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Abstract: Ramadan fasting (RF) is stressor that will be altered immune system. Macrophage is one of immune cell and IFN-
gamma, TNF-alpha, iNOS and SOD is important component on the classically activated, oxidative stress and inflammation of
macrophage, so the aim of this study was to determine the effect of RF as stressor on level IFN -gamma, TNF-alpha, iNOS and
SOD of macrophage. Twenty seven healthy volunteers male aged 18-22 years (mean+SD 20.26+1.13 years) who fasted during
Ramadan participated in the study. Blood sampling was conducted on 7 days before Ramadan, days 7 and days 21 of Ramadan.
The following were measured by enzyme-linked immunosorbent assay (ELISA) method: IFN-gamma, TNF-alpha, iNOS and SOD
of macrophage. Macrophage IFN-gamma on day 21 was increase significant (p<0.05) compared with days 7. TNF-alpha on
days 7 increase significant (p<0.05) compared to before RF and on days 21 was decrease significant (p<0.05) compared with
days 7. iINOS on days 7 and 21 increase significant (p<0.05) compared to before RF, and days 21 compared to days 7. SOD on
days 7 and days 21 decrease significant (p<0.05) compared to before RF. The others were not significantly difference. The
results obtained indicate that RF altered classically activated macrophage regulation / signaling and increase macrophage
function, in which RF induces classically activated, inflammation and reduce oxidative stress of macrophage. This study reveals
that macrophage was in eustress condition.

Key word: Ramadan fasting, stressor, IFN-gamma, TNF-alpha, iNOS, SOD, classically activated macrophage, oxidative
stress, inflammation.

I INTRODUCTION

Ramadan fasting (RF) as a stressor induces stress response in subjects [1]. A psychological and
physiological stress, which stimulates the secretion of endorphin are secreted to counter the negative effects of stress
[2]. Other study showed that beside endorphin, stresses in humans are associated with impaired endocannabinoid
activity [3]. Endogenous cannabinoids play an important role in the physiology and behavioral expression of stress
responses. Activation of the hypothalamic-pituitary-adrenal (HPA) axis, including the release of glucocorticoids, is
the fundamental hormonal response to stress. Endocannabinoid signaling serves to maintain HPA-axis homeostasis
[4]. Profuse study reveals that RF induces stress response on macrophage in which macrophage endorphin increase
and macrophage endo-cannabinoids decrease significantly in the end of RF [1].

Beta-endorphin modulated tumor necrosis factor-alpha (TNF-alpha) and interferon-gamma (IFN-gamma)
release from lipid-laden macrophages [5]. Beta endorphin significantly and dose dependently enhanced IFN-gamma
and IL-2 in human PBMC [6]. Endomorphin-1 inhibited macrophage chemotaxis and the production of superoxide
anion by macrophages. On the contrary, endomorphin-1 inhibited TNF-alpha production by macrophages [7].
Induction of TNF-alpha was suppressed by beta endorphin on epidermal Langerhans cells [8]. Other study had
shown that there is significant biochemical evidence to suggest that biosynthesis, uptake and degradation of
endocannabinoids occur in macrophages and leukocytes [9,10,11].

Reduced macrophage chemotaxis by cannabinoids was observed in a murine model of atherosclerosis,
suggesting their strong effect on macrophage migration which is mediated by cannabinoids-2 (CB2) receptor
signaling [12], in which IFN-gamma is a mediator of CB2 signaling [13]. IFN-gamma is a potent activator of the
bactericidal and cytocidal potential of macrophages [14], and endoccannabinoids-induced reactive oxygen species
(ROS) production by macrophages was cannabinoids-1 (CB1)-dependent [15].

Other study reveals that TNF-alpha and IFN-gamma cooperate in the activation of macrophages [16].
Activated macrophages do however possess a markedly enhanced ability to kill and degrade intracellular
microorganisms, and for several years, this was the functional criterion used to define an activated macrophage. This
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killing is accomplished by an increase in the production of toxic oxygen species / ROS and an induction of the
inducible nitric oxide synthase (iNOS) gene to produce nitric oxide (NO) [17].

