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Abstract : Tuberculosis is a pulmonary disease that is caused by Mycobacterium tuberculosis. In the treatment forefront, 

the drugs rifampicin, isoniazid, pyrazinamide is used and prolonged usage of these drugs results in liver toxicity. This 

study focuses in depth on the phytochemicals present in medicinal plants Adathoda vasica, Cassia alata, Azadirachta 

indica, Emblica officinalis and Piper longum and the ability of these bioactive compounds to act as anti-tuberculosis 

agents. 
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1. INTRODUCTION 

Traditional Indian medical systems such as Ayurveda and Siddha explain in detail about herbal mixtures that can be used 

to treat several diseases [1]. Plants produce and store a wide variety of secondary metabolites. The isolation, 

characterization and determination of  these bioactive compounds in medicinal plants play a vital role in formulating 

drugs[2]. Natural compounds exhibit characteristics such as chemical diversity, macromolecular specificity and less 

toxicity thus making them favourable leads in the discovery of novel drugs [3]. The synergistic effect of the plant extracts 

can be used in the treatment of several diseases.  Tuberculosis is a highly infectious disease caused by Mycobacterium 

tuberculosis. In the treatment forefront, the sources are drugs such as rifampicin (RIF), isoniazid (INH), pyrazinamide 

(PZA) and ethambutol (ETB) [4]. But they cause liver toxicity upon prolonged usage [5]. There is an immediate need for 

a robust system to improve the effectiveness of drugs.  

 

2. EXPERIMENTAL METHODS 

Plant Material Collection: The medicinal plants Adathoda vasica, Cassia alata, Emblica officinalis, Azadirachta indica 

and Piper longum were collected from different parts of Chennai, Tamil Nadu. The selection was made from previous 

literature of plants showing anti tuberculosis activity in alternate medicine (Ayurveda).  The following table shows the 

active compound in each plant. 

 

Table 1: List of plants, their active compounds and action against tuberculosis 

Plant Part used Active compound Anti Tuberculosis activity Reference 

Adathoda vasica Leaf Vasicine (alkaloid) Antimycobacterial activity 

against MDR TB  

(DKU- 156) 

[6] 

Cassia alata Whole 

plant 

Kempferol (flavonoid) Antimycobacterial activity 

against MDR TB 

 (DKU- 156) 

[7] 

Azadirachta indica Leaf Azadirachtin (steroid) Induces hepatoprotective 

activity against anti tuberculosis 

drugs 

[8] 

Emblica officinalis Fruit Ellagic acid (phenol) Induces hepatoprotective 

activity against anti tuberculosis 

drugs 

[9] 

Piper longum Fruit Piperine (alkaloid) Effective against Multi Drug 

Resistant TB in herbal medicine 

[10] 
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Sample Preparation: The plants were washed well, shade dried, powdered and stored. 

 

Preparation of Extract: The plant samples were extracted in various solvents such was distilled water, ethanol, 

methanol, acetone, hexane, ethyl acetate and chloroform. 10 g of dried powder was added to 150 ml of the solvents. 

Extraction was done using Soxhlet apparatus for a time period of 5 hours. It was then stored in bottles for further analysis. 

 

Qualitative Phytochemical Screening: Tests were done to check the presence or absence of all the phytochemicals 

using standard protocols [11].  

 

Quantitative Phytochemical Screening: Tests were done to check the amount of the bioactive compounds present in 

each plant from the aqueous extract using standard protocols [11]. 

 

3. RESULTS AND DISCUSSION 

Qualitative phytochemical screening:  

The results obtained from the phytochemical tests done were tabulated.   

Table 2: Phytochemical analysis of Adathoda vasica in different solvents 

 

 

 

 

 

 

 

 

 

 

 

The results obtained for A. vasica using different solvents were as follows. Phytochemicals such as tannins, saponins, 

alkaloids, flavonoids, glycosides, quinones, phenols, terpenoids, cardiac glycosides, coumarin, steroids, phlobatannins 

and carbohydrates showed positive results in distilled water. Ethanol and methanol showed positive results for tannins, 

saponins, alkaloids, glycosides, quinones, phenols, terpenoids, cardiac glycosides and steroids. Acetone, hexane, ethyl 

acetate and chloroform showed least positive results compared to the  other solvent extracts. 

