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Plants produce many secondary metabolites, which reveal biological activity. Among them,
alkaloids demonstrate a broad spectrum of activities. In nature, they not only are produced against
herbivores but also reduce bacterial or fungal infestation. Therefore, they are substances that possess
high potential in medicine, plant protection, veterinary, or toxicology. Hence, the research on
these substances and their properties develops intensively in many areas. The studies describing the
physiological, pharmacological, and toxicological activity of alkaloids for different organisms belonging
to every kingdom are of very wide interest. Both pure alkaloids and extracts are studied, and their
activities are compared. In the Special Issue “Biological Activities of Alkaloids: From Toxicology to
Pharmacology", 15 manuscripts describing ecological, biological, pharmacological, and toxicological
effects as well as structural and analytical aspects of plant alkaloids, their mode of action, and possible
application in veterinary, medicine, and plan protection were collected. The subjects focused on two
main areas of interest, the structure/activity nexus and the application of alkaloids against pathogens.

Although the number of research articles on alkaloids increases, our knowledge of them is still
far from completeness. This is due to the very high number of alkaloids produced by many different
organisms, mostly plants, diffused all over the world. Therefore, the identification, characterization,
and quantification of alkaloids present in plant species and their parts is very important and brings
interesting data [1,2]. The spectrum of alkaloids’ activity is also very wide. Among them, there are
substances showing antiviral, antibacterial, anti-inflammatory, and anticancer properties. Thus,
many studies deal with curative aspects of alkaloids and their mode of action. Mahonia aquifolia,
Meconopsis cambrica, Corydalis lutea, Dicentra spectabilis, Fumaria officinalis, and Macleaya cordata plant
extracts showed cytotoxic activity against the tested human squamous carcinoma and adenocarcinoma
cells [1]. The extracts obtained from the stem bark of Rutidea parviflora (R. parviflora) revealed significant
cytotoxic activity against ovarian cancer. In this study, palmatine from the stem bark of R. parviflora
was more toxic for human ovarian cancer cells than for human ovarian noncancerous cells [3].
Such basic studies are necessary and determine a very important point for the development of new
anticancer drugs and therapies. In addition, sanguinarine and berberine, the isoquinoline alkaloids,
revealed cytotoxic activity against hematopoietic cancer cell lines and induced apoptosis in the tested
cell lines [4]. Curine—a bisbenzylisoquinoline alkaloid—was proven to modulate inflammatory
effects in mice, due to the inhibition of macrophage activation and neutrophil recruitment, the
inhibition of the production of cytokines and the decreased level of nitric oxide. The effects may be
probably linked to the decreased level of nitric oxide and induced possibly by negatively modulating
a Ca?* influx [5]. The regulatory mode of the action of alkaloids refers also to other mechanisms
within cellular membranes. Lindoldhamine (a bisbenzylisoquinoline alkaloid) was shown as a novel
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antagonist of acid-sensing ion channels (ASICs). Lindoldhamine significantly inhibited the ASIC1a
channel’s response to physiologically relevant stimuli [6]. This observation is especially important,
since only some molecules were described as modulators of ASIC1. That opens a new research area
about bisbenzylisoquinoline alkaloids as important molecules in neurobiology. On the other hand,
dehydrocrenatidine, a 3-carboline alkaloid, suppresses voltage-gated sodium channels and leads to
decreased allodynia. The alkaloid is the main component of Picrasma quassioides—a plant used in
medicine, since it reveals antiviral activity, which is also known as an anti-inflammatory and analgesic
agent. The research of Zhao and co-workers [7] brought important data on the mode of the action of
this alkaloid.

Unfortunately, not all gold glitters: the consumption of some alkaloids may lead to toxic effects.
Among them, there is arecoline, an alkaloid found for example in betel nuts. Overconsumption
may lead to cancerogenesis and tumor formation. The mechanism of this effect is not fully known.
Chang and co-workers described important aspects of the cancerogenic activity of arecoline [8].
The authors postulated that the mechanism uses a muscarinic acetylcholine receptor and the pathway
that is triggered by the activation of this receptor. The authors described the effects of arecoline on cell
migration and actin organization. The studies of that type may appear to be very important from the
cytotoxicological, pharmacological, and clinical points of view.

