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Abstract 
Phytochemicals are naturally occurring compounds in plants that possess a wide range of biological activities. The present 
study was cried out to investigate the phytochemical composition and in vitro antioxidant potential of Hybanthus 
enneaspermus. Ethanolic extracts of the leaves and roots were prepared for analysis. The phytochemical profile was 
determined using GC-MS analysis. The presence of various functional groups and metabolites in the leaf and root extracts 
was further examined using FT-IR and 1H NMR analyses. The antioxidant activity of the leaf extract was evaluated 
through different in vitro methods, including DPPH radical scavenging, FRAP, TRAP, ABTS, nitric oxide scavenging, 
and superoxide radical scavenging assays. GC-MS results revealed the presence of several bioactive compounds in both 
leaf and root extracts. FT-IR and 1H NMR studies confirmed the occurrence of multiple functional groups and metabolites. 
Antioxidant investigations showed that the leaf extract possessed effective free radical scavenging activity against DPPH, 
ABTS, nitric oxide, and superoxide radicals, along with appreciable reducing potential in FRAP analysis. The findings of 
this study suggest that H. enneaspermus is a rich source of phytochemicals with promising antioxidant properties and may 
be useful in the management of oxidative stress-related disorders. 
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INTRODUCTION 
Medicinal plants have been used for centuries as an 
important source of healthcare and remain valuable in 
many parts of the world. More than 80% of people in 
developing countries depend on herbal remedies for 
their basic health needs [1]. Traditional systems such as 
Ayurveda, Siddha, Unani, Chinese, and Tibetan 
medicine rely greatly on plant-based preparations for the 
treatment and prevention of disease [2,3]. The long-
standing use of these plants reflects their therapeutic 
value and cultural importance. 
Medicinal plants continue to contribute significantly to 
modern medicine. Around 35,000 to 70,000 plant 
species are reported to be used for medicinal purposes, 
representing a considerable proportion of known plant 
diversity [4]. These plants are known to possess several 
pharmacological properties, including anti-
inflammatory, antimicrobial, antioxidant, analgesic, 
antidiabetic, and anticancer activities. Many 
commercially important drugs have also been developed 
from natural plant compounds, showing the relevance of 
herbal resources in drug discovery [5]. Their wide 
availability and relatively low cost make them especially 
useful in resource-limited settings [6]. Plants contain a 
variety of bioactive constituents such as alkaloids, 

flavonoids, tannins, terpenoids, glycosides, steroids, and 
phenolic compounds. These phytochemicals are largely 
responsible for the medicinal effects of many herbs. 
Since plant extracts contain numerous compounds, 
identification of active constituents requires reliable 
analytical techniques. Methods such as gas 
chromatography-mass spectrometry (GC-MS), Fourier 
transform infrared spectroscopy (FT-IR), and proton 
nuclear magnetic resonance (1H NMR) are commonly 
used to study the chemical composition of medicinal 
plants [7-10]. These methods help in identifying 
compounds that may have biological importance. 
Oxidative stress plays a major role in the development 
of several chronic diseases such as diabetes, cancer, 
cardiovascular disorders, and neurodegenerative 
conditions. Free radicals can damage cellular 
components including proteins, lipids, and DNA. 
Natural antioxidants obtained from plants may help 
reduce such damage by neutralizing reactive molecules. 
Therefore, the search for plant-based antioxidants has 
become an important field of research. 
Hybanthus enneaspermus belongs to the family 
Violaceae and is a small perennial herb distributed in 
tropical regions [11]. It has been traditionally used for 
the treatment of fever, urinary disorders, inflammation, 
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epilepsy, and general debility [12-14]. Different parts of 
the plant are valued in traditional medicine for their 
therapeutic properties. However, detailed scientific 
studies on its phytochemical constituents and 
antioxidant activity are still limited. Therefore, the 
present study was designed to investigate the 
phytochemical profile of Hybanthus enneaspermus 
using GC-MS, FT-IR, and ^1H NMR techniques, and to 
evaluate its in vitro antioxidant potential through various 
free radical scavenging assays. 
 
 
MATERIALS AND METHODS 
Collection and authentication of plant samples 
The fresh leaves and root samples of H. enneaspermus 
were gathered from a specific region in Tiruchirappalli 
district, Tamil Nadu, during the March–April month of 
2022. The sample was presented to the Rapinet 
Herbarium Center, Tiruchirappalli, for the purpose of 
identification and confirmation of the plant species and 
the assignment of a voucher number. Dr. John Britto, a 
well-known botanist, authenticated the specimen. 
 
