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ABSTRACT 

The Rutaceae family includes Aegle marmelosL., a moderately sized aromatic tree 

that is also known as Bael, Bengal quince, golden apple, Japanese bitter orange, stone apple, 

or wood apple. It is mostly found in tropical or subtropical regions. Fever, seminal weakness, 

nausea, vomiting, swellings, diarrhea, dyspepsia, and intermittent fever are the most common 

ailments that bael leaves are used to treat. Because of their high phenolic and flavonoid 

content, leaves have anti-allergic, anti-inflammatory, anti-microbial, anti-thrombotic, 

cardioprotective, and vasodilatory properties. Therefore, the aim of the present study was to 

determine the phytochemical components, antioxidant capacity, GCMS analysis, total 

phenolic & flavonoid contents in the methanolic extracts of A. marmelos leaves.Various 

secondary metabolites were observed in the aqueous and methanolic A. marmelos leaf 

extracts. TLC analysis of methanolic extracts revealed five distinct spots having different Rf 

values.Total phenolic content was found to be 33 ± 7.62 mg GAE/g, flavonoid content was 

307.8 ± 130.12 mg QE/g. The highest antioxidant activity of methanolic extract of A. 

marmelousleaves was obtained at 1000 µg/ml conc. and it was dose dependent. Many 

biologically active compounds were present as analysed by GC-MS. The highest peak area of 

Perylo[1,12-def]-1,3-dioxepin-5,11-dione, 6,12-dihydroxy-8,9-bis(2-hydroxypropyl)-7,10-

dimethoxy-, stereoisomer (3.502%) was observed.  
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1. INTRODUCTION 

Aegle marmelosL., a perennial tree belonging to the Rutaceae family, is widely 

distributed in sub-Himalayan region, central and southern India. It is commonly called as 

Vilvam in Tamil, Bilva in Sanskrit, and Bael in Hindi. Its leaves are utilized in spiritual 

practices to honor Lord Shiva. It is widespread to India and is utilized in folk medicines. 

Plants are excellent sources for the investigation of pharmaceutical compounds and drugs. 

Natural products and their analogues can serve as intermediates in the manufacture of 

beneficial pharmaceuticals, and they may also have therapeutic value for humans or live 

stock species [1]. 

In developing nations, traditional medical practices mostly the use of medicinal 

plantsremain essential for providing basic healthcare needs. The therapeutic usefulness of 

these plants is because of the presence of active chemical components (phytoconstituents) 

that leads to physiological action on the human body.Alkaloids, tannin, flavonoids, and 

phenolic compounds are the most significant of these bioactive components of plants [2], 

along with carotenoids, ascorbic acid, tocopherol, and polyphenols [3-5].  

The use of synthetic antioxidants leads many adverse effects while natural 

antioxidants are safe with no side effects [6]. Antioxidant substances prevent damages caused 

by free radicals. Apoptosis, gene expression, and cell proliferation are just a few of the 

regulatory mechanisms that are impacted by free radicals produced during aerobic 

metabolism. Excessive generation of free radicals may disrupt the antioxidant 

defencesystems, damaging vital biomolecules (such as membrane lipids, cell proteins, 

carbohydrates, DNA, and enzymes). Moreover, oxidative stress causes the occurrence of 

cytotoxic compounds and modifies the oxidant-antioxidant balance (redox homeostasis) that 

characterizes normal cell functioning [7-9]. Pathologies caused by oxidative stress include 

cancer [10–11], cardiovascular disease [12], neural disorders [13], Alzheimer’s disease [14], 

mild cognitive impairment [15], Parkinson’s disease [16], alcohol-induced liver disease [17], 

ulcerative colitis [18], atherosclerosis [19], and aging [20]. Polyphenols, flavonoids, vitamin 

C and Vitamin E are phytochemicals in foods that have been known as a natural antioxidant 

and shows antioxidant activity. Polyphenols and flavonoids act as reactive oxygen species 

(ROS) scavenger and have chemopreventive activity [21-22]. Ageing, atherosclerosis, and 

cancer are only a few of the pathological processes that are impacted by ROS [23]. Thus, 

scavenging ROS can minimize chronic illness. It has been reported that taking foods high in 

polyphenols and flavonoids contents mayreduces the inflammation, oxidative stress, tumors, 

and coronary heart disease [22,24–25]. Antioxidant functions in reducing DNA damage, 



lowering lipid peroxidation, supporting the immune system and inhibit the malignant 

transformation of cells [26]. Plants that contain polyphenolic chemicalssuch as 

flavonoidshave antioxidant potential [27]. According to prior studies, the biological actions 

of many compounds are related to their antioxidant activity.In this present investigation, 

phytochemical screening of aqueous and methanolic extracts of leaves of A. marmeloswas 

evaluated and biologically important compounds were identified by GC-MS analysis.  Thin 

Layer Chromatography, total phenolic & flavonoids contents, and antioxidant activity of A. 

marmelosleaveswas determined. 

