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ABSTRACT 

Background: The investigation of chemical constituents (Qualitative & Quantitative) and the 

evaluation of antioxidant activities of Corchorus depressus is the major aim of this study. As 

observed from ancient literatures & folkloric claims the Plant Corchorus depressus worshipped 

by the married women of Odisha, in the rituals called as “Jama Jutia”, possesses different 

biological activities including antioxidant property. 

Methods: The DPPH (Diphenyl picryl hydrazine), hydroxyl radical (OH) and Nitric oxide 

(NO) radical scavenging assay was performed for measurement of the antioxidant activity at 

different extracts. The flaovonoidal rich fraction and phenolic content of the extracts were 

determined by using Aluminium chloride and Folin-Ciocalteau’s Reagent (FCR) methods 

respectively.  

Results: The results for estimation of total phenolic content (mg/ 100g) in Gallic acid 

Equivalent (GAE) & total flavonoid (mg/ 100g) in weight of Quercetin equivalent (QE) was 

highest in methanolic extract 78.46 & 21.2 respectively, followed by 18.18 mg/100g in GAE 

and 1.80mg/100g in QE for aqueous extract.  

Conclusion: The methanolic extract of C. depressus (MECD) at 100µg/ml showed highest 

DPPH, OH & NO radical scavenging activity and this activity may be attributed due to the 

presence of saponins and flavonoids as detected in the extract. 
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1. INTRODUCTION 

A majority of the present day disease are reported to be due to the shift in the balance of the 

pro-oxidant and the anti-oxidant homeostatic phenomenon in the body. Pro-oxidant conditions 

dominate either due to  the increased generation of free radicals caused by excessive oxidative 

stress of the present day life or due to the poor scavenging or quenching effect in the body 

caused by depletion of  the dietary anti oxidant [1-2]. 

A lot of synthetic antioxidants like BHT, BHA and gallates are reported to produce cancer and 

hence their use have been restricted, as such there is an increased demand for the search of 

natural products that can be utilized as an antioxidant [3]. 

Plants are considered as wide source of antioxidants. The polyphenolic compounds like 

flavonoids present in them are excellent antioxidants. The proton donating ability of 

polyphenols empowers it to interrupt the oxidation mechanism so there is prevention of 

oxidative damage [4-5].  

The strong biological activity of Plant phenolics and flavonoids outlines their necessity for 

quantitative determination. 

The selected plant Corchorus depressus Linn. (Tiliaceae) is treated as religious and 

worshipped by the married women of Odisha, India, in the rituals called as “Jama Jutia”. The 

women make a daylong fasting, prepare different sweets, cakes and worship the plant in the 

evening. An old man of the society will sit at a distance and act as “Yamaraj” (The Lord of 

Death). The women sweep the road with the plants up to the old man and offer the cakes. The 

worshipped plants were taken up by the women and softly swept over on the body of their 

family members and it is believed that by doing so the family members will be free from attack 

of any disease and have a long life (Figure 1). 



 

 

Figure 1. The Plant C.depressus worshipped in the festival “Jamajutia”, in Odisha, India. 

 

In the Indigenous system of medicine the above plant used as a cooling medicine in 

fevers, as tonic; plants’ mucilage is prescribed in gonorrhoea. On stone, the roots are rubbed 

and smeared over forehead to get relief in migraine; to cure leucorrhoea dried fruits are 

powered and taken orally with milk for 2 to 3 days. The plant is crushed with tender twigs of 

Prosopis cineraria, mixed with whey and sugar and taken as a drink to treat body ache, 

protrusion of uterus, urinal inflammation and to avoid abortion. Leaves are made into paste and 

mixed with curd or whey and given orally to cure diarrhoea in children for 2-3 days [6].  

It is also used to increase the viscosity of seminal fluid, to set-up menstrual disorder [7].
 
An 

extract of plant is used for its anti-diabetic activity and applied as a paste in healing of wounds 

(The wealth of India) [8].
 
Ikram et al studied the hexane and chloroform soluble whole plant 

extract of C. depressus which exhibited prominent antipyretic activity in rabbits receiving 

subcutaneous yeast injections and it did not show any toxic or adverse effect up to an oral dose 

of 1.6g/kg [9].  

