transduction
and gene expression determining a chronic oxidative stress
condition. An imbalance in the pro- and anti-inflammatory
molecules due to the dysregulation of redox homeostasis
(oxidants/anti-oxidants) could play a role in the
pathophysiology of chronic inflammatory disorders as
autoimmune rheumatic diseases. Therefore, the oxidative
stress may trigger inflammatory activity and subsequently
induce a flare of the disease (Sukkar and Rossi, 2004).

The experimental data reveals that the inflammatory
promoters TNF-α, a potent cytokine that exerts diverse effects
by stimulating a variety of cells, were significantly increased
in irradiated rats as well as in arthritic and arthritic irradiated
rats as compared to control (Tables 4a and 8a). These increases
were accompanied by remarkable increases in the marker of
underlying systemic inflammation CRP (Tables 4b and 8b) as
well as the serum RF (Table 8c), but no significant changes
were observed in RF levels in irradiated rats (Table 4c).
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TNF-α might be increased due to radiation-induced
signaling events via ROS generation which cause the
activation of NF-kB and its translocation into the nucleus.
ROS directly activates NF-kB or firstly activates protein
kinase c that in turn activates NF-kB to induce TNF-α
(Wanaga et al., 1998). Besides, the recorded increases in
TNF-α could be accredited to the primary targeting of
mononuclear phagocytes (MPCs) and dendritic cells (DCs)
cells by adjuvant components, which can produce TNF-α
(Billiau and Matthys, 2001). TNF-α promotes inflammation
by stimulating fibroblasts CAMs, such as ICAM-1. These
adhesion molecules interact with their respective ligands on
the surface of leukocytes, resulting in increased transport of
leukocytes into inflammatory sites and increased secretion of
TNF-α (Choy and Panayi, 2001).

More to the point, the increases in CRP level could be
interpreted in the view of its performance as acute phase
reactant. An increases in serum CRP have been detected
during acute stages of a variety of diseases, including various
infections, and noninfectious illnesses such as rheumatic
diseases, myocardial infarction and malignancies (Maehira et
al., 2002) and also after radiation exposure (Azab et al.,
2011). Besides, the production of CRP is triggered by various
proinflammatory cytokines derived either from monocytes
and/or macrophages. The proinflammatory response results in
the increased secretion of IL-1β and TNF-α which results in
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the release of the messenger cytokine, IL-6 which in turn
stimulates the secretion of CRP. The CRP stimulates monocyte
release of inflammatory cytokines such as TNF-α and may
also directly act as a proinflammatory stimulus to phagocytic
cells (Rani et al., 2006). CRP has been suggested to play a
direct role in inducing the expression of CAMs such as
(vascular adhesion molecule-1) VCAM-1, ICAM-1 and E-
selectin and decreasing (endothelial nitric oxide synthase)
eNOS in endothelial cells. CAMs are involved in leukocyte
recruitment into endothelium. Among them, the
platelet/endothelial cell adhesion molecule-1 (PECAM-1) is
one of the endothelial junction proteins playing a distinct role
in leukocyte trans-endothelial migration (TEM), which is
associated with vascular inflammation and atherogenesis (Wei
et al., 2005).

The results obtained reveals to normal concentration of
RF except at the day 15th where a noticeable increase was
recorded in serum of arthritic and arthritic irradiated rats
(Table 8c). These increases in serum RF recorded at 15 days
could be due to the inflammatory disorders associated with
adjuvant injection and radiation exposure which are
manifested by high serum TNF-α and CRP levels (Tables 4
and 8). Serum RF is the immunological expression of an
individual's immune system reaction to the presence of an
immunoglobulin molecule that is recognized as "non-self."
This response to the "non-self" immunoglobulin results in the
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presence of immune complexes. An increase level of serum
RF is concomitant with the development of inflammation
(Pathak et al., 2010). RF production is possibly an indicator
of some important pathways of rheumatoid arthritis
(Wernhoff et al., 2003). Further, the adjuvant induction of
arthritis in rats is associated with an increase in the serum
levels of RF and CRP (Patil, et al., 2011).

It is worth mentioning that, the acute phases responses
developed after radiation exposure and adjuvant injection
manifested by increases in inflammatory molecules (TNF-α
and CRP) might partially responsible for Se depletion recorded
in serum (Tables 1d and 5d). Maehira et al., (2002) reported
that, circulating Se concentrations were significantly lower in
patients with acute injury or trauma of tissues, suggesting
changes in the body distribution of Se during the acute phase
response. In addition, Se is an essential component of GSH-
Px, an enzyme that helps protect cells against oxidation
damage and modulates the lipoxygenase pathway of
arachidonic acid metabolism (Flatt et al., 1990). Low Se
concentrations might influence the antioxidant capacity by
reducing the activity of GSH-Px. However, the results
obtained pointed out the tone adjustment of the inflammatory
markers due to Lov-Se administration (Tables 4 and 8). This
could be attributed to the mixture nano-Se constituent that
compensate to Se loss. This assignment put forward the
possible role of nano-Se in regulation of inflammatory reaction
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by suppression of inflammatory gene expression. Se inhibited
the activation of transcription factors, NF-κB, induced by
many pro-inflammatory stimuli such as lipopolysaccharide and
TNF-α, the product of inflammatory gene expression (Youn et
al., 2008). The amelioration of CRP concentration due the
administration of Se could be interpreted as indirect cascade of
inhibited transcription factor NF-kB and the subsequent down
regulation of TNF-α (Maehira et al., 2002). Further, the
synchronized existence of Lovastatin in the mixture might
participate to the ameliorative status observed among the
inflammatory indicators (Tables 4 and 8). Lovastatin has
identified as an extracellular inhibitor of lymphocyte-function-
associated antigen-1 (LFA-1). LFA-1 is constitutively
expressed in an inactive state on the surface of leukocytes. In
response to several stimuli, LFA-1 binds to ICAM-1 and
provides a potent co-stimulatory signal for activated T cells.
Lovastatin was shown to decrease LFA-1-mediated leukocyte
adhesion to ICAM-1 and T-cell co-stimulation. It bind to a
hitherto unknown site in the LFA-1 I (inserted) domain. This
site is distant from the ICAM-1-binding site and termed the
‘lovastatin site’ (L-site), which indicates that lovastatin,
inhibits LFA-1 via an allosteric mechanism. Subsequently, the
leukocyte as a producer of TNF-α was prevented from
reaching the site of inflammation (Weitz-Schmidt et al.,
2002). In addition, The CRP inducted CAMs expression and
endothelial cells mediated adhesion might partially reversed by
lovastatin (Wei et al., 2005).
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The overproduction of ROS especially O2
•¯ might be

discussed in the view of alteration induced in heart XOR in
damaged tissue. XOR is one of the major sources of ROS and
other free radical in biological systems. XOR is a complex
consisting of two inters convert-able enzymes XDH and XO.
The results obtained exhibited that, radiation produced
significant changes in the activity of the heart enzymes (XDH
and XO) comparing to control (Table 2). Also, it was observed
significant changes in XOR activity of the heart comparing to
control in arthritic and arthritic irradiated rats (Table 6). This
could be related to the recorded increase of the TNF-α in
irradiated, arthritic and arthritic irradiated rats as evident in the
present experiment (Tables 4 and 8). The inflammatory
reaction results in the expression of various cytokines in
addition to XOR is stimulated by TNF-α, that initiate the
conversion from the XDH to the XO form (Vorbach et al.,
2003). Besides, the exposure of rat to fractionated γ-radiation
induced a significant increase in XO activity paralleled with
significant decrease in XDH activity (Azab et al., 2011). XOR
system  is  shifted  towards  XO  in  case  of  cellular  and
tissue damages by radiation (Srivastava and Kale, 1999). The
high XO activity leads to overproduction of O2

•¯, where XO
depends on oxygen while XDH depends on NAD+ as electron
acceptors during their action (Hille and Nishino, 1995).