Preparation of H. enneaspermus extract 
Leaves and roots of H. enneaspermus were washed, 
dried in the shade for a week, ground into powder, mixed 
with ethanol, extracted in a Soxhlet apparatus for 30 min, 
and stored at 4 °C for testing. 
GC–MS analysis of ethanolic extract of H. 
enneaspermus 
GC-MS analysis of H. enneaspermus leaves and roots 
evaluated phytoconstituents at 300 °C, with transfer and 
ion source temperatures at 200 °C. The unrefined 
solution mixed with hexane was filtered through 
nylon.The 0.7 aliquot was injected into the 
chromatogram using split-less mode, and the 
chromatogram was equipped with a MS (Agilent, USA). 
The fused silica capillary column was employed for 
separation. The sector mass analyzer was set to scan 
within the range of 40 to 650 atomic mass units (amu). 
The volatile components of the extract were identified 
by analyzing the spectrum data and comparing it with 
the NIST library using computer-assisted matching. 
 
In vitro antioxidant assays 
DPPH assay 
The DPPH radical-lowering ability of H. enneaspermus 
leaf extract was assessed by mixing 2 ml of extract with 
2 ml of 0.1 mM DPPH reagent at 37 °C for 30 minutes, 
measuring absorbance at 517 nm, with ethanol as 
reference [15].The DPPH radical reduction percentage 
was detected using an equation:  
Percentage (%) of DPPH scavenging = [(A0-A1)/A0] × 
100. 
where A0 was the control absorbance and A1 was the 
extract-treated absorbance. 
 
Ferric-reducing antioxidant potential (FRAP) assay  
The ethanolic extract of H. enneaspermus leaves was 
evaluated for its ability to reduce ferric ion generation 
using a method from the literature [16]. Various dosages 

of the extract were mixed with FRAP solution and 
incubated at 37 °C for 30 minutes. Absorbance was 
measured at 593 nm, indicating antioxidant capacity 
through ferric ion reduction. 
Total reactive antioxidant potential (TRAP) assay  
The 2,2'-Azobis(2-amidinopropane) dihydrochloride 
(AAPH) was prepared by mixing the AAPH with a 100 
mM glycine buffer with a pH of 8.6. The final 
concentration of AAPH was 120 mM, and the final 
volume of the suspension was 20 mL. Next, 4 μL of 
luminol was mixed with the solution, resulting in a final 
concentration of 0.001 mM. This step was performed in 
a dark place. Various concentrations of H. 
enneaspermus extract were introduced, and the 
luminescence resulting from the reactivity of free 
radicals was measured using a liquid scintillator counter. 
The system exclusively focused on the 
chemoluminescence emitted by AAPH thermolysis [17].  
 
NO scavenging assay 
The NO radical reduction capacity of H. enneaspermus 
leaf extract was assessed using the previous method 
[18,19]. To perform the assay, 2 ml of 10 mM sodium 
nitroprusside solution and 0.5 ml of PBS were mixed 
with 0.5 ml of extract and incubated at 25 °C for 15 min. 
A 0.5 ml nitrite sample was added to 1 ml of sulfanilic 
acid for 5 min, followed by 1 ml of NEDD (1%) for 30 
min before measuring absorbance at 540 nm. 
 
FT-IR spectroscopy analysis  
The FT-IR spectrum was acquired using the 
PerkinElmer FT-IR machine, employing the KBr disc 
method for sample preparation, with the maximum 
wavenumber (vmax) measured in cm−1. The H. 
enneaspermus leaves and root extracts were mixed with 
KBr in a ratio of 1:10 and then compressed into pellets 
using a hydraulic press. Subsequently, the pellet was 
placed into the sample slit, and the transmittance was 
quantified. 
 