Pareek et al studied the invitro hepatoprotective activity of Corchorus depressus L. against 

CCl4 induced toxicity in HepG2 cell line. It was observed that the ethanolic extract alleviated 

the changes induced by CCl4 in a concentration dependent manner [10]. 



 

 

Kataria et al through their research demonstrated the invitro and invivo aphrodisiac properties 

of Corchorus depressus Linn. on rabbit corpus cavernosum smooth muscle relaxation and 

sexual behavior of normal male rats [11]. 

A survey of the published literatures revealed that the antioxidant activity of this plant has not 

yet been subjected for scientific investigation. The aim of present research therefore is the 

quantative analysis of the Phenolics and flavonoids content in different extracts of Corchorus 

depressus and study their antioxidant property by using different protocols so as to authenticate 

the folkloric information about the utilization of the plant. 

2. MATERIALS AND METHODS 

2.1 Collection of Plant Material 

Corchorus depressus Linn. (Tiliaceae) was authenticated by Botanical Sur. of India (BSI), 

Central National Herbarium, Kolkata, INDIA (Authentification No- CNH/I-

I/28/2009/Tech.II/93) and (Figure-3&4) a voucher specimen (SJCPS-T) was preserved in the 

herbarium, SJCPS, Naharkanta, Bhubaneswar, Odisha, INDIA after its collection from local 

area of  Salipur, present in state Odisha, India since August 2009.  

2.2 Chemicals 

Standard quercetin, Gallic acid, Luteolin was obtained from Sigma Chemicals. All other 

chemicals and reagent used were used from E-Merck and of analytical grade.  

2.3 Experimental 

 2.3.1 Preparation of Plant material 

The plants were washed thoroughly under running tap water, chopped; air dried for a week at 

35 to 40 
0
C. The leaves, stem and the root were separated to prepare the powders separately. 

The respective plant materials were pulverized in electric grinder separately to moderately fine 



 

 

powders (355/180) [All particles pass through a No. 355 sieve and not more than 40% through 

a No. 180 sieve] [12].  

2.3.2 Extraction Process 

The moderately fine powder of the plant material (1 kg) was initially defatted with petroleum 

ether. The defatting process concerning mainly with the elimination of chlorophyll (colouring 

matter, wax in leaves or fixed oils and proteins) which may interfere with isolation of other 

phyto-constituents from the extract. The defatted material was processed to successive 

extraction employing solvents of different polarity in ascending order. The powder and the 

solvent was presented to maceration by stirring at each 4hrs interval for 48hrs at room 

temperature (25±5
0
C) and then filtered with what man filter paper of 2 to 3 µm pore size [13]. 

The procedure adopted was for shortening the process of extraction, and to minimize the 

contact time of plant sample with solvent [14].  

2.3.3 Qualitative Phytochemical analysis 

In the present work, the Qualitative Phytochemical analysis was carried out in the different 

extracts obtained from the selected plant. All the extracts were subjected to various chemical 

tests as described in the different literatures (Wager, 1984; Odebiyi, 1978; Trease and Evans, 

1987) for preliminary identification of various phytoconstitutents [15-17]. 
 

 2.3.4 Total Flavonoid Content: 

Aluminium chloride colorimetric method with a little modification was used to determine 

the flavonoid content as per Chang et.al. 2002 [18]. Standard Quercetin 10 mg dissolved in 

96% ethanol and then it was used for preparation of calibration curve with different 

concentrations like 2,4,6,8,10 & 12 µg/ml. 1 ml of standard & 1ml of extract sample were 

mixed with 3 ml of  96% ethanol, 0.2ml of aluminium chloride 10%, 0.2 ml of Potassium 



 

 

acetate 1M and 5.6 ml distilled water. The mixture was incubated at room temperature for 10 

mins with occasional shaking. The absorbance was measured at 376 nm against a blank 

without aluminium chloride using UV-Visible spectrophotometer.  

2.3.5 Determination of Total Phenolic Content 

Folin-Ciocalteau’s Reagent (FCR) method with little modification was used for quantification 

of total Phenolic compounds present in the extract of C. depressus. In a 10 ml volumetric flask, 

0.2ml of plant extract and 0.5ml of Folin-Ciocalteau reagent (2N) was added. After 3 minutes, 

1ml of saturated sodium carbonate (20% in distilled water) was added in the same volumetric 

flask. Final volume was made up to 10 ml with the distilled water. At 725nm the absorbance of 

the blue coloured formed was measured after 1 hr against a distilled water (blank) using UV-

Visible spectrophotometer. A standard calibration curve with gallic acid was plotted using 

different concentrations (Standard, 100-600 µg/ ml) [19, 20].  

