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ABSTRACT
Background: Traditionally among the Nigerian population Synedrella nodiflora is prominently 
used for treating Putrefied Wound. Objectives: The present work was designed to evaluate 
the In vitro Wound healing activity of Synedrella nodiflora leaf extracts. Materials and 
Methods: The current research work was aimed to perform the Qualitative phytochemical 
screening, FTIR, ICP-OES, Quantitative estimation of total phenolic and flavonoid content and 
in vitro pharmacological assay includes Antioxidant assay, Protein denaturation assay, cell line 
scratch assay for wound healing of EAE and EEs of Synedrella nodiflora. Results: Secondary 
phytochemicals like Flavonoid, Alkaloid, Tannin, Phenols, Terpenoids and Steroids were reported. 
The ICP-OES analysis concluded that the presence of elements like Zn, Fe, Cu, Mg and heavy 
metals like Ni, Pb, Cr and Cd were within their limits as per WHO. The EAE and EE of Synedrella 
nodiflora were assessed for their total phenolic and flavonoid content. The Antioxidant activity of 
EAE and EE showed IC50 value 2.24±0.02 mg/mL and 3.72±0.02 mg/mL compared with standard 
Ascorbic Acid of 42.76±0.01 µg/mL. The % Inhibition of standard Diclofenac shows IC50 value 
27.99±0.026 µg/mL. whereas the IC50 values of EAE and EE were found to be 294.98±0.02 µg/mL 
and 138.98±0.05 µg/mL respectively. The relative cell migration of EAE and EE were 0.041±0.05 
mm and 0.036±0.01 mm at 2mcg. Conclusion: These studies concluded that the Synedrella 
nodiflora leaf extracts were rich in various phytochemicals and can be used for treating wounds 
due to its antioxidant, anti-inflammatory and wound healing potential.
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INTRODUCTION

Any undesirable tissue damage resulting in the formation of 
wound leads to disruption of continuity towards site injury of 
tissues by various sets of Chemical, Physical, Immunological or 
Microbiological action known as biochemical reactions. Humans 
have localized capability of Wound healing Potential.

Plants have been considered a primary source for the treatment 
of various ailments since antiquity. The Secondary metabolites 
synthesized by plants plays a crucial role in the development of 
modern medicine. Globally about 80% of the population relies 
on classical and folk medicine for their basic needs as stated by 
the World Health Organization (WHO). These plant- derived 
medicines possess minimal or nil side effects and considered 
inexpensive compared to the commercial drugs available in the 
market.[1]

The family Asteraceae is a widespread plant variety which 
comprises about 1600 genera and 33000 species. Synedrella 
nodiflora (L) Gaertn is a small angiospermic annual weed that 
grows in a distinct climatic condition in various regions such 
as Tropical America, Andaman, West Africa, Malaysia, India, 
Japan, Bangladesh, China, Spain and England. The species of 
Asteraceae is rich in phytochemicals like Alkaloids, Triterpenes, 
Phenols, Flavonoids, Saponin, Tannins and Polyoses. The 
Synedrella nodiflora (L) Gaertn is a small, erectile annual herb. 
This species possesses morphological characteristics like grooved 
stems, dichotomous branch and swollen long internodes with 
hairy oppositely paired leaves up to 9 cm. The little flowers at 
the apex of the stem contain bunches of 2-8 efflorescence, each 
efflorescence with erect bracts 3-5 mm of long and floret central 
disc about 10-20, axillary, heterogamous. The ribbed fruits with 
achenes black and pappus of 2-3 bristly occurs.[2]

The species of Synedrella nodiflora has a history of treating various 
medicinal activities like anticonvulsant, anti-inflammatory, 
anti-malarial, anti-diarrheal, anti-bacterial, Insecticidal, analgesic 
Central Nervous System (CNS) depressant and anti-psychotic 
activity.[3-10] The current research work is proposed to study the 
Phyto analytical studies and In vitro Wound healing studies of 
Synedrella nodiflora leaf extracts.
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MATERIALS AND METHODS

Collection of Plant Material

Synedrella nodiflora species were collected from Anumandai 
village Villupuram district, Tamil Nadu in the month of January 
during Winter season. The plant was identified and authenticated 
by the Auroville botanical Garden, Tamil Nadu.

Extraction

The leaves were washed by water to remove the adhered dirt 
and were shade dried for a period of 15 days. The dried leaves 
were then powdered using a mortar and pestle, passed via mesh 
#60 and stored in an airtight container till the study. Synedrella 
nodiflora leaf powder (30 g) was extracted by using Soxhlet 
extraction method for about 16 hrs with Ethyl acetate and 
Ethanol sequentially. The extracts were concentrated using Rotary 
vacuum evaporator dried extracts were kept at room temperature 
for further studies.[11]

Preliminary Phytochemical Screening

The identification of Phytochemicals like terpenoids, flavonoids, 
alkaloids, tannins, glycosides, anthraquinones, steroids, 
carbohydrates and Proteins was performed using standard 
procedure as described in the Harborne and Biren shah with 
minor modifications.[12,13]

Fourier Transform Infrared spectrophotometer (FTIR) 
Analysis

FTIR analysis was carried out for identification of different 
functional groups present in the sample Thermo Fisher (Model 
is 50 with In-Built ATR). A few quantities of leaf extract which 
was lyophilised into powdered form were encapsulated using 
KBr by pelletization technique. The thin film of the sample 
was prepared by a high pressurized system and loaded into the 
FTIR Spectrophotometer then the transmittance was measured 
between the range 400 cm-1 to 4000 cm-1. The samples were 
loaded in triplicates and bare KBr as blank. The data obtained 
was correlated with reference.[14,15]

