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1 INTRODUCTION
The exponentially increasing number of publications in phytomedicine and ethnopharmacology over the last decades indicates a growing interest in herbal medicines (Atanasov et al., 2021). These studies provide thorough information on the chemical composition of traditionally used herbal medicines and uncover molecular mechanisms of their pharmacological action. Meanwhile, the more is known, the more questions arise, e.g.,:
• What are the benefits and disadvantages of purified compounds compared to multi-component herbal preparations?
• Where is the borderline between selective and nonspecific pharmacological action of herbal medicines?
• Is it undoubtedly possible to expect the synergistic effect of two or more ingredients in their combination based on accrued knowledge of their traditional use or current progress in bioinformatics without experimental validation of predicted results?
• What are the benefits of implementing the network pharmacology and systems biology approaches into ethnopharmacological research?
• How to achieve reproducible therapeutic efficacy of herbal medicines?
This overview provides a scientific opinion on this topic and not pretending on a comprehensive review of the research in the field. That is out of the scope of the article, where only representative studies were selected in the discussion.
2 DISCUSSION
2.1 Benefits and disadvantages of purified mono-drugs vs. multi-component herbal medicines. Selective and nonspecific pharmacological action of herbal preparations
The endless debates between proponents of reductionistic and wholistic concepts in drug discovery research should reach a compromise since both approaches have advantages and disadvantages (Van Regenmortel, 2004; Hopkins, 2008; Klipp et al., 2020; Panossian and Efferth, 2022),
Purified compounds are easier to control to ensure their reproducible quality and efficacy. On the other hand, complex herbal preparation can be more effective due to their multitarget effects on various governing mechanisms of the regulatory systems involved in the pathogenesis of disorders and progression of diseases (Panossian, 2017; Panossian et al., 2018a; Panossian et al., 2021a; Yang and Wang, 2021; Panossian and Efferth, 2022).
The search for a “magic bullet” selectively targeting a single receptor specifically responsive to a pharmacological action is far from reality for at least two reasons.
One is related to the pharmacophoric moieties of ligands (pharmacologically active plant secondary metabolites). They can interact with various degrees of affinity to the same receptor sites allocated at several parts of macromolecules involved in many regulatory processes (Gertsch, 2011).
For example, salidroside, which dose-dependently stimulates NPY-mediated expression and release of Hsp72 in human neuroglia cells (Panossian et al., 2012), has the same aromatic pharmacophore, the p-hydroxyl-methylene residue as tyrosine moiety, which is essential for brain receptor binding and NPY activity in many regulatory processes (Martel et al., 1990). We hypothesized that the p-hydroxyl-methylene residue of five tyrosine units (in the polypeptide chain of NPY) and the p-hydroxyl-ethylene residue of tyrosol and salidroside could compete on the NPY receptor binding site, Figure 1 (Panossian et al., 2012).
[image: Figure 1]FIGURE 1 | Effect of salidroside on expression of NPY in neuroglia, updated and adapted from Panossian et al. (2012) and from authors’ drawings.
The pharmacological and toxicological outcomes of these interactions depend on the concentrations. At low concentrations, only a high affinity of the ligand-receptor infection may contribute to the comparatively “selective” effect. In contrast, in high concentrations, the interactions with other proteins may be toxic and less effective (Panossian et al., 2021a; Panossian et al., 2021b; Panossian et al., 2021c).
Furthermore, some plants’ secondary metabolites, such as toxoflavin, epigallocatechin gallate, genistein, and resveratrol, are known as so-called PAINS (pan assay interference compounds) and IMPS (invalid metabolic panaceas) in vitro studies (Baell and Walters, 2014), particularly in concentrations that cannot be achieved in humans due to their low bioavailability.
The second reason is that the pathogenesis and progression of diseases, as well as the recovery of the organisms, are multi-step processes where many players and regulatory systems are involved in the networks of dynamic interactions. These interactions result in various pharmacological effects and outcomes of functional systems.
Therefore, it is not surprising that many comprehensive reviews on the pharmacology of herbal medicines include the same type of activities, like immunomodulatory, anti-inflammatory, antioxidant, neuroprotective, hepatoprotective cardiovascular, vasoactive, etc., that are associated with the presence of the same classes of natural compounds, terpenoids, various phenolic compounds, etc. (Ahsan et al., 2020; Khan et al., 2021; Kumar et al., 2021; Ratan et al., 2021; Paul et al., 2021; Zeng et al., 2022).