We examined the effect of fasting during the lunar month of Ramadan as stressor on IFN-gamma, TNF-
alpha, iNOS / NO, Superoxide dismutase SOD / ROS of macrophage in a group of 27 healthy males. The main
emphasis of this study was to elucidate classically activated, oxidative stress and inflammation of macrophage
during RF, as little is known about this topic.

There appears to be at least three different populations of activated macrophages with three distinct
biological functions. The first and most well described is the classically activated macrophage whose role is as an
effectors cell in T helper 1 (Th1) cellular immune responses. The second type of cell, the alternatively activated
macrophage, appears to be involved in immunosuppression and tissue repair. The most recent addition to this list is
the type 2-activated macrophage, which is anti-inflammatory and preferentially induces Th2-type humoral-immune
responses to antigen [17].

Modulation of macrophage survival is a critical factor in the resolution of inflammatory responses [18].
IFN-gamma is involved in the regulation of nearly all phases of the immune and inflammatory responses, including
the activation and differentiation of T cells, B cells, NK cells, macrophages, and others [19]. TNF-alpha has been
proposed as a central player in inflammatory cell activation and recruitment and is suggested to play a critical role in
the development of many chronic inflammatory diseases [20]. The secretion of TNF-alpha was assessed since
macrophages are known to secrete TNF-alpha as a result of cellular oxidative stress [21]. Oxidative stress can have
both direct and indirect effects on macrophage function [22].

1. MATERIAL AND METHODS

Blood samples were drawn for examination of IFN-gamma, TNF-alpha, iNOS and SOD level from all
participant and samples were drawn between 9 am and 12 noon to avoid diurnal variation at 7 days before, days 7
and days 21 of RF.Five milliliters of wvenous blood from the antecubital vein were collected in an
ethylenediaminetetraacetic acid (EDTA) vial. Human monocytes were isolated from buffy coats and cultured for 6
days in 24- or 6-well tissue culture plates (Corning, Corning, NY) as previously described [1,23], with a minor
modification: cells were cultured in RPMI 1640 with Penstrep 1 % (Sigma Aldrich), serum free Nabic 0.2 % (Bio
World) and FBS 10 % (Gibco Inc), pH 7,2 incubate 37° C, 5% CO2. Culture medium and nonadherent cells were
removed by aspiration every 3 days of culture, and monolayers were subsequently incubated with fresh culture
medium supplemented with 10% autologous serum [1,24].

Purified macrophage was each resuspended in incubation buffer (sterile pyrogen-free Hanks balanced salt
solution [HBSS; Bio-Whittaker], vortexed and centrifuged 1400 rpm 7 minute 4°C. Pellets add with
RIPA+PIC+PMSF. Vortexed and incubation on ice for 30 minute. Centrifuge 12.000 rpm for 20 minute at 4°C.
Supernatant kept on -20°C until analyze [1]. IFN-gamma, TNF-alpha, iNOS, SOD level was estimated (twice/duplo)
by enzyme linked immunosorbent assay using a commercial ELISA kit (R&D systems).

Statistical Analysis: One-Sample Kolmogorov-Smirnov Test, mean, ANOVA, Duncan test and Kruskal-Wallis Test
were performed using SPSS version 11.5 for Windows.

1. RESULTS

The study population consisted of healthy males, medical student in medical school at Brawijaya
University. Due to various limitations, including the needs for laboratory examinations, fresh blood to be examined
immediately, and adequate blood volumes, most blood samples were unsuitable, leaving only 27 cases eligible for
IFN-gamma, TNF-alpha, iNOS and SOD. The subjects were aged 18-22 years (mean+SD 20.26+1.13 years).