Table 3: Phytochemical analysis of Cassia alata in different solvents 

Test Distilled 

water 

Ethanol Methanol Acetone Hexane Ethyl 

acetate 

Chloroform 

Tannins + + + + - + - 

Saponins + + + + - - - 

Alkaloids + + + - - - - 

Flavonoids + + + - - + + 

Glycosides + + + + - - + 

Quinones + - - - - - + 

Test Distilled 

water 

Ethanol Methanol Acetone Hexane Ethyl 

acetate 

Chloroform 

Tannins + + + + - - - 

Saponins + + + - - + - 

Alkaloids + + + - - - - 

Flavonoids + - - - - - + 

Glycosides + + + - - - - 

Quinones + + + - + - - 

Phenols + + + + - - - 

Terpenoids + + + - + - - 

Cardiac 

glycosides 

+ + + - - - - 

Ninhydrin - - - - - - - 

Coumarin + - - - - - + 

Steroids + + + - + - - 

Phlobatannins + - - - - - - 

Carbohydrates + - - + - - + 
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Phenols + + + + + + - 

Terpenoids + + + - - - + 

Cardiac glycosides + + + + - - - 

Ninhydrin + - + + + - + 

Coumarin + + + - - - + 

Steroids + + + - - - + 

Phlobatannins - + + - - - + 

Carbohydrates + + + + - + + 
 

The results obtained for C. alata  using different solvents were as follows. Phytochemicals such as tannins, saponins, 

alkaloids, flavonoids, glycosides, quinones, phenols, terpenoids, cardiac glycosides, ninhydrin, coumarin, steroids and 

carbohydrates showed positive results in distilled water. Ethanol and methanol showed positive results for tannins, 

saponins, alkaloids, flavonoids, glycosides, phenols, terpenoids, cardiac glycosides, coumarin, steroids and 

carbohydrates. Acetone, hexane and chloroform showed lesser number of positive results. Ethyl acetate showed the least 

number of positive results compared to the other solvents. 

Table 4 : Phytochemical analysis of Azadirachta indica in different solvents 

Test Distilled 

water 

Ethanol Methanol Acetone Hexane Ethyl 

acetate 

Chloroform 

Tannins + - + + - + - 

Saponins + - - - - + - 

Alkaloids + + + - - + - 

Flavonoids + + - - - + + 

Glycosides + + + + - + - 

Quinones + - + + + + + 

Phenols + + + + - + - 

Terpenoids + + + + - + + 

Cardiac glycosides + + + + + + - 

Ninhydrin + - - - - + - 

Coumarin + + - + - + + 

Steroids + + + + - + + 

Phlobatannins - + + + - + - 

Carbohydrates + + + + - + + 

 

The results obtained for A. indica  using different solvents were as follows. Phytochemicals such as tannins, saponins, 

alkaloids, flavonoids, glycosides, quinones, phenols, terpenoids, cardiac glycosides, ninhydrin, coumarin, steroids and 

carbohydrates showed positive results in distilled water. Ethanol showed positive results for alkaloids, flavonoids, 

glycosides, phenols, terpenoids, cardiac glycosides, coumarins, steroids , phlobatannins and carbohydrates. Methanol 

showed positive results for tannins, alkaloids, glycosides, quinones, phenols, terpenoids, cardiac glycosides, steroids, 

phlobatannins and carbohydrates. Acetone, hexane and chloroform showed lesser number of positive results. Ethyl 

acetate showed all positive results compared to all other solvent extracts. 

Table 5: Phytochemical analysis of Emblica officinalis in different solvents 

Test Distilled 

water 

Ethanol Methanol Acetone Hexane Ethyl 

acetate 

Chloroform 

Tannins + + + + - + - 

Saponins + + + + - + - 

Alkaloids + - + - - - - 

Flavonoids + - + + - - + 

Glycosides + + + + - + - 

Quinones + + + + - - + 

Phenols + + + + - + - 
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Terpenoids + + + + + - + 

Cardiac glycosides + + + + - + + 

Ninhydrin + - + - - - - 

Coumarin + + + + - - + 

Steroids + - + + - + + 

Phlobatannins - - + + - - + 

Carbohydrates + + + + + + + 
 

The results obtained for E. officinalis  using different solvents were as follows. Phytochemicals such as tannins, saponins, 

alkaloids, flavonoids, glycosides, quinones, phenols, terpenoids, cardiac glycosides, coumarin, steroids and 

carbohydrates showed positive results in distilled water. Ethanol showed positive results for tannins, saponins, glycosides, 

quinones, phenols, terpenoids, cardiac glycosides, ninhydrin, coumarin and carbohydrates. Methanol showed all positive 

results. Acetone showed positive results  for all except alkaloids and ninhydrin. Hexane, ethyl acetate and chloroform 

showed least number of positive results.  