2.2 Favorable and unfavorable outcomes of synergistic and antagonistic interaction components of multi-component herbal preparations
The use of complex formulations comprising fixed combinations of several plant extracts in TCM, Kampo, and other traditional medical systems suggests that they are more effective and presumably less harmful (in low dose) than their ingredients due to additive (1 + 1 = 2), potentiating (0 + 1 > 1), amplifying (1 + 1 >2) and synergistic (0 + 0>0) interactions of the components of complex herbal preparations. Hypothetically, antagonistic (1 + 1 < 2) and attenuating (1 + 1 < 2) interactions of the components of complex herbal preparations may also have an impact on the overall toxicity (Panossian et al., 2018b).
These assumptions were supported in the series of in vitro studies where the effects of several plant extracts and their hybrid combinations on the number and composition of deregulated genes in brain cell cultures were analyzed (Panossian et al., 2013; Panossian et al., 2015; Panossian et al., 2018a; Panossian et al., 2018b). The composition of genes deregulated by hybrid combinations of plant extract was quantitatively and qualitatively different from the composition of genes deregulated by each plant separately, suggesting that the impact of the hybrid combination on the target cells was qualitatively different of the effects of ingredients, Figure 2 (Panossian et al., 2018a). In other words, the phytochemicals of two of 3 plant extracts exhibit quite different pharmacological activities when combined (Panossian et al., 2013; Panossian et al., 2015; Panossian et al., 2018a; Panossian et al., 2018b). These findings are essential for understanding unpredictable results obtained in clinical studies of multi-component drugs and dietary supplements (Jenkins et al., 2018; Boyle, et al., 2022a; Boyle, et al., 2022b; Noah et al., 2022).
[image: Figure 2]FIGURE 2 | Venn diagrams of deregulated genes induced by treatment of neuroglial cells with Rhaponticum cartamoides L. (RC), Eleutherococcus senticosus (RS), and Withania somnifera (WS) root extracts and their hybrid combination (RC-ES-WS). Values indicate the number of unique genes up- or downregulated by each extract alone and the number of deregulated genes that overlapped multiple extracts. Heatmaps of canonical pathways, cellular functions, physiological processes, and diseases activated (brown) and inhibited (blue) by treatment of neuroglial cells with WS, RC, ES and the hybrid combination RC-ES-WS. Synergistic or antagonistic effects on canonical pathways, cellular functions, physiological processes, diseases, and gene expression associated with the pathway (e.g., dendritic cell maturation) can be observed by comparison of the effects of the hybrid substance RC-ES-WS with a lack of (or opposite) effects of individual extracts at a significance level of p < 0.05 (-log = 1.3) and a z-score >2. Upregulated genes are shown in red color, while and downregulated genes–in green color, updated and adapted from Panossian et al. (2018b) and from authors’ drawings.
An amazing example of the synergistic action of two plants is the hallucinogenic beverage Hoasca, used as the “vine of the soul” in religious cults of Indians living in the Amazon area (Barbosa et al., 2018; Santos et al., 2020). Hoasca/Ayahuasca is the decoction made from the bush Psychotria viridis Ruiz and Pav, which contains N, N-dimethyltryptamine (DMT), and the liana Banisteriopsis caapi (Spruce ex Griseb.) C.V Morton contains the β -carboline alkaloids harmine, harmaline, and tetrahydroharmine (THH) (Barbosa et al., 2018; Santos et al., 2020; Callaway et al., 1999; Barbosa et al., 2016). DMT has a potent, short-acting, hallucinogenic effect when smoked or used intravenously due to its actions on the brain serotonin receptors 5-HT2, 5-HT1a, and 5-HT-protein transporter (Callaway et al., 1999; Barbosa et al., 2016). Oral intake of DMT is ineffective due to metabolic oxidation of DMT by intestinal MAO, but it can be reversed when intestinal MAO is inhibited, as it actually happens on drinking Hoasca (Callaway et al., 1999; Barbosa et al., 2016). The psychic effects of Hoasca result from the inactivation of MAO present in the intestines, thus protecting DMT from oxidative deamination and enabling it to reach the brain through the bloodstream (Callaway et al., 1999; Barbosa et al., 2016).