Our result reveal that IFN-gamma on days 21 was increase significant (p<0.05) compared with days 7.
TNF-alpha on days 7 increase significant (p<0.05) compared to before Ramadan and on days 21 was decrease
significant (p<0.05) compared with days 7. iINOS on days 7 and 21 increase significant (p<0.05) compared to before
Ramadan, and days 21 compared to days 7. SOD on days 7 decrease significant (p<0.05), but not on days 21
compared to before Ramadan (Table-1).
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Sampel N Mean+ SD ANOVA Duncan test

IFN

Before Ramadan 27 94.541+ 44.9452 p =0.088 1. p>005
Days 7 27 83.352+33.8075 2. p>0.05
Days 21 27 107.348+38.6487 3. p<0.05*
TNF-alpha

Before Ramadan 27 15.456+7.1458 1. p<0.05*
Days 7 27 24.633+£11.5716 p =0.001 2. p>0.05
Days 21 27 19.607+6.0916 3. p<0.05*
iNOS

Before Ramadan 27 5.0593+4.81354 chi-square Kruskal-Wallis Test
Days 7 27 16.0815+11.79958 p =0.000 p <0.05*

Days 21 27 39.9630+10.89499

SOD

Before Ramadan 27 68.3396+14.02350 1. p<0.05*
Days 7 27 59.7307+11.79872 p =0.042 2. p>0.05
Days 21 27 62.0852+12.27447 3. p>0.05

Table-1. Mean, ANOVA and Duncan / Kruskal-Wallis Test of IFN-gamma, TNF-alpha, iNOS and SOD of
macrophage before RF, days 7 and days 21. Duncan test 1) before Ramadan compare with days 7, 2) Before
Ramadan compare with days 21, 3) days 7 compare with days 21. (* = Significant).

Macrophage
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Figure-1. Level IFN-gamma, TNF-alpha, iNOS, SOD of macrophage before RF, days 7 and days 21.

V. DISCUSSION

In the old days, activated macrophages were simply defined as cells that secreted inflammatory mediators and Killed
intracellular pathogens. Things are becoming progressively more complicated in the world of leukocyte biology. Activated
macrophages may be a more heterogeneous group of cells than originally appreciated, with different physiologies and performing
distinct immunological functions [17].

Macrophages are involved in both innate and adaptive immune responses. Depending on the types of cytokines that
macrophages are exposed to, these cells are subjected to classical (Thl), alternative (Th2) activation and Type-2 activation. It is
important to remember that macrophages become classically activated by exposure to two signals. The first is the obligatory
cytokine IFN-gamma, which primes macrophages for activation but does not in itself activate macrophages. The second signal is
TNF-alpha itself or an inducer of TNF [17,25]. The key macrophage-activating cytokines in Mycobacterium Tuberculosis (M.tb)
infection are TNF-alpha and IFN-gamma [26].

Our study reveals that IFN-gamma of macrophage on days 7 decrease and on days 21 increase not significantly (p >
0.05) compare with before RF. But days 21 significantly increase compare with days 7. TNF-alpha of macrophage on days 7
increase significant (p<0.05) and on days 21 increase not significantly (p>0.05) compare with before RF. But days 21
significantly decrease compare with days 7 (figure-1). This study shown that RF induce IFN-gamma in the end of RF, although
not significantly difference and induce TNF-alpha in early of RF with significantly difference, so these result suggest that RF
induce classically activated macrophage in healthy subject. Other study shown that Human macrophages derived from monocytes
in vitro through stimulation with a combination of Interleukin (IL)-12 and IL-18 or with macrophage colony-stimulating factor
(M-CSF) were able to produce IFN-gamma when further stimulated with a combination of IL-12 and IL-18 [27].

Interferons are cytokines that play a complex and central role in the resistance of mammalian hosts to
pathogens. Type | interferon (IFN-alpha and IFN-beta) is secreted by virus-infected cells [28]. Immune, type II, or
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IFN-gamma is secreted by thymus-derived (T) cells under certain conditions of activation and by natural killer (NK)
cells [19,28] and can promote macrophage activation (bactericidal activity of phagocytes), mediate antiviral and
antibacterial immunity, enhance antigen presentation, orchestrate activation of the innate immune system, coordinate
lymphocyte-endothelium interaction, regulate Th1/Th2 balance, and control cellular proliferation and apoptosis
[19,28]. The IFN-gamma response is itself regulated by interaction with responses to other cytokines including IFN-
alpha/beta, TNF-alpha, and IL-4 [28].