The administration of Lov-Se mixture according to the
current regimen amendment the XOR system changes induced
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in heart of irradiated, arthritic and arthritic irradiated rats
(Tables 2 and 6). Each of the mixture constituent was claimed
for its antioxidant and free radical scavenging activities. So,
Lov-Se could neutralize free radicals released in the heart
tissue and substantially preserve the XDH form plentiful in
XOR complex and arrest one of the main biological ROS
generators. The protective effect of Se resulted from
antioxidant activity including stabilization in the intracellular
defense systems and reduction in the lipid peroxidation
products by scavenging the free radicals and ROS (Al-
Othman, et al., 2011). The nano Se toxicity is 7 fold less than
proper Se activity (Zhang et al., 2001). Besides, lovastatin
might inhibit free radical generation from leukocytes and other
tissues by inhibiting the isoprenoid reaction during the
activation of NADPH oxidase (Zhou and Kummerow, 2002).
The up regulation of XDH/XO ratio in heart tissue of
irradiated rats treated with Lov-Se will reflect directly on the
other antioxidant molecules as XOR is one of the main ROS
generators in irradiated tissue (Srivastava and Kale, 1999).

A major systemic event that occurs in the rat following
the induction of inflammation is a marked alteration in the
cellular defense mechanism (Devi et al., 2007). The
experimental results displayed an excessive degree of
oxidative stress in irradiated, adjuvant arthritic and irradiated
arthritic model evident by increased lipid peroxidation (LPO)
index (TBARS), protein oxidation product protein carbonyl in
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coincidence with impaired antioxidant components (SOD,
CAT, GSH-Px activities and GSH level) and NO content
(Tables 1, 3, 5 and 7). These results stipulate the imbalance
between ROS production and antioxidant defense and identify
‘oxidative stress’ which through a series of events deregulates
the cellular function leading to various pathological
conditions.

The systemic over production of ROS and free radicals
on the account of antioxidant availability directed the cellular
redox status towards imbalance and increased oxidative stress.
A commonly measured parameter of LPO is TBARS. The
results obtained revealed that, TBARS concentration in heart
was increased significantly in irradiated, arthritic and arthritic
irradiated rats compared to control (Table 1a and 5a). LPO
could result from a cascade of events induced by ionizing
radiation in biological systems. Free radicals generated by
radiation attack the fatty acid component of membrane lipids
and produce LPO products, which cause interphase cell death
(Jagetia and Reddy, 2005). LPO has been reported to be
directly proportional to oxidative stress, where the efficacy of
various defense mechanisms is weakened. LPO not only
damages cell membranes but its products like malonaldehyde
also induce damage to the other enzyme systems and DNA as
well (Karbownik and Reiter, 2000 and Jagetia and Reddy,
2005). In adjuvant arthritis, the polymorphonuclear leukocytes
are activated, and ROS are generated in excessive amounts.
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These are reactive ephemeral molecules known to play an
important role in the progression of various diseases. During
chronic inflammation, protective mechanisms increase to the
levels which cause damage to the tissue. Increased
concentrations of ROS cause enormous LPO production,
leading to toxic damage to tissues (Sarban et al., 2005).

On the other hand, the action of ROS on proteins results
in the formation of carbonyl groups with a relatively longer
half-life with respect to LPO products. The carbonyl group
content, in heart tissues was evaluated as the most general
respected indicator for both protein oxidation and free radical
reaction intensity. The significantly high carbonyl recorded in
the present study (Tables 1b and 5b) provide evidence for both
the inefficiency of protective systems in preventing covalent
modification of proteins and the impairment of antioxidant
system (Seven et al., 2008). Proteins may be damaged
directly, by specific interactions of oxidants or free radicals
with particularly susceptible amino acids. Proteins are also
modified indirectly, with reactive carbonyl compounds formed
by the autooxidation of carbohydrates and lipids, with the
eventual formation of the advanced glycation/lipoxidation end
products (Mimić-Oka et al., 2001). The oxidation of protein
can modulate biochemical properties such as enzyme
activities, the DNA binding of transcription factors and
susceptibility to proteolytic degradation (Mahmoud and
Ismail, 2011).
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Above and beyond, NO is a multifunctional molecule
that is implicated in a wide variety of physiological and
pathological processes. The concentrations of NO, under
nonpathological conditions, are in the nanomolar and under
conditions of oxidant injury in the micromolar range. The
tissue content of NO react rapidly with O2

•¯ to form
peroxynitrite (ONOO¯), which itself cytotoxic and readily
decomposes into the highly reactive and toxic OH• and
nitrogen dioxide (NO2) (Kaynara et al., 2005). This might
compromise the decreases in NO concentration in heart tissue
of irradiated, arthritic and arthritic irradiated rats (Tables 1c
and 5c) where a lot of O2

•¯ are produced. The ONOO¯ is much
more reactive than NO or O2

•¯ which causes different
chemical reactions in biological system including nitration of
tyrosine residues of proteins, triggering of lipid peroxidation,
inactivation of aconitases, inhibition of the mitochondrial
electron transport, and oxidation of biological thiol compounds
(Kaynara et al., 2005). The concurrent decreases of heart
GSH observed in the present study (Tables 3d and 7d) might
pledge the influence of biological thiol compound due to the
formation of ONOO¯. Evidence demonstrated that, increased
XO activity reduces NO availability. XOR-derived O2

•¯ can
impair •NO signaling and concomitantly yield secondary
oxidizing species ONOO‾, further propagate tissue injury
(Aliciguzel et al., 2003 and Kuhn et al., 2004). Another
valuable explanation of observed decrease in NO
concentration could be related to the reported increase in CRP
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concentration. It was identified that, CRP induces decreases in
NO synthase expression (Fichtlscherer et al., 2004).

All cells possess a complex antioxidant system to
detoxify ROS. Antioxidant enzymes act in concert to remove
various ROS produced by free radical reactions. SOD (Cu/Zn-
SOD and Mn-SOD) scavenge the O2

•¯, converting them into
H2O2 and oxygen, whereas CAT and GSH-Px convert H2O2 to
water (Ran et al., 2004). The significant increase in SOD
activity recorded in the heart tissues of irradiated rats (Table
3a) might be due to increased expression of the enzyme as one
of the self-defense mechanism. Guo et al., (2003) stated that,
the exposure to fractionated ionizing radiation induces the
expression of endogenous SOD. The SOD system constitutes
the first line of defense against the deleterious effects of ROS
(Craven et al., 2001).

The data of the present experiment revealed that heart
CAT activity was increased in concomitant with the present of
SOD higher activity in the heart tissues of irradiated rats
(Table 3b). The CAT is an inducible enzyme, decomposes
H2O2, and is involved in the antioxidant defense mechanisms
of mammalian cells. Thus it is an index of increased H2O2

production (Meneghini, 1997). This might explain the higher
CAT activity demonstrated in the heart of irradiated rats than
in those of controls. Although it is probable that antioxidant
enzymes provide important protection from radiation
exposure, the proper balance of the enzymes, in specific cells
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and in the whole organism, required for maximum
radioprotection is far from clear. A large increase in Mn-SOD
activity in some model systems may have a radiosensitizing
effect rather than a radioprotective effect, which is probably
related to the inability of the cell to cope with overproduction
of H2O2 or ·OH (Weiss et al., 2003).

The results obtained reveal disturbances in heart
antioxidant system manifested by decreases in SOD and CAT
activities in arthritic and arthritic irradiated rats (Table 7a, b).
SOD catalyzes the dismutation of O2

•¯, a first product of
molecular oxygen reduction, into H2O2. O2

•¯ is an important
source of hydroperoxides and other reactive free radicals and
decreased SOD activity sustained the damages induced by
superoxide and other related radicals. Decreased SOD activity
indicates a degradation process in which SOD is degraded by
ROS during the detoxifying processes (Seven et al., 2008).  In
addition, low CAT activities might induce the accumulation of
H2O2 which is a potent membrane destructive agent. CAT, a
hemo protein localized in the peroxisomes or the
microperoxisomes, catalyses the decomposition of H2O2 to
H2O and O2 and protect cell from oxidative damage by H2O2

and .OH (Devi et al., 2007).