2. MATERIALS AND METHODS 

2.1. Plant Materials 

Leaves sample of A. marmelos was collected from the Bundelkhand University 

campus, Jhansi and was identified by Dr. J. C. Arya Research Officer, (Botany) from the 

Central Ayurveda Research Institute under the Central Council for Research in Ayurvedic 

Sciences, Ministry of AYUSH, Gwalior Road, Jhansi (Uttar Pradesh). The leaves were 

thoroughly washed with tap water followed by de-ionized water. After washing, it was kept 

in the dark for drying at room temperature and finally crushed with the help of mixer 

&grinder. The extraction was performed with the stored plant materials.  

2.2 Extraction Procedure 

 Leaves sample was extracted by two methods - 

 Aqueous extraction and 

 Methanolic extraction 

Aqueous Extract 

In the water bath, different amounts of powdered sample i.e. 5 and 10 gmswere 

extracted for one hour at 90°C with 100 ml of de-ionized water.After 1 hour, the extract was 

filtered and stored at 4°C for the further tests.  

Methanolic Extract 

The powdered leaves were percolated using 80% of methanol in the Soxhlet apparatus 

at 60-65°C. This extract was evaporated to dryness in a water bath at 40 ᵒC temperature and 

stored in air tight bottles.  

2.3. Phytochemical Analysis 

The presence or absence of secondary metabolites was carried out as described 

previously [28-30]. The alkaloids, carbohydrates, reducing sugars, flavonoids, glycosides, 



tannin, saponin, protein, triterpenoids & steroids were determined in the aqueous and 

methanolic extracts of leaves of A. marmelos. More detail procedures are mentioned 

elsewhere [28]. 

2.4. Total antioxidant capacity (TAC) by Phosphomolybdenum assay  

The total antioxidant activity was measured using the phosphomolybdenum test [31]. 

Two milliliters of the reagent solution were mixed with differentconc. of the test sample 

(1000-31.25 µg/ml). The reaction mixture was incubated for 90 minutes at 95°C in an oven-

cum-incubator. For the blank tube, the extract was replaced with 80% methanol in the same 

ratio. Ascorbic acid was used as a reference control.The samples were cooled at room 

temperature and the absorbance taken at 695 nm wavelength using a multiplate reader. 

2.5.Thin layer chromatography 

Methanolic extract of A. marmelos leaves was tested on TLC plates coated with 0.2 

mm thick silica gel-G. The solvent mixture that we employed in this instance was butanol, 

acetic acid, and water at a 2:1:1 v/v ratio, as previously mentioned. Spots move with the 

solvent mixture on the silica-coated plates due to capillary action, detecting the methanolic 

extract over 4 mm from the plate base. A fully developed silica coated plate was heated for 

20-25 minutes after being allowed to air dry. To observe the bands, 0.2% freshly prepared 

ninhydrin solution was sprayed across the plate. 

These spots were expressed by its retention factor (Rf). 

  Distance travelled by solute 
R f =     
              Distance travelled by solvent 
 

2.6. Total Phenolic Content (TPC)  

The Folin-Ciocalteumethod [32] was used for the determinationof TPC. 100 µl of 

different concentrations extracts was mixed with 500 µl of water and 100 µl of Folin-

Ciocalteu reagent. The mixture was incubated for six minutes. Further, 500 500 µl of distilled 

water and 1 ml of 7% sodium carbonate was added to the reaction mixture. The absorbance 

was taken after ninety minutes at 760 nm spectrophotometrically. The gallic acid equivalents 

(mg GAE/g) were used to calculate the TPC. Each test was carried out in triplicates. 

2.7.Total Flavonoid Content (TFC) 

The aluminum chloride complex formation assay, which was performed by Piyanete 

et al. [33], was used to determine the TFC of the methanolic extract of A. marmelos leaves. 