Interferon-gamma rapidly primes the macrophage via Janus kinase (JAK)1/2- signal transducer and
activator of transcription (STAT)1 pathway so that it can subsequently undergo a slower classical type 1 activation
upon exposure to Thl cytokines such as IFN-gamma or other activators, including TNF and lipopolysaccharide
(LPS), e.g. in intracellular killing of phagocytosed M.tb [29]. Other study reveals that JAK2, MAP Kkinase
(MEK)1/2, extracellular signal-regulated kinases 1 and 2 (Erk1/Erk2) and STATlalpha are key players in the IFN-
gamma-inducible generation of NO by macrophage [30].

Macrophages that have been primed with IFN-gamma alone should not make NO, provided the system is
free of LPS (a common contaminant in recombinant IFN-gamma). In the human system, the activation of
macrophages is somewhat more difficult to definitively determine, as monocyte-derived macrophages from
peripheral blood generally do not produce NO in response to the classical activating stimuli [17]. Exogenous
addition of TNF-alpha, however, activates macrophages only after priming with IFN-gamma [31].

Exogenous TNF can act as the second signal, but the physiologically relevant second signal is generally the
result of Toll-like receptor (TLR) ligation, which induces endogenous TNF production by the macrophage itself
[17,31]. Thus, classically activated macrophages are developed in response to IFN-gamma, along with exposure to a
microbe or microbial product such as LPS. In the murine system, these cells are now easily identified by virtue of
their production of NO [17,32,33]. TNF-alpha is a pleiotropic cytokine produced predominantly by macrophages
and interestingly are also highly responsive to TNF-alpha [31,34].

Tumor Necrosis Factor super family is a group of cytokines [35], TNF-alpha signals through two
transmembrane receptors, TNFR1 and TNFR2, and regulates a number of critical cell functions including cell
immunity, inflammation, survival, differentiation, control of cell proliferation, and apoptosis [31,35,36,37]. TNF-
alpha is recognized by macrophages dramatically impacts the pattern of gene expression and hence investigating the
mechanism of TNF-alpha signal transduction will be important in understanding how this molecule regulates
macrophage differentiation [34]. TNF-alpha increases the proliferation of growth-competent macrophages in the
presence of macrophage colony-stimulating factor-1 (M-CSF). TNF-alpha has also been shown to enhance the
production of macrophages in vitro from primitive mouse hematopoietic progenitor cells [31,38]. The long-term
survival of macrophages is dependent on autocrine signaling by TNF-alpha [18].

Tumor Necrosis Factor-alpha and IFN-gamma exhibit a cross-talk at the level of TNFR1 to induce
activation of macrophages. TNF-alpha gene expression is regulated at the transcriptional level by several factors,
including nuclear factor kappa b (NFkB) and nuclear factor activated T cells (NF-AT) (31,39,40]. It has been shown
that TNF-alpha induces a stronger activation of NFxB in the presence of IFN-gamma. Activated macrophages can
migrate to sites of inflammation, where they encounter pathogens and lyses them. This is accomplished by an
increased production of ROS and via induction of iNOS to produce NO [31].

Macrophages can produce large amounts of NO (nitrogen monoxide, *NQO). The ability of *NO to react
with (O,*") to produce peroxynitrite (ONOQO™ ) was later recognized. As it is diffusion-limited, this reaction is more
likely to occur in cells like macrophages that produce both ROS and RNS [41]. NO production is a key feature of
immune cells. NO is principally synthesized by one of three NO synthase (NOS) enzymes: neuronal NOS (nNOS),
inducible NOS (iNOS) and endothelial NOS (eNQOS). The isoforms differ in respect to regulation, amplitude and
duration of NO production, as well as cellular and tissue distribution [33,42].