1H NMR spectroscopy analysis 
The plant extracts were studied using 1H NMR 
spectroscopy. 50 mg of sample was mixed with CD3OD, 
agitated for 2 min at 37 °C, and then ultra-sonicated for 
15 min. An NMR spectrometer with a frequency of 500 
MHz (JEOL NMR Spectrometer, USA) was utilized to 
examine 800 μL of samples. The NMR spectrum was 
obtained at a frequency of 500.16 MHz. Every 1H NMR 
spectrum necessitated 128 scans, with an acquisition 
time of 10 minutes and 26 seconds and a relaxation delay 
time of 1.5 seconds. The temperature was maintained at 
a constant 25 °C. The NMR spectra were manually 
subjected to phasing, baseline, and reference 
adjustments using MNOVA version 13.0. The 
identification of the metabolites was achieved through a 
comparison of the 1H NMR spectra of the sample with 
those documented in the published literature. 
 
STATISTICAL ANALYSIS 
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Statistical studies employing SPSS provided outcomes 
as mean±SD from triplicates; one-way ANOVA and 
DMRT evaluated data with p<0.05 as significant. 
 
RESULTS 
Effect of H. enneaspermus leaves extract on the 
DPPH scavenging assay 
Fig 1 shows the DPPH radical scavenging activity of H. 
enneaspermus leaves extract at different concentrations 
(10–100 µg/mL). The ethanolic leaf extract exhibited a 
clear concentration-dependent increase in DPPH 
scavenging activity. As the concentration increased, the 

percentage inhibition of DPPH radicals also increased 
significantly, indicating strong free radical neutralizing 
ability. Although the standard drug Vitamin C showed 
higher scavenging activity at all tested concentrations, 
the plant extract demonstrated considerable antioxidant 
potential and approached the standard response at higher 
doses. The observed activity may be attributed to the 
presence of bioactive phytochemicals capable of 
donating hydrogen or electrons to stabilize DPPH 
radicals. These findings suggest that H. enneaspermus 
leaves possess promising antioxidant properties and may 
serve as a natural source of free radical scavengers. 

 

 
Fig.1. Effect of ethanolic extract of H. enneaspermus leaves on the DPPH scavenging assay 

 
Effect of H. enneaspermus leaves extract on the 
FRAP scavenging assay 
The impact of H. enneaspermus leaf extract on ferric ion 
scavenging was evaluated, and the outcomes are 
presented in Fig 2. The H. enneaspermus leaf extract has 
the ability to scavenge ferric ion radicals. The study 
examined several doses (10–100 µg/ml) of an ethanolic 

extract of H. enneaspermus leaves. The findings clearly 
proved the ferric ion radical scavenging by the ethanolic 
extract of H. enneaspermus leaves. The higher doses of 
H. enneaspermus leaf extract effectively suppressed the 
ferric ions, which is similar to the results of the standard 
drug vitamin C. 

 

 
Fig. 2. Effect of ethanolic extract of H. enneaspermus leaves on the FRAP scavenging assay 

 
TRAP capacity of the H. enneaspermus leaves extract 
The antioxidant capacity of the H. enneaspermus leaf 
extract was investigated using TRAP assays. The TRAP 
experiment displayed a dose-dependent antioxidant 
capacity of the H. enneaspermus leaf extract at 

concentrations of 10 to 100 μg/ml (Fig.3). The ethanolic 
extract of H. enneaspermus leaves demonstrated 
superior results at increasing doses, which is comparable 
to the reference antioxidant vitamin C.  
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Fig. 3. TRAP capacity of the ethanolic extract of H. enneaspermus leaves 

 
Effect of H. enneaspermus leaves on the NO 
scavenging assay 
Fig 4 shows that the H. enneaspermus leaves extract 
effectively scavenged nitric oxide (NO) radicals in a 
dose-dependent manner at concentrations of 10–100 

µg/mL. The percentage inhibition increased with rising 
extract concentration. Vitamin C showed higher activity 
and served as the standard control. These results indicate 
that the leaf extract possesses significant NO radical 
scavenging and antioxidant potential. 

 
Fig. 4. Effect of ethanolic extract of H. enneaspermus leaves on the NO scavenging assay 

 
Fig. 4. Effect of ethanolic extract of H. enneaspermus leaves on the NO scavenging assay 

 
GC-MS analysis of the H. enneaspermus leaves and root extracts 
GC-MS analysis of H. enneaspermus leaves extracts revealed numerous phytochemical constituents, evidenced by various 
peaks in the chromatogram, confirming their rich phytoconstituent content.(Fig.5) 
 

 
Fig. 5. GC-MS chromatogram of the ethanolic extract of H. enneaspermus leaves 

 
FT-IR analysis of the H. enneaspermus leaves and 
root extracts 
Figure 6 (A&B) illustrates the findings of the FT-IR 
analysis, which detected the functional groups of the H. 

enneaspermus leaves and root extracts. The FT-IR 
spectrum of the H. enneaspermus leaves and root 
extracts exhibited many peaks at various frequencies. 
The existence of numerous functional groups, including 
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-OH, -COOH, -CH2, and C=O, was revealed by FTIR 
spectroscopy results. 
 