The quercetin was utilized as a reference, the flavonoid content was calculated as mg QE/g. 

After mixing 100 µl of the quercetin dilution with 500 µl of distilled water and 100 µl of 5% 

sodium nitrate, the mixture was left to stand for 6 minutes. Subsequently, 200 µl of 1M 

NaOH solution was added after 150 µl of a 10% AlCl3 solution had been added and incubated 

for 5 minutes. This reaction mixture's absorbance was measured at 510 nm. All the 

procedures were performed in triplicates. 

2.8.Nitric oxide radical scavenging assay 

Free radicals generated from sodium nitroprusside (SNP) were measured according to 

the earlier described method [31] with some modifications. Different concentration of 

reaction mixture containing SNP (15 mM) in PBS (pH 7.3) with and without sample, 

incubated at 25°C for 210 mins. After adding the Griess reagent, the reaction mixture was 

incubated for 10 minutes at room temperature.The standard used was ascorbic acid. The 

absorbance was measured at 560 nm using a UV-Vis microplate reader. 

2.9. Superoxide anion scavenging assay 

Based on a previously described method [34] with minor modifications, the reduction 

of NBT determined the total antioxidant capacity of methanolic extract. Phosphate buffer (20 

mM, pH 7.4), PMS (60µM), NBT (156µM), and different conc. of extract were all included 

in the 1-mL reaction mixture. After incubation for 5 min at 25°C temperature, the absorbance 

was taken at 560 nm against an appropriate blank solution. BHT was used as reference 

control.  

2.10. (GC-MS) Analysis 

The GC-MS analysis of the methanolic extract of A. marmelous leaves was carried 

out on a Perkin Elmer Turbo Mass Spectrophotometer using a Perkin Elmer autosampler 

XLGC. The column was a Perkin Elmer Elite - 5 capillary columns with a film thickness of 

0.25 mm and a length of 30 m. It was made of 95 % dimethylpolysiloxane. At a flow rate of 

0.5 ml/min, helium (99.999 percent) was used as the carrier gas. An injection length of one 

liter was employed. The GC's inlet temperature was kept at 250°C, and it had a programmed 

oven temperature of 110°C (isothermal for two minutes). After that, it increased by 10°C/min 

to 200°C, then by 5°C/min to 280°C, and finally by 5°C/min to 280°C, with a 5°C/min 

isothermal at 280°C. The GC ran in 30 minutes. The source temperature is maintained at 

180°C, and the temperature of the MS transfer line is maintained at 200°C. Total Ion Count 

was utilized for data 60 Sharma and Kumar evaluation of compound detection and 

quantification (TIC), and electron impact ionization at 70eV was used for the GC-MS 

analysis. The spectrum of the components was compared to the known components stored in 



the GC-MS library. For peak area measurement and data processing, Turbo-Mass OCPTVS-

Demo SPL programme 19 was used. 

2.11.Statistical analysis:  

The results were shown as mean ± SEM. The student's t test (paired) was used at the 

5% level to determine the significance of the observed differences. The comparisons were 

done between reference controls and methanolic leaves extracts of A. marmelous. 

3. RESULTS 

Both the humans and animals require secondary metabolites. The biochemical tests 

showed (Table 1) the presence of different secondary metabolites in the aqueous and 

methanolic extracts. The results depend on the solvent as well as the qualitative detection 

methods used. It was observed that there are not many differences in the presence or absence 

of secondary metabolites when 5 & 10 gm of plant material were used for aqueous extraction. 

For the determination of secondary metabolites, aqueous and methanolic extract are equally 

important.The total 5 spots with different Rf values (0.31, 0.59, 0.63, 0.71 and 0.79) were 

detected by TLC in the methanolic extract of A.marmelosleaves(Fig. 1). Here we used alanine 

amino acid as a standard and its Rf value was 0.69. 

Table1: Qualitative phytochemical analysis of the aqueous and methanolic extracts of A. 

marmelousleaves 

S 
No. 