Not only are cancer cells susceptible to alkaloids. The antiviral and antibacterial activity of alkaloids
has already been described. This area of research appears to be important especially in the light of
increasing the resistance of pathogenic bacteria to antibiotics. Casciaro and his co-workers presented an
interesting study showing that nigritanine, an alkaloid obtained from Strychnos nigritana—a flowering
plant that belongs to the family of Loganiaceae - possess high antibacterial activity against Staphylococcus
aureus (S. aureus), which is recognised to be one of the most important pathogenic bacteria diffused
worldwide [9]. What appeared extremely important is the tested alkaloid did not reveal significant
toxicity for mammalian red blood cells and human keratinocytes. The authors compared also the
monomer/dimer structure-antibacterial activity relationship, which brought important information on
the mechanism of activity against S. aureus. The research presented by Zieliriska and her colleagues [10]
included them in the same area of research. The authors showed a range of research on the presence of
alkaloids in organs of Chelidonium majus and combined these observations with the activity of extracts
and single metabolites against certain microorganisms: S. aureus, Pseudomonas aeruginosa, Klebsiella
pneumonia, Escherichia coli, and Candida albicans. The results are in tune with the abovementioned
research of Casciaro et al. [9] due to the described overall lower toxicity against eukaryotic cells
(fibroblasts) than against microorganisms.

However, there are alkaloids that reveal toxic activity against animals. This seems obvious,
since one of their main roles is to deter herbivory. Therefore, the wide range of alkaloids is described not
only as substances with antimicrobial or anticancer agents but also as substances revealing insecticidal
activity [11]. However, the nature of the toxic action of alkaloids on insects is still insufficiently
described. In this issue, the effects of the activity of crude extracts obtained from Solanum tuberosum,
Solanum lycopersicum, Solanum nigrum (Solanaceae), and Armoracia rusticana (Brassicaceae), as well as
purified alkaloids, on the heart contractility of Tenebrio molitor—a pest of stored products—have been
described [12]. In this research, chaconine was stated to be the most cardioactive substance among
those tested. Apart from the information on the activity of alkaloids in insect science, the investigation
methods issued in this kind of research can be of interest in medical research. Due to economical
and ethical reasons, invertebrates, including insects, became important models in the first stage of
drug designing.

The pharmacological ranges of concentrations and toxic levels are often close. Therefore, emphasis
must be put on concentrations and doses, which may cause lethal and sublethal effects in mammals.
This is important in the case of substances that are used in plant protection, food preservation,
and hygiene of storage chambers and containers. From the human point of view, the toxic activity of
substances, which are used as medicines, is equally, if not more important. Aconitum alkaloids are
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used in ethnomedicine and modern medicine, and their toxicity may be lethal for mammals. The data
on the distribution of toxic alkaloids within the organs of the exposed individual is crucial for clinical
toxicology [13]. In addition, some endophytes, like Epichloe, produce secondary metabolites that are
toxic to insects. Therefore, they are potential sources of insecticides. Chanoclavine, an ergot alkaloid,
was tested by Finch and co-workers against mice, to estimate their toxicity for a mammal model
organism [14]. Although the mice revealed some neurotoxic symptoms, they were not permanent,
and the median lethal dose was higher than 2000 mg per kg body weight. That suggested that the
substance is relatively safe for mammals. However, further research is necessary, due to the reported
toxicity of ergot alkaloids to mammals, including human. Additionally, the livestock that consumes
ergot alkaloids shows various toxic symptoms, including endocrine disruption, reproductive and
developmental malfunctions, and blood circulation [15]. The two review manuscripts present in this
Special Issue proved the need for further extensive studies on the activity of alkaloids [11,15].