Inductively Coupled Plasma-Optical Emission 
Spectrometry (ICP-OES) Analysis

This ICP-OES analysis was carried out by using the instrument 
iCAP PRO thermo scientific make model with otegra version 
2.18 (year 2021) software is used for detection and quantification 
of elements. About 1g of coarse leaf powder is weighed and 
undergoes wet digestion by using concentrated acids; add 5 
mL of Conc.HNO3, followed by 2 mL each of Con. HCl, 1 mL 
of 30% H2O2 into the vessel at 8000-10000 Kelvin to promote 
metallic solubilisation. To attain standard calibration curve serial 
dilutions from standard stock mix were prepared using distilled 
water (conductivity less than 2 µs/m) and the solution is directly 

injected in ICP-OES. Then linear regression curve, correlation 
coefficient, limits of detection and quantification were determined 
using obtained values.[16]

Total Phenolic content

The total Phenolic content of EAE and EE were performed 
by using the Folin-Ciocalteu method. About 1 mL of sample 
(1 mg/mL) was added to 7.5 mL of distilled water in 10 mL 
volumetric flask, followed by addition of 0.5 mL FC reagent and 
1 mL of 35% Na2CO3 (Sodium Carbonate) solution into it. The 
sample mixture was mixed well and kept aside for 30 min and 
the absorbance was determined at 760 nm using a double beam 
UV spectrophotometer [Lasany Li 2700]. To estimate the Total 
Phenolic content, Gallic acid standard was used as reference. The 
estimated values were expressed as mg of Gallic acid equivalent 
(GAE/g).[17,18]

Total Flavonoid content

Total flavonoid content of Synedrella nodiflora leaf extracts were 
measured spectrophotometrically by using Aluminium chloride 
method as per standard procedure. About 0.5 mL concentration 
of the sample extract was mixed with 7.5 mL of ethanol, 0.5 mL 
of 1M sodium acetate, 0.5 mL of 10% aluminium chloride and 
16 mL of distilled water. The solutions were maintained at room 
temperature for 30 min and the absorbance was measured at 
415 nm using a double beam UV spectrophotometer [Lasany Li 
2700]. The results were expressed as mg/g Quercetin equivalents 
(QE/g).[19,20]

Anti-oxidant activity

The antioxidant activity of the leaf extracts of Synedrella 
nodiflora were studied using free radical scavenging efficiency 
by 2,2-diphenyl-1-Picrylhydrazyl (DPPH) assay method. About 
1 mL various concentrations of both leaf extracts (1-5 mg/
mL) were added to 6 mL methanolic solution of 0.1M DPPH. 
Then the mixture was shaken vigorously and kept aside for 30 
min at 27ºC. The absorbance was measured at 517 nm using 
UV-Spectrophotometer [Lasany Li 2700]. Similarly, various 
concentrations of Ascorbic acid (10-50 µg/mL) were used as a 
reference standard. The percentage of Inhibition was estimated 
by the given formula.[21-23]

CA - Control absorbance;

TA - Test sample absorbance .

In vitro Anti-inflammatory activity

In vitro Anti-inflammatory activity of Synedrella nodiflora leaf 
extracts were studied using egg albumin protein denaturation 
method. A successive dilution of leaf extracts ranging from 78.125 
µg/mL to 2500 µg/mL was prepared and the reaction mixtures 0.4 
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mL of fresh egg’s albumin and 5.6 mL of Phosphate buffer (adjust 
pH 6.4) were added.

Different concentrations of plant extract (4 mL) were mixed 
thoroughly with the above mixture. Various concentrations 
of reference standard ranges from 31.25 µg/mL to 1000 µg/mL 
was prepared that serves as Positive control. The denaturation 
process started when the reaction mixtures were kept in a water 
bath at 37ºC±2ºC initially for 15 min and then the temperature 
was maintained at 70ºC±2ºC for 3-5 min. The reaction mixture 
was cooled after the denaturation process for about 10-15 min. 
The absorbance was measured at 680 nm using a double beam 
UV-Spectrophotometer [Lasany Li 2700] before and after 
denaturation. The Percentage inhibition was measured by the 
given formula.[24-27]

 

Cell Scratch Wound healing assay

The expansion of cell population using scratch assay was  
performed for the assessment of distribution and migration of 
3T3-L1 cells. The cells were transferred into culture plates (6 well 
plates) in Dulbecco's Modified Eagle Medium (DMEM) containing 
10% fetal bovine serum and 2% antibiotics like Streptomycin 
and Penicillin. Generation of the linear wound was done in the 
monolayer with the help of sterile 100 µL Plastic pipette tip, after 
the formation of a confluent cell monolayer. Phosphate buffer 
saline was used to remove cellular debris. Dimethyl Sulfoxide 
[DMSO] (˂0.01%) used as solvent control and the Positive control 
comprises the Platelet derived growth factor (PDGF; 0.002 µg/
mL). The concentration of crude extract was taken as 1 µg/mL, 
2 µg/mL. The incubation of cells was performed using 5% CO2 

for a period of 16 hr. Microscopical images (capture pro Version 
2.5 for progress ® microscope camera from Jenoptik laser, Optik, 
system GmbH) were taken after incubation of scratched cell layer 
for the estimation of Relative Cell Migration.[28-32]

RESULTS

Phytochemical Screening

The preliminary phytochemical analysis of Synedrella nodiflora 
leaf extracts were represented in Table 1. The EAE and EEs 
revealed the presence of Alkaloids, Glycosides, Flavonoids, 
Terpenoids, Tannins, Phenols, Steroids and Reducing sugars.

