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Abstract: 

Alkaloids are naturally occurring, nitrogen-containing organic compounds that serve as vital pillars in 

medicinal chemistry due to their potent physiological and pharmacological effects on the human body. [1, 2] 

Key Importance in Medicinal Chemistry 

• Pain Relief (Analgesics): Compounds like morphine and codeine derived from the opium poppy are 

cornerstone treatments for severe and moderate pain management. [1, 2] 

• Cancer Treatment (Antitumor Agents): Vincristine and vinblastine from the Madagascar periwinkle are 

critical chemotherapy drugs used to inhibit cell division in cancer therapy. [1] 

• Malaria Combat: Quinine from the cinchona tree and derivatives like artemisinin have a historic and 

ongoing role in treating drug-resistant malaria. [1, 2] 

• Central Nervous System (CNS) Activity: Stimulants such as caffeine and nicotine, as well as 

psychotropic agents, alter neurological function and serve as models for neuropharmacology. [1, 2, 3] 

• Lead Compounds for Drug Discovery: The complex heterocyclic scaffolds of natural alkaloids provide 

unique lead structures that medicinal chemists modify to synthesize safer, more effective synthetic and 

semi-synthetic drugs. 
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INTRODUCTION 

Alkaloids play an essential role in both human medicine and in an organism’s natural defence. Alkaloids 

make up approximately 20% of the known secondary metabolites founds in plants [13]. In plants, alkaloids 

protect plants from predators and regulate their growth [14]. Therapeutically, alkaloids are particularly well 

known as anaesthetics, cardioprotective, and anti-inflammatory agents. Well-known alkaloids used in 

clinical settings include morphine, strychnine, quinine, ephedrine, and nicotine [15]. Recently, there is a 

resurgence of interest in bioactive natural products, driven both by a very proactive development in the field 

of traditional medicines (ethnopharmacology) as well as their potential in drug discovery [16]. As of 25 

October 2020, 27,683 alkaloids were included in the Dictionary of Natural Products (DNP) with 990 hits of 

newly reported or reinvestigated alkaloids from nature between 2014 to 2020.[1,2,3] 

The GBIF database has been used extensively in environmental research and is based on gathering species 

occurrence to assess the global distribution of each. GBIF occurrences are documented using preserved and 

living specimens, along with other ecological observations that include geographical data and the date of the 

record. These include collected and documented specimens, citations, and records of species including 

cultivated and wild occurences. In 2014, the GBIF database contained 424,254,844 occurrences of 

organisms in nature including 117,909,945 (27.8%) records from the kingdom Plantae. Despite nearly half a 

billion species having been recorded, many species demonstrated zero occurrences due to inadequate data 

reporting such as the non-participating countries for GBIF contributions and species inaccessibility. 
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Important strategic changes have been incorporated for data quality and data abundance. The GBIF database 

is developed using information from organizations (institutions, networks, and societies) and citizen 

scientists through participating projects that publish datasets through the GBIF network. Many countries 

remain unconnected with GBIF, which therefore aims to establish connections with these countries, thereby 

improving national capacity to access and mobilize biodiversity data among existing participants [17]. 

Compared to 76 participating countries in 2014, GBIF had over 100 participants in 2020 including countries 

(national government), economies, and international organizations contributing to GBIF data. It also aims to 

identify gaps and bias in data to achieve the highest quality data possible. One example is the updated data 

validator, which can flag duplicate records, inconsistences in formatting, and incomplete fields of necessary 

information [17]. 

 

In 2014, Amirkia and Heinrich [18] showed that historically, pharmaceutical alkaloids’ market performance 

has been linked to the abundance of a species as defined by the GBIF dataset, which is the most 

comprehensive database defining the distribution of individual species currently available. However, 

alkaloids are underrepresented as lead compounds to discover new medicines’ marketing and licensing [19]. 