All the abovementioned studies proved the enormous potential of alkaloids in veterinary,
pharmacology, medicine, and plant protection. Additionally, they showed multifold aspects of
alkaloids and alkaloid-containing extracts toxicity from cytotoxicity through the malfunctions of organs
and systems to lethal effects. Due to the increasing resistance of bacteria to antibiotics, they may become
crucial for fighting microbial diseases. The description of postulated metabolic pathways influenced
by the tested substances appeared to be very important for the planning of possible drugs in veterinary
and medicine, as well as for basic science, like neurobiology or cell physiology. Similarly to bacteria
developing resistance to antibiotics, insects develop resistance to insecticides. Hence, there is a need
for new formulas, which may fight herbivore insects, with high selectivity against pests. Alkaloids are
among the substances that are postulated as such novel insecticides. To sum up, the scientific and
applicatory potential of alkaloids is immense. The research on their structure and activity develops
intensively in various fields of science, which was proven by the variety of research topics present
in this Special Issue. For sure, the number of research papers showing interesting and applicable
pharmacological and toxicological aspects of alkaloids” activity will be increasing.

References

1.  Lelario, F; De Maria, S.; Rivelli, A.R.; Russo, D.; Milella, L.; Bufo, S.A.; Scrano, L. A Complete Survey
of Glycoalkaloids Using LC-FTICR-MS and IRMPD in a Commercial Variety and a Local Landrace of
Eggplant (Solanum melongena L.) and their Anticholinesterase and Antioxidant Activities. Toxins 2019, 11, 230.
[CrossRef]

2. Petruczynik, A.; Plech, T.; Tuzimski, T.; Misiurek, ].; Kapron, B.; Misiurek, D.; Szultka-Mtyriska, M.;
Buszewski, B.; Waksmundzka-Hajnos, M. Determination of Selected Isoquinoline Alkaloids from Mahonia
aquifolia; Meconopsis cambrica; Corydalis lutea; Dicentra spectabilis; Fumaria officinalis; Macleaya cordata Extracts
by HPLC-DAD and Comparison of Their Cytotoxic Activity. Toxins 2019, 11, 575. [CrossRef]

3.  Johnson-Ajinwo, O.R.; Richardson, A.; Li, W.-W. Palmatine from Unexplored Rutidea parviflora Showed
Cytotoxicity and Induction of Apoptosis in Human Ovarian Cancer Cells. Toxins 2019, 11, 237. [CrossRef]

4. Och, A; Zalewski, D.; Komsta, L..; Kotodziej, P.; Kocki, ].; Bogucka-Kocka, A. Cytotoxic and Proapoptotic
Activity of Sanguinarine, Berberine, and Extracts of Chelidonium majus L. and Berberis thunbergii DC. toward
Hematopoietic Cancer Cell Lines. Toxins 2019, 11, 485. [CrossRef]

5. Ribeiro-Filho, J.; Carvalho Leite, F; Surrage Calheiros, A.; de Brito Carneiro, A.; Alves Azeredo, J.; Fernandes
de Assis, E.; da Silva Dias, C.; Regina Piuvezam, M.T.; Bozza, P. Curine Inhibits Macrophage Activation and
Neutrophil Recruitment in a Mouse Model of Lipopolysaccharide-Induced Inflammation. Toxins 2019, 11,
705. [CrossRef]

6. Osmakov, D.I; Koshelev, S.G.; Palikov, V.A.; Palikova, Y.A.; Shaykhutdinova, E.R.; Dyachenko, LA.;
Andreev, Y.A.; Kozlov, S.A. Alkaloid Lindoldhamine Inhibits Acid-Sensing Ion Channel 1a and Reveals
Anti-Inflammatory Properties. Toxins 2019, 11, 542. [CrossRef] [PubMed]


http://dx.doi.org/10.3390/toxins11040230
http://dx.doi.org/10.3390/toxins11100575
http://dx.doi.org/10.3390/toxins11040237
http://dx.doi.org/10.3390/toxins11090485
http://dx.doi.org/10.3390/toxins11120705
http://dx.doi.org/10.3390/toxins11090542
http://www.ncbi.nlm.nih.gov/pubmed/31540492

Toxins 2020, 12, 210 4o0f4

10.

11.

12.

13.

14.

15.

