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ABSTRACT

Background: Antimicrobial resistance (AMR) poses a significant global health challenge, exacerbated by the misuse of antimicrobial
agents. With the rising prevalence of AMR in various plant and animal pathogens, there is an urgent need to explore alternative
therapeutic options. Plant extracts, historically utilized for disease treatment, offer a promising avenue. Pongamia pinnata, also
known as Indian Karanja, is notable for its rich phytochemical content and has been the subject of recent scientific interest.

Objective: The primary aim of this study is to investigate the antimicrobial efficacy of P. pinnata extracts, prepared using the
Ultrasonic Assisted Extraction (UAE) method, against a range of bacterial and fungal species known to exhibit AMR.

Methods: In this study, an experimental laboratory design was utilized to evaluate the antimicrobial properties of Pongamia pinnata.
Aqueous and alcoholic extracts of P. pinnata were prepared and subjected to biochemical analysis to identify the spectrum of
phytochemicals present. The antimicrobial activity of these extracts was then assessed using the well-diffusion method against
selected bacterial and fungal pathogens.

Results: Both aqueous and alcoholic extracts of P. pinnata demonstrated significant antimicrobial effects against the tested microbial
species. The study highlights the potent antimicrobial properties of P. pinnata, attributed to its diverse phytochemical composition.

Conclusion: The findings of this study underscore P. pinnata as a valuable source of natural antimicrobial agents. Its efficacy against
AMR pathogens suggests its potential application in the development of new treatments for infectious diseases. P. pinnata holds
promise for medicinal use, particularly in contexts where conventional antibiotics are ineffective.

Keywords: Pongamia pinnata, antimicrobial resistance, phytochemicals, plant extracts, ultrasonic assisted extraction, well-diffusion
method.

INTRODUCTION

The emergence of antibiotic resistance among pathogens is a growing global health concern, highlighted by a substantial body of
research indicating the alarming increase in multidrug-resistant bacteria. This resistance, often attributed to the misuse and overuse
of antibiotics, has been identified as a major cause of escalating mortality rates, particularly in the developing world (1, 2). Notably,
the excessive use of antibiotics in both agricultural and medical settings has exacerbated this issue (3-5). For instance, the application
of antibiotics in livestock to promote growth has been linked to the rise of antibiotic-resistant infections in humans (6, 7), while the
inefficacy of antimicrobial treatments in agricultural crops has also been documented (8). This scenario is not limited to bacterial
pathogens; the development of resistance among fungal species to antifungal drugs is also a significant concern, with pathogenic
fungi such as Candida, Epidermophyton, and Alternaria posing serious health threats (9, 10).

In response to these challenges, the exploration of alternative antimicrobial sources has become imperative (11-13). Historically,
plant extracts have been used for millennia in the treatment of various ailments, reflecting a rich tradition of botanical medicine (11,
14). This tradition includes notable examples such as the use of quinine from the cinchona tree for treating malaria, the derivation
of aspirin from willow bark, and the application of aloe vera in wound healing (15). In this context, Pongamia pinnata, commonly
known as Indian Karanja, has garnered significant attention due to its diverse range of bioactive compounds found in different plant
tissues. Recent studies have highlighted the potent antimicrobial properties of P. pinnata, particularly in its seed extracts which have
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demonstrated antibacterial and antifungal effects (16). These extracts are rich in bioactive compounds such as flavonoids, alkaloids,
and saponins, and have shown efficacy against a variety of microbial diseases (17). Moreover, leaf extracts of P. pinnata containing
tannins and quinones have exhibited bactericidal and fungicidal properties, suggesting their potential application in agriculture to
protect crops from plant pathogenic bacteria and fungi (12).

Significantly, P. pinnata has been a source of isolated chemicals with pronounced antibacterial properties, including karanjin and
pongapin. Karanjin, in particular, has shown effectiveness against human bacterial strains and fungal species like Candida albicans
(18). The extensive investigation into the antimicrobial properties of P. pinnata underscores its potential as an alternative source of
antimicrobial agents, which could play a crucial role in addressing the challenge of antibiotic and antifungal resistance (7, 10, 19-22).
The growing body of evidence supporting the efficacy of P. pinnata in combating microbial infections positions it as a promising
candidate in the ongoing search for novel and effective antimicrobial compounds (17, 23-26).