Phytochemical Tests Aqueous Extract Methanolic 
Extract       10 gm 5 gm 

1. Alkaloids  
Mayer’s 
Wagner’s 
Hager’s 

 
+ ve 
+ ve 
+ ve 

 
+ ve 
- ve 
+ ve 

 
+ ve 
+ve 
+ ve 

2. Carbohydrates 
Molisch 
Barfoed’s 

 
- ve 
- ve 

 
+ ve 
+ ve 

 
- ve 
- ve 

3. Reducing Sugars 
Fehling’s 
Benedict’s 

 
+ ve 
+ ve 

 
+ ve 
+ ve 

 
+ ve 
+ ve 

4. Flavonoids 
Alkaline Reagent 
Lead Acetate 

 
+ ve 
+ ve 

 
-ve 
+ ve 

 
-ve 

+ ve 
5. Glycosides

Borntrager’s
Legal’s 
Keller-killiani 

 
+ ve 
- ve 
- ve 

 
+ ve 
- ve 
- ve 

 
+ ve 
-ve 

+ ve 
6. Tannin & phenolic  

Ferric Chloride 
Lead Acetate 
Dilute iodine solution 

 
+ ve 
+ ve 
+ ve 

 
+ ve 
+ ve 
+ ve 

 
+ ve 
+ ve 
+ ve 



7. Saponin 
Froth 

 
-ve 

 
-ve 

 
+ve 

8. Protein & A.A. 
Ninhydrin
Biuret 

 
+ ve 
-ve 

 
+ ve 
-ve 

 
+ve 
-ve 

9. Triterpenoids & Steroids 
Salkowski’s 

 
-ve 

 
-ve 

 
+ ve 

10. Hydrolysable tannin + ve + ve + ve 
(+) indicates presence while, (–) indicates the absence of the components 

 

Figure 1.TLC plate showing spots having different Rf values (0.79, 0.71, 0.63, 0.59 & 
0.31) of methanolic extract of A. marmelousleaves 

Ascorbic acid showed 91.0% scavenging activity whereas methanolic extract was 

found to be 64.40% at a concentration of 1000 mg/ml (Fig. 2).Significant differences have 

been observed in the antioxidant potential between the ascorbic acid (reference control) and 

methanolic extract of A. marmelous (p=0.00985).The antioxidant potential observed was due 

to the presence of phenolic and flavonoid contents. The mean values of TPC and TFC were 

33 ± 7.62 mg GAE/g and 307.8 ± 130.12 mg QE/g respectively(Table 2).  

 

Figure 2: The Antioxidant activity of methanolic extract of A. marmelousleaves 

0

20

40

60

80

100

1000 500 250 125 62.5 31.25

A
nt

io
xi

da
nt

 A
ct

iv
ity

 (%
)

Concentration (µg/ml)

Phosphomolybdenum assay  

Ascorbic 
acid



Table 2. Total Flavonoid & Phenolic Content of methanolic extract of A. 
marmelousleaves 

Total Flavonoid Content 
(mgQE/g) 

Total Phenolic Content 
(mgGAE/g) 

Conc. (µg/ml) A. marmelous Conc. (µg/ml) A. marmelous 
1000 123±13.5 150 50±5.3 
500 128±15.6 120 40±4.1 
250 112±11.7 90 27±2.4 
125 392±21.6 60 15±2.2 
62.5 784±26.8 30  

Mean ± SD 307.8 ± 130.12 Mean ± SD 33± 7.62 
 

The dose dependent NO and superoxide radical scavenging activity of the methanolic 

extract of A. marmelous leaves were observed (Fig.3 and 4). Significant differences have 

been observed in the NO and superoxide radical scavenging activity between the ascorbic 

acid (reference control) & methanolic extract of A. marmelous, respectively (p=0.000161; 

p=0.036419). The active principle analyzed by GC-MS with MW, MF, peak area %, RT, and 

composition of the bioactive components of methanolic extract of A. marmelous leaves 

(Table 3). The GC-MS chromatogram of the identified compounds is shown in (Fig. 5).  

 

Figure 3: Nitric oxide scavenging activity of methanolic extract of A. marmelousleaves 
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Figure 4: The superoxide radical scavenging activity of methanolic extract of A. 
marmelousleaves 

 

Figure 5: Total Ion Chromatogram of methanolic extract of A.marmelousleaves 
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Table 3: Compounds identified by GC-MS analysis of methanolic extract of A. 
marmelousleaves 

Sr. 
No 

RT PP 
% 

Compound 
name 

M.F. M.W. Biological Activities** 

1. 20.610 1.311 Hematoporphyrin C34H38N4
O6 

598.7g
/mol  

Phototherapy of 
malignant neoplasms 

[35] 
 