FTIR analysis

The FTIR analysis elucidates the functional group of unknown 
composition of secondary metabolites that may be present in 
the EAE and EE which were represented in Figures 1 and 2. The 
spectral peak value ranges from 4000 cm-1 to 1500 cm-1 usually 
considered as functional group region and the range below 1500 
cm-1 to 600 cm-1 may be considered as fingerprint regions for 
identification of traces element, alkyl or aryl bond. The presence 

of compounds like ester (1736.60 cm-1), phenol (1384.56 cm-1), 
alkane methylene group (1462.94 cm-1) and aldehyde (1381.81 
cm-1) spectral ranges may indicate the presence of aromatic 
compound like terpenoid class. The compound class of functional 
groups like delta lactone or 6 membered lactone group (1737.48 
cm-1), sulphonamide (1164.96 cm-1) and intermolecular bonded 
alcohol (3402.02 cm-1) may be representing the presence of 
cardiac glycoside. The existence of primary amine (3406.67cm-1), 
phenols (1384.56cm-1), ester group may elucidate the presence 
of flavonoids. The presence of conjugated alkene (1630.36cm-1), 
carboxylic acid dimer (1710.32cm-1), secondary alcohol 
(1113.82cm-1), aldehyde (1737.48cm-1), ketone (1710.32cm-1) may 
illustrate the presence of tannins. Hence the EAE and EE may 
possess certain classes of secondary metabolites like terpenoid, 
tannin, flavonoids and glycosides as reported in Tables 2 and 3 
respectively.

ICP-OES Analysis

The ICP-OES analysis result showed that the presence of 
some Inorganic trace elements in various concentration were 
Magnesium (2060.20ppm), Zinc (46.97ppm), Chromium 
(45.59ppm), Copper (33.08ppm), Titanium (21.91ppm), 
Vanadium (3.82ppm), Nickel (3.80ppm), Lead (3.55ppm) and 
Cadmium (0.047ppm) respectively. The Quantitative elemental 
detection of 11 elements was represented in Figure 3.

Total Phenolic Content

The Total Phenolic Content of EAE and EE were represented 
in Table 4. The Quantitative estimation of Synedrella nodiflora 
leaf extracts by using Folin-Ciocalteu Reagent is stated in terms 
of Gallic acid equivalent and they were expressed as mg GAE/
mg. The Linear Regression Curve of Gallic acid Standard was 
represented in Figure 4. The EAE showed higher concentration 
of Phenol as compared to EE.

The data obtained were expressed as Mean±Standard Deviation 
(n=3).

Total Flavonoid content

The result for Total Flavonoid content of EAE and EE were 
represented in Table 5. The Linear Regression Curve of Quercetin 
Standard was represented in Figure 5. The Flavonoid quantity was 
estimated spectrophotometrically by the Aluminium Chloride 
Colorimetric method and was expressed in the terms of Quercetin 
Equivalent (QE/mg). The EAE exhibited higher flavonoid content 
as compared to EE.

Anti-oxidant activity

The extracts were tested for their free radical scavenging capacity 
by the DPPH assay method using ascorbic acid as a standard. The 
degree of scavenging activity was summarized in Table 6 and the 
percentage of inhibition was represented in Figures 6-8. The IC50 
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values were obtained using the Linear regression curve method 
and shown in Table 6.

Protein denaturation assay
The In vitro anti-inflammatory activity for EAE and EE of 
Synedrella nodiflora was determined by using egg albumin 
denaturation assay using double beam UV-spectrophotometer 

[Lasany Li 2700] and the results were expressed in the Tables 
7 and 8 which were Interpreted from Figures 9-11. This study 
proves that the percentage inhibition of protein denaturation 
depends upon concentration. However, the EAE shows more 
percentage inhibition than the standard Diclofenac, but EE 
shows less percentage inhibition compared with standard. The 
IC50 values of EAE, EE and standard Diclofenac were found to be 

Sample Flavonoid Alkaloid Phenol Glycoside Steroid Tannin Terpenoid Saponin Reducing 
sugar

EAE + + + + + + + + + + + + + + + + - + +
EE + + + + + + + + + + + + + - + +

EAE- Ethyl acetate extract; EE- Ethanolic extract. +: positive; -: negative.

Table 1:  Result of Phytochemical analysis of Synedrella nodiflora leaf extracts.

Figure 1:  FTIR spectra of EAE of Synedrella nodiflora.

Figure 2:  FTIR spectra of EE of Synedrella nodiflora.
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138.98±0.05 µg/mL, 294.98±0.02 µg/mL and 27.99±0.026 µg/mL 
respectively.

Cell scratch assay method

The relative fibroblast cell migration of EAE and EE of Synedrella 
nodiflora were represented in Figure 12 and found to be 0.036 
mm, 0.029 mm and 0.036 mm, 0.041 mm at lower and higher 
concentration respectively. The relative cell migration of standard 
(PDGF) was found to be 0.042mm. Those results were represented 
in Table 9 which showed that EAE exhibited increased Wound 
healing activity compared to the EE.

DISCUSSION

Evaluation of the biologically compounds present in plant 
extracts, present in predominantly by phytochemical screening 
may be helpful in the identification of therapeutically effective 
plant sources.[33] Terpenoids are reported to possess different 
pharmacological activities including anti-inflammatory, 
anti-malarial, anti-cancer, anti-microbial and hypoglycemic 
activity.[34] Flavonoids exhibit wide range of biological activity as 
anti-oxidant, anti-diabetic, anti-microbial, anti-inflammatory.[35] 
Additionally, flavonoids were also recognized for its wound healing 
property.[36] Alkaloids are well known for its anti-inflammatory, 

Sl. No. Peak frequency 
cm-1

Reference 
Frequency Range 
cm-1

Functional group Intensity of 
functional group

Compound class

1. 3402.02 3550-3400 N-H stretching Medium Primary amine
2. 2924.22 3300-2500

3000-2840
O-H stretching
C-H stretching

Strong, Broad
Medium

Carboxylic acid
Alkane

3. 2852.30 3000-2840 N-H stretching Strong, Broad Amine salt
4. 1737.48 1750-1735 C=O stretching Strong Ester (6-membered 