The experimental data revealed significant decrease in
heart GSH-Px activity in irradiated, arthritic and arthritic
irradiated rats (Tables 3c and 7c). GSH-Px plays an important
role in the defense mechanisms of mammals against oxidative
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damage by catalyzing the reduction of H2O2 and a large variety
of hydro peroxides into water and alcohols respectively,
consuming GSH as the hydrogen donor. GSH is the substrate
of GSH-Px and required for its catalysis. Reduced GSH, a
major intracellular non-enzymatic antioxidant participate in
the cellular system of defense against oxidative damage,
directly as a free radical scavenger or indirectly by repairing
initial damage to macro-molecules and could maintain protein
and non-protein SH group in reduced form (Azab et al., 2011).
The assessment of GSH in the present experiment
demonstrated a significant decrease in its heart level of
irradiated, arthritic and arthritic irradiated rats as compared to
control (Tables 3d and 7d). This decrease could be due to
oxidation of the sulphydryl group of GSH in response to
decreases in glutathione reductase activity which is the
enzyme transforming the oxidized glutathione (GSSG) into
reduced GSH using NADPH as a source of reducing
equivalent (Mansour, 2006). Depletion in cellular GSH might
leads to the GSH-Px inactivation. In addition to reduction of
available GSH, the reduction of GSH-Px activity may also be
caused by the process of enzyme inactivation. The enzyme
itself may be inactive under conditions of intense oxidative
stress, which contributes to low GSH-Px activity (Ramos et
al., 2000). In addition, the decrease in GSH-Px activity could
be attributed to its interaction with LPO byproducts. The
depletion of GSH is known to cause inhibition of GSH-Px
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activity and has been shown to increase LPO (Azab et al.,
2011).

As the balance between free radical production and
antioxidant defenses is lost, the resultant oxidative stress
through a series of events deregulates the cellular functions
leading to various pathological conditions. An antioxidant
compound might contribute partial or total alleviation of such
damage (Chhetri et al., 2011). Lov-Se administration to
irradiated, arthritic and arthritic irradiated rats lowered
significantly the LPO and protein oxidation in terms of
TBARS and carbonyl content, respectively, with concomitant
amelioration in the activities of the antioxidant enzymes as
well as GSH and NO contents (Tables 1, 3, 5 and 7). The
modulator action of the mixture might be attributed to the
synergistic effect of its constituents. Evidence demonstrated
that, the antioxidant effect of lovastatin result from the
lovastatin’s activating effect on GSH-Px and its stimulatory
effect on scavenging H2O2 by endothelial cells (Zhou and
Kummerow, 2002). In addition, lovastatin inhibits the
synthesis of O2

•¯ and protects intracellular SOD. It is also
known to inhibit ROS permeation into the cellular membrane
and consequently, decrease damages occur in lipid and protein.
Lovastatin reduces the stress by removing O2

•¯ and this in turn
reduces the requirement of CAT activity (Kumar et al., 2011).
Furthermore, Se is an essential element, plays an important
antioxidant role, binding active site of GSH-Px and
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thioredoxin reductase. The protective effect of Se resulted
from antioxidant activity including stabilization in the
intracellular defense systems and reduction in the lipid
peroxidation products by scavenging the free radicals and ROS
(Al-Othman, et al., 2011). Dietary Se supplementation
increases the oxidative stability of tissue by increasing the
activity of GSH-Px and also Se interferes with the oxidative
disorder by balancing the redox state and controlling the
activation of kinases and transcription factors (Savaskan et
al., 2003).  Nano-Se possesses equal efficacy in increasing the
activity of GSH-Px, thioredoxin reductase and Glutathione S-
transferase, but has much lower toxicity, suggesting that Nano-
Se can serve as a potential chemopreventive agent with
significantly reduced risk of Se toxicity (Zhang et al., 2008).

The recorded amelioration in heart GSH and NO
contents might be due to the antioxidant and free radical
scavenging activities of the mixture component which
deteriorate the opportunity of NO, O2

•¯ reaction. Lovastatin
could adjust NO concentration by increasing endothelial nitric
oxide synthase (eNOS) expression (Hong et al., 2001). NO
serves as antioxidant effectors by suppressing XO activity in
actual cellular systems (Ichimori et al., 1999).

It could be suggested that administration of Lov-Se
mixture in a suitable concentration could protect against
radiation-induced oxidative damages in heart tissues via
regulation of ROS generator in addition to direct antioxidant
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action of the mixture that protect the self antioxidant
molecules.

In the light of the results obtained, it is concluded that
the prolonged administration of Lov-Se mixture in appropriate
concentration could exert a considerable systemic anti-
inflammatory action through adjustment of red-ox tone and the
integration of XDH/XO ratio. The anti-inflammatory
properties are apparent evens the mixture administration at the
time of induction or after arthritis proliferation.
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Summary

This study was carried out to evaluate the antioxidant
and anti-inflammatory effect of Nano selenium and lovastatin
mixture against oxidative stress and the inflammation cascade
in irradiated and/or adjuvant arthritic rats.

A mixture consisted of Nano selenium (obtained by
chemical reaction) and lovastatin (derived from fungal
fermentation on rice, Monascus purpureus have been reported
as lovastatin producing fungi) were prepared at the National
Center for Radiation Research and Technology (NCRRT)
laboratories.

Analysis of lovastatin in HPLC is carried out; these
analytical procedures confirm the production of lovastatin in
the fermentation medium by the Monascus purpureus isolates.
Lovastatin crystals obtained after crystallization process was
confirmed by high performance liquid chromatography
(HPLC) analysis, Fourier Transform Spectroscopic Infrared
(FT-IR) technique, Ultraviolet spectra, NMR-spectra,
elemental analysis (C, H, O) and melting point.

Then selenium nanoparticles solution contains 30µg/ml
was obtained and characterized by DLS (Dynamic Light
Scattering) technique and transmission electron microscope
(TEM). TEM examination of the solution containing selenium
nanoparticals preparation demonstrated particles within nano
range. Besides, application of DLS technique revealed that the
selenium particles size were distributed in nano scale and the
main particle diameter was 49.6nm± 8.7(SD).
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In the present experiment the patch of animals were
classified into 8 groups as follow:-

1) Normal control (n=18), rats were daily received 1ml
distilled water via oral tube. Six Rats will be sacrificed on
the 1st, 15th and 29th day post the starting time of the
experiment (time zero).

2) Lov-Se (n=12), rats were received oral administrations of
the lab prepared agents (1ml) (≈20 mg kg−1 day−1Lov and
0.1mg kg−1 day−1Se nanoparticle) starting from the time
zero of the experiment. In this group, 6 rats were
sacrificed at the 1st day to be compared with the rats of the
other groups that sacrificed on the 1st day. The other 6 rats
were sacrificed at the 15th day to be compared with the
rats of the other groups that sacrificed on the 15th and 29th

day post the time zero.
Adjuvant Free Groups

3) Irradiated (n=12), rats of this group were whole body
exposed to fractionated doses of γ-radiation (2Gy every 3
days up to total dose of 8 Gy) and received daily 1ml
distilled water via oral tube starting at time zero of the
experiment.

4) Irradiated+Lov-Se (n=12), rats of this group were
exposed to γ-radiation and received daily oral
administration of Lov-Se suspension (1 ml) starting at the
experiment time zero.

Six rats from each group were sacrificed on the 1st and
15th day post the starting time of the experiment (time zero).

Adjuvant Induced Groups
The efficacy of Lov-Se mixture was evaluated at three

time intervals; these three experimental intervals included 1st,
15th and 29th day post the experimental time zero (induction of
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arthritis using CFA). The development of arthritis require
about 2 weeks after adjuvant injection (Yokoro et al., 2003).

5) Arthritic (n=18), rats of this group were inoculated by
adjuvant inducer CFA and received 1ml distilled water
daily starting from the zero time of the experiment.

6) Arthritic Irradiated (n=18), rats of this group were
inoculated by adjuvant inducer, exposed to γ-radiation
(2Gy every 3 days up to total dose of 8 Gy) and received
1ml distilled water orally starting at zero time of the
experiment.

