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ABSTRACT
Objective: The aim of this study was to determine the in  vitro 
anti‑inflammatory activities of solvent fractions from Chlorella vulgaris 
by inhibiting the production of pro‑inflammatory mediators and 
cytokines. Methods: Methanolic extracts  (80%) of C. vulgaris were 
prepared and partitioned with solvents of increasing polarity viz., 
n‑hexane, chloroform, ethanol, and water. Various concentrations of 
the fractions were tested for cytotoxicity in RAW 264.7  cells using 
3‑(4,5‑Dimethylthiazol‑2‑yl)‑2,5‑diphenyl tetrazolium bromide  (MTT) 
assay, and the concentrations inducing cell growth inhibition by about 
50%  (IC50) were chosen for further studies. Lipopolysaccharide  (LPS) 
stimulated RAW 264.7 cells were treated with varying concentrations 
of C. vulgaris fractions and examined for its effects on nitric oxide (NO) 
production by Griess assay. The release of prostaglandin E2  (PGE2), 
tumor necrosis factor‑α (TNF‑α), and interleukin 6 (IL‑6) were quantified 
using enzyme‑linked immunosorbent assay using Celecoxib and 
polymyxin B as positive controls. Results: MTT assay revealed all the 
solvent fractions that inhibited cell growth in a dose‑dependent manner. 
Of all the extracts, 80% methanolic extract exhibited the strongest 
anti‑inflammatory activity by inhibiting NO production  (P  <  0.01), 
PGE2  (P  <  0.05), TNF‑α, and IL‑6  (P  <  0.001) release in LPS induced 
RAW 264.7  cells. Both hexane and chloroform fractions recorded a 
significant  (P  <  0.05) and dose‑dependent inhibition of LPS induced 
inflammatory mediators and cytokines in  vitro. The anti‑inflammatory 
effect of ethanol and aqueous extracts was not significant in the study. 
Conclusion: The significant inhibition of inflammatory mediators and 
cytokines by fractions from C. vulgaris suggests that this microalga 
would be a potential source of developing anti‑inflammatory agents 

and a good alternate for conventional steroidal and nonsteroidal 
anti‑inflammatory drugs.
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SUMMARY
•  C. vulgaris extracts have potential anti‑inflammatory activity
•  Solvent extraction using methanol, hexane, and chloroform has exhibited 

significant effect in LPS activated RAW 264.7 cells
•  C. vulgaris extracts reduce the production of NO, PGE2, TNF‑α, and IL‑6 in LPS 

activated RAW 264.7 cells.

Abbreviations Used: COX‑2: Cyclooxygenase‑2, DMSO: Dimethyl 
sulfoxide, FBS: Fetal bovine serum, IL‑6: Interleukin 6, iNOS: Inducible 
nitric oxide synthase, L‑NMMA: NG‑methyl‑L‑arginine acetate salt, 
LPS: Lipopolysaccharide, MTT: 3‑(4,5‑Dimethylthiazol‑2‑yl)‑2,5‑diphenyl 
tetrazolium bromide, NO: Nitric oxide, PBS: Phosphate buffered saline, 
PGE2: Prostaglandin E2, TNF‑α: Tumor necrosis factor‑α.
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INTRODUCTION
Inflammation is an important host defense mechanism and is 
characterized by a complex of interactions between mediators of 
inflammation and inflammatory cells.[1,2] Uncontrolled inflammation 
can lead to tissue injury and chronic diseases.[3] In general, treatment for 
inflammation is aimed at either inhibiting the activity of inflammatory 
cells or inhibiting the production of inflammatory mediators.[4] At 
present, most inflammatory diseases are treated with steroidal and 
nonsteroidal anti‑inflammatory drugs which suppress the levels of 
pro‑inflammatory cytokines, inducible nitric oxide synthase  (iNOS), 
cyclooxygenase‑2, and prostaglandin E2  (PGE2).[5] However, prolonged 
use of these conventional drugs may produce adverse side effects[6] in 
addition with long‑term steroid use that suppresses the immune system.[7]

New anti‑inflammatory agents from natural sources with fewer 
adverse effects are alternates that could be developed for long‑term 
administration. Microalgae form the part of natural sources that could 
be a sustainable source of bioactive compounds, and anti‑inflammatory 
activity of microalgae has been reported widely.[8‑14] Pro‑inflammatory 
cytokines activate immune cells to up‑regulate inflammation and are, 
therefore, useful targets in the development of new anti‑inflammatory 
drugs.[15,16] For this reason, we investigated the inhibitory activity of 
Chlorella vulgaris solvent fractions on pro‑inflammatory cytokines and 
inflammatory mediators.