2. 20.751 2.468 Hyocholic acid C24H40O5 408.6g
/mol  

Mouse metabolite, a 
human urinary 

metabolite and a rat 
metabolite 

Antiplasmodial activity 
antitrypanosomal 

activity [36] 
 

3. 23.178 3.502 Perylo[1,12-def]-
1,3-dioxepin-
5,11-dione, 6,12-
dihydroxy-8,9-
bis(2- 
hydroxypropyl)-
7,10-dimethoxy-, 
stereoisomer 

C29H26O10 534.5g
/mol  

Antimalarial 
Antileishmanial [37] 

 

4. 28.321 3.040 Lutein C40H56O2  568.9g
/mol  

An antioxidant 
Plant metabolite 

Antiviral activity [38] 
 

5. 28.321 3.040 Rhodopin C40H58O 554.9g
/mol 

Bacterial metabolite 
[39] 

** Biological Activities Based on the PubChem Database 

Many components that are biologically active were observed. The area with highest 

peak of Perylo[1,12-def]-1,3-dioxepin-5,11-dione,6,12-dihydroxy-8,9-bis(2-hydroxypropyl)-

7,10-dimethoxy-, tereoisomer (3.502 %),  Lutein (3.040 %), Rhodopin (3.040 %), Hyocholic 

acid (2.468 %) and  Hematoporphyrin (1.311 %) shown different biological activities like 

Antioxidant, anticancerous, antileishmanial and antimalerial activities etc. 

      4. DISCUSSION  

A. marmeloshave been traditionally used for many ailments and the nutritional 

benefits are also reported. The best solvents for extracting this plant's metabolites are 

methanol and water, with ethanol coming in second [40]. The phytochemistry of A. marmelos 

has been thoroughly investigated, and it has been discovered that the plant contains a wide 

range of physiologically active substances. A. marmelos contains a number of important 



phytochemicals, such as: Alkaloids which are well-known for their medicinal 

effects.Marmelosin, aegeline,and marmesinare among the alkaloids that have been found in 

leaves &roots of A. marmelos [41]. A. marmelos fruit contain abundance of tannin, and 

studies have indicated that tannins have potent anti-inflammatory and antioxidant properties. 

Our results also showed the presence of tannins in the aqueousand methanolic leaf extracts. 

Flavonoids are a class of chemicals that have antioxidant, anti-cancer, and anti-inflammatory 

properties. Roots and leaves of A. marmelos contain flavonoids, which are recognized for 

their anti-cancer, antioxidant, andanti-inflammatory properties [42]. A. marmelos has been 

shown to contain terpenoids, some of which have been demonstrated to have antibacterial 

&antifungal properties. Saponins are also present in the leaves and fruit of A. marmelos, 

which are recognized for their ability to foam and emulsify. Studies have demonstrated the 

anti-inflammatory &antinociceptive effects of several of these chemicals [43]. Glycosides are 

well-known for their medicinal properties and have been shown to have antinociceptive and 

anti-inflammatory activities[44].  

In synthetic chemistry, TLC is widely used method for component identification, 

purity analysis, and progress of reaction. Additionally, it enables the solvent system to be 

optimized for a specific separation problem. It is considerably faster than column 

chromatography and just needs a minimal amount of a compound. A thin, homogeneous 

coating of silica gel or alumina is applied to a piece of glass, metal, or rigid plastic in TLC. A 

suitable liquid solvent or solvent mixture serves as the mobile phase [45]. 

Antioxidants are very important in preventing human illnesses by acting as 

scavengers of free radicals, pro-oxidant metal complexes, reducing agents, and quenchers of 

singlet oxygen production [46]. Because of their ability to scavenge, antioxidants are able to 

manage certain conditions, including as AIDS, cancer, heart disease, neurological disorders, 

and cataracts [47].Scientific knowledge regarding the antioxidant abilities of many plants is 

currently insufficient, particularly those less commonly used in food and medicine. Thus, 

evaluating these characteristics continues to be a worthwhile and fascinating endeavor, 

especially when it comes to discovering fresh sources of functional foods, natural 

antioxidants, and neutraceuticals. It has been suggested that synthetic antioxidants such as 

gallic acid esters, BHT (butylated hydroxyl toluene), tertiary butylated hydroxy quinone, and 

BHA (butylated hydroxy anisole) are carcinogenic. As a result, there are strict limitations on 

their use, and replacing them with antioxidants that occur naturally is recommended. These 

synthetic antioxidants likewise exhibit minimal antioxidant activity and poor solubility [48]. 