Type 2 nitric oxide synthase (iNOS or NOS2) was originally described as an enzyme that is expressed in
activated macrophages, generates NO from the amino acid L-arginine, and thereby contributes to the control of
replication or killing of intracellular microbial pathogens. Since IFN-gamma is the key cytokine for the induction of
NOS2 in macrophages and the prototypic product of type 1 T-helper cells, high-level expression of NOS2 has been
regarded to be mostly restricted to the adaptive phase of the immune response [43]. At the interface between the
innate and adaptive immune systems lies the high-output isoform of nitric oxide synthase (NOS2 or iNOS).
Expression of NOS2 in macrophages is controlled by cytokines and microbial products, primarily by transcriptional
induction. NOS2 has been documented in macrophages from human, horse, cow, goat, sheep, rat, mouse, and
chicken [33].

Our study reveals that iNOS of macrophage (figure-1) increase on days 7 and on days 21 significantly (p <
0.05) compare with before RF. This study shown that RF induce NO production by macrophage significantly.
Macrophages, particularly when activated by interferon gamma or by lipopolysaccharide (LPS), have the capacity,
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through the production of NO and other intermediates, to destroy the remaining microorganisms in the inflammatory
loci [25]. NO is a short-lived, diatomic, lipophilic gas that plays an integral role in defending against pathogens.
Among its many functions are involvement in immune cell signaling and in the biochemical reactions [42], by
which sustained production of NO endows macrophages with cytostatic or cytotoxic activity against viruses,
bacteria, fungi, protozoa, helminths, and tumor cells [33,42]. The antimicrobial and cytotoxic actions of NO are
enhanced by other macrophage products such as acid, glutathione, cysteine, hydrogen peroxide, or superoxide [33].

Nitrogen Oxide plays a pivotal role in the control of intracellular pathogens [30]. NO signaling directs a
broad spectrum of processes, including the differentiation, proliferation, and apoptosis of immune cells. When
secreted by activated immune cells, NO diffuses across cellular membranes and exacts nitrosative and oxidative
damage on invading pathogens [42].

Macrophages are phagocytic cells that produce and release ROS in response to phagocytosis or stimulation
with various agents [41]. Human macrophages appear capable of generating substantial amounts of superoxide anion
(O,*") during phagocytosis which may play an important role in bactericidal and other cell functions [44], so
macrophages play an essential role not only in the defense against the infection, but are involved in many various
pathological processes [45].

Reactive Oxyge Species usually include superoxide anion (O,*"), hydrogen peroxide (H,O,), and the
highly reactive by-product of H,O,, hydroxyl radicals (*OH) [35], whether produced endogenously as a
consequence of normal cell functions or derived from external sources, pose a constant threat to cells living in an
aerobic environment as they can result in severe damage to DNA, protein, and lipids [35,46]. The importance of
oxidative damage to the pathogenesis of many diseases as well as to degenerative processes of aging has becoming
increasingly apparent over the past few years [46]. The production of ROS by macrophages causes the pulmonary
tissue damage, which seems to play a key role in this process [45]. ROS produced by TNF-alpha have an important
function in cell death [47].

Our study reveal that SOD/ROS of macrophage on days 7 significantly decrease (p< 0.05), but on days 21
decrease not significant compare with before RF. This study shown that RF reduces SOD/ROS production by
macrophage or reduce oxidative stress on macrophage significantly in early period of RF. Analog with other study
shown that fasting and caloric restriction have been associated with reduced incidence of chronic diseases and
cancers. These effects have been attributed to reduced oxidative stress [48]. Contrary with study by Ibrahim et al.
shown that RF does not alter oxidative stress parameters or biochemical markers of cellular damage in healthy
subjects [49].

Superoxide is among the most abundant ROS produced by the mitochondria, and is involved in cellular
signaling pathways [50]. Cells continuously produce free radicals and ROS as part of metabolic processes. These
free radicals are neutralized by an elaborate antioxidant defense system consisting of enzymes such as superoxide
dismutase [51]. Superoxide dismutase (SOD) enzymes catalyze the breakdown of superoxide into hydrogen
peroxide and water and are therefore central regulators of ROS levels [50]. The enzyme responsible for the
production of superoxide and hydrogen peroxide is a multi-component nicotinamide adenine dinucleotide
phosphate-oxidase (NADPH oxidase) that requires assembly at the plasma membrane to function as an oxidase [41].

