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ABSTRACT: Benzoxazoles and their derivatives have exerted anti-cancer and anti-inflammatory (immunomodulatory) 
potential due to their anti-proliferative effect on the cells. These molecules are DNA basebioisosteres, therefore, their 
mechanism of action could be by mimicking the structures of the DNA bases and halting the DNA polymerization 
processes. Based on their anti-proliferative effect, in our study we aimed to decipher the potential anti-inflammatory 
activities of unique bisbenzoxazole derivatives in vitro on mammalian macrophages. Being able to manipulate the 
inflammatory function of macrophages would enable the regulation of the immune response against danger stimuli. 
This would enable us better prognosis against different types of the diseases ranging from autoimmune disorders to 
cancer. Our results support the stark anti-inflammatory potential of bisbenzoxazole derivatives RHE 241 and RHE 248 
in vitro on the LPS activated mammalian macrophages. After further delineation of their mechanism of action in vitro 
and their in vivo potency, these molecules could be utilized as potent anti-inflammatory medicines. 

KEYWORDS: Bisbenzoxazole; inflammation; macrophage; anti-inflammatory; anti-proliferative agents. 

1.  INTRODUCTION 

Macrophages are white blood cells found in the mammalian tissues. During their development process 
through hematopoiesis, they are produced in the bone marrow as monocytes. While leaving the blood stream 
the monocytes differentiate into macrophages in the tissues and strengthen the defense against invaders 
microorganisms [1-7]. Macrophages are part of the innate immune system since they recognize the pathogen 
associated patterns or other danger molecules at the early stages of infection and respond accordingly [1-7]. 
Through their cytokine production as well as antigen presenting capabilities they are also involved in adaptive 
immune system reactions [1-14]. When microbes invade or infect our body, macrophages are attracted to the 
region through signaling molecules known as chemokines and initiate an inflammatory reaction while 
eliminating the danger associated molecule through phagocytosis[1-14]. If there is a lack of tissue resident 
macrophages, then the monocytes in the blood stream and other phagocytic cells are stimulated to leave the 
blood stream. Then, they get into the tissue by squeezing through the endothelial cells on the walls of the 
blood vessels [1-14]. After phagocytosis, macrophages degrade the pathogens by releasing destructive 
enzymes of the lysozyme into the phagosome (then becomes phagolysozyme)[1-14]. Macrophages can present 
these degraded molecules of the pathogen on their surface on MHC class II molecule to the T helper cells to 
further activate the adaptive branch of the immune system and start a more robust reaction against the 
invading pathogen [1-14]. Moreover, macrophages contribute to the homeostasis of the body by clearing 
apoptotic, necrotic cells and other cell debris as well as by secreting growth factors and other signaling 
molecules (cytokines) in order to regulate tissue inflammation and after eliminating the danger wound healing 
processes [1-14]. Inflammation is a complex process that involves complex cascade of signals that leads 
changes f in the function of the tissue resident cells as well as the immune system cells in order to start a proper 
response to the danger and to eliminate; this danger can be either a tissue injury or tumorous cells or an 
infectious agent [15-29]. During inflammation besides antigen presentation and phagocytosis, macrophage 
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regulate the immune responses through production of various cytokines and other growth factors that affect 
the entire inflammation process e.g. initiation, maintenance and resolution of inflammation[1-14]. 

They can get activated and deactivated during the inflammatory response depending on the signaling 
milieu. Activation signals include cytokines (interferon gamma, granulocyte-monocyte colony stimulating 
factor, interleukin 1 beta, interleukin 6 and tumor necrosis factor alpha), bacterial lipopolysaccharide, 
extracellular matrix proteins, and other chemical mediators[1-14]. Inhibition of inflammation by the removal 
or deactivation of inflammatory mediators and cells enables tissue repair and wound healing processes to start 
and anti-inflammatory cytokines (interleukin 10 and transforming growth factor beta) play a crucial role at 
this step [1-14]. 

