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Objective: It is well known that regular turmeric extract with 95% curcuminoid is com-
prised of curcumin (70.07%), desmethoxycurcumin (20.28%), and bisdemethoxycurcumin 
(BDMC) (3.63%). In the current study for the first time, we have enriched about 3% of 
bisdemethoxycurcumin (BDMC) to 70% as well as named it as REVERC3 and compared 
anti-inflammatory activity with regular turmeric extract using in vitro and in vivo models of 
inflammation.
Methods: To reveal the potential anti-inflammatory mechanism of action, we investigated 
nitric oxide (NO) scavenging, xanthine oxidase, and lipoxygenase inhibitory activity, further 
determined the level of pro-inflammatory cytokines, such as interleukin 6 (IL-6), tumor 
necrosis factor (TNF-α) and major inflammatory mediators like cyclooxygenase (COX-2) 
and inducible nitric oxide synthase (iNOS), inhibition in lipopolysaccharide (LPS) induced 
inflammation in RAW macrophage cells. In the other hand, a carrageenan-stimulated inflam-
matory rat model was carried out.
Results: Our study findings exhibited a significant anti-inflammatory activity of REVERC3 
together with nitric oxide (NO), xanthine oxidase, and lipoxygenase inhibition. Further, we 
attenuated the levels of cyclooxygenase (COX-2), inducible nitric oxide synthase (iNOS), 
interleukin (IL-6) and tumor necrosis factor (TNF-α) expressions in the LPS-elicited RAW 
macrophage cells. REVERC3 showed a potential anti-inflammatory activity by inhibiting 
carrageenan induced paw edema after 4 hr at the dose of 100mg/kg body weight.
Conclusion: Thus, our findings collectively indicated that the REVERC3 could efficiently 
inhibit inflammation compared to regular turmeric extract. Since bisdemethoxycurcumin is 
a stable molecule it could be effectively used in the applications of health care and the 
nutraceutical industry, indeed which deserves further investigations.
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Introduction
Inflammation is an essential part of a body self-defence mechanism to fix an injury 
that occurred by trauma, microbial invasion, or any chemical substance. 
Inflammation is a precise process during which the body’s immune system identi-
fies and eliminates toxic as well as external stimuli and starts the restorative 
process, there are two types of Inflammation it could be either acute or chronic. 
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Acute inflammation begins very quickly, turns into severe 
within a brief period and therefore the signs may continue 
for a couple of days, chronic inflammation lasting for 
prolonged intervals of more than a few months to 
years.1–3 The distinctive features of inflammation are red-
ness, swelling, unusual heat, pain, and discomfort for 
physical tasks. The body’s inflammatory response to 
chronic inflammation subsequently starts deteriorating 
body’s cells, tissues, and organs, this might end in DNA 
damage, tissue mortality, and internal scars. All of those 
are linked to the development of various illnesses such as 
diabetes, obesity, cardiovascular diseases, and cancer. 
There are several medications for regulating and suppres-
sing the inflammatory crisis; Primarily, nonsteroidal anti- 
inflammatory drugs, steroids, and immunosuppressants are 
pragmatic. Nevertheless, which have been linked to 
adverse effects like gastrointestinal (GI) and cardiovascu-
lar complications. Hence, we need to explore natural anti- 
inflammatory factors within medication therapy to attain 
the deepened pharmacological response and subsided 
adverse side effects.4