MATERIALS AND METHODS
Chemicals and reagents
Chemicals 3‑(4,5‑Dimethylthiazol‑2‑yl)‑2,5‑diphenyl tetrazolium 
bromide (MTT), lipopolysaccharide (LPS), NG‑methyl‑L‑arginine acetate 
salt (L‑NMMA), celecoxib, polymyxin B, and enzyme‑linked immunosorbent 
assay (ELISA) kits were purchased from Sigma‑Aldrich (India). All other 
solvents/chemicals used were of reagent or analytical grade.

Preparation of algal extract
C. vulgaris was grown on Bold’s medium for a period of 15 days under 
illumination and centrifuged at 10,000 ×g for 10 min and the pellet was 
washed with distilled water. The pellet was lyophilized and the dried 
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powder was extracted by ultrasonication with 80% methanol  (2  L) at 
room temperature for 30  min. The methanolic extracts were filtered 
by Whatman filter paper and the filtrate was concentrated using 
rotary vacuum evaporator. The evaporated extract was suspended 
in water  (1  L) and partitioned with solvents of increasing polarity. At 
first, n‑hexane  (1 L) was added to the methanolic extract, agitated for 
24 h at room temperature, and separated as hexane fraction. This was 
followed by extraction with chloroform and ethanol. Each fraction was 
dried under a rotary vacuum evaporator, lyophilized in a freeze drier and 
dissolved in dimethyl sulfoxide (DMSO), and stored at 4°C for further 
studies.

RAW 264.7 cell culture
RAW 264.7  cells, purchased from American Type  Culture 
Collection  (ATCC), were grown on Dulbecco’s Modified Eagle 
Medium  (DMEM), supplemented with 10% fetal bovine serum, 
penicillin  (100 U/mL), and streptomycin  (100 μg/mL). The cells were 
incubated and maintained in an atmosphere of 5% CO2 at 37°C. The cells 
were subcultured every 2  days and exponential phase cells were used 
throughout the experiments.

Cytotoxicity assessment using 
3‑(4,5‑Dimethylthiazol‑2‑yl)‑2,5‑diphenyl 
tetrazolium bromide assay
The cytotoxicity of the crude solvent extracts against the RAW 
264.7  cells  (ATCC, USA) was determined using the colorimetric 
MTT assay. Cells were seeded in a 24‑well plate at a concentration 
of 1  ×  105  cells/mL. After 24  h, the seeded cells were treated with 
microalgal extracts and incubated for an additional 24 h at 37°C. MTT 
stock solution (50 μl; 2 mg/mL in phosphate buffered saline) was added 
to each well to a total reaction volume of 250 μL. After incubating for 
3  h at 37°C under humidified 5% CO2 atmosphere, the supernatants 
were aspirated and the formazan crystals in each well were dissolved 
in 200 μl DMSO. The resulting absorbance was measured with a 
microplate reader (Tecan Infinite, F 500) at 540 nm. The concentrations 
inducing cell growth inhibition by about 50%  (IC50) were chosen for 
further studies.

Determination of nitric oxide production
RAW 264.7 cells (1 × 105 cells/mL) were placed in a 24‑well plate and 
after 24 h, the cells were preincubated with different concentrations of 
C. vulgaris fractions at 37°C for 1 h. Further incubation was done at 37°C 
for another 24 h with LPS (1 μg/mL) and the nitrite that accumulated in 
the culture medium was measured[17] as indicative of the nitric oxide (NO) 
production. The culture medium was collected and centrifuged at 750 ×g 
to precipitate any remaining cell debris. 100 μl supernatant was mixed 
with equal volume of Griess reagent  (1% sulphanilamide and 0.1% 
naphthylethylene diamine dihydrochloride in 2.5% phosphoric acid) 
and incubated at room temperature for 10  min. This was followed by 
measuring the absorbance at 540  nm in a microplate reader  (Tecan 
Infinite, F 500) using L‑NMMA  (80 μM) as positive control. The 
nitrite concentration was estimated against a sodium nitrite standard 
calibration curve.