Immunomodulatory molecules are new generation therapeutics that can prevent excessive 
inflammatory responses or shape the type and strength of the immune responses. Finding anti- inflammatory 
molecules would enable us preventing damaging inflammation in case of autoimmune or inflammatory 
diseases whereas pro-inflammatory or immune-stimulatory molecules have potential to be used as adjuvant 
candidates or immune booster agent [15-29].  

Previous studies support anti-proliferative and apoptotic roles of benzoxazole containing compounds 
[30-45]. These derivatives have been studied for their anti-cancer and anti-inflammatory potentials [30-45]. 
Most of the studies rely on superficial analysis of their apoptotic and anti-proliferative activities [30-45]. In the 
light of those studies we designed and synthesized a series of unique bisbenzoxazole derivatives. After inital 
screening two strong candidates were further analyzed for their anti-inflammatory activities. We deciphered 
the immunomodulatory and immune-stimulatory roles of bisbenzoxazole based RHE 241 and 248 molecules 
on macrophages. These unique molecules can be used as anti-inflammatory drug agents in inflammatory 
disorders as well as autoimmune diseases. 

2. RESULTS  

2.1. RHE 241 and 248 treatments did not change the percentage of live macrophage cells after 24 hours 

Both of our reagents had anti-proliferative effect on macrophage cell line (Figure 1). The cell viability of 
RAW 264.7 macrophage cells was 100% in the presence of RHE 241 and RHE 248 at concentrations of 50, 75 
and 100 ug/ml with or without polysaccharide LPS for 24 hours. There was no difference between the two 
chemicals effects in terms of anti-proliferative effect on the macrophages (Figure 1). 
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Figure 1. Percentage of viable cells were counted with Trypan blue staining after stimulating RAW 
macrophage cells for 24 hours with 50, 75 and 100 ug/ml of RHE241 and RHE 248. 1X106cells/ml cell 
concentration was used and DMSO was used for negative control, 1ug/ml of LPS and DMSO was used for 
positive control and 50, 75 and 100 ug/ml of the chemical dissolved in DMSO with or without LPS were 
applied to the cells. Student t test was applied for statistical analysis, p<0.0001 N=9. 

2.2. RHE 241 and 248 abrogated the Tumor Necrosis Factor Alpha (TNFα) secretion by LPS induced 
macrophages 

TNFα is pro-inflammatory cytokine which is produced by different immune cells e.g. macrophages. 
Raw 264.7 cells were treated with RHE 241 and RHE 248 at concentrations of 50, 75 and 100 ug/ml with or 
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without LPS for 24 hours to observe the change in TNFα secretion. Cells in the positive control wells which 
were treated with 1ug/ml of LPS and DMSO produced a substantial amount of TNFα compared to untreated 
control negative wells. Our chemicals with varying concentrations did not induce TNFα secretion by 
themselves which indicates that they lack immunostimulatory role (Figure 2). Whereas, in the presence of LPS 
danger signal our chemicals caused a significant decrease in TNFα production compared to the positive 
control wells (Figure 2).Therefore, our reagents had immunomodulatory effect on macrophages by acting as 
strong anti-inflammatory agents (Figure 2). 
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Figure 2.TNFα ELISA for the supernatants of RAW macrophage cells stimulated for 24 hours with 50, 75 
and 100 ug/ml of RHE241 and 248. 1X106cells/ml cell concentration was used and DMSO was used for 
negative control, 1ug/ml of LPS and DMSO was used for positive control and 50, 75 and 100 ug/ml of the 
chemical dissolved in DMSO with or without LPS were applied to the cells. Student t test was applied for 
statistical analysis, p<0.0001 N=9. 