Based on the assumption of synergistic interaction of several components, researchers propose that combinations of several active ingredients in one formulation can have superior effectiveness and better efficacy due to multiple effects on various targets (Efferth and Koch, 2011; Panossian et al., 2013; Panossian et al., 2015; Panossian et al., 2018b).
However, these expectations and predictions based exclusively on in silico analysis might be wrong due to unknown interactions and crosstalk between molecular targets within molecular networks involved in the cellular and overall response of organisms on the intervention of plants’ secondary metabolites in pathologic conditions. Several studies in humans have not found combined supplementation to be useful for preventing diseases and decreasing mortality (Watkins et al., 2000; Park et al., 2011). The systematic reviews and meta-analyses of randomized controlled trials of Supplemental Vitamins and Minerals on cardiovascular disease outcomes and all-cause mortality showed generally moderate- or low-quality evidence for preventive benefits (folic acid for total cardiovascular disease, folic acid and B-vitamins for stroke), no effect (multivitamins, vitamins C, D, β-carotene, calcium, and selenium), or increased risk (antioxidant mixtures and niacin for all-cause mortality) [Jenkins et al. , 2018]. The results of these studies led to the “Poisoned Chalice” hypothesis, suggesting that excessive multi-supplementation could interfere with molecular crosstalk involved in the regulation of the maintenance of cellular and systems homeostasis resulting in adverse physiological responses (Rutledge and Rose, 2015). Furthermore, the overall efficacy of treatment significantly depends on the diet backgrounds, e.g., the lifespan-extending effect of Rhodiola rosea extract in flies is dependent on dietary carbohydrate and caloric contents coupled with interaction with complex dietary components present in bananas, barley, or corn (Rutledge et al., 2021).
2.3 Incorporating the network pharmacology and systems biology approaches into ethnopharmacological research
Based on the ligand–receptor interaction, the reductionist concept is not an appropriate model for assessing the efficacy and safety of herbal preparations affecting multiple physiological functions, revealing polyvalent pharmacological activities, and are traditionally used in many conditions (Panossian and Efferth, 2022; Panossian et al., 2021a; Zhang et al., 2019; Noor et al., 2022; Li and Zhang, 2013; Han et al., 2019; Zhou et al., 2020; Jiao et al., 2021).
The network pharmacology approach is more suitable for understanding their mechanisms of action and predicting possible toxic effects, new indications for use, and lack of activity (Zhang et al., 2019; Noor et al., 2022; Li and Zhang, 2013; Han et al., 2019; Zhou et al., 2020; Jiao et al., 2021; Boezio et al., 2017; Chaudhari et al., 2020; Ma et al., 2021 Zhao et al., 2022; Cheng et al., 2018; Wang et al., 2021; Panossian and Efferth, 2022; Panossian et al., 2013; Panossian et al., 2018a; Panossian et al., 2021c).
However, the results of in silico analysis must be based on experimental findings of gene and protein expression of isolated cells (Ma et al., 2021 Zhao et al., 2022; Panossian and Efferth, 2022; Panossian et al., 2013; Panossian et al., 2018a; Panossian et al., 2021c) and validated at least in vivo experiments on rodents followed by clinical studies in humans (Cheng et al., 2018; Wang et al., 2021).
2.4 Reproducibility and consistency of the results of pharmacological and clinical studies of therapeutic efficacy of herbal preparations
Typically, plant extracts contain at least several active compounds comprising an active pharmaceutical ingredient/substance of herbal medicines, making it challenging to ensure their reproducible quality. Therefore, it is not surprising that systematic assessment and meta-analysis of pharmacological activity and therapeutic efficacy of herbal preparations often conclude that:
“Research regarding efficacy is contradictory” due to “a lack of independent replications in different studies. More research seems warranted, and rigorously-designed well-reported RCT that minimizes bias is needed” (Hung et al., 2011; Ishaque et al., 2012). Inconsistency of the results and lack of reproducible therapeutic efficacy of the same plant extracts in various studies is caused by many reasons, but primarily due to significant differences in the chemical composition of herbal preparations used in various studies. For example, chemical analysis of R. rosea L. roots and rhizome collected at different harvesting seasons from various geographic regions showed significant variability in the chemical composition and the amount of pharmacologically active compounds (Wiedenfeld et al., 2007; Dimpfel et al., 2018). A high degree of variation in the content of all active markers was observed in herbal extracts (Dimpfel et al., 2018) and Rhodiola products available to European buyers via the internet and other sources (Booker et al., 2016). The authors conclude that standardized content of active markers is necessary for the quality control of herbal preparations containing R. rosea extracts but insufficient for assessment of their potential efficacy; additional bioassays are needed to ensure the reproducible pharmacological activity of R. rosea extracts (Dimpfel et al., 2018). The same challenge exists for almost all herbal preparations on the world market.