Assays of pro‑inflammatory cytokines
The inhibitory effects of Chlorella extracts on the production of cytokines 
were measured by ELISA using culture supernatants collected from 
treated cells. RAW 264.7 cells (1.8 × 105 cells/mL) were plated in a 24‑well 
plate containing 1 ml of DMEM medium for 18 h, followed by treatment 
with LPS  (500 ng/ml) in the presence of solvent fractions of Chorella 
vulgaris. After another 24  h of incubation, the PGE2, tumor necrosis 

factor‑α  (TNF‑α), and interleukin 6 (IL‑6) in the cell culture medium 
were quantified using ELISA kits  (Sigma‑Aldrich, India) according to 
the manufacturer’s instructions using Celecoxib (3 μM) and polymyxin 
B (100 U/mL) as positive controls.

Statistical analysis of data
All values were expressed as mean  ±  standard deviation. Statistical 
differences between the treatments and the control were evaluated 
by analysis of variance and Student’s t‑tests. Values of P  <  0.05 were 
considered to be significant.

RESULTS
Cytotoxicity assay

Tetrazolium dye colorimetric test  (MTT assay) was performed as 
a preliminary test to determine whether the solvent fractions from 
C. vulgaris caused cytotoxicity in RAW 264.7 cells. The absorbance of the 
cells exposed to different concentrations of solvent fractions for 24 h. All 
the fractions inhibited cell growth in a dose‑dependent manner and the 
concentrations inducing cell growth inhibition by about 50% (IC50) were 
125 μg/mL (methanol) and 250 μg/mL (hexane and chloroform) [Figure 1]. 
Treatment of RAW 264.7  cells with ethanol and aqueous fractions had 
no significant effect on cell viability after 24  h incubation. Based on 
cytotoxicity effects, IC50 was chosen as the highest concentration on the 
production of NO, TNF‑α, and IL‑6 in LPS stimulated RAW 264.7 cells.
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Figure  1: Cell viability of RAW 264.7  cells by fractions from C. vulgaris. 
Cells were incubated with various concentration of fractions (16, 32, 64, 
125, 250, 500, 1000 μg/ml). Values were expressed as mean ± standard 
deviation for three independent experiments performed in triplicate

Inhibitory effects on inflammatory mediators
RAW 264.7 macrophages activated by LPS would generate massive 
inflammatory mediators  (NO and PGE2) and cytokines  (TNF‑α 
and IL‑6), which would cause kinds of inflammatory diseases.[18,19] 
Hence, LPS‑activated RAW 264.7 cell model was chosen to reveal the 
anti‑inflammatory mechanism of C. vulgaris extracts in this study. 
Treatment of RAW 264.7  cells with LPS alone resulted in significant 
increases in inflammatory mediators and cytokines. However, 
methanolic, hexane and chloroform extracts reduced the NO production 
significantly in a dose‑dependent manner and methanol extract 
of C. vulgaris strongly inhibited the NO production  (P  <  0.01) at a 
concentration of 125 μg/mL. It was observed that ethanol and aqueous 
fractions had less activity in reducing NO production even at 500 μg/mL. 
The ability of C. vulgaris extracts to modulate the production of PGE2 
was determined by ELISA and was found to significantly inhibit PGE2 
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production as compared to the LPS‑treated group in a dose‑dependent 
manner. RAW 264.7 cells were stimulated with LPS and then incubated 
with the solvent fractions of C. vulgaris and a significant inhibition of 
PGE2 production was observed in cells treated with methanol (P < 0.05), 
hexane and chloroform (P < 0.05) extracts.