Finding a more potent antioxidant with less adverse effects from natural sources is still 



necessary. It has been shown that plants containing flavonoids exhibit antioxidant effects 

[49]. 

Using the phosphomolybdenum assay, bael leaf's antioxidant activity was evaluated. 

It is widely known that plant flavonoids and phenolics in general are potent antioxidants and 

scavengers of free radicals [50,51]. The majority of plants' capacity to scavenge radicals has 

been attributed to substances like flavonoids, which include hydroxyls [52]. Leaves of A. 

marmeloswere found to contain, phenolic compounds, flavonoids, fats, triterpenoids, 

glycosides, carbohydrate and alkaloids as their chemical constituents. Thus, the current 

investigation has confirmed that the leaves of remedial plants may be a rich source of 

antioxidants. The substantial amount of phenolic hydroxyl groups that phenolics possess may 

account for their potent ability to scavenge free radicals. 

5. CONCLUSION 

The findings indicate that Aegle marmelos leaves have many phytoconstituents and 

strong antioxidant properties, and that their presence or absence depends on the solvent and 

the methodology used. The present study reveals that methanolic extract contains more 

phytochemicals compare to aqueous extract, it is enough excited to explore more information 

about this medicinal plant, therefore it inhibits production of free radicals. GC-MS analysis 

revealed many compounds viz.  Hematoporphyrin, Hyocholic acid, Lutein Rhodopin, etc. 

with known biological activities. In addition, the current study suggests the possibility of 

manufacturing health supplements using these medicinal plants. In many respects, A. 

marmelosis a unique source of drugs. Each and every part of this plant treat like a medicine 

and used by human beings and for their cattles also.  

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 

The author(s) thus declare that during the drafting or editing of manuscripts, NO generative 

AI tools, such as large language models (ChatGPT, COPILOT, etc.), or text-to-image 

generators, were employed. 

DATA AVAILABILITY STATEMENT 

Data set supporting this manuscript is included within the manuscript. Any further 

information should be requested from the corresponding author. 

CONSENT AND ETHICAL APPROVAL 

Not applicable 



REFERENCES 

1. Makkar HPS, Norvsambuu T, Lkhavatsere S and Becker K. 

Tropicultura.2009;27:159-167.  

2. Akindele AJ, Adeyemi. Anti-inflammatory activity of the aqueous leaf extracts of 

Byrsocarpuscoccineus. J. Fitoterapia. 2007;78:25-28.  

3. Salah N, Miller NJ, Paganga G, Tigburg L, Bolwell GP and Rice- Evans CA. 

Archives of Biochemistry and Biophysics. 1995;322:339-346.  

4. Edge R, McGarvey DJ  and Truscott TG. The Carotenoids as Anti-Oxidants: A 

Review. Journal of Photochemistry and Photobiology B. 1997;41(3):189-200.  

5. Papas AM. In phytochemicals in Nutrition and Health, Meskin, M. S., Bidlack, W. R., 

Davies, A. J. and Omaye. S. T. New York: CRC Press, 2002;61-78.  

6. Aruoma OL, Halliwell B, Aeschbach R and Loligers J. Antioxidant and pro-oxidant 

properties of active rosemary constituents: Carnosol and Carnosic acid.  Xenobiotica. 

1992;22:257-268.  

7. Poljsak B, Šuput D, Milisav I. Achieving the balance between ROS and antioxidants: 

when to use the synthetic antioxidants. Oxid. Med. Cell. Longev, 2013.  

8. Antolovich M, Prenzler PD, Patsalides E, McDonald S, Robards K. Methods for 

testing antioxidant activity. Analyst, 2002;127(1):183-198.  

9. Shenoy R, Shirwaikar A. Anti-inflammatory and free radical scavenging studies of 

Hyptissuaveolens(Labiatae). Indian drugs. 2002;39(11):574-577.  

10. Alam MN, Bristi NJ, Rafiquzzaman M. Review on in vivo and in vitro methods 

evaluation of antioxidant activity. Saudi Pharmaceutical Journal. 2013;21(2):143-152.  

11. Kinnula VL, Crapo JD. Superoxide dismutases in malignant cells and human tumors. 

Free Radic. Biol. Med. 2004;36(6):718-744.  