Curcuma longa is a rhizomatous plant that belongs to 
the family Zingiberaceae. It is widely recognized for its 
bright yellow powdered form which is known as turmeric. 
Turmeric extracts containing curcumin, demethoxycurcu-
min (DMC), and bisdemethoxycurcumin (BDMC) are 
often identified as curcuminoids. Curcumin is reported to 
possess beneficial properties due to its strong anti- 
inflammatory and antioxidant properties.5,6 Most of the 
studies have been concentrated on curcumin, it is interest-
ing to note that the stability of curcumin is less and it 
could be simply reduced in in vivo system and at the same 
time there are reports that BDMC the other curcuminoids 
is stable and have encouraging pharmacological and bio-
logical effects. BDMC is described to have an improved 
stability and enhanced cellular absorption in comparison 
with the curcumin.7,8 Curcumin and its analogs such as 
bisdemethoxycurcumin, demethoxycurcumin, tetrahydro-
curcumin and turmerones regulate anti-inflammatory and 
anti-proliferative effects selectively.9 Recent research has 
shown that the BDMC suppresses the proliferation and 
persistence of numerous types of tumor cells.10,11 BDMC 
has been investigated to have antioxidant and anti- 
inflammatory activities12. However, the underlying mole-
cular processes are largely undiscovered. In this study, for 
the first time, about 3% of Bisdemethoxycurcumin present 
in turmeric extract is enriched to 70% and investigated for 
anti-inflammatory action.

Materials and Methods
Reagents
Dulbecco’s modified eagle medium (DMEM) and Fetal 
bovine serum (FBS) were purchased from Gibco-BRL®. 
Penicillin– streptomycin, LPS (Escherichia coli 0111: B4), 
sodium nitrite (NaNO2), Griess Reagent and 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide (MTT) was procured from Sigma-Aldrich® (St 
Louis, MO, USA).

Extraction and Isolation of 
Bisdemothoxy-Curcumin (BDMC) Rich 
Fraction from Rhizomes of Curcuma longa
Finely powdered rhizomes of Curcuma longa (500gm) 
were extracted with 95–98% v/v ethyl acetate (2L) with 
the use of round bottom flask by refluxing at 65 °C for 
about 2–3 hrs, extract was filtered, and the process was 
repeated twice using fresh ethyl acetate solvent. Filtered 
extract was combined and evaporated under vacuum to get 
a curcuminoid-rich extract. The resulting crude extract was 
loaded to the column containing silica gel 60–120 mesh 
size and eluted with chloroform followed by chloroform: 
methanol with increasing polarity. All the column fractions 
were subjected to TLC silica gel (Merk-60 F254,0.25mm 
thick) plate using chloroform: ethanol: glacial acetic acid 
(94:5:1) as the developing solvent system and detected as 
yellow spots. The three curcuminoids were nicely sepa-
rated (with Rf values of Curcumin, DMC, and BDMC 
being 0.78, 0.53, and 0.25, respectively). The last fraction 
recovered from column chromatography known as BDMC 
fraction with Rf value 0.25 and the organic solvent was 
removed by distillation in a rotary evaporator (Heidolph- 
Laboarat 4000). Finally, a brown-coloured extract (6.5gm) 
was obtained.

High-Performance Liquid 
Chromatography Analysis of REVERC3
Sample Preparation
Initially, standard stock concentration of 200 ppm was pre-
pared by dissolving 10.0 mg of Bisdemethoxycurcumin in 
50.0 mL acetone by using standard volumetric flask, then 
by dispensing 5mL of standard stock solution to 50.0 mL 
standard volumetric flask and make up the volume with 
60% citric acid in water and 40% tetrahydrofuran of diluent 
mix to get a final concentration of 20 ppm. REVERC3 
solution was prepared by dissolving 20mg of sample in 
acetone in 50mL volumetric flask, subsequently by 
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pipetting 5mL sample stock to 50mL volumetric flask and 
make up the volume with 60% citric acid in water and 40% 
tetrahydrofuran of diluent mix to get a final concentration of 
40 ppm. Both standard and sample solutions were passed 
through 0.2 µ nylon syringe filter.