2.3.6 Evaluation of In-vitro Antioxidant Activity  

The evaluation of the in-vitro antioxidant activity of C. depressus was carried out by using the 

following methods [21]; 

2.3.6.1 DPPH Radical scavenging activity 

The DPPH assay measured hydrogen atom (or one electron) donating activity and hence 

provided an evaluation of anti-oxidant activity due to free radical scavenging. DPPH, a stable 

and coloured (Purple) free radical which was reduced into the yellow-coloured Diphenyl-picryl 

hydrazine. 0.1mM solution of DPPH solution in methanol was prepared. 1 ml of this solution 

was mixed with 3ml of sample solutions in water at different concentrations. Finally after 30 

minutes of incubation period at room temperature, the absorbance was measured at 517 nm 

against the blank. 



 

 

DPPH radical scavenging activity was calculated according to the following equation; 

% inhibition= (A0-A1)/A0×100 

 A0  Absorbance of the Control (without extract) 

A1             Absorbance of the Sample. 

2.3.6.2 In-vitro Hydroxyl radical scavenging activity 

The formation of hydroxyl radical (OH) from Fenton reagent was quantified using 2-

deoxyribose oxidative degradation. The principle of the assay is the quantification of the 2-

deoxyribose degradation product, malonaldehyde, by its condensation with thiobarbituric acid 

(TBA). The reaction mixture contained deoxyribose (2.8 mM), FeCl3 (100mM), KH2PO4-KOH 

buffer (20mM, P
H 

7.4), EDTA (100mM), H2O2 (1mM), ascorbic acid (100mM) and various 

concentrations of the extracts in a final volume of 1 ml. Ferric chloride and EDTA (when 

added) were remixed just before the addition to the reaction mixture. Reaction mixture was 

incubated at 37
0
C for 30 mins. After incubation at 37

0
C for 30 mins, 1 ml of 2.8% trichloro 

acetic acid and 1 ml of 1 % aqueous solution of TBA were added to the sample and the test 

tubes were heated at 100
0 

C for 20 min to develop the colour. After cooling, TBARS formation 

was measured spectrophotometrically (Perkin-Elmer) at 532 nm against an appropriate blank. 

The hydroxyl radical scavenging activity was determined by comparing absorbance of the 

control with that of test compounds. The hydroxyl radicals scavenging activity was calculated 

according to the following equation; 

% inhibition= (A0-A1)/A0×100 

 A0  Absorbance of the Control (without extract) 

A1             Absorbance of the Sample. 

 



 

 

2.3.6.3 In-vitro Nitric oxide radical scavenging activity: 

Nitric oxide was generated form sodium nitroprusside, which at physiological P
H
 liberates 

nitric acid. This nitric acid gets converted to nitrous acid and further forms nitrite ions which 

diazotize with sulphanilic acid and couple with naphthylenediamine (Griess reagent), 

producing pink colour which can be measured at 546 nm. Sodium nitroprusside (10 mM, 2 ml) 

in phosphate buffer saline (P
H
 7.4) was incubated with 0.5 ml of test compounds in different 

concentrations at room temperature for 30 minutes. After 30 minutes, 0.5 ml of the incubated 

solution was added with 1 ml of Griess reagent and the absorbance was measured at 546 nm. 

The nitric oxide radical scavenging activity was calculated according to the following formula; 

% inhibition= (A0-A1)/A0×100 

 A0  Absorbance of the Control (without extract) 

A1             Absorbance of the Sample. 

The same experiment was repeated with ascorbic acid, as taken in different concentrations for 

methanolic and aqueous leaf extracts of C. depressus.  

3. RESULTS AND DISCUSSION 

Different extracts of C. depressus, were subjected to qualitative phytochemical analysis where 

the methanolic and the aqueous leaf extracts displayed variety of Phytochemicals present in the 

extract. The maximum number of phytochemicals like the alkaloids, glycosides, steroids, 

flavonoids, Saponins, tannins, and phenolic compounds were detected from the methanolic leaf 

extract, followed by the detection of Saponins, flavonoids, tannins and phenolic compounds 

from the aqueous extract. 