Generation of ROS is a normal process [52]. Free radicals and other ROS are constantly formed in the
human body, often for useful metabolic purposes [53]. Under physiological conditions, these deleterious species are
mostly removed by the cellular antioxidant systems, which include antioxidant vitamins, protein and non-protein
thiols, and antioxidant enzymes [52]. Cells contain a number of antioxidant defenses to minimize fluctuations in
ROS [46]. Exercise can produce an imbalance between ROS and antioxidants [51]. ROS generation often exceeds
the cell's antioxidant capacity, resulting in a condition termed oxidative stress. [46]. An acute bout of exercise at
sufficient intensity has been shown to stimulate activities of antioxidant enzymes. This could be considered as a
defensive mechanism of the cell under oxidative stress [52]. Some of the pathways are preferentially linked to
enhanced survival, while others are more frequently associated with cell death [46].

Oxidative stress can result from exposure to toxic agents, and by the process of tissue injury itself. Ozone,
oxides of nitrogen, and cigarette smoke can cause oxidative damage; but the molecular targets that they damage may
not be the same. Antioxidant defenses protect against them, but these defenses are not completely adequate, and
systems that repair damage by ROS are also necessary. Mild oxidative stress often induces antioxidant defense
enzymes, but severe stress can cause oxidative damage to lipids, proteins, and DNA within cells, leading to such
events as DNA strand breakage and disruption of calcium ion metabolism [53].

Host survival depends upon the ability of cells and tissues to adapt to or resist the stress, and repair or
remove damaged molecules or cells. Numerous stress response mechanisms have evolved for these purposes, and
they are rapidly activated in response to oxidative insults [46]. An oxidative stress can depress macrophage function,
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but the dysfunction caused by a phagocytic challenge with immunoglobulin G (1gG)-coated erythrocytes ElgGs
involves the Fc gamma receptor depletion and the erythrocyte contents rather than an oxidative stress [54].

Our study had shown that SOD/ROS of macrophage decrease during RF, significant on days 7 but not on
days 21. This study suggests that RF can improve macrophage function cause by decrease oxidative stress on
macrophage. Macrophages activated under conditions of oxidative or carbonyl stress can lead to a more enhanced
inflammatory response. Coupled with an impairment of the phagocytic response, this can lead to ineffective
clearance of apoptotic cells and secondary necrosis, with the result being failure to resolve the inflammatory
response and the establishment of a chronic inflammatory state [22].

Development of intracellular killing activity by activated macrophages also requires the autocrine effects of
TNF-alpha. IFN-gamma provides the first signal for the production of nitric oxide (NO), the effectors molecule for
intracellular destruction of parasites. When IFN-gamma-treated cells are infected with pathogens, they are
stimulated to make TNF-alpha [55].

Tumor Necrosis Factor-alpha alone did not directly induce macrophage NO2™ production to kill amoebae;
however, in combination with increasing concentrations of TNF-alpha and IFN-gamma, bone marrow-derived
macrophages (BMM) amoebicidal activity and NO2" production progressively increased and showed a significant
linear correlation [56].

In our study had shown that iNOS production had significant strongly positive correlation with IFN-gamma
before RF, but not on days 7 and on days 21 and had significant strongly positive correlation with TNF-alpha on
days 7, but not in before RF and days 21. Analog with regression test that iNOS more affected by TNF-alpha than
IFN-gamma during RF. Other result had shown that SOD production had significant strongly negative correlation
with IFN-gamma on before RF and on days 21 of RF, and had significant strongly positive correlation with TNF-
alpha on days 7, but become significant weakness negative correlation with TNF-alpha on days 21 of RF . Analog
with regression test that SOD more affected by IFN-gamma than TNF-alpha during RF. This study suggests that RF
altered the activated macrophage regulation / signaling in healthy subject.

