
Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-09, May 2019 Special Issue (04) 
 

 w w w . o i i r j . o r g                      I S S N  2 2 4 9 - 9 5 9 8 
 

Page 1 

Evaluation of Anti-Inflammatory Activity of Selected Plant Samples and 
Polyherbal Formulation 

 

Zeenath Sabaha, Sarina.P.Khabadeb 
abDepartmentof PG Studies In Biotechnology, Government Science 
College(Autonomous), Bengaluru-560001, India 

 

Inflammation is a healthy process resulting from some disturbance or disease. The 
signs of inflammation are redness elevated heat, swelling, pain, loss of function. 
Inflammation process plays a protective role in our body and in some conditions 
produces some negative effects such conditions include the inflammatory disorders 
rheumatoid arthritis, osteoarthritis, inflammatory bowel diseases, retinitis, multiple 
sclerosis, psoriasis and atherosclerosis. For overcoming this problem, search of newer 
drugs is very requisite and necessary and there are many of phytoconstituents present 
in plants which are playing a very important role in the treatment of inflammation. 
Accordingly  Rutagraveolens, Cymbopogon  flexuosus and Carica papaya were 
selected for the studies. These are important medicinal plants and were extracted 
using methanol and were screened for cytotoxic and anti-inflammatory activities. 
Qualitative analysis of all three plant extracts reveals the presence of alkaloids, 
tannins,terpenoids and flavonoids. Evaluation of  the cytotoxic activity by MTT assay 
and the evaluation of anti-inflammatory activity of the plant extracts on RAW 264.7 
macrophage cell lines was performed. The Carica papaya plant extract showed 
maximum cytotoxicity and antiinflammatory activity.     Gene regulation of iNOS 
genes in RAW 264.7 cells treated with Carica papaya plant extract was studied. The 
study revealed  that the expression of  iNOS was downregulated as the treatment 
concentrations increased. 

KEYWORDS :anti-inflammatory activity , cytotoxic activity, phytochemicals, gene 
regulation, RAW264.7  

 

1. Introduction  

An increasing emphasis is being placed on the potential for diet and dietary 
supplements to serve as modulators of the host response to disease, injury, infection 
and anti-inflammatory responses.  

It is clearly known that exacerbated production of NO is involved in inflammation . 
Beckman and Koppenol (1996) demonstrated that NO and superoxide could combine 
to form the potent oxidant peroxynitrite. It appears that over production of 
uncontrolled formation peroxynitrite is an important factor in tissue -damaging 
mechanisms in pathological situations such as chronic inflammation. The surprisingly 
high concentrations of NO in the nasal airway and paranasal sinuses have important 
implications for the field of otorhinolaryngology. NO output rises in a number of 
conditions associated with chronic airway inflammation, but not all of them. 
Concentrations are increased in asthma, allergic rhinitis and viral respiratory 
infections, but reduced in sinusitis, cystic fibrosis, primary ciliary dysfunction, 
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chronic cough and after exposure to tobacco and alcohol. Therefore, NO is similar to 
several other inflammatory mediators, probably subserves different functions as local 
conditions dictate . Due to these reasons scavengers of NO are supposed to be useful 
in the control of inflammation . 

Plants are considered to be a good source of natural antioxidant molecules especially 
vitamins, terpenoids, phenolic compounds, tannins, flavonoids, alkaloids, coumarins, 
and other metabolites. Therefore, considerable attention has been focused on the use 
of antioxidants, especially natural antioxidants to inhibit NO production. Many plant 
extracts have been tested for their ability to inhibit NO production invitro using LPS 
induced RAW 264.7 cells.  

2. Materials and Methods  

2.1. Phytochemical analysis  

Phytochemical screenings were performed using 10mg/mL concentration of 
methanolic plant extracts. About 10 mg of semi - solid crude extract was taken from 
the total yield and dissolved in 1 mL of methanol in an eppendorf tube to make it 
10mg/mL stock solution.  

2.2. Evaluation  of cytotoxic  effect  of plant extract on Raw 264.7 
 cells by MTT assay. 

MTT(3-[4, 5- dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium bromide) assay was 
carried out as per the protocol described by Baba et al 2013. The MTT assa y involves 
the reduction of the soluble yellow dye (MTT) to an insoluble purple formazan salt.  
RAW-264.7 cell line was procured from ATCC, stock cells was cultured in DMEM  
supplemented with 10% inactivated Fetal Bovine Serum (FBS), penicillin (100 
IU/ml), streptomycin (100 µg/ml) in a humidified atmosphere of 5% CO2 at 37oC 
until confluent. The cell was dissociated with cell dissociating solution (0.2 % trypsin, 
0.02 % EDTA, 0.05 % glucose in PBS).  The viability of the cells are checked and 
centrifuged. Further, 50,000 cells /well was seeded in a 96 well plate and incubated 
for 24 hrs at 37oC, 5 % CO2 incubator.  