 

Table 6: Phytochemical analysis of Piper longum in different solvents 

Test Distilled 

water 

Ethanol Methanol Acetone Hexane Ethyl 

acetate 

Chloroform 

Tannins + - - - - - - 

Saponins - - + + - - + 

Alkaloids - + + + - - + 

Flavonoids + + + + + - + 

Glycosides + - - - - - - 

Quinones + - + - - - + 

Phenols + + + - - - - 

Terpenoids - + - + + + + 

Cardiac glycosides - + + + + + + 

Ninhydrin - - - - - - - 

Coumarin + + + - - + + 

Steroids - - - - - + + 

Phlobatannins - - - - - - - 

Carbohydrates + + + + + - + 
 

The results obtained for P. longum  using different solvents were as follows. Phytochemicals such as tannins, flavonoids, 

glycosides, quinones, phenols, coumarin and carbohydrates showed positive results in distilled water. Ethanol, methanol, 

acetone, hexane and chloroform showed a smaller number of positive results. Ethyl acetate showed the least number of 

positive results.   

Quantitative Phytochemical screening in aqueous extract: 
 

 

 

 

 

 

 

The results showed the amount of bioactive compound present in each plant. Although qualitative phytochemical tests 

showed the absence of saponins and alkaloids in P.longum , quantitative tests indicate that these compounds are present 

in concentrations of 0.109±0.001 and 0.105±0.011 mg/g respectively. It could be because quantitative tests performed 

by spectrophotometry are more sensitive than qualitative phytochemical tests with specific reagents. The other results 

were found to be in accordance with the qualitative tests. The highest quantity of tannins was found in P. longum 

Plant Tannins 

(mg/g) 

Saponins 

(mg/g) 

Alkaloids 

(mg/g) 

Flavonoids 

(mg/g) 

Phenols 

(mg/g) 

Adathoda vasica 0.27±0.01 

 

0.057±0.002 0.085±0.003 0.23±0.002 0.23±0.01 

Cassia alata 0.2±0.05 0.015±0.001 0.334±0.002 0.435±0.014 0.241±0.01 

Azadirachta indica 0.46±0.02 0.356±0.042 0.52±0.08 0.245±0.004 0.25±0.02 

Emblica officinalis 0.43±0.001 0.040±0.001 1.5±0.08 0.191±0.002 0.13±0.01 

Piper longum 0.55±0.05 0.109±0.001 0.105±0.011 0.365±0.017 0.02±0.01 
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0.55±0.05 and the least was present in C. alata 0.2±0.05. The highest amount of saponin was found in A. indica 

0.356±0.042 and the least amount was seen in C. alata 0.015±0.001. Alkaloids were found to be the highest in E. 

officinalis 1.5±0.08 and lowest in A. vasica 0.085±0.003. Flavonoids were found to be the most abundant in C. alata 

0.435±0.014 and least in E. officinalis 0.191±0.002. Phenols were found to be maximum in A. indica 0.25±0.02 and 

minimum in P.longum 0.02±0.01.  

The plants Adathodha vasica, Cassia alata, Azadirachta indica, Emblica officinalis and Piper longum have innumerable 

medical benefits. The phytochemical results give as an insight on the bioactive compounds that are present in the plant 

samples. Either a single compound or a combination of  bioactive compounds in plants act against diseases. Using this 

knowledge, it’s possible to come with up combinations that show a synergistic effect against tuberculosis. 

In a paper by Nithyatharini [12],  the methanolic extract of leaves of A. vasica showed the presence of high number of 

phytocompounds in comparison with other solvents like ethanol, petroleum ether, chloroform and distilled water. In a 

study by P Raji [13], the presence of flavonoids, terpenoids and alkaloids in C. alata were seen  better in chloroform 

extract compared to distilled water. From this she inferred that the active molecule could be of polar nature as they were 

extracted in the solvents of corresponding polarity. Leaf extract of  A. indica showed  excellent  amount  of  phenolic  

content   241.642±0.000797874 mg/g in a paper by Ankita Sharma[14]. Amongst the five plants were, phenols were 

found to be maximum in A. indica.  In a study by Dasrao Patil [15], phytochemical investigation of ethanolic extract of 

Emblica officinalis showed the absence of  carbohydrates,  tannins, glycosides,  flavonoids,  terpenoids and saponins. In 

a study by Gayathri Nahak [16] using different extracts of P. longum, the phytochemical tests indicated the presence of 

alkaloids, glycosides, tannins, and flavonoids in ethanolic extracts better than methanolic and aqueous extracts. 

In the current study, aqueous solutions of the plant samples have shown positives for the major bioactive compounds and 

hence would be the most ideal as it is readily available, cheap and nontoxic. But the extract that shows maximum anti 

tuberculosis activity would be known only after in vitro and  in vivo studies.  