2.3. RHE 241 and 248 abrogated the Interleukin 1 Beta (IL-1b) secretion by LPS induced macrophages 

Raw 264.7 cells treated with RHE 241 and RHE 248 at concentrations of 50, 75 and 100 ug/ml with 
/without LPS for 24 hours in order to observe the (IL-1β) production. We added 5mM freshly prepared ATP 
solution into the each well 2 hours before harvesting to induce IL1β secretion. As shown in the figure 3 we 
were able to induce IL1β production by LPS stimulated macrophages in the positive control wells. Similar to 
their effect on TNFα secretion, our chemicals did not induce macrophages to produce IL1β by themselves 
(Figure 3).Moreover, there was substantial and complete knockout of IL1β production by LPS stimulated 
macrophages in the presence of our reagents (Figure 3). 
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Figure 3. IL1b ELISA for the supernatants of RAW macrophage cells stimulated for 24 hours with 50, 75 and 
100 ug/ml of RHE 241 and 248. 1X106cells/ml cell concentration was used and DMSO was used for negative 
control, 1ug/ml of LPS and DMSO was used for positive control and 50, 75 and 100 ug/ml of the chemicals 
dissolved in DMSO with or without LPS were applied to the cells. Student t test was applied for statistical 
analysis, p<0.0001 N=9. 
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2.4. RHE 241 induced the Interleukin 6 (IL-6)secretion by non-stimulated macrophages while both RHE 241 
and RHE 248 were suppressing its production by LPS induced macrophages 

Raw 264.7 cell lines were treated with RHE 241 and RHE 248 at concentrations of 50, 75 and 100 ug/ml 
with /without LPS for 24 hours in order to observe the (IL-6) secretion. As shown in figure 4, only LPS 
induction of macrophages leads to a substantial amount of IL6 production. RHE 241 had immunostimulatory 
role in the production of IL6, since in the absence of danger signal it was able to cause IL6 production levels 
similar to those of control positive wells (Figure 4a). Whereas in the presence of LPS it acted as anti-
inflammatory reagent since it lead to a significant decrease in the production of IL6 compared to positive 
control (Figure 4a). RHE 248 was lacking this immunostimulatory effect on IL6 production by macrophages 
whereas it also acted as a strong anti-inflammatory reagent on the LPS stimulated macrophages (Figure 4b). 
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Figure 4. IL6 ELISA for the supernatants of RAW macrophage cells stimulated for 24 hours with 50, 75 and 
100 ug/ml of RHE 241 and 248. 1X106cells/ml cell concentration was used and DMSO was used for 
negative control, 1ug/ml of LPS and DMSO was used for positive control and 50, 75 and 100 ug/ml of the 
chemicals dissolved in DMSO with or without LPS were applied to the cells. Student t test was applied for 
statistical analysis, p<0.0001 N=9. 

3. DISCUSSION 

Macrophages are immune cells with variety of functions. Their major role in the production of different 
kinds of cytokines gives them unique properties. Macrophages can produce both pro-inflammatory and anti-
inflammatory cytokines depending on the needs of the tissue or the whole organism [1-14]. They are essential 
against the invaders such as bacteria and virus by sensing the pathogen associated molecular patterns. Upon 
sensing these danger molecules they start secreting cytokines to prepare the immune system against the 
invaders and eventually eliminate them[1-14].These pro-inflammatory cytokines enable other immune cells 
proper migration into the endangered tissue, their activation and after eradication of the danger their 
suppression and wound healing is enhanced by anti-inflammatory cytokines produced by macrophages[1-
14]. 

Non-steroid based anti-inflammatory drug candidates have gathered attention due to their diminished 
side effects on the patients [30-45]. Benzoxazole derivatives are studied for this purpose extensively [30-45]. 
There have been studies indicating their anti-proliferative function [30-45]. This anti-proliferative function is 
partly due to their similarities to DNA bases [30-45]. Benxoxazole derivatives probably interfere the DNA 
synthesis machinery and prevent cell proliferation in this way [30-45]. Due to their strong biological activities 
benzoxazole derivatives have been suggested as anti-cancer and anti-inflammatory drugs [30-45]. In order to 
generate the most active compound with the least side effects, new benzoxazole derivatives should be 
designed and characterized. In this way, a library of molecules can be generated to use in drug development 
against cancer as well as inflammatory and autoimmune disorders. 