The monolayer cell culture was trypsinized and the cell count was adjusted to 5.0 x 
105 cells/ml using respective media containing 10% FBS. To each well of the 96 well 
microtiter plate, 100 µl of the diluted cell suspension (50,000cells/well) was added. 
After 24 h, when a partial monolayer was formed, the supernatant was flicked off, 
washed the monolayer once with medium and 100 µl of different test concentrations 
of test drugs were added on to the partial monolayer in microtiter plates. The plates 
were then incubated at 37oC for 24hrs in 5% CO2 atmosphere. After incubation the 
test solutions in the wells were discarded and 100 µl of MTT (5 mg/10 ml of MTT in 
PBS) was added to each well. The plates were incubated for 4 h at 37o C in 5% CO2 
atmosphere. The supernatant was removed and 100 µl of DMSO was added and the 
plates were gently shaken to solubilize the formed formazan.The absorbance was 
measured using a microplate reader at a wavelength of 590 nm.  
The percentage growth inhibition was calculated using the following formula and 
concentration of test drug needed to inhibit cell growth by 50% (IC50) values is 
generated from the dose-response curves for each cell line.  
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2.3.Evaluation of anti-inflammatory activity in LPS induced inflammation  

in RAW 264.7 cells. 

Nitric oxide (NO) is a short-lived free radical that mediates many biological 
processes. One of the functions of NO is to enhance the bactericidal and tumoricidal 
activities of activated macrophages. Excessive production of NO could however 
potentially lead to tissue damage and activation of proinflammatory mediators. The 
potential of extracts from medicinal plants to scavenge these free radicals and 
modulate inflammatory reactions has been demonstrated.  

Macrophage cells (RAW 264.7) are cultured and grown in 96-well plate for 18-24hrs 
and treated with    LPS to induce the inflammation. After 2-4hrs of induction of 
inflammation the cells are treated with various concentrations of test samples to 
assess the inhibitory response against nitrous oxide (NO) productionand incubated for 
18-24hrs. The cell supernatant is collected and tested for NO concentrations in cell 
supernatant in comparison with standard graph. 

2.4.Gene regulation of iNOS genes in RAW 264.7 cells treated with Caricapapaya  
leaf extract.  

The Caricapapaya  leaf extract was used as test sample to test the effect of the 
compounds on iNOS gene expression in  RAW264.7 cells by semi quantitative- PCR 
as it showed maximum antiinflammatory activity.  

Treatment:  
CELL  

Treatment  

 
 
RAW 264.7 

Control  

12.5µg/ml  
 

25 µg/ml  
Sample Preparation and RNA Isolation:  

Total RNA from RAW264.7cells was extracted using TRizol Reagent (Invitrogen,) 
according to manufacturer’s instruction. RAW264.7 cells were washed twice with 
PBS and centrifuged at 2000rpm for 5min. To the cell pellet, 1ml of TRIzol (per p35 
dish) was added in 1.5ml eppendorf tube and vortexed. Samples were allowed to 
stand for 5 minutes at room temperature. To the reaction mixture 0.2ml of chloroform 
is added and vigorously mixed for 15 seconds. The tube was allowed to stand at room 
temperature for 5 minutes,centrifuged the resulting mixture at 10,000rpm for 15min at 
40c. Upper aqueous phase is transferred to a new clean eppendorf tube and treated 
with 0.5ml of isopropanol. The resultant mixtures mixed gently by inverting the 
sample 5 times and incubated at room temperature for 5 minutes. Samples were 
centrifuged at 10,000 rpm for 10 minutes at 40C.  
Supernatant was discarded and the RNA pellet was washed by adding 1ml of 70% 
ethanol. Mix the sample gently by inverting few times. Centrifuged for 5min at 
14,000 rpm at 40C. Supernatant was discarded by inverting the tube on a clean tissue 
paper. Later, the pellet was dried by incubating in a dry bath for 5min at 550c. The 
pellet was then resuspended in 25 µl of DEPC treated water.  
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RT-PCR:  

A semi quantitative reverse transcriptase polymerase chain reaction (RT-PCR) was 
carried out using Techno Prime system to determine the levels of INOS and β-Actin 
mRNA expressions. The cDNA was synthesized from 2 µg of RNA using the Verso 
cDNA synthesis kit (ThermoFischer Scientific) with oligo dT primer according to the 
manufacturer’s instructions. The reaction volume was set to 20µl and cDNA synthesis 
was performed at 42oC for 60 min, followed by RT inactivation at 85oC for 5 min.  