Lactone)
5. 1710.32 1720-1705 C=O stretching Strong Carboxylic acid 

olimer
6. 1631.20 1650-1600 C=C stretching Medium Conjugated alkene
7. 1554.35 1550-1500 N-O stretching Strong Nitro compounds
8. 1497.60 1550-1500 N-O stretching Strong Nitro compounds
9. 1462.94 1465 C-H bending Medium Alkane Methylene 

group
10. 1381.81 1390-1380

1390-1310
1385-1380

C-H bending
O-H bending
C-H bending

Medium
Medium
Medium

Aldehyde
Phenol
Alkane gem 
dimethyl

11. 1275 1275-1200 C-O stretching Strong Alkyl aryl ether
12. 1164.96 1170-1155 S=O stretching Strong Sulfonamide
13. 1113.82 1124-1087 C-O stretching Strong Secondary alcohol 

or Aliphatic ether
14. 1046.83 1050-1040 CO-O-CO 

stretching
Strong, Broad Anhydride

15. 985.18 995-985 C=C bending Strong Alkene 
monosubstituted

16. 843.90 850-550 C-Cl stretching Strong Halo compound
17. 721.36 700±20 C-H bending Strong monosubstituted 

benzene derivative 
or Tri substituted

18. 675.99 730-665 C=C bending Strong Alkene 
Disubstituted (cis)

19. 614.57 690-515 C-Br stretching Strong Halo compound

Table 2:  Result of FTIR analysis on EAE of Synedrella nodiflora.
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analgesic, anti-cancer activity and also for promoting wound 
healing.[37] The phenolic compounds and tannins were reported 
to possess anti-diabetic, anti-oxidant and antibacterial 
activity.[38,39] In the current study, FTIR spectroscopy is used for 
identifying different functional groups present in the leaf extracts 

of Synedrella nodiflora based on the measurement of the peak 
values.[40] The FTIR results of Synedrella nodiflora leaf extract 
reported the presence of groups indicating the phytochemicals 
like terpenoid, tannin, flavonoids and glycosides previously 
reported to contribute the anti-bacterial, wound healing activity. 

Sl. No. Peak frequency 
cm-1

Reference 
Frequency Range 
cm-1

Functional group Intensity of 
functional group

Compound class

1. 3406.67 3550-3400 N-H stretching Medium Primary amine
2. 2922.48 3300-2500 O-H stretching Strong, Broad Carboxylic acid
3. 2851.65 3000-2840 C-H stretching Medium Alkane
4. 1736.60 1750-1735 C=O stretching Strong Ester (6-membered 

Lactone)
5. 1630.36 1650-1600 C=C stretching Medium Conjugated alkene
6. 1384.56 1390-1380

1390-1310
C-H bending
O-H bending

Medium
Medium

Aldehyde
Phenol

7. 1165.74 1165-1150 S=O stretching Strong Sulfonic acid
8. 1066.69 1085-1050 C-O stretching Strong Primary alcohol
9. 934.53 915-905 C=C bending Strong Alkene 

monosubstituted
10. 898.59 880±20 C-H stretching Strong 1,2,4-Tri 

substituted
11. 825.18 810±20 C-H bending Strong 1,2,3,4-Tetra 

substituted, or 
1,4-Di substituted

12. 720.82 700±20 C-H bending Strong 1,3-Disubstituted 
or monosubstituted 
benzene derivative

13. 616.65 690-515 C-Br stretching Strong Halo compound

Table 3:  Result of FTIR analysis on EE of Synedrella nodiflora.

Figure 3:  ICP-OES analysis of Synedrella nodiflora coarse leaf Powder.
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ICP-OES is a widely used method for element analysis due to its 
ability as a multiple wavelength detector for identification and 
quantification of elements. Among various traditional elemental 
analysis methods like spectroscopic, volumetric, gravimetric 
and colorimetric, the inductively coupled plasma methods like 
mass spectrometry (ICP-MS) and optical emission spectroscopy 
(ICP-OES) indicates higher accuracy and precision rate. Under 
the controlled condition ICP-OES exhibits spectral plasma 
excitation at different wavelengths for each distinct element. 
The emission of light intensity is compared with concentration 
of each element.[41] Magnesium plays a vital role in initiating 
wound healing through different metabolic pathways and cellular 
mechanism. It contributes nearly 3000 enzymes for ATP, RNA and 
DNA formation.[42] Iron, an important element of hemoglobin 

and myoglobin. It catalyzes generated free radicals and promotes 
tissue injury and cellular death. According to the recommended 
dietary allowance, normal intake of iron for women is 18 mg/day 
and for men 10 mg/day. Zinc, an integral part of proteins which 
stabilize cellular membrane, cell respiration, wound healing, 
synthesis of DNA and protein and regulator homeostasis. The 
recommended normal level for zinc was 15 mg per day for an 

Figure 4:  Linear Regression Curve of Gallic acid Standard.

Figure 5:  Linear Regression Curve of Quercetin Standard.

Sample Gallic acid equivalent (GAE/
mg)

EAE 0.0040±0.0003
EE 0.0025±0.0001

Table 4:  Total Phenolic Content of Synedrella nodiflora leaf extract.
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adult.[43] Copper is an essential element that plays a complex role 
in the mechanism of wound healing and cytokines modulators. 
Which tolerate the expression of collagen and fibrinogen 
formation The average intake of copper varies among 28 
countries for adult ranging 1.6 to 3.3 mg/day.[44] Manganese and 
Zinc combination used for wound healing by changing integrin 
expression and the average intake of manganese for adult was 
2.5 to 5 mg/day.[45] Boron is used as diet supplements because it 
has interaction with magnesium, Vitamin D and Calcium. It also 
contributes to anti-oxidant and anti-inflammatory activity.[46] The 
heavy metal like lead permissible level for human adult intake 

was 7 µg/kg body mass/day, according to WHO guidelines. 
Cadmium intake should not exceed 0.05 mg/kg according to 
the United States FDA from NCBI guidelines. Chromium, an 
essential element for carbohydrate metabolism but it comes 
under grade2 heavy metal. The average intake of humans differs 
in different regions. so, the National Research Council (1980) set 
the limit 200 µg/day for adults. All the elements described above 
were within their limit as said by WHO guidelines, FDA, NCBI 
guidelines and ICH guidelines. Plant phenolic compounds are 
considered as primary antioxidants or free scavengers and play 
a major role associated with the treatment of various diseases. 

Figure 6:  DPPH assay of Ascorbic acid using Linear Regression method.