Chromatographic Condition
The Bisdemethoxycurcumin quantification was performed 
on a Shimadzu LC2030 C Prominence-i (Japan), 
A separation was carried out in Kinetex C-18 column 
(100 Aº, 150 mm × 4.6 mm, 5 μm pore size). Mobile 
phase used was consists of isocratic elution with a low- 
pressure gradient using 1mg/mL citric acid in water: 
Tetrahydrofuran (60:40) with a flow rate of 1 mL/min 
and the injection volume of 20 μL. All solutions were 
degassed and filtered through 0.22 μm pore size filter. 
The column was maintained at 26°C throughout analysis, 
and the UV detector was set at 420 nm for 
Bisdemethoxycurcumin. 60% citric acid in water and 
40% tetrahydrofuran of diluent mix were used as 
a diluent for HPLC analysis and the total liquid chromato-
graphy (LC) run time was 20 min. Using these chromato-
graphic conditions, it has been possible to confirm the 
peak identification by retention time (RT) of 
Bisdemethoxycurcumin by injection of corresponding 
standard separately (Supplementary Figure S1)

Nitric Oxide Radical Scavenging Activity
Nitric oxide radical scavenging activity was determined by 
following method described.13 Briefly, to 1mL of different 
concentrations (5–160µg/mL) of REVERC3 and regular 
turmeric extract in phosphate buffer (0.025M, pH 7.4), 
1 mL of sodium nitroprusside (10mM) was mixed and 
incubated at 25°C for 150 min subsequently the 1 mL of 
Griess reagent (1% sulphanilamide, 2% Orthophosphoric 
acid and 0.1% N-(1-naphthyl) ethylene diamine) was 
added and the absorbance was measured at 546nm. The 
reaction mixture without the sample was treated as control.

Lipoxygenase Enzyme (LOX) Inhibition 
Assay
LOX Inhibition was determined by applying the pre-
viously reported method.14 Briefly, sodium phosphate buf-
fer 0.1M (pH 8.0) and soybean lipoxygenase (165 U/mL) 
and 10 µL of different concentrations of REVERC3 and 
regular turmeric extract were combined and incubated at 
25°C for 10 min. 10 μL of 0.32 mM substrate in the form 
of sodium linoleic acid solution was added to initiate the 

reaction. The formation of (9Z, 11E)- (13S)-13- 
hydroperoxyoctadeca-9,11-dienoate from sodium linoleic 
acid by enzymatic conversion was determined by measur-
ing the change in absorbance at 234 nm using UV-Vis 
spectrophotometer. Negative control was drawn up by 
replacing samples with sodium phosphate buffer and 
DMSO into the quartz cuvette. All the reactions were 
carried out in triplicates.

Xanthine Oxidase (XO) Inhibition Assay
The inhibition of XO activity was measured spectrophoto-
metrically by adopting the method described by Noro 
et al.15 Briefly, the reaction mixture consists of enzyme 
solution (0.04 units/mL in 70mM phosphate buffer, pH 
7.5), and different concentrations of REVERC3, regular 
turmeric extract and 70mM phosphate buffer (pH 7.5) 
were prepared freshly prior to use, subsequently pre- 
incubated at 25°C for 15 min. The reaction was instigated 
by adding xanthine substrate solution (150 mM). The 
assay mixture tubes were kept at 25°C for half an hour 
and the absorbance was read at 290 nm with UV-Vis 
spectrophotometer (Shimadzu). The percentage inhibition 
of XO in the above assay system was calculated using the 
formula: (1-B/A) X 100; where A and B are the activities 
of the enzyme without and with test material. In this 
experiment here we define XO as the amount needed to 
produce 1 mmol of uric acid/min at 25°C.

Cell Culture
RAW 264.7 cell line (murine macrophage) was purchased 
from NCCS Pune and cells maintained in 25 cm2 tissue 
culture flask in DMEM added with 100 units/mL penicil-
lin, 100 μg/mL streptomycin and 10% FBS. Cultures were 
grown at 37°C in 5% CO2.

Cell Viability Assay
Cell viability assay was performed to determine the effect 
of REVERC3 and regular turmeric extract on RAW264.7. 
Briefly, cells (2×104cells/well) were seeded in 96-well 
microplates and allowed to adhere overnight and then 
treated with REVERC3 and regular turmeric extract sepa-
rately at varying concentrations 2.5–30μg/mL, respec-
tively, for 24 h. later, cells were stained with MTT 
solution for 4 hr. The formazan crystals formed were 
dissolved in 100 μL DMSO and the plates were mildly 
shaken, the OD was measured using Thermoscan EX 
reader at 570 nm.16
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Measurement of Nitric Oxide (NO) Level
RAW 264.7 cells were treated with REVERC3 and regular 
turmeric extract at two different concentrations (2.5 and 
5.0µg/mL) separately for 4 h, then washed with phos-
phate-buffered saline, and elicited with LPS (1µg/mL) 
for 24 h. Then, 100µL of cell culture supernatant was 
mixed with 100μL of Griess reagent. The absorbance 
(optical density) was read at 540 nm using a microplate 
reader and NO production was determined using sodium 
nitrite standard reference curve.