12. Singh U, Jialal I. Oxidative stress and atherosclerosis. Pathophysiology. 

2006;13(3):129-142.  

13. Sas K, Robotka H, Toldi J, Vécsei L. Mitochondria metabolic disturbances, oxidative 

stress and the kynurenine system, with focus on neurodegenerative disorders. J. 

Neurol. Sci. 2007;257(1):221-239.  

14. Smith MA, Rottkamp CA, Nunomura A, Raina AK, Perry G. Oxidative stress in 

Alzheimer’s disease. Biochimica et Biophysica Acta (BBA)-Molecular Basis of 

Disease, 2000;1502(1):139-144.  

15. Guidi I,  Galimberti D, Lonati S, Novembrino C, Bamonti F, Tiriticco M,  Fenoglio 

C, Venturelli E, Baron P, Bresolin N, Scarpini E. Oxidative imbalance in patients with 



mild cognitive impairment and Alzheimer's disease. Neurobiol. Aging. 

2006;27(2):262-269.  

16. Bolton JL, Trush MA, Penning TM, Dryhurst G, Monks TJ. Role of quinones in 

toxicology. Chem. Res. Toxicol. 2000;13(3):135-160.  

17. Arteel GE. Oxidants and antioxidants in alcohol-induced liver disease. 

Gastroenterology. 2003;124(3):778-790.  

18. Ramakrishna B, Varghese R, Jayakumar S, Mathan M, Balasubramanian K. 

Circulating antioxidants in ulcerative colitis and their relationship to disease severity 

and activity. J. Gastroenterol. Hepatol. 1997;12(7):490-494.  

19. Upston JM, Kritharides L, Stocker R. The role of vitamin E in atherosclerosis. Prog. 

Lipid Res. 2003;42(5):405-422.  

20. Hyun D-H, Hernandez JO, Mattson MP, de Cabo R. The plasma membrane redox 

system in aging. Ageing research reviews. 2006;5(2):209-220.  

21. Lee KW and Lee HJ. The roles of polyphenols in cancer chemoprevention. 

Biofactors. 2006;26(2):105-121. 

22. Moon Y, Wang X and Morris M. Dietary flavonoids: effects on xenobiotic and 

carcinogen  metabolism. Toxicol. In Vitro. 2006;20(2):187–210 

23. Valko M, Izakovic M, Mazur M, Rhodes CJ  and Telser J. Role of oxygen radicals in 

DNA damage and cancer incidence. Mol. Cell. Biochem. 2004;266(1-2):37-56. 

24. Poulsen HE, Prieme H and Loft S. Role of oxidative DNA damage in cancer initiation 

and promotion. Eur. J. Cancer Prev. 1998;7(1):9-16. 

25. Laranjinha JA, Almeida LM and Madeira VM. Reactivity of dietary phenolic acids 

with peroxyl radicals: antioxidant activity upon low density lipoprotein peroxidation. 

Biochem. Pharmacol. 1994;48(3):487-94. 

26. Gropper SS, Smith JL and Groff JL. Advanced nutrition and human metabolism. 

Cengage Learning, Wadsworth. 2009. 

27. Cook NC, Samman S. Flavonoids-Chemistry, metabolism, cardioprotective effects, 

and dietary sources. Nutrition. Biochemistry. 1996;7:66-76.  

28. Singh V, Kumar R. Study of Phytochemical Analysis and Antioxidant Activity of 

Allium sativum of Bundelkhand Region. Int. J. Life. Sci. Scienti. Res. 

2017;3(6):1451-1458.  

29. Bisht D, Prakash D, Kumar R, Shakya AK, Shrivastava S. Phytochemical profiling 

and nephroprotective potential of ethanolic leaf extract of Polyalthia longifolia against 



cisplatin-induced oxidative stress in rat model. Journal of Ethnopharmacology. 

2024;326:117922 

30. Sharma S, Yadav S, Kumar R. GC-MS Analysis, Antioxidant and Free Radical 

Scavenging Activity of Emblica Officinalis Gaertn (Amla) Fruit Extracts. Bull. 

Env.Pharmacol. Life Sci., 2024;13(3):18-26 

31. Prieto P, Pineda M., Anguilar M., Spectrophotometric quantitation of antioxidant 

capacity through the formation of a Phosphomolybdenum Complex: Specific 

application to the determination of Vitamin E. Anal. Biochem. 1999;269:337-341.  