This analysis was based on 117,909,945 records from the kingdom Plantae (27.8% of all organisms’ total 

entries). Since 2014, GBIF has added 204,963,126 records, a 3.82-fold increase. The larger sample size for 

species distribution from the previous sample size in 2014 gathered by Heinrich and Amirkia (2014) [18] 

enables a more accurate and precise analysis of global alkaloid abundances and biodiversity. [4,5,6] 

 

Discussion 

Alkaloids are produced by a large variety of organisms including bacteria, fungi, plants, and animals.[3] 

They can be purified from crude extracts of these organisms by acid-base extraction, or solvent extractions 

followed by silica-gel column chromatography.[4] Alkaloids have a wide range of pharmacological 

activities including antimalarial (e.g. quinine), antiasthma (e.g. ephedrine), anticancer (e.g. 

homoharringtonine),[5] cholinomimetic (e.g. galantamine),[6] vasodilatory (e.g. vincamine), antiarrhythmic 

(e.g. quinidine), analgesic (e.g. morphine),[7] antibacterial (e.g. chelerythrine),[8] and antihyperglycemic 

activities (e.g. berberine).[9] Many have found use in traditional or modern medicine, or as starting points 

for drug discovery. Other alkaloids possess psychotropic (e.g. psilocin) and stimulant activities (e.g. 

cocaine, caffeine, nicotine, theobromine),[10] and have been used in entheogenic rituals or as recreational 

drugs. Alkaloids can be toxic (e.g. atropine, tubocurarine).[11] Although alkaloids act on a diversity of 

metabolic systems in humans and other animals, they almost uniformly evoke a bitter taste.[12] 

 

The boundary between alkaloids and other nitrogen-containing natural compounds is not clear-cut.[13] Most 

alkaloids are basic, although some have neutral[14] and even weakly acidic properties.[15] In addition to 

carbon, hydrogen and nitrogen, alkaloids may also contain oxygen or sulfur. Compounds like amino acid 

peptides, proteins, nucleotides, nucleic acid, amines, and antibiotics are usually not called alkaloids.[14] 

Natural compounds containing nitrogen in the exocyclic position (mescaline, serotonin, dopamine, etc.) are 

usually classified as amines rather than as alkaloids.[16] Some authors, however, consider alkaloids a 

special case of amines.[7,8,9] 

 

Results 

Preparations of plants and fungi containing alkaloids and their extracts, and later pure alkaloids, have long 

been used as psychoactive substances. Cocaine, caffeine, and cathinone are stimulants of the central nervous 

system.[200][201] Mescaline and many indole alkaloids (such as psilocybin, dimethyltryptamine and 

ibogaine) have hallucinogenic effect.[202] Morphine and codeine are strong narcotic pain killers. 
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There are alkaloids that do not have strong psychoactive effect themselves, but are precursors for semi-

synthetic psychoactive drugs. For example, ephedrine and pseudoephedrine are used to produce 

methcathinone and methamphetamine. Thebaine is used in the synthesis of many painkillers such as 

oxycodone. 

 

Alkaloids are a group of naturally occurring chemical compounds mostly containing basic nitrogen atoms. 

They are primarily found in plants and have significant pharmaceutical importance due to their diverse 

biological activities. The pharmaceutical importance of alkaloids can be summarized as follows: 

1. Analgesic Properties: Some alkaloids act as pain relievers. For example, morphine from the opium 

poppy is a powerful analgesic used to relieve severe pain. 

2. Antimalarial Activity: Alkaloids like quinine, obtained from the cinchona tree, are used to treat malaria 

effectively. 

3. Stimulant Actions: Alkaloids such as caffeine and nicotine stimulate the central nervous system, 

increasing alertness and reducing fatigue. 

4. Anticancer Effects: Certain alkaloids, such as vincristine and vinblastine from the periwinkle plant, are 

used in chemotherapy to treat cancers. 

5. Antimicrobial Properties: Some alkaloids exhibit antibacterial, antifungal, and antiviral activities, 

making them useful in fighting infections. 

6. Muscle Relaxants and Antispasmodics: Alkaloids like atropine are used to relax muscles and reduce 

spasms. 