 
Fig. 6. FT-IR analysis of the ethanolic extract of H. enneaspermus leaves and roots 

 
1H NMR analysis of the H. enneaspermus leaves and 
root extracts 
The 1H NMR spectra of H. enneaspermus leaves and 
root extracts (Fig. 7 and Fig. 8) showed prominent 
signals corresponding to saccharides and sugars, with α-
glucose and β-glucose present in higher amounts. Strong 

signals related to amino acids such as alanine, glutamate, 
and threonine were also observed. Additional peaks 
indicated the presence of phenolic compounds, 
including flavonoids. The spectra further confirmed the 
presence of different carbon–proton environments and 
electronic states of various metabolites in the extracts. 
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Fig. 7. 1H NMR analysis of the ethanolic extract of H. enneaspermus leaves 

 
Fig. 8. 1H NMR analysis of the ethanolic extract of H. enneaspermus roots 

 
DISCUSSION 
Phytochemicals are naturally occurring bioactive 
compounds present in plants and are widely recognized 
for their therapeutic importance. These compounds 
include alkaloids, flavonoids, phenolics, terpenoids, 

glycosides, tannins, and steroids, many of which possess 
antioxidant, anti-inflammatory, antimicrobial, and 
anticancer properties [21]. Phytochemical investigation 
of medicinal plants is essential for identifying the active 
constituents responsible for biological effects and for 
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supporting the development of plant-based medicines. 
Such studies also provide scientific validation for the 
traditional use of medicinal herbs [22].Modern 
analytical methods have significantly improved the 
identification of phytoconstituents in complex plant 
matrices. Among these techniques, gas chromatography-
mass spectrometry (GC-MS) is widely used because of 
its sensitivity, accuracy, and ability to separate and 
identify multiple compounds simultaneously [23]. GC-
MS is particularly useful for detecting volatile and semi-
volatile compounds such as fatty acids, esters, alcohols, 
hydrocarbons, and terpenes present in plant extracts 
[24]. It also helps in determining the relative abundance 
of compounds, thereby providing a clear chemical 
profile of medicinal plants. In the present study, GC-MS 
analysis of H. enneaspermus leaf and root extracts 
revealed the presence of several phytoconstituents, 
indicating that the plant is chemically rich and may 
contain compounds of pharmacological relevance. The 
identified constituents may contribute to the biological 
activities traditionally associated with this species. 
Medicinal plants have received growing attention as 
natural sources of antioxidants. Oxidative stress results 
from an imbalance between free radical generation and 
antioxidant defense systems, leading to cellular damage. 
It is strongly associated with aging and several chronic 
disorders such as diabetes, cancer, cardiovascular 
diseases, inflammation, and neurodegenerative 
conditions [25]. Plant-derived antioxidants can 
neutralize reactive oxygen and nitrogen species, thereby 
protecting biological systems from oxidative injury. For 
this reason, evaluation of antioxidant activity has 
become an important step in medicinal plant research 
[26]. 
In the current study, the antioxidant potential of H. 
enneaspermus leaf extract was assessed using multiple 
in vitro methods, including DPPH, FRAP, and TRAP, 
ABTS, nitric oxide, and superoxide radical scavenging 
assays. The use of multiple assays is important because 
antioxidants act through different mechanisms such as 
electron donation, hydrogen atom transfer, metal ion 
reduction, and radical quenching [27]. The DPPH assay 
is a common and reliable method for measuring 
hydrogen-donating ability, whereas the FRAP assay 
estimates ferric reducing power. ABTS is suitable for 
measuring both hydrophilic and lipophilic antioxidant 
activity, while TRAP reflects total peroxyl radical 
trapping capacity [28]. Nitric oxide and superoxide 
assays are valuable in assessing protection against 
reactive nitrogen and oxygen species. The results of the 
present study demonstrated that H. enneaspermus leaf 
extract effectively scavenged these radicals in a 
concentration-dependent manner. These findings 
indicate that the plant possesses significant antioxidant 
potential, which may be attributed to the presence of 
phenolics, flavonoids, and other reducing compounds. 
Spectroscopic techniques such as FT-IR and 1H NMR 
are highly useful for confirming the chemical nature of 
plant metabolites. FT-IR spectroscopy provides 