MATERIAL AND METHODS

In this study, an experimental laboratory design was utilized to evaluate the antimicrobial properties of Pongamia pinnata. In this
study, various bacterial and fungal strains were utilized, including S. aureus (ATCC6538), S. typhimurium (ATCC2515), E. coli
(ATCC43888), P. aeruginosa (ATCC6432), K. pneumoniae (ATCC13883), B. subtilis (ATCC6633), L. monocytogenes (ATCC19118),
Alternaria solani (ATCC 58177), Epidermophyton floccosum (ATCC 52066), and Candida albicans (ATCC 10231). These strains were
provided by the microbiology lab of the University of Central Punjab, Pakistan. Stock solutions of all microbial cultures were prepared
and refreshed weekly in a broth culture medium. For fungal strains, spore cell suspensions were prepared by adding sterile water to
8-day old slant cultures (1, 14, 27, 28).

The leaves of Pongamia pinnata were collected from the countryside of Lahore, Pakistan, in November 2021 and authenticated by
the University of Agriculture Faisalabad, Pakistan. These leaves were washed, shade-dried for four weeks, finely ground, and stored
in an air-tight glass jar away from light, heat, and moisture. The leaves' powder extract was prepared using the Ultrasonic Assisted
Extraction (UAE) Method in a 100 ml flask (29-33). This process involved adding 1 g of fine leaf powder to 50 ml of ethanol as a
solvent. The UAE was performed at 400 W, at temperatures of 35°C, 50°C, and 60°C for durations of 10, 25, and 60 minutes (22, 29).
Phytochemical screening of both aqueous and alcoholic extracts of P. pinnata leaves and seeds was conducted to detect primary
and secondary metabolites. Various qualitative tests were performed to identify carbohydrates, proteins, fats, terpenes, sterols,
tannins, alkaloids, flavonoids, flavones, saponins, and cardiac glycosides (34-40).

For proteins, the Biuret, Ninhydrin, and Xanthoproteic tests were conducted. The Biuret test involved mixing equal volumes of extract
and 4% sodium hydroxide solution in a test tube, followed by the addition of 1% copper sulfate, which resulted in a violet color
indicating the presence of peptide linkages. The Ninhydrin test required heating 2ml of extract with 0.25% Ninhydrin reagent, where
a blue color appearance indicated proteins. In the Xanthoproteic test, a few drops of nitric acid added to a small volume of extract
resulted in a yellow color, also indicating proteins.

Phenol presence was assessed using the Ferric chloride, Lead acetate, Gelatin, and Mayer’s reagent tests. The Ferric chloride test
involved adding a gelatin solution (1%) and NaCl to a small volume of extract, resulting in a bluish-black color signifying phenols. In
the Lead acetate test, the mixture of equal volumes of extract and alcoholic solution was diluted with sulfuric acid (20%) and a few
drops of NaOH, leading to a red to blue color change. The Gelatin test used 2 mL of gelatin solution (1%) in the extract, where a
white precipitate indicated phenols. The Mayer’s reagent test involved mixing 1mL of Mayer’s reagent with the extract, with the
appearance of white precipitate also indicating phenols.

Flavonoid detection employed Shinoda’s, Lead acetate, and Alkaline reagent tests. The Shinoda’s test added concentrated HCl and
magnesium ribbon fragments to 1mL of extract, where a pink color indicated flavonoids. The Lead acetate test involved adding a
few drops of lead acetate to the extract and shaking well, with a yellow precipitate signifying flavonoids. The Alkaline reagent test
changed the mixture to colorless after adding dilute acid, indicating flavonoids.

Tannins were detected using the Gold Beater’s skin and Gelatin’s tests. The Gold Beater’s skin test involved soaking the ox skin in
HCI (2%) and P. pinnata extract, which turned black upon immersion in ferrous sulfate solution (1%), indicating tannins. Gelatin’s test
added a gelatin solution (1%) containing NaCl to the extract, with the formation of white precipitates signifying tannins.

Tests for Steroids & Triterpenoids involved the Libermann Burchard’s and Salkowski’s tests. The Libermann Burchard’s test formed a
violet to blue-color ring at the junction of the solutions upon adding a few drops of acetic anhydride followed by sulfuric acid to the
extract.
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Figure 1 Phytochemical Screening of P. pinnata extract tests were utilized. The