Primers:Primer details 

 

Gene  Primer 
pair  

Sequence  Tm  sizeProduct 
(bp)  

 

β – Actin 

FP  TCCTCCTGAGCGCAAGTACTCT  62.1  

153  

 

   

 RP  GCTCAGTAACAGTCCGCCTAGAA  62.4    

INOS  

FP  CACCTTGGAGTTCACCCAGT  51.88  

167  

 

   

 RP  ACCACTCGTACTTGGGATGC  51.83    

PCR:  

The PCR mixture (final volume of 20 µL) contained 1 µL of cDNA, 10 µL of Red 
Taq Master Mix 2x (Amplicon) and 1µM of each complementary primer specific for 
INOS and β-Actin(internal control) sequence. The samples were denatured at 94oC 
for 5 minutes, and amplified using 35 cycles of 94oC for 30 seconds, 55oC for 30 
seconds, and 72oC for 1 minute for iNOS renaturation was set to 47C and for β-Actin 
the renaturation was set to 55oC for 30 seconds followed by a final elongation at 72oC 
for 10 minutes. The optimal numbers of cycles have been selected for amplification of 
this genes experimentally so that amplifications were in the exponential range and 
have not reached a plateau. Ten microliters of the final amplification product were run 
on a 2% ethidium-stained agarose gel and photographed. Quantification of the results 
was accomplished by measuring the optical density of the bands, using the 
computerized imaging program Image J. The values were normalized to β-Actin 
intensity levels.  
3. Results  

3.1. Phytochemical analysis:  

TYPES OF TESTS  Rutagraveolens 

SAMPLE 1 (S1)  

Cymbopogon 
flexuosus 

SAMPLE 2 (S2)  

 Carica 
papaya 
SAMPLE 
3 (S3) 

ALKALOID  +  +  +   

CARBOHYDRATE  -  -  -   

TANNIN  +  +  +   
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TERPENOID  -  +  +   

GLYCOSIDE  -  +  -   

STEROID  -  +  -   

SAPONIN  -  +  -   

FLAVANOID  -  +  +   

PROTEIN  -  -  -   

GLYCOPROTEIN  -  +  -   

VOLATILE OIL  -  +  +   

 

3.2. Evaluation of cytotoxic effect of plant extract on Raw 264.7 cells by 
MTT assay:  

 

Compound 
name  

Conc. 
µg/ml  

OD at 
590nm  

%   
Inhibition  IC50 µg/ml  

Control  0  0.762  
0  

6.42  

14.58  

29.96  

 

S-1  

10  0.713  

148.3  

20  0.651  

40  0.534  
  

 80  0.469  38.42  

56.81  

69.19  

 

160  0.329  

320  0.235  
  

 
  

S-2  

10  0.707  7.25  

136.2  

20  0.672  11.8  

40  0.567  25.58  
   

 80  0.433  43.21   

160  0.298  60.92  

320  0.210  72.46  
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S-3 
 

 
MTT assay of Rutagraveolens (S1), Cymbopoganflexuosus (S2), Carica papaya (S3) 
 

S1:  Rutagraveolens 

S2: Cymbopogon flexuosus

S3: Carica papaya  
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3  

10  0.717  5.9  

20  0.636  16.56  

40  0.510  33.02  
   

80  0.406  46.78  

160  0.273  64.16  

320  0.196  74.34  

Rutagraveolens (S1), Cymbopoganflexuosus (S2), Carica papaya (S3) 

 MTT assay using RAW 264.7   

Cymbopogon flexuosus 
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112.2  

 

 

  

 

 

Rutagraveolens (S1), Cymbopoganflexuosus (S2), Carica papaya (S3)  
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3.3. Evaluation of anti
induced inflammation in RAW 264.7 (Macrophage cell): 

Anti-inflammatory activityof 
Carica papaya (S3) 
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Evaluation of anti-inflammatory activity in LPS( lipopolysaccharide) 
induced inflammation in RAW 264.7 (Macrophage cell): 

RAW  
264.7  

 

Compound 
name  

Conc. 
µg/ml 

OD at 
590nm 

%   
Inhibition 

Control  0  0.738  0.00  

S1  

1.56  0.696  5.72  
3.12  0.636  13.85  
6.25  0.586  20.61  
12.5  0.496  32.84  

25.0  0.373  49.53  
50.0  0.249  66.28  

    

S2  

1.56  0.709  3.95  

3.12  0.676  8.39  
6.25  0.608  17.62  
12.5  0.553  25.14  
25.0  
50.0  

0.448  39.26  
0.311  57.82  

    
S3  1.56  0.702  4.93  

 3.12  0.662  10.39  
6.25  0.570  22.74  
12.5  0.397  46.28  

25.0  
50.0  

0.251  65.94  
0.152  79.37  

    
inflammatory activityof Rutagraveolens (S1), Cymbopoganflexuosus (S2), 
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lipopolysaccharide) 
induced inflammation in RAW 264.7 (Macrophage cell):  