For this purpose we designed a series of bisbenzoxazole derivatives. After initial screening of their 
biological activities, two molecules with the highest anti-proliferative activities were further assessed for their 
anti-inflammatory potentials in vitro. The objective of the study was assessing the possible immunostimulatory 
and immunomodulatory effects of bisbenzoxazole based RHE 241 and 248 molecules on the unstimulated and 
LPS stimulated macrophages. Our results overlapped with the previous findings and these unique 
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bisbenzoxazole derivatives significantly and substantially decreased the pro-inflammatory cytokine 
production by activated macrophages [30-45]. This effect was so stark that the cytokine production was 
completely knockedout in the presence of our molecules.  

Immunomodulatory molecules, synthetic or natural, are capable of modifying the immune responses 
[15-29]. There are conventional and novel immunomodulators like adjuvants, cytokines, hormones, 
glucocorticoids, host defense peptides, microbial products, toll like receptors, synthetic compounds, 
probiotics, nutrients, vitamins, minerals, herbs, polysaccharides, vaccines [15-29]. Immunomodulatory 
molecules mimic anti-inflammatory molecules and alter duration, potency and types of immune response by 
blocking the action of the inflammatory pathways to prevent further tissue destruction [15-29]. Inhibition of 
pro-inflammatory cytokines’ (TNFα, IL1b, IL-6) production in our study strongly suggests that the 
bisbenzoxazole based RHE 241 and 248 molecules have potent anti-inflammatory activity on macrophages. 

Moreover, RHE 241 was able to induce IL6 production even in the absence of the danger signal LPS 
whereas it suppressed the production of this cytokine when there was LPS stimulation compared to positive 
control cells. RHE 241 held its anti-inflammatory potential and can furthermore support tissue renewal and 
wound healing by inducing IL6 production in non-inflammatory environments which lack danger signals. 
This unique ability increases its potential to prevent and heal the tissue destruction in autoimmune or chronic 
inflammatory diseases.  

4. CONCLUSION 

Overall, bisbenzoxazole derivatives RHE 241 and RHE 248 decreased the pro-inflammatory TNFα, IL1β 
and IL6 production by the LPS stimulated macrophages in vitro. Compared to the positive control groups, 
these derivatives completely knocked out the production of the pro-inflammatory cytokines. These molecules 
hold a great potential to be used as anti-inflammatory drugs against inflammatory diseases in which 
macrophages play a major role in the induction of the inflammation. These diseases include autoimmune 
diseases such as Multiple Sclerosis and Rhematoid Arthiritis, and chronic inflammatory diseases like Chron’s 
disease [15-29]. Currently we are further investigating their molecular mechanism of action at cellular level 
and in vivo efficacies. 

5. MATERIALS AND METHODS 

5.1. Chemistry 

The target compounds showed in Figure 5 were obtained by reacting the starting material the 4-chloro-
2-aminophenol (1) or 5-nitro-2-aminophenol (3) with 2,2′-thiodiacetic acid(2) or malonic acid(4) for 13-15 hours 
to give bis ((5-chlorobenzo[d]oxazol-2-yl)methyl) sulfane (RHE 241) (CAS Number: 66000-12-2) and bis(6-
nitrobenzo[d]oxazol-2-yl)methane (RHE 248) (CAS Number: 1713164-75-0) in 70-75% yield.  Although these 
two compounds are commercially available, the compounds have been synthesized by us in this study. All 
experimental procedures and results are presented in the supplementary section.The structure of compounds 
RHE 241 and RHE 248 were confirmed by IR, 1H-NMR, and 13C-NMR spectroscopy. IR spectra of the 
compounds showed an absorption band at 1560, 1666 cm-1 indicating the presence of C=N of oxazole ring 
functionality. 1H-NMR spectra of the compounds showed single signals at 4.03 and 2.23 ppm corresponding 
to –CH2- and –CH2-S-CH2- linker groups.13C-NMR spectrum of the compounds showed the characteristic 
signals of carbon atoms of linker group at 24.1 and 28.5 ppm respectively (Supplementary Figures).  