7) Arthritic Lov-Se (n=18), all rats of this group were
inoculated by adjuvant inducer at time zero of the
experiment. 12 rats were received successive doses of
Lov-Se starting at time zero whereas, the rest of animals
received the mixture doses starting from day 15th of the
experiment (after proliferation of arthritis by the adjuvant)
and continued until 28th day.

8) Arthritic Irradiation Lov-Se (n=18), all rats of this group
were inoculated by adjuvant inducer at time zero of the
experiment and exposed to γ-radiation. As in the previous
group, 12 rats were received  successive doses of Lov-Se
starting at time zero and the rest of  animals received the
mixture doses starting from day 15th of the experiment and
continued to 28th day.

Six rats from each group were sacrificed on the 1st, 15th

and 29th day post the experiment time zero.

After an overnight fast, rats were anesthetized with ether
and then sacrificed. Blood samples from each rat were
collected by retro-orbital puncture using blood capillary tubes.
Blood was collected by retro-orbital puncture using blood
capillary tubes and divided into 2 parts; first part was collected
on diNa-EDTA and the other part were left to coagulate to
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obtain serum. Heart was directly separated after sacrificing,
washed in ice-cold saline then the heart samples were
homogenized in doubly distilled water (10% W/V) using
homogenizer then the cell debris was removed by
centrifugation at 3000 rpm for 10min. The homogenates
supernatant were subjected to the following biochemical
analysis. In heart (TBARS, protein carbonyl, NO, GSH levels,
SOD, CAT, GSH-Px, XO and XDH activities), in blood (Se
level) and in serum (TNF-α, CRP and RF) were determined.

The results obtained revealed the followings:
In adjuvant free groups:

1. In rats treated with Lov-Se, no significant (P≥0.05) changes
in heart TBARS, protein carbonyl, NO concentration and
blood Se level when compared to control rats along the two
experimental intervals. Exposure of rats to whole body γ-
radiation induced significant increase (P≤0.05) in heart
TBARS and protein carbonyl on the 1st and 15th day after
the zero time of the experiment compared to control rats.
Significant decrease (P≤0.05) in heart NO contents and
blood Se were noticed in irradiated rats at 15 days
compared to their corresponding values of controls rats.
The administration of Lov-Se mixture according to the
present experimental protocol induced significant
amelioration (P≤0.05) in heart TBARS, protein carbonyl (at
1 and 15 days), NO and blood Se content (at 15 days) as
compared to their corresponding values in irradiated rats.

2. In rats treated with Lov-Se, no significant changes (P≥0.05)
in heart XO and XDH activities when compared with
control rats along the two experimental intervals. The heart
XO activity was significantly increase (P≤0.05) at 15 days
accompanied with significant decreases (P≤0.05) in heart
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XDH at 1 and 15 days were observed in irradiated rats. In
the group of rats exposed to γ-radiation and received Lov-
Se, significant improvement (P≤0.05) in heart XO and
XDH activities were recorded at the second experimental
interval when compared by irradiated rats.

3. In rats treated with Lov-Se, no significant changes (P≥0.05)
in heart antioxidant parameters (SOD, CAT, GSH-Px
activities and GSH contents) when compared with control
rats along the two experimental intervals. In irradiated rats,
SOD and CAT activities were increased significantly
(P≤0.05) from control levels at 1 and 15 days of the
experimental intervals. Significant decrease (P≤0.05) in
heart GSH-Px activity and GSH contents were noticed in
irradiated rats at 15 days compared to their corresponding
values of controls rats. The administration of Lov-Se
mixture to irradiated rats ameliorate the antioxidant
enzymes (SOD, CAT at 1 and 15 days and GSH-Px at 15
days, respectively) and GSH content at 15 days when
compared to corresponding values in irradiated rats.

4. In rats treated with Lov-Se, no significant (P≥0.05) changes
in serum TNF-α, CRP and RF levels when compared to
control rats along the two experimental intervals. Exposure
of rats to whole body γ-radiation induced significant
increase (P≤0.05) in serum CRP on the 1st and 15th day and
in TNF-α level at 15 day after the zero time of the
experiment compared to control rats. No significant
changes (P≤0.05) in serum RF levels when compared to
control rats along the two experimental intervals. The
administration of Lov-Se according to the present
experimental protocol induced significant amelioration
(P≤0.05) in serum TNF-α and CRP levels as compared to
their corresponding values in irradiated rats.
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In adjuvant induced groups:
1. In rats treated with Lov-Se, no significant changes

(P≥0.05) in heart TBARS, protein carbonyl, NO
concentration and blood Se level when compared with
control rats along the experimental intervals. Heart
TBARS contents showed significant increases (P≤0.05) in
arthritic rats and arthritic irradiated rat at 1, 15 and 29 day
when compared to control values. The protein carbonyl
contents showed significant increase (P≤0.05) in arthritic
rats at 15 and 29 and in arthritic irradiated rat at 1, 15 and
29 day than controls. The experimental data showed
significant decrease (P≤0.05) in heart NO concentration of
arthritic rats and arthritic irradiated rat at 15 and 29day,
when compared with control rats. Blood Se were depleted
in arthritic rats at 15 and 29 and in arthritic irradiated rat at
1, 15 and 29 day when compared to controls. After oral
administrations of Lov-Se mixture, heart TBARS contents
were significantly increased (P≤0.05) in arthritis Lov-Se at
15 and 29 and in arthritic irradiated Lov-Se at 1, 15 and 29
than controls. The protein carbonyl contents showed
significant increases (P≤0.05) in arthritis Lov-Se rats and
arthritic irradiated Lov-Se at 15 and 29 day when
compared with control rats. In arthritic Lov-Se rats, no
significant changes (P≤0.05) were observed in heart NO
concentration as compared to control value along all
experimental intervals. But in arthritic irradiated Lov-Se
rats, significant decreases (P≤0.05) in heart NO was
observed at 15 and 29. The blood Se contents showed
significantly decreased (P≤0.05) in the arthritic Lov-Se at
15 and 29 and in arthritic irradiated Lov-Se at 1, 15 and
29. Administration of Lov-Se mixture induced significant
improvement in heart TBARS, protein carbonyl, NO
concentration and blood Se of arthritic Lov-Se and
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arthritic irradiated Lov-Se rats compared to arthritic and
arthritic irradiated rats, respectively.

2. In rats treated with Lov-Se, no significant changes
(P≥0.05) in heart XO and XDH activities were observed
when compared with control rats along experimental
intervals. The experimental data showed significant
decrease (P≤0.05) in heart XDH activity of arthritic rats
and arthritic irradiated rat at 1, 15 and 29 and at 15 and
29day, respectively when compared with control rats. In
addition, significant increased (P≤0.05) were observed in
heart XO activity in arthritic rats and arthritic irradiated rat
at 1, 15 and 29 day as compared to controls.  In arthritic
Lov-Se rats, significant decreases (P≤0.05) in heart XDH
were observed at 1, 15 and 29 of experimental intervals as
compared to control value. Significant increases (P≤0.05)
in heart XO were noticed at 1, 15 and 29. However, in
arthritic irradiated Lov-Se significant decreases (P≤0.05)
in heart XDH activity were recorded at 1, 15 and 29.
Significant increases (P≤0.05) in heart XO activity were
observed at 15 and 29 in arthritic irradiated Lov-Se rats.
Administration of Lov-Se in arthritis Lov-Se and arthritic
irradiated Lov-Se rats showed significant improvement in
heart XOR system as compared to arthritic and arthritic
irradiated rats.