Overall, “Good quality systems and manufacturing practices enable consumers to have confidence that products are authentic and meet a high specification for quality and safety (Booker et al., 2016; Heinrich et al., 2022; Durazzo et al., 2022; Heinrich et al., 2018).
The reproducible quality of herbal interventions is the primary issue in ensuring the reproducible efficacy of herbal medicines. Though, along with a lack of independent replications problem there are other concerns related to poor reporting and methodological quality issues, unclear risk of bias, optimized doses, and treatment regimens to rectify and observe the reproducible efficacy in various clinical studies (Kim et al., 2013; Lee et al., 2016; Li et al., 2021; Crawford et al., 2021; Wang et al., 2014; Liang et al., 2021). There is no clinical evidence that a steady-state concentration of active compound has been achieved during the treatment course. That is important to attain reproducible therapeutic efficacy since the concentration of active compounds in blood, and organ tissues significantly varies over time after drug administration from the baseline (0) to the maximal (Zhou et al., 2017). That might be crucial in some cases when dose-dependent reversal effects were observed (Panossian et al., 2021d).
3 CONCLUSION
This expert opinion and conclusions above are based on convincing observations suggesting further extensive research in the field.
AUTHOR CONTRIBUTIONS
Conceptualization, writing, editing, AP. The author approved the submitted version.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Ahsan, R., Arshad, M., Khushtar, M., Ahmad, M. A., Muazzam, M., Akhter, M. S., et al. (2020). Comprehensive review on physiological effects of curcumin. Drug Res. 70, 441–447. doi:10.1055/a-1207-9469
 Atanasov, A. G., Zotchev, S. B., Dirsch, V. M., and Supuran, C. T.International Natural Product Sciences Taskforce (2021). Natural products in drug discovery: Advances and opportunities. Nat. Rev. Drug Discov. , 20(3), 200–216. doidoi:10.1038/s41573-020-00114-z
 Baell, J., and Walters, M. A. (2014). Chemistry: Chemical con artists foil drug discovery. Nature 513 (7519), 481–483. doi:10.1038/513481a
 Barbosa, P. C., Strassman, R. J., da Silveira, D. X., Areco, K., Hoy, R., Pommy, J., et al. (2016). Psychological and neuropsychological assessment of regular hoasca users. Compr. psychiatry 71, 95–105. doi:10.1016/j.comppsych.2016.09.003
 Barbosa, P. C. R., Tófoli, L. F., Bogenschutz, M. P., Hoy, R., Berro, L. F., Marinho, E. A. V., et al. (2018). Assessment of alcohol and tobacco use disorders among religious users of ayahuasca. Front. psychiatry 9, 136. doi:10.3389/fpsyt.2018.00136
 Boezio, B., Audouze, K., Ducrot, P., and Taboureau, O. (2017). Network-based approaches in pharmacology. Mol. Inf. 36, 1700048. doi:10.1002/minf.201700048
 Booker, A., Jalil, B., Frommenwiler, D., Reich, E., Zhai, L., Kulic, Z., et al. (2016). The authenticity and quality of Rhodiola rosea products. Phytomedicine Int. J. phytotherapy Phytopharm. 23 (7), 754–762. doi:10.1016/j.phymed.2015.10.006
 Boyle, N. B., Billington, J., Lawton, C., Quadt, F., and Dye, L. (2022a). A combination of green tea, rhodiola, magnesium and B vitamins modulates brain activity and protects against the effects of induced social stress in healthy volunteers. Nutr. Neurosci. 25, 1845–1859. doi:10.1080/1028415X.2021.1909204
 Boyle, N. B., Dye, L., Lawton, C. L., and Billington, J. (2022b). A combination of green tea, rhodiola, magnesium, and B vitamins increases electroencephalogram theta activity during attentional task performance under conditions of induced social stress. Front. Nutr. 9, 935001. doi:10.3389/fnut.2022.935001