7. Cardiovascular Effects: Alkaloids such as ajmaline and reserpine affect the cardiovascular system and 

are used in treating arrhythmias and hypertension. 

8. Respiratory Treatments: Ephedrine, an alkaloid from Ephedra species, is used as a bronchodilator in 

asthma treatment. [10,11,12] 

 

Traditional medicine: Alkaloid-containing plants have been utilized in traditional medicine by various 

cultures for centuries. The knowledge of alkaloids and their medicinal properties has been passed down 

through generations. Alkaloids, a diverse group of naturally occurring nitrogenous compounds, exhibit a 

wide range of pharmacological activities, making them valuable in the pharmaceutical and medical 

industries. To harness their therapeutic potential, efficient extraction methods are crucial. This article 

explores the advancements in alkaloid extraction, focusing on the application of modern chromatographic 

techniques to enhance efficiency and yield. 

 

Methods of alkaloid extraction 

Traditionally, alkaloids were extracted using conventional methods like Soxhlet extraction or maceration. 

However, these methods often involve prolonged extraction times and the use of large volumes of solvents. 

Modern chromatographic techniques, such as High-Performance Liquid Chromatography (HPLC) and Gas 

Chromatography (GC), have emerged as superior alternatives. 

HPLC, known for its high resolution and sensitivity, enables the separation and quantification of alkaloids 

with remarkable precision. The use of a chromatographic column with a specific stationary phase allows for 

selective isolation, resulting in purer alkaloid extracts. Additionally, the speed of HPLC reduces extraction 

time, making the process more efficient. 

Gas chromatography, on the other hand, is particularly effective for volatile alkaloids. By vaporizing the 

sample and separating its components based on their affinity for the stationary phase, GC achieves rapid and 
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precise extraction. This technique is especially valuable for alkaloids found in plants with volatile secondary 

metabolites.[13,14,15] 

 

Advantages of modern chromatographic techniques 

The adoption of modern chromatographic techniques offers several advantages in alkaloid extraction. First 

and foremost, these methods provide enhanced selectivity, allowing researchers to target specific alkaloids 

of interest. This selectivity is crucial when working with complex plant extracts containing numerous 

compounds. 

 

Furthermore, modern chromatography reduces the need for large quantities of solvents. This not only aligns 

with the principles of green chemistry but also addresses environmental concerns associated with traditional 

extraction methods. The reduced solvent usage contributes to cost-effectiveness and minimizes the 

ecological impact of alkaloid extraction processes. 

Moreover, the speed of chromatographic techniques significantly accelerates the extraction process. 

Traditional methods often involve extended extraction times, leading to the degradation of sensitive 

alkaloids. In contrast, HPLC and GC can achieve rapid separation, minimizing the risk of degradation and 

ensuring the preservation of alkaloid integrity.[16,17,18,19] 

 

Conclusion 

The efficient extraction of alkaloids using modern chromatographic techniques has profound implications 

for pharmaceutical research. Researchers can obtain high-purity alkaloid extracts, facilitating the isolation of 

individual compounds for in-depth pharmacological studies. The precise quantification enabled by these 

techniques is essential for establishing dosage guidelines in drug development. 

Additionally, the use of chromatography in alkaloid extraction contributes to the discovery of novel 

bioactive compounds. The ability to analyze complex mixtures with high sensitivity allows researchers to 

identify previously unknown alkaloids, expanding the pharmacological repertoire of natural products.[20] 

 

REFERENCES: 

1.  Luch, Andreas (2009). Molecular, Clinical and Environmental Toxicology, Volume 1: Molecular 

Toxicology. Vol. 1. Springer. p. 20. ISBN 9783764383367. OCLC 1056390214. 

2. Lewis, Robert Alan (23 March 1998). Lewis' Dictionary of Toxicology. CRC Press. p. 51. 

ISBN 9781566702232. OCLC 1026521889. 