ELISA Assay
RAW264.7 cells (0.5 x 105cells/well) were seeded in 96 
well plates and left to adhere overnight. Cells were pre- 
treated with REVERC3 and regular turmeric extract (2.5 
and 5.0µg/mL) discretely for 1 h, then elicited with LPS 
(1µg/mL) for 24 h. The cytokines (TNF-α and IL-6) in the 
supernatant were measured using an ELISA kit (Krishgen) 
according to the manufacturer’s instructions.

Western Blot Analysis
Briefly, RAW 264.7 cells were incubated with different 
concentrations of REVERC3 and regular turmeric extract 
separately for 4 h before a 24h stimulation period with 
LPS (1 μg/mL). Total protein was extracted from the 
harvested cells with RIPA buffer, protein concentration 
was measured using Bradford protein assay, equal amounts 
of total proteins were separated by SDS-PAGE (8%-12%) 
and electro transferred to a polyvinylidene fluoride 
(PVDF) membrane. The membrane was blocked with 5% 
skim milk for 2 h and subsequently incubated with specific 
primary antibodies, anti-NOS2 antibody (1:1000, sc- 
7271), anti-NFκB p65 antibody (1;1000, sc-8008) and 
anti-Cox-2 antibody (1;1000, sc-19999) for overnight at 
4°C. Membranes were later washed three times with Tris- 
Buffered Saline Tween-20 (TBST) and Tris-Buffered 
Saline (TBS) incubated further for 2 h with the corre-
sponding secondary antibodies. The blot was visualized 
using an enhanced chemiluminescence kit.

In vivo Anti-Inflammatory Activity
Grouping of Animals
Wistar rats were randomly allotted into six groups (n=6) 
and kept for 7-day acclimatization. Group 1 was treated as 
control, group 2 received indomethacin 10 mg/kg.bw. Rats 
in groups 3 and 4 were treated with REVERC3 (100 and 
200 mg/kg.b.w. p.o) group 5 and 6 with regular turmeric 

extract (100 and 200 mg/kg.b.w. p.o). This study was 
approved by Institutional Animal Ethics Committee of 
Vidya Herbs Pvt. Ltd, Bangalore, India, with the protocol 
number VHPL/PCL/IAEC/08/19. During animal experi-
mentation guidelines of CPCSEA (Committee for the 
Purpose of Control and Supervision of Experimentation 
on Animals) were followed.

Carrageenan-Induced Acute Inflammatory Model
The carrageenan-induced paw edema test was performed 
in accordance with the method17 with some modifications. 
Drugs were administered to all the respective groups. 
One hour later, the animals were injected with 0.01 mL 
of 1% (w/v) freshly prepared carrageenan solution into the 
right-hind paw sub plantar injection. Paw thickness and 
volume were measured after 30 min, 1, 2, 4, and 24 h after 
carrageenan injection using Vernier calipers and 
Plethysmometer, respectively. The percentage inhibition 
of inflammation was calculated.

Statistical Analysis
Data were analyzed using one-way analysis of variance 
(ANOVA) with Duncan multiple range test for means ± 
standard error, where *P < 0.001 was considered to indi-
cate statistically significant difference between groups. All 
the experimental data were derived from three independent 
experiments.

Results
Nitric Oxide Scavenging Activity
REVERC3 and regular turmeric extract were investigated 
for NO scavenging activity. REVERC3 and regular tur-
meric extract inhibited 10–90% at 5–160µg/mL with an 
IC50 value of 69.5µg/mL and (Figure 1A) respectively. 
Excitingly REVERC3 showed strong NO scavenging 
activity compared to regular turmeric extract.