The pressing need for development of drugs using phytochemicals has resulted in research of techniques to tweak existing 

natural compounds. Most of the phytochemicals are water-soluble, but demonstrate a low absorption [17]. This is due to 

their inability to cross lipid membranes resulting in reduced efficacy [18].  

4. FUTURE PERSPECTIVE 

The plant extracts will be tested both individually and in combination against Mycobacterium tuberculosis strains such 

as standard H37RV and other isolates. Based on the results, studies will be done up to the molecular level to isolate 

specific compounds that show maximum antagonistic effect. 

5. CONCLUSION 

Plants possess bioactive compounds that show antibacterial, antifungal, antiviral, anti-inflammatory, hepatoprotective, 

antioxidant, anticancer, anti tuberculosis etc activities. Human beings have benefited from these compounds in traditional 

medicine such as Ayurveda, Siddha and Unani. Although there are a number of natural compounds with therapeutic 

potential their potency is constrained by poor bioavailability, low absorption, fast metabolism, and rapid systemic 

elimination. Enhancing the use of herbal medicines to re-discover their full potential in pharmaceutical formulation is a 

great way to combat infectious diseases. 

6. REFERENCES 

 

1. M. M. Pandey, Subha Rastogi, A. K. S. Rawat, "Indian Traditional Ayurvedic System of Medicine and Nutritional Supplementation", 

Evidence-Based Complementary and Alternative Medicine, vol. 2013, Article ID 376327, 12 pages, 2013. https://doi.org/10.1155/2013/376327 

2. Sasidharan, S., Chen, Y., Saravanan, D., Sundram, K. M., & Yoga Latha, L. (2011). Extraction, isolation and characterization of bioactive 

compounds from plants' extracts. African journal of traditional, complementary, and alternative medicines : AJTCAM, 8(1), 1–10. 

3. Thomford NE, Senthebane DA, Rowe A, Munro D, Seele P, Maroyi A, Dzobo K. Natural Products for Drug Discovery in the 21st Century: 

Innovations for Novel Drug Discovery. Int J Mol Sci. 2018 May 25;19(6):1578. doi: 10.3390/ijms19061578. PMID: 29799486; PMCID: PMC6032166. 

4. Da Silva PB, de Freitas ES, Bernegossi J, Gonçalez ML, Sato MR, Leite CQ, Pavan FR, Chorilli M. Nanotechnology-Based Drug Delivery 

Systems for Treatment of Tuberculosis--A Review. J Biomed Nanotechnol. 2016 Feb;12(2):241-60. doi: 10.1166/jbn.2016.2149. PMID: 27305759. 

5. Ramappa V, Aithal GP. Hepatotoxicity Related to Anti-tuberculosis Drugs: Mechanisms and Management. J Clin Exp Hepatol. 2013 

Mar;3(1):37-49. doi: 10.1016/j.jceh.2012.12.001. Epub 2012 Dec 20. PMID: 25755470; PMCID: PMC3940184. 

https://iarjset.com/


ISSN (O) 2393-8021, ISSN (P)  2394-1588 

 

IARJSET 

International Advanced Research Journal in Science, Engineering and Technology 

Vol. 8, Issue 8, August 2021 

DOI:  10.17148/IARJSET.2021.8807 

© IARJSET                This work is licensed under a Creative Commons Attribution 4.0 International License                  35 

6. Ignacimuthu S, Shanmugam N. Antimycobacterial activity of two natural alkaloids, vasicine acetate and 2-acetyl benzylamine, isolated 

from Indian shrub Adhatoda vasica Ness. leaves. J Biosci. 2010 Dec;35(4):565-70. doi: 10.1007/s12038-010-0065-8. PMID: 21289439. 

7. Singh, Dr Rambir & Hussain, Shariq & Verma, Rajesh & Sharma, Dr Poonam. (2013). Rambir Singh, Shariq Hussain, Rajesh Verma and 

Poonam Sharma (2013) Anti-mycobacterial screening of five Indian medicinal plants and partial purification of active extracts of Cassia sophera and 

Urtica dioica. Asian Pacific Journal of Tropical Medicine, 6(5):366-371. Asian Pacific Journal of Tropical Medicine. 6. 10.1016/S1995-7645(13)60040-

1. 