Figure 7:  DPPH assay of EAE of Synedrella nodiflora using Linear Regression method.

Sample Quercetin equivalent (QE/
mg)

EAE 0.051±0.004
EE 0.020±0.0025

The obtained results were expressed as Mean±Standard Deviation (n=3).

Table 5:  Total flavonoid Content of Synedrella nodiflora leaf extract.

Sample IC50 Value
Ascorbic acid 42.76±0.01 µg/mL
EAE 2.24 ±0.02 mg/mL
EE 3.72 ±0.02 mg/mL

The obtained results were performed in triplicate using Mean±Standard Deviation (n=3).

Table 6:  IC50 values of Synedrella nodiflora leaf extract using DPPH assay.
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Figure 8: DPPH assay of EE of Synedrella nodiflora using Linear Regression method.

Figure 9:  Protein Denaturation assay of Standard Diclofenac using Linear Regression method.

Concentration (µg/mL) % Inhibition

31.25 25±0.01

62.5 125±0.05

125 410±0.03

250 1090±0.03

500 2100±0.04

1000 4010±0.02

Each value expresses the Mean±Standard deviation (n=3).

Table 7:  The Percentage inhibition rate of Standard Diclofenac.

Concentration 
(µg/mL)

%Inhibition of 
EAE

% Inhibition of EE

78.125 20±0.001 12.5±0.001
156.5 55±0.001 25±0.003
312.5 122.6±0.005 50±0.0004
625 248.7±0.35 120±0.005
1250 505.9±0.01 210.5±0.1
2500 1000.6±0.2 456.6±0.5

Data were obtained from three independent experiments, each performed in triplicates and 
represented as Mean±SD.

Table 8:  The Percentage inhibition rate of Synedrella nodiflora leaf 
extract.
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FC reagent method is the most employed for the quantification 
of phenolic compounds. The extracts containing phenolic 
compounds react with FC reagent in an alkaline medium 
forming blue coloured Phosphomolybdic/Phosphotungstic acid 
complex.[47] The antioxidant activity produced by flavonoids 
involves inhibiting the formation of reactive oxygen and chelating 
the trace elements involved in the production of free radicals. The 
radical scavenging activity of flavonoids were reported on free 
radicals and oxidizing molecules and the potency depends upon 
the presence of OH groups. The antioxidant activity produced by 
flavonoids involves inhibiting the formation of reactive oxygen 
and chelating the trace elements involved in the production 
of free radicals.[48] DPPH assay method is used to measure the 
electron donating capacity of natural compounds based on the 
free radical scavenging property. The antioxidant activity of the 
compound is proportional to the degree of decolourization of 

the DPPH solution. A significant reduction in the absorbance of 
the reaction mixture indicates the higher inhibition percentage 
of the compound under study. In the current study the Ethyl 
acetate and EEs showed higher inhibition percentage may be 
due to the higher phenolic content.[49] The main mechanisms 
involved in protein denaturation are modification of hydrogen 
atoms involved in electrostatic interaction, hydrophobic 
interaction and disulfide linkages. The production of auto 
antigens by denaturation is caused due to inflammations in 
clinical conditions like rheumatoid arthritis, cancer, rheumatoid 
arthritis and diabetes. The anti-inflammatory activity of a drug 
can be measured by its ability to inhibit denaturation of protein. 
Both the extracts were found to inhibit the protein denaturation 
by reducing the synthesis of collagen, mucopolysaccharide and 
reducing the number of fibroblasts.[50] DMEM is the Dulbecco’s 
modified eagle medium that is mainly used as growth stimulators 

Figure 10: Protein Denaturation assay of EAE of Synedrella nodiflora using Linear Regression method.

Figure 11:  Protein Denaturation assay of EE of Synedrella nodiflora using Linear Regression method.
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in various mammalian cells. The role of DMEM in Scratch assay 
is regeneration of fibroblast and re-epithelization involved in the 
secondary phase of wound healing using Fetal bovine serum as 
supplement and Platelet derived growth factor (PDGF) as growth 
regulator during cell division. PDGF is used as positive control 
due to peptide matrix production, synthesis of many epithelial 
and connective tissues thereby increasing the efficiency of wound 
healing. To elucidate the effectiveness of wound healing, the 
wound closure time is frequently observed with a specific range 
of time intervals that determines cell proliferation. Some of the 

studies showed that above 0.5%DMSO concentration produces 

toxic effects, our study has 0.01% which is negligible. For better 

understanding, comparative study between EAE and EE of 

Synedrella nodiflora at different concentrations with specific time 

intervals for cell migration and proliferation were studied with 

0.02 µg/mL of standard PDGF. The EAE shows increased relative 

cell migration compared to EE within 0-24 hr simultaneously. 

The results compared with positive control confirmed that EAE 

had relatively the same proliferation activity.[51]

Figure 12: Microscopical images of in vitro scratch assay results of Synedrella nodiflora leaf extracts showing fibroblast cell migration after 24 hr of induction of 
Wound in the following groups a) DMSO; b) PDGF; c) EAE 1-mcg; d) EAE 2-mcg; e) EE 1-mcg; f ) EE 2-mcg.

Sl. No. Treatment Group Concentration (µg/mL) Relative Cell Migration (mm) 
at 24hr.

1. 1% DMSO 0.032±0.001
2. PGDF 0.002 0.042±0.003
3. EAE 1 0.036±0.0005

2 0.041±0.0005
4. EE 1 0.029±0.001

2 0.036±0.001
Experimental groups were performed in triplicates and interpolated by using Mean±Standard Deviation (n=3).

Table 9:  The Relative cell migration rate of Synedrella nodiflora leaf extracts.
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CONCLUSION

This is the first study reporting Wound healing potency of Synedrella 
nodiflora. The therapeutically important phytochemicals and 
elements like Magnesium, Iron, Zinc and Copper were reported in 
Synedrella nodiflora. All these constituents may contribute to the 
Wound healing activity of Synedrella nodiflora leaf extract. This 
study scientifically supported the traditional claim of Synedrella 
nodiflora for the treatment of wounds.