 

 

With the measured absorbance data obtained spectrophotometrically, a standard callibration 

curve was plotted for determination of total flavonoid content which was expressed as weight 

of Quercetin equivalent (QE) at 100g extract (Figure 2). 

Figure 2: Callibration curve of Standard Quercetin. 

 

 

The results obtained by FCR method, the total phenolic content of the extract was determined 

as Gallic acid equivalents (GAE) from the plotted standard callibration curve of Gallic acid 

(Figure 3).  

Figure 3: Callibration curve of Standard Gallic acid. 

 

The results of total phenolic and flavonoid content of Corchorus depressus leaf extracts were 

presented in (Table 1). 
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Table 1. Total Phenolic and Flavonoid content of C. depressus leaf extracts expressed as 

(mg/100g). 

Leaf 

Extracts of 

C. depressus 

Total Phenolics (mg/100g) 

in GAE 

Total Flavonoids 

(mg/100g)  in  QE 

Aqueous 18.18 1.80 

Methanolic 78.46 21.2 

Pet Ether 0.95 0.11 

Chloroform  4.14 0.54 

Ethyl acetate  7.2 0.99 

 

The DPPH scavenging activity 

Anti-oxidant reacts with DPPH, which is a nitrogen-centered radical with a 

characteristic absorption at 517 nm and convert it to 1, 1-diphenyl-2- picryl hydrazine, due to 

its hydrogen donating ability at a very rapid rate. The degree of discoloration indicates the 

scavenging potential of the anti-oxidant [22-23]. The extracts and the standard ascorbic acid 

were tested from lower to higher concentration (20-100 µg/ml). All the extracts & the ascorbic 

acid exhibited DPPH radical scavenging activity in a concentration dependant manner. Among 

the extracts, the methanolic leaf extract of C. depressus (MECD) showed a mean percentage 

inhibition of (71.6%) at the concentration of 100µg/ml; whereas the mean percentage 

inhibition for the aqueous leaf extract was found to be of 31.1% at 100 µg/ml. The results were 

well compared to standard drug ascorbic acid, which showed the highest mean percentage of 



 

 

inhibition (84.09%) at the concentration of 100µg/ml. A graph between the mean percentage 

inhibitions of the DPPH radical scavenging activity of ascorbic acid, MECD & AECD were 

presented as (Figure 4). 

 

Figure 4.  DPPH radical Scavenging Activity of Ascorbic acid, MECD & AECD. 

 

 

Hydroxyl radical scavenging activity 

The test extracts MECD & AECD along with the standard ascorbic acid, suppressed hydroxyl 

radical mediated deoxyribose degradation in a concentration dependant manner. The hydroxyl 

radical is a highly potent oxidant that reacts with almost all biomolecules found in the living 

cells [24]. When it reacts with poly unsaturated fatty acid moieties of cell membrane 

phospholipids, lipid hydroperoxide is produced. Lipid hydroperoxide can be decomposed to 

alkoxyl and peroxyl radical and numerous carbonyl products such as malondialdehyde 

(MDA).The carbonyl products are responsible for DNA damage, generation of cancer, 

respiratory and aging related diseases [25, 26]. The hydroxyl radical scavenging activity of the 
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methanolic leaf extract of C. depressus (MECD) showed 56.31% at 100µg/ml, which is higher 

in comparison to the aqueous extract (AECD) which showed 22.5 % at 100µg/ml. However the 

ascorbic acid showed the highest mean percentage of hydroxyl radical scavenging activity of 

71.04% at 100µg/ml. A graph showing the mean percentage inhibition of hydroxyl radical 

scavenging activity of the standard Ascorbic acid, the MECD & AECD was depicted in 

(Figure 5). 

Figure 5. Evaluation of Hydroxyl radical scavenging activity of Ascorbic acid, MECD 

and AECD. 

 

Nitric oxide scavenging assay: 

Nitric oxide (NO) is a diffusible free radical which plays many roles as an effector molecule in 

diverse biological systems, including neuronal messenger, vasodilation, anti-microbial and 

anti-tumor activities [27, 28]. Studies in animal models have suggested a role for NO in the 

pathogenesis of inflammation and pain. NOS inhibitors have been shown to have beneficial 

effects on some aspects of inflammation and tissue changes seen in models of inflammatory 

bowel disease [29]. The mean percentage inhibition of the nitric oxide scavenging activity of 

methanolic leaf extract of C. depressus was 58.44 % at the concentration of 100µg/ml. This 
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value was higher in comparison to the mean percentage inhibition of aqueous leaf extract 

(AECD) of the same plant which showed 27.99 % at 100µg/ml. However the standard ascorbic 

acid showed highest mean percentage inhibition (74.07 %) at the concentration of 100 µg/ml 

(Figure 6). 