5.2. In vitro cell activation studies 

5.2.1. Cell culture 

RAW 264.7 cells were grown in Roswell Park Memorial Institute media (RPMI 1640) media with %10 
fetal bovine serum, %1 antibiotics (100 μg/ml penicillin and 100 μg/ml streptomycin) and sodium pyruvate. 
Cells were incubated in 37 ⁰C % 5 CO2incubator. Cell media was refreshed once in every 4 days until they 
reach confluency to be used in the experiments. 

5.2.3. RHE 241 and 248 and lipopolysachharide (LPS) stimulation to mimic danger signal 

RAW 264.7 cells were put in 106 cells/well concentration in 1ml fresh complete RPMI as described above 
into 24-well plates, then they were rested overnight in 37 ⁰C 5% CO2 incubator. We tested 50, 75 and 100ug/ml 
RHE 241 and 248 effect on RAW 264.7 cells in the presence and absence of inflammatory stimulator LPS. 1μl 
of LPS (1mg/mL, Enzo Life Sciences, Salmonella minnesota R595) was put into 1 mL media of overnight rested 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=immune+response
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cells. The same volume of DMSO was put into control negative and LPS only control wells. Then cells were 
treated with the RHE 241 and 248 and LPS for 24 hours in 37 ⁰C 5% incubator. Afterwards supernatants of 
each well were collected into eppendorf tubes and centrifuged at 2000RPM to get rid of any cellular debris, 
then supernatants were transferred into fresh eppendorf tubes and kept at -80⁰C before further examination. 
All experimental conditions were tested as a triplicate. In order to measure IL1β levels, similar experimental 
set up was started and 2mM freshly prepared ATP (Fischer Science) was put into the each well of the cells two 
hours before collecting the supernatants.  

 

 

Figure 5: Synthesis method of Compounds. A) Compound RHE 241 B) Compound RHE 248. 

5.2.4. TNFα, IL6 and IL1β ELISAs 

TNFα, IL6 and IL1β production was measured by using enzyme-linked immunosorbent assay (ELISA).  
For each cytokine type (BD Biosciences, CA, USA) ELISA kit was used by following the manufacturer’s 
instructions. Maxisorb 96 well plate (Krackeler) was first coated overnight with hamster anti-mouse cytokine 
(0.5 μg/mL in bicarbonate buffer pH=9.5, 100 μL /well). After getting rid of the solution the plate was washed 
3 times with 0.05% Tween 20 PBS. Then plate was blocked with 200 μL blocking buffer (1% BSA PBS) in each 
well after 3 hours of incubation at room temperature. After washing the plate 3 times samples were put as 100 
μL into each well and incubated overnight at 4 °C. After washing the plate 3 times 100 μL biotin human anti-
mouse cytokine (0.5 μg/mL 10% FBS PBS’te) was put into each well and plate was incubated at room 
temperature for 2 hours. After discarding the solution the plate was washed 3 times and 100 μL of Streptavidin 
HRP solution was put into each well and plate was incubated for 2 hours at room temperature. Then plate was 
washed 3 times and 100 μL TMB substrate (BD OptEIA) was put into each well and 50 μL of 1 M sulfuric acid 
was used to stop the reaction and absorbance was measured at 450nm. By using known concentrations of each 
cytokine’s as standard the concentration of TNFα, IL1β and IL6 in each sample was calculated. 
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