In the current study, the results scientifically support the 
traditional claim of wound healing property of Synedrella nodiflora 
plant. The results of anti-inflammatory activity of the plant 
extract demonstrated its potential to support wound healing. The 
presence of phenolic compounds, flavonoids, alkaloids, terpenes 
and tannins also plays a significant role in wound healing. The 
presence of elements like Copper, Magnesium and Zinc also plays 
a major role in initiating the Wound healing process. Further 
studies on isolating the phytochemical from Synedrella nodiflora 
will be beneficial in revealing the wound healing potential to 
limelight.
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SUMMARY

Development of wounds has become one of the serious concerns 
especially among the patients with diabetics. Phytochemical 
studies on Synedrella nodiflora leaf extract reported the presence 
of flavonoid, phenol, terpenoids, tannins and steroids. These 
phytochemicals are reported to possess Wound healing activity. 
The elemental analysis of Synedrella nodiflora leaf extract 
revealed the presence of the elements like Magnesium, Iron, Zinc 
and Copper that have a vital role in promoting Wound healing. 
Magnesium initiates Wound healing while Iron promotes Wound 

healing by avoiding damage to the tissues and cell line death. 
Zinc is also an important element for promoting Wound healing 
by stabilizing cellular membranes and regulating Hemostasis. 
Copper is an essential element to produce collagen and fibrinogen 
there by promoting Wound healing. Terpenoids also accelerate 
Wound healing by promoting the production of collagen thereby 
promoting the Healing process. GCMS reports of Synedrella 
nodiflora leaf extracts reported the presence of high amounts 
of Phytol, a diterpene alcohol. Phytol reduces inflammation 
by inhibiting nuclear factor-Kappa B (NF-kB Pathway). It also 
provides better remodeling of tissue during Wound healing.

REFERENCES
1. Sharma M, Sharma M, Bithel N, Sharma M. Ethnobotany, phytochemistry, 

pharmacology and nutritional potential of medicinal plants from Asteraceae Family. 
J Mountain Res. 2022;17(2):67-83. doi: 10.51220/jmr.v17i2.7.

2. Y BP, J DM, S GD, Amravati S. Pharmacognostic studies and anti-microbial activity of 
Synedrella nodiflora (L.) Gaertn. 2011;2;3:317-21.

3. Amoateng P, Tagoe TA, Karikari TK, Kukuia KK, Osei-Safo D, Woode E, et al. Synedrella 
nodiflora extract depresses excitatory synaptic transmission and chemically induced 
in vitro seizures in the rat hippocampus. Front Pharmacol. 2021;12:610025. doi: 10.33 
89/fphar.2021.610025, PMID 33762938.

4. Abad MJ, Bermejo P, Carretero E, Martínez-Acitores C, Noguera B, Villar A. 
Anti-inflammatory activity of some medicinal plant extracts from Venezuela. J 
Ethnopharmacol. 1996;55(1):63-8. doi: 10.1016/s0378-8741(96)01478-x, PMID 
9121169.

5. Chaniad P, Techarang T, Phuwajaroanpong A, Na-ek P, Viriyavejakul P, Punsawad C. 
In Vivo Anti-malarial Activity and Toxicity Study of Extracts of Tagetes erecta L. and 
Synedrella nodiflora (L.) Gaertn. from the Asteraceae Family. Evid Based Complement 
Alternat Med. 2021; 2021:1-9.

6. Zahan R, Nahar L, Haque A, Mosaddik A, Fazal A, Haque ME. Anti-diarrheal and 
hypoglycemic effects of Synedrella nodiflora. Phytopharmacology. 2012;2(2):257-64.

7. Wijaya S, Nee TK, Jin KT, Hon LK, San LH, Wiart C. Antibacterial and antioxidant 
activities of Synedrella nodiflora (L.) Gaertn. (Asteraceae). J Complement Integr Med. 
2011;8(1):1-13. doi: 10.2202/1553-3840.1499, PMID 22754934.

8. Rathi M. Insecticidal activity of aerial parts of Synedrella nodiflora Gaertn. 
(Compositae) on Spodoptera litura (Fab.). J Cent Eur Agric. 2006;6(3):223-8.

9. Nahar L, Zahan R, Morshed MT, Haque A, Alam Z, Mosaddik A. Antioxidant, analgesic 
and CNS depressant effects of Synedrella nodiflora. Pharmacogn J. 2012;4(31):29-36. 
doi: 10.5530/pj.2012.31.6.

10. Dudev T, Lim C. Importance of Metal Hydration on the Selectivity of Mg2+ versus 
Ca2+ in Magnesium Ion Channels. J Am Chem Soc. 2013;135(45):17200-8. doi: 10.10 
21/ja4087769, PMID 24087890.

11. Redfern J, Kinninmonth M, Burdass D, Verran J. Using Soxhlet ethanol extraction to 
produce and test plant material (essential oils) for their anti-microbial properties. J 
Microbiol Biol Educ. 2014;15(1):45-6. doi: 10.1128/jmbe.v15i1.656, PMID 24839520.

12. Shaikh JR, Patil M. Qualitative tests for preliminary phytochemical screening: an 
overview. Int J Chem Stud. 2020;8(2):603-8. doi: 10.22271/chemi.2020.v8.i2i.8834.

13. Onyeka IP, Onyegbule FA, Ibe CI, Ifebi HM, Ezugwu CO. Pharmacognostic, Acute 
Toxicity Profile and Comparative Leaf Characteristics of Desmodium velutinum, 
Mallotus oppositifolius and Synedrella nodiflora. IJMPCR. 2022:10-24. doi: 10.9734/ij 
mpcr/2022/v15i430163.

14. Chopra H, Bibi S, Mohanta YK, Kumar Mohanta T, Kumar S, Singh I, et al. In vitro and 
in silico characterization of curcumin-loaded chitosan-PVA hydrogels: anti-microbial 
and potential wound healing activity. Gels. 2023;9(5):394. doi: 10.3390/gels9050394 
, PMID 37232986.