3. In rats treated with Lov-Se, no significant changes
(P≥0.05) in SOD, CAT, GSH-Px activities and GSH
content in heart tissues when compared with control rats
along the experimental intervals. SOD and GSH-Px
activities were significantly decreased (P≤0.05) in the
arthritic and arthritic irradiated at 15 and 29 days of
experimental intervals as well as CAT at 1, 15 and 29 day
when compared to controls. Also, heart GSH
concentrations were significantly decreased (P≤0.05) in
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the arthritic and arthritic irradiated at 15 and 29 day. The
results obtained displayed significant amelioration in
antioxidant component in arthritic Lov-Se and arthritic
irradiated Lov-Se rats compared to arthritic and arithrtic
irradiated rats, respectively.  In arthritic Lov-Se, SOD,
CAT and GSH-Px were significantly decreased (P≤0.05)
at 29 day when compared to controls. In arthritic irradiated
Lov-Se, significantly decreased (P≤0.05) were observed in
SOD at 15 and 29 day, CAT and GSH-Px at 29 day when
compared to controls. In addition, heart GSH showed
significantly decreased (P≤0.05) in the arthritic Lov-Se
and arthritic irradiated Lov-Se at 15 and 29 day.

4. In rats treated with Lov-Se, no significant changes
(P≥0.05) in serum TNF-α, CRP and RF level when
compared with control rats along experimental intervals.
In the arthritic rats, the TNF-α was significantly increased
(P≤0.05) when compared to control as well as CRP at 1,
15 and 29 day and RF at 15 and 29 day. Also, in arthritic
irradiated rats the TNF-α were significantly increase
(P≤0.05) at 1, 15 and 29 day, CRP at 15 and 29 days and
RF at 15 day when compared to controls. In arthritic Lov-
Se, TNF-α was showed significantly increase (P≤0.05) at
29 day whereas CRP and RF were observed no significant
changes (P≥0.05) when compared to controls. Also in
arthritic irradiated Lov-Se rats, the experimental data
showed significantly increase (P≤0.05) in TNF-α at 29 day
and no significant change (P≤0.05) were observed in
serum CRP and RF when compared to controls. Lov-Se
mixture induced significant improvements (P≤0.05) in
inflammatory markers of arthritis Lov-Se and arthritis
irradiated Lov-Se rats when compared to arthritic and
arthritic irradiated rats, respectively.
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Conclusion
It could be suggested that administration of Lov-Se

mixture in a suitable concentration could protect against
radiation-induced oxidative damages in heart tissues via
regulation of ROS generator in addition to direct antioxidant
action of the mixture that protect the self antioxidant
molecules.

In the light of the results obtained in adjuvant induced
rats, it can be concluded that the prolonged administration of
Lov-Se mixture in appropriate concentration could exert a
considerable systemic anti-inflammatory action through
adjustment of red-ox tone and the integration of XDH/XO
ratio. The anti inflammatory properties are apparent evens the
mixture administration at the time of induction or after arthritic
development.
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الملخص العربي

خلیطنفذت ھذا الدراسة لتقییم قدرة مضادات االكسدة وااللتھابات في 
سلسلة االلتھابات المتتالیة في الضغط التاكسدي واللوفستاتین و النانوسیلینیوم ضد

.ومعرضة الشعة جاما اوكلتھما معاانموذج الجرذان المستحثة بالتھاب المفاصل 

و ) تم الحصول علیة بالتفاعل الكیمیائي(النانوسیلینیوم وتم تحضیر
لمونسكاس و استخدم فطر ا, المشتق من التخمیر الفطریة على األرز(اللوفستاتین 

في معامل المركز القومي لبحوث وتكنولوجیا ) اللوفستاتینبیوربیرس النتاج 
. اإلشعاع

التخمیر انتاجة من HPLCبواسطة جھاز ال اللوفستاتیناكاد تحلیل 
وتم ایضا التاكد . بیوربیرسلمونسكاس و استخدم فطر ا, الفطریة على األرز

FT)بواسطة تقنیة  - IR) ،األشعة تحت الحمراء ، أطیاف األشعة فوق البنفسجیة
.الرنین المغناطیسي النووي وأطیاف نقطة الذوبان

تم الحصول على محلول النانوسیلینیوم والتحقق منة عن طریق تقنیة 
تقنیة المجھر االلكتروني أظھرت . وتقنیة المجھر االلكترونيتشتت الضوء الحیوي

الى جانب ذلك ، كشفت تطبیق تقنیة تشتت الضوء . الجزیئات داخل النطاق نانو
أن حجم الجسیمات السیلینیوم وقد وزعت في نطاق النانو وقطر الجسیمات الحیوي

.49.6nm± 8.7(SD)الرئیسیة ھو

في الدراسة الى مجموعات خالیة من المستحث ھقسمت حیوانات التجرب
.الكاملفرویندومجموعات مستحثة بعامل 

اربع مجامیعفي المجموعات الخالیة من المستحث تم تقسیم الجرذان الى 
تم تجریع جرذان , المجموعة الضابطة) ١: كالتالي)جرذ في كل مجموعة١٢(

تم تجریع ,  اللوفستاتین و النانوسیلینیوم) ٢. ملل من الماء المقطر١ھذة المجموعة 
عملیا والمكون الوفستاتین المحضر مخلیطملل من ال١الجرذان عن طریق الفم 

) یوم/ مجم لكل كیلو جرام١.٠(و نانو السیلینیوم ) یوم/ جرام لكل كیلو جرام٢٠(
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تعرضت , المشععة)٣. یوم متتالیة بدایة من وقت الصفر الخاص بالتجربة١٤لمدة 
٨ایام  حتى جرعة كلیة مقدارھا ٣جراى  كل ٢(الجرذان كلیا الشعة جاما 

ملل من الماء المقطر بدایة ١وعة وایضا تم تجریع الجرذان في ھذة المجم) جراى
تم , اللوفستاتین و النانوسیلینیوم-المشععة) ٤. من وقت الصفر الخاص بالتجربة 

اللوفستاتین و النانوسیلینیوم خلیط تعریض الجرذان كلیا الشعة جاما و تجریعة ب
ات التجارب في الیوم تم التضحیة بحیوان. بدایة من وقت الصفر الخاص بالتجربة

.من بعد وقت الصفراالول والیوم الخامس عشر 

خلیطفعالیةتم تقییم, الكاملفرویندفي المجموعات مستحثة بعامل 
الیوم االول والیوم الثالث وھيفي فترات زمنیةاللوفستاتین و النانوسیلینیوم

التھاب إحداث (من بعد وقت الصفرالخامس عشر و الیوم التاسع والعشرون 
حوالي یتطلبالتھاب المفاصلتطور.)الكاملفرویندعاملباستخدامالمفاصل
) ١: تم تقسیم الجرذان الى ست مجامیع كالتالي.العاملبعد حقناسبوعان

ملل من الماء ١تم تجریع جرذان ھذة المجموعة , )جرذ١٨(المجموعة الضابطة
,  )جرذ١٢(اللوفستاتین و النانوسیلینیوم) ٢. عبر أنبوب عن طریق الفم المقطر

المحضر معملیا والمكون خلیطملل من ال١تم تجریع الجرذان عن طریق الفم 
مجم لكل كیلو ١.٠(و نانو السیلینیوم ) یوم/ جرام لكل كیلو جرام٢٠(الوفستاتین 

التھاب ) ٣.یوم متتالیة بدایة من وقت الصفر الخاص بالتجربة١٤لمدة ) یوم/ جرام
الكامل فرویندسیتم حقن جرذان ھذة المجموعة بعامل ,)جرذ١٨(المفاصل 

ملل من الماء المقطر بدایة من وقت الصفر الخاص ١وایضا تم تجریع الجرذان 
سیتم حقن جرذان ھذة , )جرذ١٨(المشععة -التھاب المفاصل) ٤. بالتجربة

جراى  كل ٢(جاما تعرضت الجرذان كلیا الشعة الكامل وفرویندالمجموعة بعامل 
في ھذة المجموعة وایضا تم تجریع ) جراى٨ایام  حتى جرعة كلیة مقدارھا ٣

) ٥. ملل من الماء المقطر بدایة من وقت الصفر الخاص بالتجربة١الجرذان 
حقنھا كل الجرذان تم , )جرذ١٨(اللوفستاتین و النانوسیلینیوم -التھاب المفاصل