8. Mohammad A. Alzohairy, "Therapeutics Role of Azadirachta indica (Neem) and Their Active Constituents in Diseases Prevention and 

Treatment", Evidence-Based Complementary and Alternative Medicine, vol. 2016, Article ID 7382506, 11 pages, 2016. 

https://doi.org/10.1155/2016/7382506 

9. Gupta, A., Kumar, R., Ganguly, R., Singh, A. K., Rana, H. K., & Pandey, A. K. (2020). Antioxidant, anti-inflammatory and hepatoprotective 

activities of Terminalia bellirica and its bioactive component ellagic acid against diclofenac induced oxidative stress and hepatotoxicity. Toxicology 

reports, 8, 44–52. https://doi.org/10.1016/j.toxrep.2020.12.010 

10. Singh, C. & Singh, Santosh & Nath, Gopal & Rai, N.P.. (2011). Anti-mycobacterial activity of Piper longum L. fruit extracts against multi 

drug resistant Mycobacterium Spp. International Journal of Phytomedicine. 3. 353-361. 

11. Roghini R and Vijayalakshmi K: Phytochemical screening, quantitative analysis of flavonoids and minerals in ethanolic extract of Citrus 

paradisi. Int J Pharm Sci & Res 2018; 9(11): 4859-64. doi: 10.13040/IJPSR.0975-8232.9(11).4859-64.\ 

12. R. Nithyatharani, U.S. Kavitha. "PHYTOCHEMICAL ANALYSIS OF THE LEAVES OF ADHATODA VASICA", International Journal 

of Creative Research Thoughts (IJCRT), ISSN:2320-2882, Vol.6, Issue 1, pp.451-454, January 2018, URL : http://www.ijcrt.org/IJCRT1705071 

13. P Raji & Sreenidhi, J. & Sugithra, M. & Renugadevi, K. & Samrot, Antony. (2015). Phytochemical Screening and Bioactivity Study of 

cassia alata Leaves:. Biosciences, Biotechnology Research Asia. 12. 291-296. 10.13005/bbra/2202. 

14. Pooja Jain; Vandana Mehrotra. "The Impact on Shareholder‘s Wealth due to Abolishment of Dividend Distribution Tax". International 

Research Journal on Advanced Science Hub, 2, Special Issue ICARD 2020, 2020, 214-221. doi: 10.47392/irjash.2020.122 

15. Pooja Dahiya; Roopsi Kaushik; Anil Sindhu. "An Introduction to Plant Growth Promoting Rhizobacteria, Antifungal Metabolites 

Biosynthesis using PRPR with reference to Pseudomonas species and It’s other characteristics like Antagonistic and Biocontrolling 

properties". International Research Journal on Advanced Science Hub, 2, Special Issue ICAMET 10S, 2020, 95-100. doi: 10.47392/irjash.2020.205 

16. Sharma, Ankita & Patel, Sapan. (2018). Preliminary phytochemical screening and quantitative analysis of secondary metabolites of Mentha 

arvensis and Azadirachta indica. 

17. Patil, Dasrao & Rasve, Vishal & Ahemad, Sameer & Shirsat, Mrunal & Manke, Mahesh. (2018). PHYTOCHEMICAL ANALYSIS OF 

METHANOLIC EXTRACT OF EMBLICA OFFICINALIS LEAVES *Corresponding Author. 971-978. 10.20959/wjpps201811-12493 

18. Nahak, G. (2011). Phytochemical Evaluation and Antioxidant activity of Piper cubeba and Piper nigrum. 

19. Shakeri A, Sahebkar A, Javadi B. Melissa officinalis L. - A review of its traditional uses, phytochemistry and pharmacology. J 

Ethnopharmacol. 2016 Jul 21;188:204-28. doi: 10.1016/j.jep.2016.05.010. Epub 2016 May 7. PMID: 27167460. 

20. Mainardes, Rubiana & Urban, Maria & Cinto, Priscila & Chaud, Marco & Evangelista, Raul & Gremiao, Maria. (2006). Liposomes and 

Micro/Nanoparticles as Colloidal Carriers for Nasal Drug Delivery. Current drug delivery. 3. 275-85. 10.2174/156720106777731019 

 

 

 

 

https://iarjset.com/

	Phytochemical analysis of medicinal plants used in the treatment of tuberculosis
	Pratheeka Rajan1, Anchana Devi C2 , Priya Iyer3
	1 Research Scholar, PG and Research Department of Biotechnology, Women’s Christian College, Chennai, Tamil Nadu
	2 Assistant Professor , PG and Research Department of Biotechnology, Women’s Christian College,
	Chennai, Tamil Nadu
	3 Associate Professor and Head, PG and Research Department of Biotechnology, Women’s Christian College,
	Chennai, Tamil Nadu
	Abstract : Tuberculosis is a pulmonary disease that is caused by Mycobacterium tuberculosis. In the treatment forefront, the drugs rifampicin, isoniazid, pyrazinamide is used and prolonged usage of these drugs results in liver toxicity. This study foc...