15. Rani S, Puri R, Boora P, Qasim A, Angmo D, Mehta M, et al. FT-IR and ICP-MS Analysis 
of Bioactive compounds in the methanolic Leaves Extract of Thalictrum foliolosum. 
Pharmacogn Res. 2023;15(4):705-15.

16. Masson P, Dalix T, Bussière S. Determination of major and trace elements in plant 
samples by inductively coupled plasma-mass spectrometry. Commun Soil Sci Plant 
Anal. 2010;41(3):231-43. doi: 10.1080/00103620903460757.

17. Mustafa I, Faisal MN, Hussain G, Muzaffar H, Imran M, Ijaz MU, et al. Efficacy of 
Euphorbia helioscopia in context to a possible connection between antioxidant and 
antidiabetic activities: a comparative study of different extracts. BMC Complement 
Med Ther. 2021;21(1):62. doi: 10.1186/s12906-021-03237-x, PMID 33579270.

18. Froehlicher T, Hennebelle T, Martin-Nizard F, Cleenewerck P, Hilbert JL, Trotin F, et al. 
Phenolic profiles and anti-oxidative effects of hawthorn cell suspensions, fresh fruits 
and medicinal dried parts. Food Chem. 2009;115(3):897-903. doi: 10.1016/j.foodche 
m.2009.01.004.

19. Nurcholis W, Sya’bani Putri DN, Husnawati H, Aisyah SI, Priosoeryanto BP. Total 
flavonoid content and antioxidant activity of ethanol and ethyl acetate extracts from 



Pharmacognosy Research, Vol 17, Issue 2, Apr-Jun, 2025 13

Koodathil, et al.: Wound Healing Activity of Synedrella nodiflora

accessions of Amomum compactum fruits. Ann Agric Sci. 2021;66(1):58-62. doi: 10.1 
016/j.aoas.2021.04.001.

20. Purnomo D, Yulianti Putri A, Hisyam HM, Rimatunnisa R, Indriani DR, Adinda PR, et al. 
Effect of drying method on antioxidant activity and total flavonoid content of java 
tea crude drug (Orthosiphon aristatus). Res Chem Eng. 2023;2(1):29-33.

21. Popoola OK. Phytotherapeutic potentials of Synedvilla nodiflora: In vitro quantification 
of phytochemical constituents, anti-oxidant capacities and skin enzymes inhibiting 
activities. Am J Biomed Sci Res. 2020;10(6):543-50.

22. Chen F, Huang G, Yang Z, Hou Y. Antioxidant activity of Momordica charantia 
polysaccharide and its derivatives. Int J Biol Macromol. 2019;138:673-80. doi: 10.101 
6/j.ijbiomac.2019.07.129, PMID 31344411.

23. Ramasamy A, Anandakumar K, Kathiresan K. In vitro antioxidant potential and 
acetylcholinesterase inhibitory effect of Ficus benghalensis aerial root extract. Afr 
Health Sci. 2022;22(4):291-9. doi: 10.4314/ahs.v22i4.34, PMID 37092053.

24. Le HT, Park J, Ha J, Kusumaningrum S, Paik JH, Cho S. Synedrella nodiflora (Linn.) 
Gaertn. inhibits inflammatory responses through the regulation of Syk in RAW 264.7 
macrophages. Exp Ther Med. 2020;20(2):1153-62. doi: 10.3892/etm.2020.8750, PMID 
32765663.

25. HDT M. In vitro Anti-Inflammatory Egg Albumin Denaturation Assay: An Enhanced 
Approach. J Nat Ayurvedic. Med. 2023;7(3):1-6.

26. Mans RA, Friperson P, Djotaroeno M, Misser VS, Pawirodihardjo J. In vitro 
anti-inflammatory and antioxidant activities as well as phytochemical content of 
the fresh stem juice from Montrichardia arborescens Schott (Araceae). Pharmacogn 
J. 2022;14(4):296-304. doi: 10.5530/pj.2022.14.99.

27. Anokwah D, Kwatia EA, Amponsah IK, Jibira Y, Harley BK, Ameyaw EO, et al. Evaluation 
of the anti-inflammatory and antioxidant potential of the stem bark extract and some 
constituents of Aidia genipiflora (DC.) dandy (Rubiaceae). Heliyon. 2022;8(8):e10082. 
doi: 10.1016/j.heliyon.2022.e10082, PMID 36042726.

28. Fronza M, Heinzmann B, Hamburger M, Laufer S, Merfort I. Determination of 
the wound healing effect of Calendula extracts using the scratch assay with 3T3 
fibroblasts. J Ethnopharmacol. 2009;126(3):463-7. doi: 10.1016/j.jep.2009.09.014,  
PMID 19781615.

29. Bolla SR, Mohammed Al-Subaie A, Yousuf Al-Jindan R, Papayya Balakrishna J, Kanchi 
Ravi P, Veeraraghavan VP, et al. In vitro wound healing potency of methanolic leaf 
extract of Aristolochia saccata is possibly mediated by its stimulatory effect on 
collagen-1 expression. Heliyon. 2019;5(5):e01648. doi: 10.1016/j.heliyon.2019.e016 
48, PMID 31193473.

30. Saleem U, Khalid S, Zaib S, Anwar F, Akhtar MF, Hussain L, et al. Wound Healing 
Potential and in silico Appraisal of Convolvulus arvensis L. Methanolic extract. BioMed 
Res Int. 2022; 2022:1373160. doi: 10.1155/2022/1373160, PMID 36467883.

31. Governa P, Carullo G, Biagi M, Rago V, Aiello F. Evaluation of the in vitro wound-healing 
activity of Calabrian honeys. Antioxidants (Basel). 2019;8(2):36. doi: 10.3390/antiox80 
20036, PMID 30736314.