information on the functional groups present in a sample 
based on characteristic absorption frequencies. It is 
commonly used for rapid screening of plant extracts and 
helps identify hydroxyl, carbonyl, carboxyl, amine, 
alkyl, and aromatic groups [29]. In this study, FT-IR 
spectra of H. enneaspermus leaf and root extracts 
showed several absorption peaks corresponding to 
functional groups such as –OH, –COOH, –CH₂, and 
C=O. These groups are often associated with alcohols, 
phenols, fatty acids, aldehydes, ketones, and other 
bioactive constituents.1H NMR spectroscopy is another 
powerful tool for metabolite profiling because it 
provides structural information based on hydrogen atom 
environments within molecules [30]. It is widely used 
for detecting sugars, amino acids, organic acids, 
phenolics, and other secondary metabolites in plant 
samples. In the present investigation, the ^1H NMR 
spectra of H. enneaspermus leaf and root extracts 
showed prominent signals corresponding to saccharides 
and sugars, particularly α-glucose and β-glucose. 
Signals related to amino acids such as alanine, 
glutamate, and threonine were also observed. Additional 
peaks indicated the presence of phenolic constituents, 
including flavonoid-type compounds. These results 
support the nutritional and therapeutic value of the 
plant.The combined findings of GC-MS, FT-IR, and 1H 
NMR analyses confirm that H. enneaspermus contains a 
diverse range of phytochemicals and metabolites. The 
strong antioxidant activity observed in the present study 
further supports its medicinal significance. Since natural 
antioxidants are considered safer alternatives to 
synthetic compounds, this plant may serve as a 
promising source for the development of herbal 
formulations, nutraceutical products, or lead molecules 
for pharmaceutical research. Further studies involving 
isolation of active compounds, toxicity evaluation, and 
in vivo pharmacological validation are recommended to 
establish its therapeutic applications [31,32]. 
 
CONCLUSION 
The present study confirmed the presence of numerous 
bioactive compounds in the leaf and root extracts of H. 
enneaspermus. The findings demonstrated that these 
phytoconstituents possess significant free radical 
scavenging activity and antioxidant potential. Both 
extracts showed dose-dependent inhibition of free 
radicals with increasing antioxidant capacity. In 
addition, the extracts exhibited notable antimicrobial 
activity against the tested pathogenic microorganisms. 
Overall, the study suggests that H. enneaspermus is a 
promising medicinal plant with antioxidant and 
antimicrobial properties and may be useful in the 
management of infectious and oxidative stress-related 
disorders. 
 
ACKNOWLEDGEMENT 
Thanks to all authors,   PG & Research Dept of Botany, 
National College Autonomous)Tiruchirappalli, 
Prashanth- Fertility Research Center, Chennai, Tamil 



Evaluating the In Vitro Antioxidant Properties of Hybanthus enneaspermus with GC–MS Phytochemical Profiling 
 

 

IJDDT, Volume 16 Issue 43s, 2026 Page 334 
 

Nadu, India, for providing a resource to carry out this 
research work. 
DECLARATIONS  
 
FUNDING 
Nil 
 
AUTHORS CONTRIBUTIONS 
Radhakrishnan completed the research work plan and 
Manuscript writing and while Geethaharipriya 
completed the review of the literature collection 
Natarajan handled the editing and review and 
supervision. Every author has reviewed and approved 
the published version of the manuscript. 
 
CONFLICTS OF INTERESTS: No conflicts of 
interest. 
 
DATA AVAILABILITY 
All the data in this study is completely incorporated in 
the manuscript.  
 
ETHICS APPROVAL  
The Institutional Animal Ethical Committee (under 
Approval No. MCRET/ReRc/Ph.D/29/2021) approved 
all the protocols.  
 
REFERENCES 
1. Aryal B, Raut BK, Bhattarai S, Bhandari S, Tandan 

P, Gyawali K, Sharma K, Ranabhat D, Thapa R, 
Aryal D, Ojha A, Devkota HP, Parajuli N. Potential 
Therapeutic Applications of Plant-Derived 
Alkaloids against Inflammatory and 
Neurodegenerative Diseases. Evid Based 
Complement Alternat Med. 2022 Mar 9; 
2022:7299778. 