 

 

Figure 6. Nitric oxide radical scavenging activity of Ascorbic acid, MECD and AECD. 

 

4. CONCLUSION 

Normally free radicals of different forms are generated at a low level in cells to help in 

modulation of several physiological functions and are quenched by an integrated anti-oxidant 

system in the body. However if the free radicals are produced in excess amount, they can be 

destructive, leading to generation of various types of diseases including diabetes, causing delay 

in the healing of wound and its repair. Therefore in the current study, different extracts of C. 

depressus were studied for their possible anti-oxidant activity by DPPH radical, Hydroxyl & 

Nitrous oxide scavenging activity at different concentrations. Among all, the methanolic leaf 
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extract of C. depressus (MECD) showed better anti-oxidant activity in comparison to the 

aqueous extract which may be due to the presence of saponins and flavonoids in the methanolic 

extract. Thus the methanolic leaf extract of the plant have the potency for treating oxidative 

stress during different diseases and may be responsible for different biological activity of the 

plant. 

 

CONSENT 

All the authors have given their consent for submission of the manuscript to the esteemed 

Journal. 

ETHICAL APPROVAL 

It is not applicable for this article. 

 
COMPETING INTERESTS DISCLAIMER: 
 
Authors have declared that no competing interests exist. The products used for this research 
are commonly and predominantly use products in our area of research and country. There is 
absolutely no conflict of interest between the authors and producers of the products because 
we do not intend to use these products as an avenue for any litigation but for the 
advancement of knowledge. Also, the research was not funded by the producing company 
rather it was funded by personal efforts of the authors. 

 

 

REFERENCES: 

1. Dringen R. Glutathione metabolism and oxidative stress in neurodegeneration. European J. 

Bio Chem. 2000; 267(16):4903. 

2. Schulz JB, Lindnau J, Seyfriend J, Dichgans J. Glutathione oxidative stress and neuro-

degeneration. European J. of Biochemistry. 2000; 267(16):4904-4911. 



 

 

3. De Silva MC, Paiva SR. Antioxidant activity and flavonoid content of Clusia fluminensis 

Planch. & Triana. Ann. Braz. Academy of Sciences. 2012; 84(3):609-616. 

4. Pavithra GM, Saba S, Naik AS, Kekuda PTR, Vinayaka KS. Anti oxidant and antimicrobial 

activity of flowers of Wendlandia thyroidea, Olea dioica, Lagerstroemia speciosa and 

Bombax malabaricum. Journal of Applied Ph. Sciences. 2013; 3(6):114-120. 

5. Glucin I, Topal F, Sarikaya SBO, Bursal E, Bilsel G, Goren AC. Polyphenol contents and 

antioxidant properties of Medlar (Mespilus germanica L.). Records of Natural Products. 

2011; 5(3):158-175. 

6. Upadhyay B, Parveen AK, Dharker AK. Ethnomedicinal and ethnopharmaco-statistical 

studies of Eastern Rajasthan, India.  Journal of Ethnopharmacology. 2010; 129(1):64-86. 

PMID: 20214972  

7. Jain A, Katewa SS, Chaudhary BL, Galav P. Folk herbal medicines used in birth control and 

sexual diseases by tribals of southern Rajasthan, India. Journal of Ethnopharmacology. 

2004; 90(1):171-177. PMID: 14698527 

8. The Wealth of India, A Dictionary of Indian Raw Materials & Industrial Products, Raw 

Materials, Vol. 10, New Delhi: (National Institute of Science Communication and 

Information Resources (CSIR); 1993. 

9. Ikram M, Khattak SG, Gilani SN. Antipyretic studies on some indigenous Pakistani 

Medicinal Plants II, Journal of Ethnopharmacology. 1987; 19(2):185-192. PMID: 3497307 

10. Pareek A, Godavarthi A, Nagori BP. Invitro hepatoprotective activity of Corchorus 

depressus L. against CCl4 induced toxicity in HepG2 cell line. Pharmacognosy Journal. 