Dragendorff’s test

involved combining an equal volume of the extract with Dragendorff’s reagent, leading to the formation of an orange-red precipitate,
indicative of alkaloids. In Wagner’s test, the addition of Wagner’s reagent to the extract resulted in a reddish-brown precipitate,
while in Hager’s test, the formation of a yellow precipitate after mixing with Hager’s reagent confirmed the presence of alkaloids.
Glycosides were identified using Bontrager’s, Legal’s, and Keller—Killiani tests. Bontrager’s test required boiling the extract with
diluted HCI, followed by extraction with benzene and the addition of ammonia solution, resulting in a pink color indicative of
glycosides. The Legal’s test involved adding sodium nitroprusside to the extract, followed by NaOH, where a pink-to-red precipitate
indicated glycosides. In the Keller—Killiani test, diluting the extract with water and adding lead acetate, followed by chloroform
extraction and mixing with glacial acetic acid, ferric chloride, and sulphuric acid, resulted in a reddish-brown layer, signifying the
presence of digitoxose, a component of glycosides.
The antimicrobial activity of P. pinnata extracts was evaluated using the well-diffusion method. The fungicidal effects were tested
against Epidermophyton floccosum, Candida albicans, Alternaria solani, and Helminthosporium turcicum, forming zones of inhibition
in their respective culture media. Amphotericin B was used as a positive control for the aqueous and alcoholic extracts. Similarly,
the antibacterial efficacy was assessed against bacterial strains including S. aureus, S. typhimurium, E. coli, P. aeruginosa, K.
pneumoniae, B. subtilis, and L. monocytogenes, with zones of inhibition observed in the culture media. Amoxicillin served as a
positive control against these bacterial strains. The optimization conditions such as time gap, dosage concentration, temperature
range, and environmental exposure were maintained consistently, ensuring the reliability of the results (8, 9, 41, 42).

RESULTS

Phytochemicals Tests Performed Results

Proteins Biuret Test +
Ninhydrin Test +
Xanthoproteic Test +

Steroids Liberman's Test +
Salkowski’s Test +

Phenols Ferric Chloride Test +
Lead Acetate Test +
Gelatin Test +
Mayer’s Test +

Alkaloids Dragendorff’s Test +
Wagner’s Test +
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Phytochemicals Tests Performed Results
Hager’s Test +
Flavonoids Shinoda’s Test +
Lead Acetate Test +
Alkaline Reagent Test +
Glycosides Bontrager’s Test +
Legal’s Test +
Keller-Killiani Test +
Tannins Gold Beater’s Skin Test +
Gelatin Test +
DISCUSSION

The growing public health threat posed by antimicrobial resistance (AMR) organisms necessitates an urgent exploration for novel
antimicrobial agents (43). While antibiotic resistance results from both judicious and injudicious antibiotic use, the quest for new
antimicrobial sources has become imperative (8, 9). The resurgence in the valorization of medicinal plants for their therapeutic
potential has shed light on their capacity to yield novel antibacterial compounds (2, 15, 18, 43-45). Pongamia pinnata, commonly
referred to as Karanja, has a storied history of medicinal use and has recently been subjected to scientific scrutiny for its antibacterial
efficacy (6, 43, 46-48).

Research by Walia et al. (2017) delved into the antimicrobial activities of phytochemicals derived from P. pinnata, revealing that
various parts of the plant, including leaves, seeds, and roots, exhibit significant bioactivity (49). This positions the plant as a rich
repository of natural antimicrobial agents, a fact that was further corroborated by the comprehensive studies of Radice et al. (2022)
(42, 49-51). The assortment of phytochemicals present in P. pinnata—such as proteins, phenols, flavonoids, tannins, steroids,
alkaloids, and glycosides—has been shown to harbor potent antimicrobial properties against a wide spectrum of microbial diseases,
encompassing both bacterial and fungal pathogens (30, 31) further bolster the argument for harnessing these phytochemicals in
developing new antimicrobials to combat microbial infections (17, 24).

The antifungal potential of P. pinnata's phytochemicals has been a subject of interest, with Tripathi and Bhattacharyya (2004)
discussing its capacity to yield compounds effective against fungal pathogens (23, 49). Investigations into the inhibitory effects of P.
pinnata extracts against fungi such as Candida albicans, Epidermophyton floccosum, Alternaria solani, and Helminthosporium
turcicum revealed that flavonoids and tannins, in particular, displayed considerable antifungal activity. Such findings open avenues
for application in the development of natural antifungal treatments and agricultural crop protection strategies.