32. Dhawal PP, Gharpure M, Joshi MS, Khan RR, Barve SS. Wound healing potential of 
Vakeri fortified Kampillakadi Taila. J Ayurveda Integr Med. 2023;14(3):100721. doi: 10 
.1016/j.jaim.2023.100721, PMID 37245340.

33. Adil M, Filimban FZ, Ambrin QA, Quddoos AA, Sher AA, Naseer M. Phytochemical 
screening, HPLC analysis, antimicrobial and antioxidant effect of Euphorbia parviflora 
L. (Euphorbiaceae Juss.). Sci Rep. 2024;14(1):5627. doi: 10.1038/s41598-024-55905-w 
, PMID 38454096.

34. Adedokun KA, Imodoye SO, Bello IO, Lanihun AA, Bello IO. Therapeutic potentials 
of medicinal plants and significance of computational tools in anti-cancer drug 
discovery. In: Phytochemistry, computational tools and databases in drug discovery. 
Amsterdam: Elsevier; 2023. p. 393-455. doi: 10.1016/B978-0-323-90593-0.00017-4.

35. Dias MC, Pinto DC, Silva AM. Plant flavonoids: chemical characteristics and biological 
activity. Molecules. 2021;26(17):5377. doi: 10.3390/molecules26175377, PMID 
34500810.

36. Zulkefli N, Che Zahari CN, Sayuti NH, Kamarudin AA, Saad N, Hamezah HS, et 
al. Flavonoids as potential wound-healing molecules: emphasis on pathways 
perspective. Int J Mol Sci. 2023;24(5):4607. doi: 10.3390/ijms24054607, PMID 
36902038.

37. Mortada EM. Evidence-based complementary and alternative medicine in current 
medical practice. Cureus. 2024;16(1):e52041. doi: 10.7759/cureus.52041, PMID 
38344508.

38. Zhang Y, Cai P, Cheng G, Zhang Y. A brief review of phenolic compounds identified 
from plants: their extraction, analysis and biological activity. Nat Prod Commun. 
2022;17(1):1934578X2110697. doi: 10.1177/1934578X211069721.

39. Sanvee S, Simalou O, Tchani GW, Kagnou H, Bakoma B, Metowogo K, et al. 
Antidiabetic activity of tannin fraction of Bridelia ferruginea (Benth) leaf extract on 
fructose-induced diabetic mice. J HerbMed Pharmacol. 2020;10(1):68-74. doi: 10.3 
4172/jhp.2021.06.

40. Sravan Kumar S, Manoj P, Giridhar P. Fourier transform infrared spectroscopy (FTIR) 
analysis, chlorophyll content and antioxidant properties of native and defatted 
foliage of green leafy vegetables. J Food Sci Technol. 2015;52(12):8131-9. doi: 10.100 
7/s13197-015-1959-0, PMID 26604386.

41. YENER İ. Trace element analysis in some plants species by inductively coupled 
plasma optical emission spectrometry (ICP-OES). Iğdır Univ Fen Bilim Enstitüsü Derg. 
2019;9(3):1492-502. doi: 10.21597/jist.517739.

42. NCBI. Trace elements-diet and health-NCBI bookshelf. Available from: https://www.n 
cbi.nlm.nih.gov/books/NBK218751/.

43. Bonaventura P, Benedetti G, Albarède F, Miossec P. Zinc and its role in immunity and 
inflammation. Autoimmun Rev. 2015;14(4):277-85. doi: 10.1016/j.autrev.2014.11.00 
8, PMID 25462582.

44. Salvo J, Sandoval C. Role of copper nanoparticles in wound healing for chronic 
wounds: literature review. Burns Trauma. 2022;10:tkab047. doi: 10.1093/burnst/tka 
b047, PMID 35071652.

45. Kresovich JK, Bulka CM, Joyce BT, Vokonas PS, Schwartz J, Baccarelli AA, et al. The 
inflammatory potential of dietary manganese in a cohort of elderly men. Biol Trace 
Elem Res. 2018;183(1):49-57. doi: 10.1007/s12011-017-1127-7, PMID 28822065.

46. Khaliq H, Juming Z, Ke-Mei P. The physiological role of boron on health. Biol Trace 
Elem Res. 2018;186(1):31-51. doi: 10.1007/s12011-018-1284-3, PMID 29546541.

47. Hatami T, Emami SA, Miraghaee SS, Mojarrab M. Total phenolic contents and 
antioxidant activities of different extracts and fractions from the aerial parts of 
Artemisia biennis willed. Iran J Pharm Res. 2014;13(2):551-9. PMID 25237350.

48. Saeed N, Khan MR, Shabbir M. Antioxidant activity, total phenolic and total flavonoid 
contents of whole plant extracts Torilis leptophylla L. BMC Complement Altern Med. 
2012;12:221. doi: 10.1186/1472-6882-12-221, PMID 23153304.

49. Aryal S, Baniya MK, Danekhu K, Kunwar P, Gurung R, Koirala N. Total phenolic content, 
flavonoid content and antioxidant potential of wild vegetables from Western Nepal. 
Plants (Basel). 2019;8(4):96. doi: 10.3390/plants8040096, PMID 30978964.

50. Dharmadeva S, Galgamuwa LS, Prasadinie C, Kumarasinghe N. In vitro 
anti-inflammatory activity of Ficus racemosa L. bark using albumin denaturation 
method. Ayu. 2018;39(4):239-42. doi: 10.4103/ayu.AYU_27_18, PMID 31367147.

51. Tyavambiza C, Meyer M, Wusu AD, Madiehe AM, Meyer S. The antioxidant and in vitro 
wound healing activity of Cotyledon orbiculata aqueous extract and the synthesized 
biogenic silver nanoparticles. Int J Mol Sci. 2022;23(24):16094. doi: 10.3390/ijms232 
416094, PMID 36555732.

Cite this article: Koodathil J, Ramadass L, Jayachandran S, Sekar J. Phyto-Analytical Studies and in vitro Wound Healing Activity of Synedrella 
nodiflora (L.) Gaertn Leaf Extract. Pharmacog Res. 2025;17(2):x-x.