Inhibitory effects on proinflammatory cytokines
Since C. vulgaris was found to potently inhibit the pro‑inflammatory 
mediators, we further investigated its effect on LPS induced TNF‑α and 
IL‑6 production. The concentrations of cytokines TNF α and IL‑6 in cell 
supernatants was measured by ELISA and treatment of RAW 264.7 cells 

Figure 2: Effects of C. vulgaris extracts and fractions on the production of lipopolysaccharide‑induced nitric oxide, prostaglandin E2, tumor necrosis factor‑α, 
interleukin 6. RAW 264.7 cells were incubated with various concentrations of (a) methanolic extracts, (b) hexane extracts, (c)  chloroform extracts, (d) ethanol 
extracts, (e) aqueous extracts in the presence of 500 ng/ml lipopolysaccharide. Three independent assays were performedin triplicate and the data shown 
are the mean ± standard deviation 
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with LPS alone resulted in higher cytokine production. Methanol 
extracts significantly decreased the LPS induced TNF‑α at 125 μg/mL, 
whereas the concentration was 250 μg/mL for hexane and chloroform 
fractions (P < 0.05). However, ethanol and aqueous fractions decreased 
TNF‑α at higher concentrations  (500  μg/mL). Similar results were 
observed in reducing IL‑6 production by C. vulgaris extracts.

DISCUSSION
Inflammation is the normal physiological and immune response to tissue 
injury. Macrophages play important roles in inflammation by overproducing 
inflammatory mediators, including NO and PGE2.

[20] NO is synthesized by 
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the iNOS and has been reported as a mediator of inflammation.[21] It is as an 
important molecule to regulate the biological activities in vascular, neural, and 
immune systems.[22] However, its uncontrolled release can cause target tissue 
destruction during an infection.[23] Inhibition of inflammatory mediators is a 
useful strategy for the treatment of acute or chronic inflammatory disorders. 
LPS and proinflammatory cytokines activate immune cells to up‑regulate 
inflammatory states and are therefore useful targets in the development 
of anti‑inflammatory agents. To investigate the effect of C. vulgaris on NO 
production, Griess assay was used to measure the accumulation of nitrite in 
culture media. RAW 264.7 cells were stimulated with LPS in the presence or 
absence of C. vulgaris extracts and the nitrite levels were increased significantly 
in LPS induced cells. Further, fractions of 80% methanolic extracts were 
evaluated on NO production by RAW 264.7 cells. Prostaglandins (PG) are 
involved in various pathophysiological processes including inflammation 
and PGE2 involved in inflammatory responses is generated by the sequential 
metabolism of arachidonic acid by cycloxygenase.[24] PGE2 is a pleiotropic 
mediator that causes pain, swelling, and stiffness.[25] In this study, the release of 
pro‑inflammatory mediators were prevented as the amount of NO and PGE2 
production was reduced as depicted in Figure 2a‑e revealing the potential 
anti‑inflammatory activities of C. vulgaris.
Pro‑inflammatory cytokines  (TNF‑α, IL‑1  β, and IL‑6) are important 
initiators of the inflammatory response and mediators.[26,27] The cytokines 
IL‑1, IL‑6, and TNF‑α are produced mainly by activated monocytes 
or macrophages  which stimulate cell proliferation in various types of 
cells.[28] TNF was shown to affect various biological processes including 
the regulation and the production of other cytokines.[29] TNF‑α activates 
macrophages and promotes inflammation and expression of cell adhesion 
molecules to inflammatory tissue thereby plays a key role in the induction 
and perpetuation of inflammation.[30,31] IL‑6 is regarded as an endogenous 
mediator of LPS‑induced fever.[32] In this study, we found that C. vulgaris 
extracts significantly inhibit proinflammatory cytokines production 
in a dose‑dependent manner in LPS stimulated RAW 264.7  cells. 
Anti‑inflammatory activity of bioactive compounds from marine Chlorella 
was reported earlier[33‑38] however, inhibition of inflammatory mediators 
and cytokines by fresh water C. vulgaris is reported first time in this study.

CONCLUSION
In this study, 80% methanolic extract of C. vulgaris was used to prepare 
various fractions to investigate the in vitro anti‑inflammatory activity using 
RAW 264.7 cells. The results showed that treatment with C. vulgaris extracts 
inhibits the inflammatory response by reducing the production of NO, 
PGE2, TNF‑α and IL‑6 in LPS activated RAW 264.7 cells in vitro. It suggests 
that C. vulgaris possesses significant anti‑inflammatory activity and could 
be a potential source of anti‑inflammatory agents of natural origin.
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