Figure 1 Nitric oxide scavenging activity of REVERC3 and regular turmeric extract. 
Values are expressed as mean ± SEM of three experiments.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                

Journal of Inflammation Research 2021:14 862

Gouthamchandra et al                                                                                                                                              Dovepress

http://www.dovepress.com
http://www.dovepress.com


Xanthine Oxidase Inhibition
Xanthine oxidase inhibitors have been testified from a wide 
medley of plants used in conventional plant-based medica-
tions for rheumatism and gout in Australia, North America, 
and China. In this study, the level of XO inhibition was 
evaluated for the REVERC3 and regular turmeric extract at 
different concentrations. As illustrated in Figure 2A. Both 
REVERC3 and regular turmeric extract suppresses the for-
mation of uric acid catalyzed by xanthine oxidase signifi-
cantly in a dose-dependent manner. The concentrations of 
REVERC3 and regular turmeric extract causing the half--
maximal inhibition (IC50) were determined to be 27.93μg/ 
mL and 32.83μg/mL, respectively, indicating that REVERC3 
possessed a strong inhibitory activity on XO. Our results 
were consistent with previously published reports.

Inhibition of Lipoxygenase (LOX) Activity
High concentrations of leukotrienes (LTs) might be observed 
in the instance of allergic rhinitis, rheumatoid arthritis, 
asthma, psoriasis, and colitis ulcer which is formed from 
immune cells. Leukotrienes are a distinctive group of pro-
ducts of the lipoxygenase pathway, Lipoxygenases (LOX) 
enzymes are linked with allergic and inflammatory reac-
tions. Hence, the LOX inhibition activity is the most impor-
tant one. As depicted in Figure 2B REVERC3 was most 
effective and inhibited LOX activity up to 89.18% at the 
concentration of 50μg/mL with an IC50 value of 24.78μg/ 
mL whereas regular turmeric extract IC50 value was 
30.03μg/mL. Interestingly, LOX inhibitory activity of 
REVERC3 was strong compared to regular turmeric extract.

Effect of REVERC3 on RAW 264.7 Cells
The effect of REVERC3 and regular turmeric extract on 
RAW264.7 cell viability was demonstrated by MTT assay. 
As illustrated in Figure 3A, our results revealed that 
REVERC3 and regular turmeric extract at the concentration 

of 2.5–7.5µg did not induce any cytotoxic effect on RAW 
264.7 cells, successive experiments were conducted with 2.5 
and 5.0 µg/mL of REVERC3 and regular turmeric extract.

Effect of REVERC3 on the Production of 
Nitric Oxide (NO) in LPS-Elicited 
RAW264.7 Cells
It has been reported that excessive NO is a classical marker 
for inflammation in LPS stimulated macrophages. As 
demonstrated in Figure 3B, LPS induced the dramatic 
increase of NO in macrophages. Treatment with 
REVERC3 and regular turmeric extract significantly les-
sened the production of NO level. Interestingly, REVERC3 
was better compared to regular turmeric extract.

Effect of REVERC3 on the Production of 
Cytokine in LPS-Elicited RAW264.7 Cells
Once inflammation occurs, stimulated macrophages 
secrete substantial amounts of pro-inflammatory proteins 
to exacerbate inflammation. As presented in Figure 4A and 
B, LPS treatment intensified the expression of TNF-α and 
IL-6 which could be reduced by the pre-treatment with 
REVERC3 and regular turmeric extract. Excitingly 
REVERC3 treatment strongly reduced TNF - α and IL-6 
cytokine levels compared to regular turmeric extract.