Dye (2014) places a spotlight on the antibacterial potential of phytochemicals from P. pinnata, especially given the plant's abundance
of bioactive constituents (20). The study's aim was to assess the inhibitory effects of P. pinnata extracts on a variety of bacterial
strains, including both Gram-positive and Gram-negative bacteria. The outcomes indicated that the plant's phytochemicals possess
an expansive array of antibacterial properties, with alcoholic extracts showing greater potency. These results reinforce the potential
of P. pinnata as a source of innovative antimicrobial substances capable of tackling bacterial infections, particularly those resistant
to existing antibiotics.

While the antimicrobial activities of P. pinnata extracts are promising for both medicinal and agricultural applications, there are
limitations to be considered. For instance, the broad-spectrum action against pathogens is a strength, but the specific mechanisms
of action and the isolation of individual active components remain underexplored. The potential of P. pinnata extracts in suppressing
plant pathogenic microorganisms suggests their suitability for eco-friendly agricultural practices, yet the translation of these findings
to field applications requires careful scaling. Future research should prioritize the identification and isolation of the active
phytochemicals to develop more targeted antimicrobials. Furthermore, rigorous toxicological evaluations are essential to ensure the
safety and efficacy of these plant-derived compounds for human and animal health.

Pongamia pinnata harbors a wealth of phytochemicals with potent antimicrobial activities, presenting a viable alternative to combat
infectious diseases caused by pathogens, including those resistant to conventional antibiotics (6, 47-51). The plant's broad-spectrum
antimicrobial action, alongside potential applications in both medical and agricultural spheres, underscores its value as a substitute
for synthetic antimicrobials. Nonetheless, a comprehensive understanding of its bioactive components and their safety profile is
critical for the advancement of P. pinnata as a therapeutic agent.
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CONCLUSION

In conclusion, Pongamia pinnata emerges as a formidable ally in the global fight against infectious diseases, particularly those caused
by antibiotic-resistant pathogens. With a diverse array of phytochemicals exhibiting potent antimicrobial properties, P. pinnata holds
substantial promise for the development of new therapeutic agents. Its efficacy against a broad spectrum of bacteria and fungi not
only positions it as a valuable resource for advancing human healthcare but also suggests its utility in enhancing agricultural disease
management practices. The integration of P. pinnata-derived treatments could mark a significant stride in mitigating the public health
threat of antimicrobial resistance, thereby reinforcing the imperative to further investigate and harness its medicinal potential while
ensuring safety and efficacy for human use.

REFERENCES

1. Huttner A, Harbarth S, Carlet J, Cosgrove S, Goossens H, Holmes A, et al. Antimicrobial resistance: a global view from the
2013 World Healthcare-Associated Infections Forum. Antimicrob Resist Infect Control. 2013;2:31-.

2. Sample I. Calls to rein in antibiotic use after study shows 65% increase worldwide. The Guardian Archived from the original
on 8 April 2018 Retrieved 28 March 2018. 2018.

3. Abdallah EM, Alhatlani BY, de Paula Menezes R, Martins CHG. Back to Nature: Medicinal Plants as Promising Sources for
Antibacterial Drugs in the Post-Antibiotic Era. Plants (Basel). 2023;12(17):3077.

4. Alanis AJ. Resistance to Antibiotics: Are We in the Post-Antibiotic Era? Archives of Medical Research. 2005;36(6):697-705.
5. Alexander JW. History of the Medical Use of Silver. Surgical Infections. 2009;10(3):289-92.

6. Tang KL, Caffrey NP, Nébrega DB, Cork SC, Ronksley PE, Barkema HW, et al. Restricting the use of antibiotics in food-

producing animals and its associations with antibiotic resistance in food-producing animals and human beings: a systematic review
and meta-analysis. The Lancet Planetary Health. 2017;1(8):e316-e27.

7. Ferri M, Ranucci E, Romagnoli P, Giaccone V. Antimicrobial resistance: A global emerging threat to public health systems.
Critical Reviews in Food Science and Nutrition. 2015;57(13):2857-76.

8. Ramakrishnan B, Venkateswarlu K, Sethunathan N, Megharaj M. Local applications but global implications: Can pesticides
drive microorganisms to develop antimicrobial resistance? Science of the Total Environment. 2019;654:177-89.

9. Ravikant KT, Gupte S, Kaur M. A review on emerging fungal infections and their significance. J Bacteriol Mycol Open Access.
2015;1(2):00009.

10. Denning DW, Bromley MJ. How to bolster the antifungal pipeline. Science. 2015;347(6229):1414-6.

11. Anywar G, Kakudidi E, Byamukama R, Mukonzo J, Schubert A, Oryem-Origa H. Indigenous traditional knowledge of medicinal

plants used by herbalists in treating opportunistic infections among people living with HIV/AIDS in Uganda. Journal of
Ethnopharmacology. 2020;246:112205.