جرذ تم تجریعھم عن ١٢. لصفر الخاص بالتجربةوقت االكامل عند فرویندبعامل 
یوم متتالیة بدایة ١٤اللوفستاتین و النانوسیلینیوم لمدة خلیطملل من ال١طریق الفم 
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تم تجریعھم ) جرذ٦(من وقت الصفر الخاص بالتجربة بینما باقى الجرذان 
بعد تطور التھاب المفاصل بواسطة الحث(من بدایة الیوم الخامس عشرخلیطبال

-التھاب المفاصل)٦. من التجربةالى الیوم الثامن والعشرونواستمر) بالعامل
حقنھا بعامل كل الجرذان تم , )جرذ١٨(اللوفستاتین و النانوسیلینیوم -المشععة
تعرضت الجرذان كلیا وایضا وقت الصفر الخاص بالتجربة الكامل عند فرویند

كما في ). جراى٨كلیة مقدارھا ایام  حتى جرعة ٣جراى  كل ٢(الشعة جاما 
خلیطملل من ال١جرذ تم تجریعھم عن طریق الفم ١٢المجموعة السابقة 

یوم متتالیة بدایة من وقت الصفر الخاص ١٤اللوفستاتین و النانوسیلینیوم لمدة 
من بدایة الیوم الخامس خلیطتم تجریعھم بال) جرذ٦(بالتجربة بینما باقى الجرذان 

واستمرالى الیوم الثامن )  لتھاب المفاصل بواسطة الحث بالعاملبعد تطور ا(عشر
الیوم االول تم التضحیة بستة جرذان من كل مجموعة  في . والعشرون من التجربة

ستثنى من بعد وقت الصفر باوالیوم الخامس عشر و الیوم التاسع والعشرون 
في الیوم ن جرذ حیث تم التضحیة بستة جرذا١٢المجوعة الثانیة المكونة من 

والستة جرذان االخرى تم . االول لمقارنة مع جرذان باقي المجامیع في الیوم االول
الیوم التضحیة بھم في الیوم الخامس عشر لمقارنة مع جرذان باقي المجامیع في 

.من بعد وقت الصفرالخامس عشر و الیوم التاسع والعشرون 

تم جمع . یر ثم التضحیة بیھمتم تخدیر الجرذان باالیث, بعد صیام لیلة كاملة
. عینات الدم من كل الجرذان عن طریق عمل ثقب باستخدام أنابیب الدم الشعریة

وضع على دیصودیوم ایدتا والثاني یترك لیتجلط یقسم الدم الى جزئین االول ی
بعد التضحیة یتم فصل القلب وغسلة في محلول ملحي بارد . للحصول على السیرم

) الحجم/وات% ١٠(بطریقة متجانسة في ماء ثنائي التقطیر ثم تم طحن القلب 
باستخدم جھاز الطحن ثم تم ازلت باقي الخالیا بواسطة جھاز الطرد المركزي عند 

السائل المتبقي بعد عملیة الطر المركزي .ام لمدة عشر دقائق.بي.ار٣٠٠٠
مواد مستوى ال(في نسیج القلب .تعرض لتحلیل بیوكیمیائیة) السوبرناتانت(

النیترك , البروتین الكربونیل, (TBARS)المتفاعلة مع حمض الثیوبربتیوریك 
ونشاط انزیمات السوبراكسید ) GSH(و مستوى الجلوتاثیون (NO)اكسید 
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، (GSH-Px)، الجلوتاثیون بیرواكسید(CAT)، الكتالیز) (SODدیسمیوتز
مستوي (لدم وفي ا, ))XDH(والزانسین دیھیدروجینز) XO(الزانسین اوكسیدز

البروتین(TNF-α)الفا-مستوى عامل النكرزة للسرطان(وفي السیرم ) السیلینیوم
.تم قیاسھم) في السیرم(RF)و عامل الروماتوید(CRP)المتفاعل

:التالىالىعلیھاالحصولتمالتىالنتائجوتشیر

في المجموعات الخالیة من المستحث 

اللوفستاتین و الجرذان المجرعة في وظحملمعنويتغیریوجدال.1
النانوسیلینیوم  في مستوى المواد المتفاعلة مع حمض الثیوبربتیوریك 

وایضا الخاص بنسیج القلبومستوى النیترك اكسیدوالبروتین الكربونیل
الضابطة على طول فترات المجموعةبنتائجمقارنةمستوى السیلینیوم في الدم 

زیادة معنویة في مستوى المواد لمشععة لوحظ في المجموعة ا. التجربة
المتفاعلة مع حمض الثیوبربتیوریك و البروتین الكربونیل في الیوم االول 

لوحظكما .الضابطةالمجموعةبنتائجمقارنةوالیوم الخامس عشر من التجربة 
مستوى السیلینیوم في الدم والنیترك اكسیدانخفض معنوي في مستوى ایضا

في المجموعة .مقارنة بالمجموعة الضابطةعشرمن التجربةفي الیوم الخامس 
المجرعة باللوفستاتین و النانوسیلینیوم والمعرضة لالشعة جاما لوحظ تحسن 
في مستوى المواد المتفاعلة مع حمض الثیوبربتیوریك و البروتین الكربونیل

لوحظ تحسنكمافي الیوم االول و الیوم الخامس عشر الخاص بنسیج القلب
و مستوى السیلینیوم في الدمفي مستوى النیترك اكسید الخاص بنسیج القلب

.في الیوم الخامس عشر مقارنة بالمجموعة المشععة
اللوفستاتین و الجرذان المجرعة في وظحملمعنويتغیریوجدال.2

النانوسیلینیوم في نشاط انزیم الزانسین اوكسیدزوانزیم الزانسین دیھیدروجینز 
على طول فترات الضابطةالمجموعةبنتائجمقارنةبنسیج القلبالخاص 
معنویة في نشاط انزیم الزانسین زیادةلوحظ في المجموعة المشععة . التجربة

مصاحبة بانخفض معنوي في نشاط انزیم ) في الیوم الخامس عشر(اوكسیدز 
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بنتائجمقارنة) في الیوم االول والیوم الخامس عشر(الزانسین دیھیدروجینز 
في المجموعة المجرعة باللوفستاتین و النانوسیلینیوم . الضابطةالمجموعة

و في نشاط انزیم الزانسین اوكسیدزتحسنوالمعرضة لالشعة جاما لوحظ 
انزیم الزانسین دیھیدروجینز الخاص بنسیج القلب في الیوم الخامس عشر 

.مقارنة بالمجموعة المشععة
في نشاط ملحوظمعنويتغیریوجدالابطةالضالمجموعةبنتائجمقارنة.3

السوبراكسید دیسمیوتز ، الكتالیز، الجلوتاثیون بیرواكسید وكذلك في انزیمات 
مستوى الجلوتاثیون الخاص بنسیج القلب في المجموعة المجرعة اللوفستاتین 

في المجموعة المشععة لوحظ . على طول فترات التجربةو النانوسیلینیوم
الیوم السوبراكسید دیسمیوتز و الكتالیز فيزیادة معنویة في نشاط انزیمات 

الجلوتاثیون االول والیوم الخامس عشر كما لوحظ انخفض في نشاط انزیم 
في الیوم الخامس عشر مقارنة بیرواكسید ومستوى الجلوتاثیون الخاص بالقلب 

لنانوسیلینیوم في الجرذان تجریع اللوفستاتین و ا. مجموعة الضابطةبال
السوبراكسید (المعرضة للتشعیع قامت بتحسین انزیمات مضادات االكسدة 

دیسمیوتز و الكتالیز في الیوم االول والیوم الخامس عشر و الجلوتاثیون 
قلب ایضامستوى الجلوتاثیون الخاص بال, )بیرواكسید في الیوم الخامس عشر

.في الیوم الخامس عشر مقارنة بالمجموعة المشععة
مستوى في ملحوظمعنويتغیریوجدالالضابطةالمجموعةبنتائجمقارنة.4

المتفاعل وعامل الروماتوید الخاص البروتین,عامل النكرزة للسرطان الفا 
على طول فترات السیرم في المجموعة المجرعة اللوفستاتین و النانوسیلینیومب