Inhibition of iNOS and COX2 Expression 
in LPS Induced RAW 264.7 Cells
It is reported that COX-2 and iNOS play a significant role in 
the inflammatory process. Based on the significant inhibition 
of NO by REVERC3, we investigated the expression of 
COX-2 and iNOS. As shown in Figure 5A and B, LPS 
induced the statistically significant expression of COX-2 and 
iNOS compared to control. Treatment with REVERC3 and 
regular turmeric extract subsides the expression of COX-2 

Figure 2 Dose-dependent inhibitory effects of REVERC3 and regular turmeric extract on xanthine oxidase (A) and Lipoxygenase (B). The results were expressed as mean 
± SEM of three experiments.
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and iNOS dose-dependently. REVERC3 at the concentration 
of 5.0 µg/mL showed clear inhibition of iNOS and COX2 in 
the comparison to LPS treated cells, whereas regular turmeric 
extract at the concentration of 5.0 µg/mL showed moderate 
suppression compared to regular turmeric extract.

Effect of REVERC3 on Carrageenan-Induced Paw
The carrageenan-induced paw edema test was used to assess 
the anti-inflammatory effects of REVERC3 (Supplementary 
Figure S2, Table 1). After 1 hour of induction, rats treated 
with REVERC3 at 100 mg and 200 mg/kg showed signifi-
cant reduction in paw edema thickness as compared to the 
untreated vehicle control (p<0.001). Further at the tested 
doses, REVERC3 continued to exhibit a significant anti- 

inflammatory effect up to 24 h. The results were comparable 
to reference drug indomethacin. Interestingly, REVERC3 
was superior in ameliorating the carrageenan-induced 
inflammation compared to the regular turmeric extract.

Discussion
Inflammation is a multifaceted process, it shows the 
response of organisms to several stimuli and is linked to 
many disorders such as arthritis, asthma, and psoriasis, 
which necessitate prolonged or repeated treatment. In this 
study, we investigated REVERC3 is having pronounced 
inhibitory activity against major pro-inflammatory targets. 
It has been stated that nitric oxide (NO) is produced from 
amino acid L-arginine by the enzymes that are present in 

Figure 4 Effect of REVERC3 and regular turmeric extract on cytokine production in LPS-stimulated RAW 264.7 macrophages. RAW264.7 cells were co-treated with 
REVER3C (10 and 20 µg/mL) and LPS (1 μg/mL) for 24 h. Levels of (A) TNF-α and (B) IL-6 in culture supernatants were measured by ELISA. The data presented are the 
mean ± SEM. *** p < 0.0001 vs the control group ***p < 0.0001 vs the LPS group.

Figure 3 Effect of REVERC3 and regular turmenric extract on cell viability of RAW 264.7 macrophages and NO levels. Cell viability was assessed by MTT method, and the 
results were expressed as percentage of surviving cells over control (A) and NO production level in LPS-stimulated RAW 264.7 macrophages (B).
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the phagocytes, certain neuronal cells, and vascular 
endothelial cells.18 NO is implicated in several pathologi-
cal diseases, such as chronic inflammation, rheumatoid 
arthritis, and autoimmune diseases.19 It has been reported 
that nitric oxide scavengers act out against oxygen, leading 
to reduced production of nitrite. The present study indi-
cated that REVERC3 inhibited the nitrite formation by 
directly competing with oxygen in the reaction with nitric 
oxide, the NO scavenging activity was discovered to 
improve with increasing concentration REVERC3 and 
might be due to the presence of phenolics and flavonoids.

Xanthine oxidase (XO) is thought to be a vital biolo-
gical source of free radicals during physical exercise, it is 
also involved in the pathogenesis of multiple diseases such 
as atherosclerosis, cancer, and gout.20–22 Thus, the inhibi-
tion of XO activity may have concurrently antiradical and 
inhibitory properties along with therapeutic interest. XO 
inhibitory activity of REVERC3 was evaluated for its 
effectiveness in reducing the production of uric acid. 
While the XO enzyme was repressed, it lowered the activ-
ity XO and this would subsequently prevent the catalysa-
tion of hypoxanthine to uric acid via to xanthine. XO 
inhibitory activity of REVERC3 was appreciable than 
regular turmeric extract which could be attributed to less 
curcumin content. Previous studies have demonstrated that 
luteolin, quercetin, silibinin inhibited xanthine oxidase but 
not curcumin.23

