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● INTRODUCTION 
Plants are a rich source of compounds with antioxidants and anti-inflammatory properties.  The wild basil Clinopodium vulgare L. is 
commonly used in Bulgarian folk medicine for treatment of irritated skin, mastitis- and prostatitis-related swelling, as well as for some 
disorders accompanied with significant degree of inflammation (e.g. gastric ulcers, diabetes, and cancer). The present work tested for 
anti-inflammatory and antioxidant activities of the aqueous extract of Clinopodium vulgare using lipopolysaccharide (LPS)-challenged 
RAW 264.7 murine macrophages as a model system. LPS is a prototypic inflammagen recognized by Toll-like receptor 4 (TLR4). The 
molecular events triggered by the formation of LPS–TLR4 signalosome are relatively well established, which makes the system 
suitable for identifying molecular targets of anti-inflammatory agents.  
 

● MATERIALS and METHODS 
Dried blades of C. vulgare L. were used to prepare a 5% (w/v) aqueous extract (PLEX) by boiling at 100oC for 10 min followed by filter 
sterilization using Millipore 0.22 μm filters. The RAW 264.7 murine macrophage cells (ATCC TIB-71) were cultured according to 
manufacturer guidelines. For all assays, cells were plated in 24 or 6 well plates at 105 or106 cells/well, respectively. Sixteen hours later 
they were treated with LPS (1 μg/ml) and PLEX at a range of concentrations (25–550 μg/ml)for 24 h. Cell cytotoxicity was evaluated 
by MTT assay. Protein expression levels were monitored by Western blot analysis. Production of nitric oxide (NO) and prostaglandin 
E2 (PGE2) was measured by the Griess colorimetric method and enzyme immunoassay, respectively. Activation of matrix 
metalloprotienase-9 (MMP-9) was visualized by gelatin zymography. Cytokine levels were determined by BioPlex assay.  

● RESULTS  

●CONCLUSIONS 

Effect of PLEX on cell viability, NO production, iNOS expression and MMP-9 
activation 

LPS stimulation causes massive production of prostaglandins by up-regulating the expression of  cyclooxygenase-
2 (COX-2). Treatment with the extract and LPS resulted in negligible inhibition of secreted PGE2 as shown below in 
(A). COX-2 did not show a dose-dependent decrease, suggesting that PGE2 reduction is not a result of an effect 
on COX-2 expression. 

Effect of PLEX on cytokine levels 

Effect of PLEX LPS-induced PGE2 and COX-2 expression 

Cytokines are among the mediators produced during 
the inflammatory process, their levels are indicative 
of the progression of inflammation. the production of 
Il-1 was most strongly inhibited with increase of the 
plant extract concentration.  The reduction in the 
levels of TNF- and GM-CSF, although dose-
dependent, was less dramatic. A  very strong 
decrease in the secretion of the anti-inflammatory Il-
10 was also detected.  These results are shown at 
the immediate right. 

Plant extracts are a complex mixtures of chemically diverse compounds. The present study shows that 
aqueous extract of Clinopodium vulgare L. could be a potential source for isolation and purification of 
chemically defined structures with:  
√ inhibitory effect on iNOS protein expression 
√ inhibitory effect on IL-1β production 
√ Down-regulation of p38 and SAPK/JNK pathways 
 with potential use for treatment of inflammatory disorders.  
The extract appears to produce these effects through down-regulation of the NF- κB transcription factor 
and suppression of the p38 and SAPK/JNK signaling.  However, further studies are required to 
“fingerprint” the extract in order to identify compounds of pharmaceutical significance. 

 

To determine if Clinopodium vulgare L. extract affects cell 
viability, RAW 264.7 macrophages were incubated for 24 h with 
the extract at a wide range of concentrations (25–550 μg/ml), 
and cell viability was evaluated by MTT assay (A). Statistically 
significant decrease sin cell survival were detected at 
concentrations higher than 350 μg/ml. 
 
Excessive generation of NO by iNOS is one of the general 
characteristics of inflammation.  Released NO was measured 
as its end product, nitrite(B).  The reduction for the highest 
tested plant extract concentration was ∼80%.  
 
 Because NO can regulate MMP-9 activity we further 
analyzed MMP-9 activity in the culture-conditioned media 
collected after 24 h exposure of the cells to LPS alone or along 
with the plant extract(C). A gradual decrease in the intensity of 
gelatinolytic bands upon increased extract concentrations was 
observed. 
 

Effect of PLEX LPS-induced Iκ-B and MAPKs activation 
NF- κB is a central transcription factor that regulates the 
expression of a large number of inflammation-related 
genes. Many of these genes have additional cis-regulatory 
elements controlled by MAPKs-activated transcription 
factors. The extract exerted a dose-dependent inhibition of 
IκB-α phosphorylation probably by affecting the IKK activity. 
Activation of MAPKs depends on the phosphorylation of 
Thr and Tyr residues on tripeptide motifs specific for each 
MAPK family. No effect on phosphorylation of ERK1/2 was 
detected, but the p38 activation and SAPK/JNK activation  
were down-regulated. 
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