12. Asimakis E, Shehata AA, Eisenreich W, Acheuk F, Lasram S, Basiouni S, et al. Algae and Their Metabolites as Potential Bio-
Pesticides. Microorganisms. 2022;10(2):307.

13. Atoki AV, Aja PM, Shinkafi TS, Ondari EN, Awuchi CG. Naringenin: its chemistry and roles in neuroprotection. Nutritional
Neuroscience. 2023:1-30.

14. Isbrucker RA, Burdock GA. Risk and safety assessment on the consumption of Licorice root (Glycyrrhiza sp.), its extract and
powder as a food ingredient, with emphasis on the pharmacology and toxicology of glycyrrhizin. Regulatory Toxicology and
Pharmacology. 2006;46(3):167-92.

15. Schmidt BM, Cheng DMK. Ethnobotany: A phytochemical perspective: John Wiley & Sons; 2017.

16. Salem MZ, Mervat E-H, Ali HM, Abdel-Megeed A, El-Settawy AA, Bohm M, et al. Plants-derived bioactives: Novel utilization
as antimicrobial, antioxidant and phytoreducing agents for the biosynthesis of metallic nanoparticles. Microbial Pathogenesis.
2021;158:105107.

17. Gunalan S, Sivaraj R, Rajendran V. Green synthesized ZnO nanoparticles against bacterial and fungal pathogens. Progress in
Natural Science: Materials International. 2012;22(6):693-700.

18. Singh A, Bhatt G, Gujre N, Mitra S, Swaminathan R, Limaye A, et al. Karanjin. Phytochemistry. 2021;183:112641.

19. Cavalieri F, Tortora M, Stringaro A, Colone M, Baldassarri L. Nanomedicines for antimicrobial interventions. Journal of
Hospital Infection. 2014;88(4):183-90.

20. Dye C. After 2015: infectious diseases in a new era of health and development. Philos Trans R Soc Lond B Biol Sci.
2014;369(1645):20130426-.

21. Ghisalberti E. Detection and Isolation of Bioactive Natural Products. Bioactive Natural Products: CRC Press; 2007. p. 11-76.

© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation. Page 200



Pongamia pinnata: Phytochemicals and Antimicrobial Activity Jo;rga:‘o;.ll-!teatl.th H RR
) ) . and Rehabilitation
Sattar A, et al. (2024). 4(1): DOI: https://doi.org/10.61919/jhrr.v4i1.261 Research GoEED

22. Giordano R, Saii Z, Fredsgaard M, Hulkko LSS, Poulsen TBG, Thomsen ME, et al. Pharmacological Insights into Halophyte
Bioactive Extract Action on Anti-Inflammatory, Pain Relief and Antibiotics-Type Mechanisms. Molecules. 2021;26(11):3140.

23. Goel B, Tripathi N, Bhardwaj N, Sahu B, Jain SK. Therapeutic potential of genus pongamia and derris: phytochemical and
bioactivity. Mini Reviews in Medicinal Chemistry. 2021;21(8):920-51.

24. Gorniak |, Bartoszewski R, Kréliczewski J. Comprehensive review of antimicrobial activities of plant flavonoids.
Phytochemistry Reviews. 2018;18(1):241-72.

25. Gupta M, Agrawal U, Vyas SP. Nanocarrier-based topical drug delivery for the treatment of skin diseases. Expert Opinion on
Drug Delivery. 2012;9(7):783-804.

26. Hassan Y, Chew SY, Than LTL. Candida glabrata: Pathogenicity and Resistance Mechanisms for Adaptation and Survival. J
Fungi (Basel). 2021;7(8):667.

27. Hawkey PM. The growing burden of antimicrobial resistance. Journal of Antimicrobial Chemotherapy. 2008;62(Supplement
1):i1-i9.

28. Khameneh B, Diab R, Ghazvini K, Fazly Bazzaz BS. Breakthroughs in bacterial resistance mechanisms and the potential ways
to combat them. Microbial Pathogenesis. 2016;95:32-42.

29. Klein EY, Van Boeckel TP, Martinez EM, Pant S, Gandra S, Levin SA, et al. Global increase and geographic convergence in
antibiotic consumption between 2000 and 2015. Proc Natl Acad Sci U S A. 2018;115(15):E3463-E70.