Human NOS2 is most readily observed in monocytes or macrophages from patients with infectious or
inflammatory diseases [33]. TNF-alpha is a powerful pro-inflammatory agent that regulates many facets of
macrophage function. It is rapidly released after trauma, infection, or exposure to bacterial-derived LPS and has
been shown to be one of the most abundant early mediators in inflamed tissue [31,57,58].

Lipopolysaccharide (LPS)-activated macrophages secrete pro-inflammatory cytokines, including tumor
necrosis factor (TNF) to elicit innate immune responses. Secretion of these cytokines is also a major contributing
factor in chronic inflammatory disease [59]. Aberrant TNF-alpha production and TNF receptor signaling have been
associated with the pathogenesis of several diseases [31]. TNF-alpha has been shown to play a pivotal role in
orchestrating the cytokine cascade in many inflammatory diseases and because of this role as a “master-regulator” of
inflammatory cytokine production, it has been proposed as a therapeutic target for a number of diseases [31,60].
Indeed anti-TNF-alpha drugs are now licensed for treating certain inflammatory diseases including rheumatoid
arthritis and inflammatory bowel disease [31].

Our study reveal that TNF-alpha of macrophage increase significantly (p<0.05) on days 7 but not
significant on days 21 of RF. This study suggests that RF induce inflammatory on macrophage. Other study had
shown that prolonged intermittent fasting in a model like RF has some positive effects on the inflammatory status of
the body [61] and attenuates inflammatory status of the body by suppressing pro-inflammatory cytokine expression
and decreasing body fat and circulating levels of leukocytes [62].

Inflammation is associated with production of cytokines and chemokines that recruit and activate
inflammatory cells [63]. A large number of cytokines are found within foci of inflammation. Two of these
cytokines, namely interleukin-1 (IL-1) and TNF. These two cytokines induce production by many cells of lipid
mediators, proteases, and free radicals, all of which play a direct role in development of the deleterious effects of
inflammation. IL-1 and/or TNF exert cytotoxic effects on the vascular endothelium, cartilage, bone, muscle, or
pancreatic beta-cell islets. Cytokines, including interferon gamma (IFN), IL-3 and granulocyte-macrophage colony-
stimulating factor (GM-CSF), amplify the inflammatory response by increasing production of IL-1 and TNF by
macrophages [60].

Macrophages also produce other cytokines, such as IL-8 and macrophage chemoattractant protein-1
(MCP-1), with chemoattractant properties that contribute to draw leucocytes to the site of inflammation. IL-6,
produced in large amounts during inflammatory processes, induces the production of acute phase proteins by
hepatocytes. IL-1, TNF, IL-11, leukemia inhibitory factor (LIF), and transforming growth factor beta (TGF beta)
share this effect. TGF beta also has a number of anti-inflammatory effects. TGF beta, IL-4, and IL-10 inhibit
production of IL-1 and TNF. Glucocorticoids also have this effect. Glucocorticoids can be produced as a result of a
chain of events initiated by IL-1, TNF, and IL-6 and involving the neuro-endocrine axis. Other substances, such as
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IL-1 receptor antagonist (IL-1 ra) or soluble forms of the TNF receptors can specifically inhibit the effects of IL-1
and TNF [60].

Interleukin (IL) 12 produced by macrophages in response to various stimuli is a potent inducer of interferon
(IFN) gamma production. IFN-gamma inhibition of chemokines production and inhibition of IFN-gamma-induced
IL-12 production by TNF provide potential mechanisms by which these cytokines can exert anti-
inflammatory/repair function(s) [63]. Cascade production of cytokines, inhibition, negative feed-back, and
synergistic mechanisms are parameters that illustrate the concept of "cytokine network™ and aptly characterize the
role of these mediators in the mechanisms of inflammation [60].

V. CONCLUSION
Our study suggests that RF induce classically activated, inflammation and decrease oxidative stress on
macrophage. These studies also reveals that RF altered activated macrophage regulation / signaling and induces
macrophage function and reveal that macrophage was in eustress condition, although are culture process contribute
to stress response of macrophage still unknown.
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