3. Roberts, M. F. (Margaret F.); Wink, Michael (1998). Alkaloids: Biochemistry, Ecology, and 

Medicinal Applications. Boston: Springer US. ISBN 9781475729054. OCLC 851770197. 

4. Gonçalves Paterson Fox, Eduardo; Russ Solis, Daniel; Delazari dos Santos, Lucilene; Aparecido dos 

Santos Pinto, Jose Roberto; Ribeiro da Silva Menegasso, Anally; Cardoso Maciel Costa Silva, 

Rafael; Sergio Palma, Mario; Correa Bueno, Odair; de Alcântara Machado, Ednildo (April 2013). "A 

simple, rapid method for the extraction of whole fire ant venom (Insecta: Formicidae: Solenopsis)". 

Toxicon. 65: 5–8. Bibcode:2013Txcn...65....5G. doi:10.1016/j.toxicon.2012.12.009. 

hdl:11449/74946. PMID 23333648. 

5. Kittakoop P, Mahidol C, Ruchirawat S (2014). "Alkaloids as important scaffolds in therapeutic 

drugs for the treatments of cancer, tuberculosis, and smoking cessation". Curr Top Med Chem. 14 

(2): 239–252. doi:10.2174/1568026613666131216105049. PMID 24359196. 

6. Russo P, Frustaci A, Del Bufalo A, Fini M, Cesario A (2013). "Multitarget drugs of plants origin 

acting on Alzheimer's disease". Curr Med Chem. 20 (13): 1686–93. 

doi:10.2174/0929867311320130008. PMID 23410167. 

https://www.ijirmps.org/
https://books.google.com/books?id=MtOiLVWBn8cC&pg=PA20
https://books.google.com/books?id=MtOiLVWBn8cC&pg=PA20
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/9783764383367
https://en.wikipedia.org/wiki/OCLC_(identifier)
https://search.worldcat.org/oclc/1056390214
https://books.google.com/books?id=caTqdbD7j4AC
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/9781566702232
https://en.wikipedia.org/wiki/OCLC_(identifier)
https://search.worldcat.org/oclc/1026521889
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/9781475729054
https://en.wikipedia.org/wiki/OCLC_(identifier)
https://search.worldcat.org/oclc/851770197
https://doi.org/10.1016%2Fj.toxicon.2012.12.009
https://doi.org/10.1016%2Fj.toxicon.2012.12.009
https://en.wikipedia.org/wiki/Bibcode_(identifier)
https://ui.adsabs.harvard.edu/abs/2013Txcn...65....5G
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.toxicon.2012.12.009
https://en.wikipedia.org/wiki/Hdl_(identifier)
https://hdl.handle.net/11449%2F74946
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/23333648
https://zenodo.org/record/895681
https://zenodo.org/record/895681
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.2174%2F1568026613666131216105049
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/24359196
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.2174%2F0929867311320130008
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/23410167


 Volume 14 Issue 5                             @ Sep - Oct 2026 IJIRMPS | ISSN: 2349-7300  

 

IJIRMPS2605233222          Website: www.ijirmps.org Email: editor@ijirmps.org 5 

 

7. Raymond S. Sinatra; Jonathan S. Jahr; J. Michael Watkins-Pitchford (2010). The Essence of 

Analgesia and Analgesics. Cambridge University Press. pp. 82–90. ISBN 978-1139491983. 

8. Cushnie TP, Cushnie B, Lamb AJ (2014). "Alkaloids: An overview of their antibacterial, antibiotic-

enhancing and antivirulence activities". Int J Antimicrob Agents. 44 (5): 377–386. 

doi:10.1016/j.ijantimicag.2014.06.001. PMID 25130096. S2CID 205171789. 

9. Singh, Sukhpal; Bansal, Abhishek; Singh, Vikramjeet; Chopra, Tanya; Poddar, Jit (June 2022). 

"Flavonoids, alkaloids and terpenoids: a new hope for the treatment of diabetes mellitus". Journal of 

Diabetes & Metabolic Disorders. 21 (1): 941–950. doi:10.1007/s40200-021-00943-8. ISSN 2251-

6581. PMC 9167359. PMID 35673446. 

10. "Alkaloid". 18 December 2007. 