32. Odabasoglu F, Aslan A, Cakir A, Suleyman H, Karagoz Y, Halici M et al . 

Comparison of antioxidant activity and phenolic content of three lichen species. 

Phytotherapy Research. 2004;18(11):938-941.  

33. Piyanete C, Meechai P, Nakbanpotecc W. Antioxidant activities and phenolic 

contents of extracts from Salvinia olestaandEichornia crassipes. Res J Biol Sci., 

2009;4:1113-1117.  

34. Marcocci L, Packer L, Droy-Lefaix MT, Sekaki A and Gardes-Albert M. Antioxidant 

action of Ginkgobiloba extracts EGB 761. Methods Enzymol. 1994;234:462–475. 

35. National Center for Biotechnology Information (2021). PubChem Compound 

Summary for CID 11103, Hematoporphyrin. Retrieved January 25, 2021 from 

https://pubchem.ncbi.nlm.nih.gov/compound/Hematoporphyrin. 

36. National Center for Biotechnology Information. PubChem Compound Summary for 

CID 92805, Hyocholic acid. Retrieved January 25, 2021 from 

https://pubchem.ncbi.nlm.nih.gov/compound/Hyocholic-acid. 

37. National Center for Biotechnology Information. PubChem Compound Summary for 

CID 91617, Cercosporin. Retrieved January 25, 2021 from 

https://pubchem.ncbi.nlm.nih.gov/compound/Cercosporin. 

38. National Center for Biotechnology Information. PubChem Compound Summary for 

CID 5281243, Lutein. Retrieved January 25, 2021 from 

https://pubchem.ncbi.nlm.nih.gov/compound/Lutein. 

39. National Center for Biotechnology Information. PubChem Compound Summary for 

CID 5365880, Rhodopin. Retrieved January 25, 2021 from 

https://pubchem.ncbi.nlm.nih.gov/compound/Rhodopin. 

40. Veer B, Singh R. Phytochemical Screening and Antioxidant Activities of Aegle 

marmelosLeaves. Anal. Chem. Lett.2019;9(4):478–485.  



41. Baliga MS, Bhat HP, Joseph N, Fazal F. Phytochemistry and medicinal uses of the 

bael fruit (Aegle marmelosCorrea): a concise review. Food Res. Int.2011;44(7):1768–

1775. 

42. Choudhary Y, Saxena A, Kumar Y, Kumar S, Pratap V. Phytochemistry, 

pharmacological and traditional uses of Aegle marmelos. Pharm. Biosci. 

Journal.2017;20:27–33.  

43. Sharma B, Sharma P. Constituents of Aegle marmelos. Planta Med. 1981;43(09):102–

103.  

44. Dhankhar S, Ruhil S, Balhara M, Dhankhar S, Chhillar AK. Aegle marmelos(Linn.) 

Correa: a potential source of Phytomedicine. J. Med.Plants Res. 2011;5(9):1497–1507  

45. Stoddard JM, Nguyen L, Mata-Chavez H and Nguyen K. TLC plates as a convenient 

platform for solvent-free reactions Chemical Communications (Camb). 2007; 

28(12):1240-1241.  

46. Andlauer W, Furst P: Antioxidative power of phytochemicals with special reference 

to cereales. Cereal Foods World. 1998;43:356‐359. 

47. Middleton E, Kandaswami C, Theoharides TC: The effects of plants flavonoid on 

mammalian cell: implication for inflammation, heart disease, and cancer. 

Pharmacological Review.2000;52:673‐751. 

48. Barlow SM: Toxicological aspects of antioxidants used as food additives. In Food 

Antioxidants, Hudson BJF (ed.) Elsevier, London, 1990, pp. 253‐307. 

49. Cook NC, Samman S: Flavonoids‐ chemistry, metabolism, cardioprotective effects, 

and dietary sources. Nutritional Biochemistry. 1996;7:66‐76. 

50. Shahidi F, and Wanasundara JPD. Phenolic antioxidants. Critical Reviews in Food 

Science and Nutrition. 1992;32:67–103. 

51. Sofowora A. Medicinal plants and traditional medicine in Africa, Spectrum books, 

Ind, Ibadan, Nigeria. 1993; p. 289. 

52. Das NP, Pereira TA. Effects of flavonoids on thermal autoxidation of palm oil:  

Structure-activity relationship. J Am Oil Chem Soc. 1990;67:255-258.  