مستوى عامل النكرزة في المجموعة المشععة لوحظ زیادة معنویة في . التجربة
الیوم االول والیوم (المتفاعل و البروتین) الیوم الخامس عشر(للسرطان الفا 
عامل الروماتویدمستوى في ملحوظال یوجد تغیر معنوي كما ) الخامس عشر

تجریع اللوفستاتین و . فترات التجربةعلى طول مقارنة بالمجموعة الضابطة
مستوى عامل النانوسیلینیوم في الجرذان المعرضة للتشعیع قامت بتحسین 

.مقارنة بالمجموعة المشععةالمتفاعلالنكرزة للسرطان الفا و البروتین
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) :نموذج التھاب المفاصل(الكامل فرویندفي المجموعات مستحثة بعامل 

اللوفستاتین و بخلیط الجرذان المجرعة في ملحوظمعنويتغیریوجدال.1
النانوسیلینیوم في مستوى المواد المتفاعلة مع حمض الثیوبربتیوریك 

وایضا الخاص بنسیج القلب ومستوى النیترك اكسیدوالبروتین الكربونیل
الضابطة على طول فترات المجموعةبنتائجمقارنةمستوى السیلینیوم في الدم

المواد المتفاعلة مع حمض اظھرت النتائج زیادة معنویة في مستوي .التجربة
التھاب المفاصل ومجموعة التھاب المفاصل في مجموعة الثیوبربتیوریك

الیوم االول والیوم الضابطة فيالمجموعةبنتائجمقارنةالمعرضة الشعة جاما 
البروتین اظھرت النتائج  زیادة تركیز. الخامس عشر والیوم التاسع والعشرون

الیوم الخامس عشر والیوم التاسع (التھاب المفاصل مجموعة الكربونیل في 
الیوم االول في(ومجموعة التھاب المفاصل المعرضة الشعة جاما ) والعشرون

.الضابطةبالمجموعةمقارنة)والیوم الخامس عشر والیوم التاسع والعشرون
صل ومجموعة التھاب التھاب المفاعة مجموالنتائج في ایضاظھرتااكم

في (مستوى النیترك اكسید انخفض معنوي فيالمفاصل المعرضة الشعة جاما
المجموعةبنتائجمقارنة) الیوم الخامس عشر والیوم التاسع والعشرون

الیوم االول و الیوم (وایضا انخفض مستوى السیلینیوم في الدم . الضابطة
.الضابطةالمجموعةبنتائجمقارنة)الخامس عشر والیوم التاسع والعشرون

المواد المتفاعلة مستوي تركیز , اللوفستاتین و النانوسیلینیومبعد تجریع خلیط 
اللوفستاتین و -مع حمض الثیوبربتیوریك ارتفاع في مجموعة التھاب المفاصل

و في مجموعة ) الیوم الخامس عشر والیوم التاسع والعشرون(النانوسیلینیوم 
الیوم في(اللوفستاتین و النانوسیلینیوم -رضة الشعة جاماالمع-التھاب المفاصل

بالمجموعةمقارنة)االول والیوم الخامس عشر والیوم التاسع والعشرون
البروتین الكربونیل في مجموعات التھاب واوضحت النتائج ارتفاع . الضابطة
- اللوفستاتین و النانوسیلینیوم و في مجموعة التھاب المفاصل- المفاصل

اللوفستاتین و النانوسیلینیوم في الیوم الخامس عشر -ضة الشعة جاماالمعر
كما ال یوجد تغیر . الضابطةبالمجموعةمقارنةوالیوم التاسع والعشرون 
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الضابطة المجموعةبنتائجمقارنةمستوى النیترك اكسیدمعنوي ملحوظ في 
في الدم مستوى السیلینیوم اظھرت النتائج انخفض .على طول فترات التجربة

الیوم الخامس عشر (اللوفستاتین و النانوسیلینیوم -في مجموعة التھاب المفاصل
-المعرضة الشعة جاما-و مجموعة التھاب المفاصل) والیوم التاسع والعشرون

الیوم االول و الیوم الخامس عشر والیوم التاسع (اللوفستاتین و النانوسیلینیوم 
و النانوسیلینیوم قام بتحسین مستوى اللوفستاتین تجریع خلیط ).والعشرون

ومستوى المواد المتفاعلة مع حمض الثیوبربتیوریك والبروتین الكربونیل 
مقارنةالنیترك اكسید الخاص بنسیج القلب وایضا مستوى السیلینیوم في الدم

التھاب المفاصل ومجموعة التھاب المفاصل المعرضة الشعة عة مجموبنتائج 
.جاما

اللوفستاتین و الجرذان المجرعة في ملحوظمعنويتغیریوجدال.2
النانوسیلینیوم في نشاط انزیم الزانسین اوكسیدزوانزیم الزانسین دیھیدروجینز 

الضابطة على طول فترات المجموعةبنتائجمقارنةالخاص بنسیج القلب 
التھاب المفاصل ومجموعة التھاب عة مجمواظھرت النتائج في . التجربة

نشاط انزیم انزیم انخفض معنوي في  رضة الشعة جاماالمفاصل المع
الیوم االول والیوم الخامس عشر والیوم التاسع (الزانسین دیھیدروجینز 

الضابطة كما لوحظ زیادة معنویة في المجموعةبنتائجمقارنة) والعشرون
الیوم االول والیوم الخامس عشر والیوم التاسع (انزیم الزانسین اوكسیدز نشاط 

في مجموعة التھاب المفاصل المجرعة باللوفستاتین و . )عشرونوال
لوحظ انخفض معنوي في نشاط انزیم الزانسین دیھیدروجینز , النانوسیلینیوم

و زیادة معنویة , )الیوم االول والیوم الخامس عشر والیوم التاسع والعشرون(
والیوم الیوم االول والیوم الخامس عشر(انزیم الزانسین اوكسیدز في نشاط 

المعرضة -مجموعة التھاب المفاصلفي , عالوة على ذلك.)التاسع والعشرون
اظھرت النتائج انخفض معنوي في , اللوفستاتین و النانوسیلینیوم-الشعة جاما

الیوم االول والیوم الخامس عشر والیوم (نشاط انزیم الزانسین دیھیدروجینز 
الیوم الخامس عشر والیوم في (ومستوى النیترك اكسید ) التاسع والعشرون
كما لوحظ زیادة معنویة في نشاط انزیم الزانسین اوكسیدز ) التاسع والعشرون
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تجریع اللوفستاتین و ). في الیوم الخامس عشر والیوم التاسع والعشرون(
اللوفستاتین و النانوسیلینیوم و - النانوسیلینیوم في مجموعات التھاب المفاصل

اللوفستاتین و -المعرضة الشعة جاما-في مجموعة التھاب المفاصل
النانوسیلینیوم اظھر تحسن ملحوظ في مستوى النیترك اكسید وجھاز الزانسین 

التھاب المفاصل ومجموعة عة مقارنة بمجمو) XOR(اوكسیدوریدكتاز 
.التھاب المفاصل المعرضة الشعة جاما

في نشاط ملحوظمعنويتغیریوجدالالضابطةالمجموعةبنتائجمقارنة.3
السوبراكسید دیسمیوتز ، الكتالیز، الجلوتاثیون بیرواكسید وكذلك في انزیمات 

مستوى الجلوتاثیون الخاص بنسیج القلب في المجموعة المجرعة اللوفستاتین 
انزیمات لوحظ انخفض في نشاط. على طول فترات التجربةو النانوسیلینیوم

كسید في مجموعة التھاب المفاصل السوبراكسید دیسمیوتز و الجلوتاثیون بیروا
الیوم الخامس عشر فيومجموعة التھاب المفاصل المعرضة الشعة جاما 

والیوم التاسع والعشرون وبالمثل نشاط انزیم الكتالیز في الیوم االول و الیوم 
. الضابطةالمجموعةبنتائجمقارنةالخامس عشر والیوم التاسع والعشرون

الیوم الخامس في(مستوى الجلوتاثیون ض مستوى وایضا اظھرت النتائج انخف
المجموعةبنتائجمقارنةالخاص بنسیج القلب ) عشر والیوم التاسع والعشرون