11. Robbers JE, Speedie MK, Tyler VE (1996). "Chapter 9: Alkaloids". Pharmacognosy and 

Pharmacobiotechnology. Philadelphia: Lippincott, Williams & Wilkins. pp. 143–185. ISBN 978-

0683085006. 

12. Rhoades, David F (1979). "Evolution of Plant Chemical Defense against Herbivores". In Rosenthal, 

Gerald A.; Janzen, Daniel H (eds.). Herbivores: Their Interaction with Secondary Plant Metabolites. 

New York: Academic Press. p. 41. ISBN 978-0-12-597180-5. 

13. Robert A. Meyers Encyclopedia of Physical Science and Technology – Alkaloids, 3rd edition. 

ISBN 0-12-227411-3 

14. IUPAC, Compendium of Chemical Terminology, 5th ed. (the "Gold Book") (2025). Online version: 

(2006–) "alkaloids". doi:10.1351/goldbook.A00220 

15. Manske, R. H. F. (12 May 2014). The Alkaloids: Chemistry and Physiology, Volume 8. Vol. 8. Saint 

Louis: Elsevier. pp. 683–695. ISBN 9781483222004. OCLC 1090491824. 

16. Cseke, Leland J.; Kirakosyan, Ara; Kaufman, Peter B.; Warber, Sara; Duke, James A.; Brielmann, 

Harry L. (19 April 2016). Natural Products from Plants. CRC Press. p. 30. ISBN 978-1-4200-0447-

2. 

17. Johnson, Alyn William (1999). Invitation to Organic Chemistry. Jones & Bartlett Learning. p. 433. 

ISBN 978-0-7637-0432-2. 

18. Bansal, Raj K. (2003). A Textbook of Organic Chemistry. New Age International Limited. p. 644. 

ISBN 978-81-224-1459-2. 

19. Aniszewski 2007, p. 110 

20. Hesse 2002, pp. 1–3 

 

 

 

https://www.ijirmps.org/
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-1139491983
https://zenodo.org/record/1004771
https://zenodo.org/record/1004771
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1016%2Fj.ijantimicag.2014.06.001
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/25130096
https://en.wikipedia.org/wiki/S2CID_(identifier)
https://api.semanticscholar.org/CorpusID:205171789
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9167359
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1007%2Fs40200-021-00943-8
https://en.wikipedia.org/wiki/ISSN_(identifier)
https://search.worldcat.org/issn/2251-6581
https://search.worldcat.org/issn/2251-6581
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9167359
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/35673446
http://science.howstuffworks.com/alkaloid-info.htm
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-0683085006
https://en.wikipedia.org/wiki/Special:BookSources/978-0683085006
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-0-12-597180-5
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/0-12-227411-3
https://en.wikipedia.org/wiki/International_Union_of_Pure_and_Applied_Chemistry
https://en.wikipedia.org/wiki/IUPAC_books#Gold_Book
https://goldbook.iupac.org/terms/view/A00220.html
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1351%2Fgoldbook.A00220
https://books.google.com/books?id=WPbJCgAAQBAJ
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/9781483222004
https://en.wikipedia.org/wiki/OCLC_(identifier)
https://search.worldcat.org/oclc/1090491824
https://books.google.com/books?id=wV2T41nGFc4C&pg=PA30
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-1-4200-0447-2
https://en.wikipedia.org/wiki/Special:BookSources/978-1-4200-0447-2
https://books.google.com/books?id=0X4cQus2gz8C&pg=PA433
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-0-7637-0432-2
https://books.google.com/books?id=1B6ijcTkD5EC&pg=PA644
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-81-224-1459-2
https://en.wikipedia.org/wiki/Alkaloid#CITEREFAniszewski2007
https://en.wikipedia.org/wiki/Alkaloid#CITEREFHesse2002