2013; 5(4):191-195. 



 

 

11. Kataria S, Kar D, Rao KS, Khajuria RK. Invitro and invivo aphrodisiac properties of 

Corchorus depressus Linn. on rabbit Corpus cavernosum smooth muscle relaxation and 

sexual behavior of normal male rats. Journal of Ethnopharmacology. 2013;148(1):210-217. 

PMID: 23612424 

12. Anonymous, World Health Organization, Geneva, Quality control methods for Medicinal 

plant materials, 1998. 

13. Anonymous. The Indian Pharmacopoeia. New Delhi: Govt. of India publication; 1966. 

14. Cujic N, Savikin K, Jankovic T, Pljevljakusic D, Zdunic G, Ibric S. Optimization of 

polyphenols extraction from dried chokeberry using maceration as traditional technique. 

Food Chemistry, 2016; 194:135-142. PMID: 26471536 

15. Wager H, Bladt S, Zgainski EM. Plant Drug Analysis. Berlin, Germany: Springer- Verlag, 

1984.   

16. Odebiyi OO, Sofowora EA. Phytochemical screening of Nigerian Medicinal plants II. 

Lloydia, 1978; 41(3):234-246. PMID: 672462 

17. Trease GE, Evans WC. A Text Book of Pharmacognosy: ELSB Baillere Tindal, Oxford, 

1987.   

18. Chang CC, Yang MH, Chem JC. Estimation of total flavonoid content in Propolis by two 

complementary colorimetric methods. J Food Drug Anal. 2002; 10(3): 178-182. 

19. Siger A, Nogala-Kalucka M, Lampart SE. The content and antioxidant activity of phenolic 

compounds in cold-pressed plant oils. J Food Lipids. 2008; 15 (2):137-149. 

20. Junaid S, Rakesh KN, Dileep N, Poornima G, Kekuda TRP, Mukunda S. Total phenolic 

content and antioxidant activity of seed extract of Lagerstroemia speciosa L. Chemical 

Science Transactions. 2013;2(1):75-80. 



 

 

21. Ganu GP, Jadhav SS, Deshpande AD. Anti-oxidant and antihyperglycemic potential of 

methanolic extract of bark of Mimusops elengi in mice. Int. J. Phytomedicine. 2010; 

2:116-123. 

22. Kitima S, Souksanh N, Yupaporn S. Paper-based DPPH Assay for Antioxidant Activity. 

Anal Sci. 2018; 34(7):795-800. PMID: 29998961. 

23. Huang D, Boxin O, Ronald LP. The Chemistry behind antioxidant capacity assay. J Agric 

Food Chem. 2005; 53(6): 1841-1856. PMID: 15769103 

24. Fejer J, Ivan K, Grulova D, Eliasova A. Seasonal variability of Juniperus communis L. 

Berry Ethanol Extracts: 1. Invitro Hydroxyl Radical Scavenging Activity. Molecules. 2020: 

25(18):4114. PMID: 32916817 

25. Gutowski M, Kowal Czyk S. A study of free radical chemistry: Their role and 

pathophysiological significance. Acta Biochem. Polonica. 2013;60:1-16. PMID: 

23513192. 

26. Li Q, Sun X, Gu G, Guo Z. Novel water soluble chitosan Derivatives with 1,2,3- 

Triazolium and their Free radical-scavenging Activity. Mar Drugs. 2018; 16(4):107. PMID: 

PMC5923394. 

27. Khan FZ, Dervan E, Bhattacharyya DD, McAuliffe JD, Miranda KM, Glynn SA. The role 

of Nitric Oxide in cancer: Master Regulator or not?. Int. J Mol Sci. 2020; 21(24):9393. 

PMID: PMC7763974 

28. Oleson BJ, Corbett JA. Dual role of Nitric oxide in regulating response of β-cells to DNA 

damage. Antioxidant Redox Signal. 2018; 29(14):1432-1445. PMID: PMC6166691. 



 

 

29. Vishwakarma A, Wany A, Pandey S, Bulle M, Kumari A, Reddy K, Igamberdiev AU, Mur 

LAJ, Gupta KJ. Current approaches to measure nitric oxide in Plants. J Exp Bot. 2019; 

70(17):4333-4343. PMID: PMC6736158. 