 

Inhibition 
IC50 
µg/ml 
 

 
26.14 

 

37.77 

 
15.05 

  
 
 

 
 

 
Rutagraveolens (S1), Cymbopoganflexuosus (S2), 
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 Evaluation of anti-inflammatory effects in RAW 264.7  

Graphical representation of anti- inflammatory activity ofRutagraveolens (S1),   
Cymbopoganflexuosus (S2), Carica papaya (S3) 

3.4. Gene regulation of iNOS genes in RAW 264.7 cells treated with Carica 
papaya leaf extract:Analysis of Amplicons:  

 

 

 

 

 

 

 

 

 

 
 Amplification of β - Actin gene in RAW264.7  

Lane 1- Ladder; lane2 control: lane 3- µg/ml  12 ; Lane 4- µg/ml; 25  

 

 

 

 

 

 

 

 

 

 

 

 

 

bp  100 
Beta actin  

  1       2          3         4  

100 bp  
iNOS 

  1       2          3         4  

 0.00 
5.72   3.95  4.93 

 5 13.8 
 8.39  9 10.3 

1  20.6 
 2 17.6  4 22.7 

 32.8 4 
25.1  4 

 46.2 8  3 49.5 
39.2 6  

4  65.9  66. 28 
 2 57.8 

 79.37 
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 Amplification of iNOS gene in RAW264.   Lane 1: Ladder; lane2 control: lane 3-
12µg/ml ; Lane 4-25 µg/ml; 

Relative expression iNOS gene in RAW264.7  : 

Samples  

Band Intensity Of PCR 
Amplicon Of Genes  

Normalised  
Relative  

Gene  
Expression  β-Actin  iNOS 

control  13088.50  15565.64  1.19  1.00  

12.5µg/ml  16545.54  9704.45  0.59  0.49  

25µg/ml  16777.64  6043.43  0.36  0.30  

 
 

 

                       Graphical representation  Relative expression iNOS gene 
in RAW264.7   
4. Discussion  

Medicinal plants having anti- inflammatory properties could be designed to produce 
anti- inflammatory drugs. In the present study the crude methanolic extracts of the 
plants Rutagraveolens (S1), Cymbopogon flexuosus(S2) and Carica papaya(S3) were 
examined for different phytochemicals, cytotoxicity and anti- inflammatory activity.  

Different phytochemical assays were performed where the plant extracts show some 
positive results and negative results. Among those Rutagraveolens showed positive 
result for alkaloids and tannins and Cymbopogon flexuosus and Carica papaya 
showed positive result for  alkaloids, tannins, terpenoids, flavonoids  and volatile oils.
  

The cytotoxic properties of the plant extracts was estimated by MTT assay and it was 
observed that the samples S-1, S-2 and S-3 showed IC50 value of 148.3µg/ml, 

 

0.00 

0.50 

1.00 
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0.49  
0.30  

iNOS gene experssionin  RAW 264.7 treated  
with sample   
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control                  12.5µg/ml               25µg/ml    
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136.2µg/ml and 112.2µg/ml respectively in RAW-264.7 cells. This indicates that the 
crude plant extract samples had cytotoxic effects on the RAW 264.7 cells    

The anti – inflammatory activity of the plant samples was tested by 
lipopolysaccharide induced inflammation and the following result was observed :  
Samples S1, S2 and S3  have shown IC50 values of 26.14 µg/ml, 37.77 µg/ml and 
15.05 µg/ml inhibition in RAW264.7 cells respectively . The nitric oxide level present 
in the supernatant produced during inflammation induced by LPS in RAW 264.7 cells 
had decreased when treated with the crude plant extracts under invitro conditions, 
exhibiting its anti-inflammatory activity.  

Effect of compound on iNOS gene expression was studied in RAW264.7 by semi 
quantitative- PCR. The internal control β-Actin was used to normalize the gene 
expression. The study revealed the expression of iNOS was downregulated as the 
treatment concentrations increased. The results show that the expression levels of 
iNOS at 12.5µg/ml tested has shown 0.49 and 25µg/ml test has shown 0.30 fold 
expression compared to control. This shows that the crude drug was successful in 
down regulating the expression of iNOS gene which is responsible for inflammatory 
response in the RAW 264.7 cells. 

5.Conclusion  

The present study reveals that, of the three medicinal plants, Rutagraveolens, 
Cymbopoganflexuosus and Carica papaya, the Caricapapayaextract showed 
significant positive results for cytotoxic and anti-inflammatory activities. The Carica 
papaya leaf extract showed down regulation of the inflammation gene- iNOS. Hence 
it could be further carried for compound purification and used in mono herbal drug 
formulation in the treatment of inflammation.  
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