30. Kumar A, Schweizer H. Bacterial resistance to antibiotics: Active efflux and reduced uptake. Advanced Drug Delivery
Reviews. 2005;57(10):1486-513.

31. Kumar SA, Peter Y-A, Nadeau JL. Facile biosynthesis, separation and conjugation of gold nanoparticles to doxorubicin.
Nanotechnology. 2008;19(49):495101.

32. Lunga PK, Tamokou JdD, Fodouop SP, Kuiate J-R, Tchoumboue J, Gatsing D. Antityphoid and radical scavenging properties
of the methanol extracts and compounds from the aerial part of Paullinia pinnata. Springerplus. 2014;3:302-.

33. Matthews G, Bateman R, Miller P. Pesticide application methods: John Wiley & Sons; 2014.

34, More YD, Gade RM, Shitole AV. In vitro Antifungal Activity of Aegle marmelos, Syzygium cumini and Pongamia pinnata
Extracts against Fusarium oxysporum f. sp. cicero. Indian Journal of Pharmaceutical Sciences. 2017;79(3).

35. NAGPAL R. Development of Herbal Mitigator Targeting Multi Drug Resistant Nosocomial Pathogen 2016.

36. Organization WH. Antimicrobial resistance: global report on surveillance: World Health Organization; 2014.

37. Organization WH. World Health Statistics 2016 [OP]: Monitoring Health for the Sustainable Development Goals (SDGs):
World Health Organization; 2016.

38. Patay Z. Pediatric Neuro-Imaging, 3rd EditionJamesBarkovich. Available from Lippincott Williams and Wilkins, P.O. Box 1640,
Hagerstown, MD 21741-1640, USA. Price: US$175.00. ISBN: 0-7817-1740-X. Annals of Saudi Medicine. 2000;20(3-4):340-1.

39. Peltzer K. Utilization and practice of traditional/complementary/alternative medicine (TM/CAM) in South Africa. African
journal of traditional, complementary, and alternative medicines. 2009;6(2):175.

40. Pereira Y, Lagniel G, Godat E, Baudouin-Cornu P, Junot C, Labarre J. Chromate causes sulfur starvation in yeast. Toxicological
Sciences. 2008;106(2):400-12.

41. Reygaert W. Methicillin-resistant Staphylococcus aureus (MRSA): molecular aspects of antimicrobial resistance and
virulence. Clinical Laboratory Science. 2009;22(2):115.

42. Reygaert WC. An overview of the antimicrobial resistance mechanisms of bacteria. AIMS microbiology. 2018;4(3):482.

43, Singh H, Desimone MF, Pandya S, Jasani S, George N, Adnan M, et al. Revisiting the green synthesis of nanoparticles:

uncovering influences of plant extracts as reducing agents for enhanced synthesis efficiency and its biomedical applications.
International Journal of Nanomedicine. 2023:4727-50.

44, Stadtman E, Levine R. Free radical-mediated oxidation of free amino acids and amino acid residues in proteins. Amino acids.
2003;25:207-18.
45. Tabasum H, Bhat BA, Sheikh BA, Mehta VN, Rohit JV. Emerging perspectives of plant-derived nanoparticles as effective

antimicrobial agents. Inorganic Chemistry Communications. 2022:110015.

46. Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, Monnet DL, et al. Discovery, research, and development of
new antibiotics: the WHO priority list of antibiotic-resistant bacteria and tuberculosis. The Lancet infectious diseases.
2018;18(3):318-27.

47. Valko M, Morris H, Cronin M. Metals, toxicity and oxidative stress. Current medicinal chemistry. 2005;12(10):1161-208.
48. Ventola CL. The antibiotic resistance crisis: part 1: causes and threats. Pharmacy and therapeutics. 2015;40(4):277.

© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation. Page 201



Pongamia pinnata: Phytochemicals and Antimicrobial Activity Journal of.H.eaI.th
) ) . and Rehabilitation
Sattar A., et al. (2024). 4(1): DOI: https://doi.org/10.61919/jhrrv4il.261 Research GEEEE
49, Walia S, Saha S, Tripathi V, Sharma K. Phytochemical biopesticides: some recent developments. Phytochemistry reviews.

2017;16:989-1007.
50. Yuan H, Ma Q, Ye L, Piao G. The traditional medicine and modern medicine from natural products. Molecules.

2016;21(5):559.
51. Zaman SB, Hussain MA, Nye R, Mehta V, Mamun KT, Hossain N. A review on antibiotic resistance: alarm bells are ringing.

Cureus. 2017;9(6).

© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation. Page 202