النتائج التى تم الحصول علیة اظھرت تحسن ملحوظ في المكونات .الضابطة
اللوفستاتین و النانوسیلینیوم و -المضادة لالكسدة في مجموعة التھاب المفاصل

اللوفستاتین و -المعرضة الشعة جاما-في مجموعة التھاب المفاصل
التھاب المفاصل ومجموعة التھاب عة مجموبنتائج مقارنةالنانوسیلینیوم 

-في مجموعة التھاب المفاصل. فاصل المعرضة الشعة جاما على التواليالم
اللوفستاتین و النانوسیلینیوم لوحظ انخفض في نشاط انزیمات السوبراكسید 
دیسمیوتز ، الكتالیز، الجلوتاثیون بیرواكسید الخاص بنسیج القلب في الیوم 

عة التھاب في مجمو.الضابطةالمجموعةبنتائجمقارنةالتاسع والعشرون 
اوضحت النتائج ,اللوفستاتین و النانوسیلینیوم-المعرضة الشعة جاما- المفاصل

الیوم الخامس عشر والیوم التاسع (السوبراكسید دیسمیوتز انخفض في 
في الیوم التاسع وبالمثل الكتالیز و الجلوتاثیون بیرواكسید) والعشرون
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مستوى باالضافة الى انخفض . الضابطةالمجموعةبنتائجمقارنةوالعشرون 
اللوفستاتین و النانوسیلینیوم و -الجلوتاثیون في مجموعة التھاب المفاصل

اللوفستاتین و النانوسیلینیوم -المعرضة الشعة جاما-مجموعة التھاب المفاصل
المجموعةبنتائجمقارنة. عند الیوم الخامس عشر والیوم التاسع والعشرون

.الضابطة
مستوى في ملحوظمعنويتغیریوجدالالضابطةالمجموعةبنتائجمقارنة.4

المتفاعل وعامل الروماتوید الخاص البروتین,عامل النكرزة للسرطان الفا 
على طول فترات بالسیرم في المجموعة المجرعة اللوفستاتین و النانوسیلینیوم

عامل لوحظ زیادة معنویة مستوى , التھاب المفاصلفي مجموعة . التجربة
المتفاعل  في الیوم االول والیوم النكرزة للسرطان الفا وبالمثل البروتین

الخامس عشر والیوم التاسع والعشرون وعامل الروماتوید في الیوم الخامس 
كما لوحظ . الضابطةالمجموعةبنتائجمقارنةعشر والیوم التاسع والعشرون 

في عرضة الشعة جاما التھاب المفاصل الممجموعة ایضا زیادة معنویة في 
الیوم االول والیوم الخامس عشر والیوم (مستوى عامل النكرزة للسرطان الفا 

في الیوم الخامس عشر والیوم التاسع (المتفاعل البروتین,) التاسع والعشرون
بنتائجمقارنة) في الیوم الخامس عشر(وعامل الروماتوید ) والعشرون
ب المفاصل المجرعة باللوفستاتین و في مجموعة التھا.الضابطةالمجموعة

لوحظ زیادة معنویة في مستوى عامل النكرزة للسرطان الفا , النانوسیلینیوم
كما لوحظ انة ال یوجد تغیر معنوي في مستوى ) الیوم التاسع والعشرون(

المتفاعل وعامل الروماتوید وبالمثل ایضا في مجموعة التھاب البروتین
مقارنةما ومجرعة باللوفستاتین و النانوسیلینیوم المفاصل المعرضة الشعة جا

تجریع اللوفستاتین و النانوسیلینیوم قام بتحسین .الضابطةالمجموعةبنتائج
اللوفستاتین و النانوسیلینیوم و -عوامل االلتھاب في مجموعات التھاب المفاصل

اللوفستاتین و -المعرضة الشعة جاما-في مجموعة التھاب المفاصل
تھاب المفاصل التھاب المفاصل ومجموعة العة لینیوم مقارنة بمجموالنانوسی

.المعرضة الشعة جاما
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تعدیل االختالالت المناعیة المسببة اللتھاب المفاصل في الجرذان 
المعرضة الشعة جاما

المستخلص العربي

خلیطالمضادات االكسدة وااللتھابات فياجریت ھذا الدراسة لتقییم قدرة
االجھاد التاكسدي والمحضر معملیا والمكون من اللوفستاتین و النانوسیلینیوم ضد

سلسلة االلتھابات المتتالیة في نموذج الجرذان المستحثة بالتھاب المفاصل 
في الدراسة الى ھقسمت حیوانات التجرب.او اوكلتھما معاومعرضة الشعة جاماا

تعرضت . فروید الكاملمجموعات خالیة من المستحث ومجموعات مستحثة بعامل 
٨ایام  حتى جرعة كلیة مقدارھا ٣جراى  كل ٢(الجرذان كلیا الشعة جاما 

جرام لكل ٢٠(فستاتین لوملل من ال١كما تم تجریع الجرذان عن طریق الفم ) جراى
یوم ١٤لمدة ) یوم/ مجم لكل كیلو جرام١.٠(و نانو السیلینیوم ) یوم/ كیلو جرام

ونظمت نماذج الحیوانات المستحثة بالتھاب المفاصل عن طریق الحقن . متتالیة
انزیمات (تم قیاس مضادات االكسدة .فروید الكاملعامل باستخدامتحت الجلد 

، السوبراكسید (CAT)، الكتالیز(GSH-Px)الجلوتاثیون بیرواكسید
و مستوى الجلوتاثیون ) XDH(والزانسین دیھیدروجینز،) (SODدیسمیوتز

)GSH (و معامالت ) في نسیج القلب باالضافة الى مستوي السیلینیوم في الدم
، المواد (NO)ومستوى النیترك اكسید ) XO(كانزیم الزانسین اوكسیدز(االكسدة 

سیج و البروتین الكربونیل في ن(TBARS)المتفاعلة مع حمض الثیوبربتیوریك 
-TNF)الفا-مستوى عامل النكرزة للسرطان( وایضا الجزیئات االلتھابیة ) القلب

α)المتفاعلالبروتین(CRP)و عامل الروماتوید(RF) اوضحت . )مصل الدمفي
تحسن خلیطلجرذان المشععة والمجرعة بالفي االنتائج التي تم الحصول علیھا

ملحوظ في مستوي كل من المواد المتفاعلة مع حمض الثیوبربتیوریك 
(TBARS)و البروتین كربونیل وایضا في نشاط انزیمات الكتالیز(CAT) ،

نة بالجرذان ارعند المق) XO(والزانسین اوكسیدز) (SODالسوبراكسید دیسمیوتز
نیترك اكسید وال) GSH(وایضا لوحظ تحسن فى مستوى الجلوتاثیون . المشععة



المستخلص العربي

(NO)و نشاط انزیمات الجلوتاثیون بیرواكسید(GSH-Px)نسین اوالز
الخاصة بنسیج القلب باالضافة الى مستوي السیلینیوم في ) XDH(دیھیدروجینز

لوحظ في الجرذان المستحثة بالتھاب المفاصل و الجرذان المستحثة كما ..الدم
اللوفستاتین و خلیطان تجریعوالمعرضة الشعة جامابالتھاب المفاصل

االكسدة  ادى الى التحسن فى مدى االضطرابات الحادثة فى عواملالنانوسیلینیوم
یمكن استنتاج ان و. وااللتھابات و مضادات االكسدة مقارنة مع الجرذان الضابطة

ضرارالتى تحدث فى نسیج القلب االتجریع اللوفستاتین و النانو سیلینیوم یقلل من 
الجزیئات المضادة لألكسدة تحسین مستوىشعاع عن طریق عند التعرض لال

یمكن كما. أكسدة البروتینكذلك نواتج لدھون ولعملیة االكسدة الفوقیةوخفض
مضاد كمقبولة اللوفستاتین و النانوسیلینیوم یمللك خصائصخلیطاستنتاج ان 

.اللتھاباتل
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