Zhao, F; Tang, Q.; Xu, J.; Wang, S.; Li, S.; Zou, X.; Cao, Z. Dehydrocrenatidine Inhibits Voltage-Gated Sodium
Channels and Ameliorates Mechanic Allodia in a Rat Model of Neuropathic Pain. Toxins 2019, 11, 229.
[CrossRef] [PubMed]

Chang, C.-H.; Chen, M.-C,; Chiu, T.-H,; Li, Y.-H.; Yu, W.-C,; Liao, W.-L.; Oner, M.; Yu, C.-T.R.; Wu, C.-C,;
Yang, T.-Y,; et al. Arecoline Promotes Migration of A549 Lung Cancer Cells through Activating the
EGFR/Src/FAK Pathway. Toxins 2019, 11, 185. [CrossRef] [PubMed]

Casciaro, B.; Calcaterra, A.; Cappiello, F.; Mori, M.; Loffredo, M.R.; Ghirga, F.; Mangoni, M.L.; Botta, B.;
Quaglio, D. Nigritanine as a New Potential Antimicrobial Alkaloid for the Treatment of Staphylococcus
aureus-Induced Infections. Toxins 2019, 11, 511. [CrossRef] [PubMed]

Zielinska, S.; Wojciak-Kosior, M.; Dziagwa-Becker, M.; Glensk, M.; Sowa, I; Fijatkowski, K,
Rurariska-Smutnicka, D.; Matkowski, A.; Junka, A. The Activity of Isoquinoline Alkaloids and Extracts from
Chelidonium majus against Pathogenic Bacteria and Candida sp. Toxins 2019, 11, 406. [CrossRef]

Thawabteh, A.; Juma, S.; Bader, M.; Karaman, D.; Scrano, L.; Bufo, S.A.; Karaman, R. The Biological Activity
of Natural Alkaloids against Herbivores, Cancerous Cells and Pathogens. Toxins 2019, 11, 656. [CrossRef]
[PubMed]

Marciniak, P; Kolifiska, A.; Spochacz, M.; Chowarniski, S.; Adamski, Z.; Scrano, L.; Falabella, P.; Bufo, S.A;
Rosinski, G. Differentiated Effects of Secondary Metabolites from Solanaceae and Brassicaceae Plant Families
on the Heartbeat of Tenebrio molitor Pupae. Toxins 2019, 11, 287. [CrossRef] [PubMed]

Ji, X,; Yang, M.; Or, KH.; Yim, W.S.; Zuo, Z. Tissue Accumulations of Toxic Aconitum Alkaloids after
Short-Term and Long-Term Oral Administrations of Clinically Used Radix Aconiti Lateralis Preparations in
Rats. Toxins 2019, 11, 353. [CrossRef] [PubMed]

Finch, 5.C.; Munday, J.S.; Sprosen, ].M.; Bhattarai, S. Toxicity Studies of Chanoclavine in Mice. Toxins 2019,
11, 249. [CrossRef] [PubMed]

Poole, R.K.; Poole, D.H. Impact of Ergot Alkaloids on Female Reproduction in Domestic Livestock Species.
Toxins 2019, 11, 364. [CrossRef] [PubMed]

® © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.3390/toxins11040229
http://www.ncbi.nlm.nih.gov/pubmed/31003411
http://dx.doi.org/10.3390/toxins11040185
http://www.ncbi.nlm.nih.gov/pubmed/30925742
http://dx.doi.org/10.3390/toxins11090511
http://www.ncbi.nlm.nih.gov/pubmed/31480508
http://dx.doi.org/10.3390/toxins11070406
http://dx.doi.org/10.3390/toxins11110656
http://www.ncbi.nlm.nih.gov/pubmed/31717922
http://dx.doi.org/10.3390/toxins11050287
http://www.ncbi.nlm.nih.gov/pubmed/31121818
http://dx.doi.org/10.3390/toxins11060353
http://www.ncbi.nlm.nih.gov/pubmed/31216736
http://dx.doi.org/10.3390/toxins11050249
http://www.ncbi.nlm.nih.gov/pubmed/31052510
http://dx.doi.org/10.3390/toxins11060364
http://www.ncbi.nlm.nih.gov/pubmed/31234268
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