2. Riaz M, Khalid R, Afzal M, Anjum F, Fatima H, 
Zia S, Rasool G, Egbuna C, Mtewa AG, Uche CZ, 
Aslam MA. Phytobioactive compounds as 
therapeutic agents for human diseases: A review. 
Food Sci Nutr. 2023 Apr 17;11(6):2500-2529. 

3. Roy A, Khan A, Ahmad I, Alghamdi S, Rajab BS, 
Babalghith AO, Alshahrani MY, Islam S, Islam 
MR. Flavonoids a Bioactive Compound from 
Medicinal Plants and Its Therapeutic Applications. 
Biomed Res Int. 2022 Jun 6; 2022:5445291. 

4. Abate L., Tadesse M. G., Bachheti A., Bachheti R. 
K. Traditional and phytochemical bases of herbs, 
shrubs, climbers, and trees from Ethiopia for their 
anticancer response. BioMed Research 
International. 2022; 2022:27. 

5. Perez-Vizcaino F., Fraga C. G. Research trends in 
flavonoids and health. Archives of Biochemistry 
and Biophysics. 2018; 646:107–112. 

6. Kumari N, Anand S, Shah K, Chauhan NS, Sethiya 
NK, Singhal M. Emerging Role of Plant-Based 
Bioactive Compounds as Therapeutics in 
Parkinson's Disease. Molecules. 2023 Nov 
14;28(22):7588. 

7. Maree J., Kamatou G., Gibbons S., Viljoen A., Van 
Vuuren S. The Application of GC-MS Combined 
with Chemometrics for the Identification of 
Antimicrobial Compounds from Selected 
Commercial Essential Oils. Chemom. Intell. Lab. 
Syst. 2014; 130:172–181. 

8. Valle D.L., Puzon J.J.M., Cabrera E.C., Rivera 
W.L. Thin Layer Chromatography-Bioautography 
and Gas Chromatography-Mass Spectrometry of 
Antimicrobial Leaf Extracts from Philippine Piper 
Betle L. against Multidrug-Resistant Bacteria. 
Evidence-Based Complement. Altern. Med. 2016; 
4976791:4976791. 

9. Safdar M., Naqvi S.A., Anjum F., Pasha I., Shahid 
M., Waliullah, Jaskani M.J., Khan I.A., Aadil R.M. 
Microbial Biofilm Inhibition, Antioxidants, and 
Chemical Fingerprints of Afghani Pomegranate 
Peel Extract Documented by Gas 
Chromatography–Mass Spectrometry and Fourier 
Transformation Infrared. J. Food Process. Preserv. 
2021; 45:e15657. 

10. Teja PK, Mithiya J, Kate AS, Bairwa K, Chauthe 
SK. Herbal nanomedicines: Recent advancements, 
challenges, opportunities and regulatory overview. 
Phytomedicine. 2022 Feb; 96:153890. 

11. Sahoo S, Kar DM, Mohapatra S, Rout SP, Dash 
SK. Antibacterial activity of Hybanthus 
enneaspermus against selected UTI pathogens. 
Indian J Pharm Sci. 2006; 68:653–655. 

12. Hemalatha S, Wahi AK, Singh PN, Chansouria 
JPN. Anticonvulsant and free radical scavenging 
activity of Hybanthus enneaspermus: a preliminary 
screening. Indian J Tradit Knowl. 2003; 2:383–
388. 

13. Weniger B, Lagnika L, Vonthron-Sénécheau C, 
Adjobimey T, Gbenou J, Moudachirou M, Brun R, 
Anton R, Sanni A. Evaluation of ethnobotanically 
selected Benin medicinal plants for their in vitro 
antiplasmodial activity. J Ethnopharmacol. 2004; 
90:279–284. 

14. Patel DK, Kumar R, Sairam K, Hemalatha S. 
Hybanthus enneaspermus (L.) F. Muell: a concise 
report on its phytopharmacological aspects. Chin J 
Nat Med. 2013 May; 11(3):199-206. 

15. Mensor LL, Menezes FS, Leitao GG, Reis AS, 
Santos TCD, Coube CS, Leitao SG. Screening of 
Brazilian plant extracts forantioxidant activity by 
the use of DPPH free radical method, Phytother 
Res. 15 (2001) 127-130. 