Lipoxygenases (LOX) are a family of iron-containing 
enzymes, they convert arachidonic acid, a component of 
membrane phospholipids into proinflammatory mediators 
called leukotrienes that play a key role in 
inflammation.24,25 Mounting evidence suggests that 

lipoxygenase catalyzed products have a profound impact 
on the progression and development of human 
cancers.26,27 It has been reported that agents that block 
lipoxygenase-catalyzed activity may be positive in block-
ing cancer.28 The lipoxygenase inhibition activity of 
REVERC3 was evaluated at different concentrations. 
REVERC3 showed dose-dependent lipoxygenase inhibi-
tory activity, polyphenol and flavonoid presence might be 
responsible for the activity. Latest investigations have 
shown that BDMC to exert anti-tumour effects via 
a multimechanistic method of action,29 suppression of 
lipoxygenase could be one of them.

Macrophages are phagocytic cells that play a key role 
in immune reactions by releasing multiple pro- 
inflammatory cytokines and mediators to avoid invading 
pathogens. As a part of the defence mechanism macro-
phages express iNOS and stimulate the production of an 
enormous amount of NO. It has been reported that exces-
sive NO is linked to inflammatory diseases.30 Since inhi-
bition of NO is an important part of anti-inflammatory 
therapy, we investigated the effect of REVERC3 on NO 
production in RAW 264.7 macrophages. We discovered 
REVERC3 significantly subsided NO production in LPS 
elicited RAW 264.7 macrophages. As a quick response to 
inflammation, RAW264.7 macrophages could release 
inflammatory mediators (COX-2 and iNOS) and many 
pro-inflammatory cytokines (TNFα and IL-6), which is 
helpful to attract circulating immune effector cells, such 
as neutrophils, to fight against foreign invasion.31,32 

Although, extreme inflammatory retorts could harm tissues 
and organs. Therefore, the expression of pro-inflammatory 
cytokines and inflammatory mediators needs to be strictly 
controlled throughout an inflammatory response.32–35 

Lowering the levels of COX-2 and iNOS would represent 
an effective strategy for destroying inflammatory 
responses.

It has been reported that the carrageenan-caused paw 
edema model is valuable to examine the anti-inflammatory 
effect of herbal as well as synthetic products.36 The carra-
geenan induced inflammatory response consists of two 
phases. The early phase (first 2 h after carrageenan injec-
tion) is attributed to the release of proinflammatory med-
iators, such as histamine and serotonin; the second phase 
(3–5 h after carrageenan injection) is mainly mediated by 
kinins, prostaglandin, nitric oxide, cyclooxygenase, cyto-
kines, and neutrophil derived free radicals.37 In the present 
study, we found that REVERC3 reduced carrageenan- 
induced paw oedema thickness from 1h post-carrageenan 

Figure 5 Effect of REVERC3 and regular curcumin on the protein expression of 
iNOS, COX-2 and NFkB- α in LPS stimulated RAW264.7 cells. Total proteins were 
isolated and analyzed by Western blot.
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injection, implying that the anti-inflammatory action of 
REVVERC3 is associated with the inhibition of different 
inflammatory mediators.

Conclusion
In conclusion, our study showed that REVERC3 demon-
strated significant anti-inflammatory activity by inhibit-
ing xanthine oxidase and lipoxygenase enzymes. 
Further, inhibition of cytokines interleukin (IL-6) and 
tumor necrosis factor (TNF-α) and enzymes COX-2, 
expressions in LPS-elicited RAW macrophage cells. In 
the other hand, REVERC3 showed promising inhibitory 
effect in carrageenan induced Paw oedema (at 100 mg/ 
kg.bw). Thus, our results together indicated that the 
REVERC3 could efficiently inhibit inflammation com-
pared to regular turmeric extract due to its superior 
bioavailability compared to regular turmeric extract, 
the main concern which greatly limit the suitability 
and efficacy of regular turmeric extract is its low bioa-
vailability. Therefore, it can be assumed that bioavail-
ability of REVERC3 could contribute to anti- 
inflammatory activity. Overall results showed BDMC 
rich extract could be potent drug candidate.
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