16. Benzie IFF, Strain JJ. Ferric reducing/antioxidant 
power assay: Direct measure of the total 
antioxidant activity of biological fluids and 
modified version for simultaneous measurement of 
total antioxidant power and ascorbic acid 
concentration. Methods Enzymol. 1999; 299:15–
27. 

17. Dresch, M.T.; Rossato, S.B.; Kappel, V.D.; 
Biegelmeyer, R.; Hoff, M.L.; Mayorga, P.; 
Zuanazzi, J.A.;Henriques, A.T.; Moreira, J.C. 



Evaluating the In Vitro Antioxidant Properties of Hybanthus enneaspermus with GC–MS Phytochemical Profiling 
 

 

IJDDT, Volume 16 Issue 43s, 2026 Page 335 
 

Optimization and validation of an alternative 
method to evaluate total reactive antioxidant 
potential. Anal. Biochem. 2009, 385, 107–114.  

18. Thaipong K., Boonprakob U., Crosby K., 
Cisneros-Zevallos L., Hawkins Byrne D. 
Comparison of ABTS, DPPH, FRAP, and ORAC 
assays for estimating antioxidant activity from 
guava fruit extracts. J. Food Compos. Anal. 2006; 
19:669–675. 

19. Green LC, Wanger DA, Glogowski J, Skipper PL, 
Wishnok JS, Tannenbaum SR. Analysis of nitrate, 
nitrite and [15N] nitrate in biologicalfluids, Anal. 
Biochem. 126 (1982) 131-138. 

20. Hyland K, VoisinBanoun H, Auclair C. Superoxide 
dismutase assay using alkaline dimethylsulfoxide 
as superoxide anion-generating system. Anal. 
Biochem. 1983; 135:280–287. 

21. Kim YJ, Kang KS. The Phytochemical 
Constituents of Medicinal Plants for the Treatment 
of Chronic Inflammation. Biomolecules. 2023 Jul 
25; 13(8):1162. 

22. Pandey KB, Rizvi SI. Plant polyphenols as dietary 
antioxidants in human health and disease. Oxid 
Med Cell Longev. 2009;2(5):270-278. 

23. Fabricant DS, Farnsworth NR. The value of plants 
used in traditional medicine for drug discovery. 
Environ Health Perspect. 2001; 109(Suppl 1):69-
75. 

24. Wolfender JL, Marti G, Thomas A, Bertrand S. 
Current approaches and challenges for the 
metabolite profiling of complex natural extracts. J 
Chromatogr A. 2015; 1382:136-164. 

25. Khoddami A, Wilkes MA, Roberts TH. 
Techniques for analysis of plant phenolic 
compounds. Molecules. 2013; 18(2):2328-2375. 

26. Lobo V, Patil A, Phatak A, Chandra N. Free 
radicals, antioxidants and functional foods: Impact 
on human health. Pharmacogn Rev. 2010;4(8):118-
126. 

27. Pham-Huy LA, He H, Pham-Huy C. Free radicals, 
antioxidants in disease and health. Int J Biomed 
Sci. 2008;4(2):89-96. 

28. Prior RL, Wu X, Schaich K. Standardized methods 
for the determination of antioxidant capacity and 
phenolics in foods and dietary supplements. J 
Agric Food Chem. 2005; 53(10):4290-4302. 

29. Apak R, Güçlü K, Özyürek M, Karademir SE. 
Novel total antioxidant capacity index for dietary 
polyphenols and vitamins C and E using their 
cupric ion reducing capability in the presence of 
neocuproine: CUPRAC method. J Agric Food 
Chem. 2004;52(26):7970-7981. 

30. Stuart B. Infrared Spectroscopy: Fundamentals and 
Applications. Chichester: John Wiley & Sons; 
2004. 

31. Kim HK, Choi YH, Verpoorte R. NMR-based 
metabolomic analysis of plants. Nat Protoc. 
2010;5(3):536-549. 

32. Newman DJ, Cragg GM. Natural products as 
sources of new drugs over the last 25 years. J Nat 
Prod. 2007;70(3):461-477. 

33. Atanasov AG, Waltenberger B, Pferschy-Wenzig 
EM, et al. Discovery and resupply of 
pharmacologically active plant-derived natural 
products: A review. Biotechnol Adv. 
2015;33(8):1582-1614. 