 Callaway, J. C., McKenna, D. J., Grob, C. S., Brito, G. S., Raymon, L. P., Poland, R. E., et al. (1999). Pharmacokinetics of Hoasca alkaloids in healthy humans. J. Ethnopharmacol. 65 (3), 243–256. doi:10.1016/s0378-8741(98)00168-8
 Chaudhari, R., Fong, L. W., Tan, Z., Huang, B., and Zhang, S. (2020). An up-to-date overview of computational polypharmacology in modern drug discovery. Expert Opin. drug Discov. 15 (9), 1025–1044. doi:10.1080/17460441.2020.1767063
 Cheng, F., Desai, R. J., Handy, D. E., Wang, R., Schneeweiss, S., Barabási, A. L., et al. (2018). Network-based approach to prediction and population-based validation of in silico drug repurposing. Nat. Commun. 9 (1), 2691. doi:10.1038/s41467-018-05116-5
 Crawford, C., Boyd, C., and Deuster, P. A. (2021). Dietary supplement ingredients for optimizing cognitive performance among healthy adults: A systematic review. J. Altern. complementary Med. 27 (11), 940–958. (New York, NY). doi:10.1089/acm.2021.0135
 Dimpfel, W., Schombert, L., and Panossian, A. G. (2018). Assessing the quality and potential efficacy of commercial extracts of rhodiola rosea L. By analyzing the salidroside and rosavin content and the electrophysiological activity in hippocampal long-term potentiation, a synaptic model of memory. Front. Pharmacol. 9, 425. doi:10.3389/fphar.2018.00425
 Durazzo, A., Sorkin, B. C., Lucarini, M., Gusev, P. A., Kuszak, A. J., Crawford, C., et al. (2022). Analytical challenges and metrological approaches to ensuring dietary supplement quality: International perspectives. Front. Pharmacol. 12, 714434. doi:10.3389/fphar.2021.714434
 Efferth, T., and Koch, E. (2011). Complex interactions between phytochemicals. The multi-target therapeutic concept of phytotherapy. Curr. drug targets 12 (1), 122–132. doi:10.2174/138945011793591626
 Gertsch, J. (2011). Botanical drugs, synergy, and network pharmacology: Forth and back to intelligent mixtures. Planta Med. 77, 1086–1098. doi:10.1055/s-0030-1270904
 Han, S., Lv, A. P., and Li, J. (2019). Application review of network pharmacology in the study of properties theory of traditional Chinese medicine. J. Basic Chin. Med. 25, 127–130. 
 Heinrich, M., Lardos, A., Leonti, M., Weckerle, C., Willcox, M., Applequist, W., et al. with the ConSEFS advisory group, Based on a consultative process of researchers active in ethnopharmacology and with particular input by the ConSEFS Advisory group (2018). Best practice in research: Consensus statement on ethnopharmacological field studies - ConSEFS. J. Ethnopharmacol. 211, 329–339. doi:10.1016/j.jep.2017.08.015
 Heinrich, M., Jalil, B., Abdel-Tawab, M., Echeverria, J., Kulić, Ž., McGaw, L. J., et al. (2022). Best Practice in the chemical characterisation of extracts used in pharmacological and toxicological research-The ConPhyMP-Guidelines. Front. Pharmacol. 13, 953205. doi:10.3389/fphar.2022.953205
 Hopkins, A. L. (2008). Network pharmacology: The next paradigm in drug discovery. Nat. Chem. Biol. 4, 682–690. doi:10.1038/nchembio.118
 Hung, S. K., Perry, R., and Ernst, E. (2011). The effectiveness and efficacy of rhodiola rosea L.: A systematic review of randomized clinical trials. Phytomedicine Int. J. phytotherapy Phytopharm. 18 (4), 235–244. doi:10.1016/j.phymed.2010.08.014
 Ishaque, S., Shamseer, L., Bukutu, C., and Vohra, S. (2012). Rhodiola rosea for physical and mental fatigue: A systematic review. BMC complementary Altern. Med. 12, 70. doi:10.1186/1472-6882-12-70
 Jenkins, D. J. A., Spence, J. D., Giovannucci, E. L., Kim, Y. I., Josse, R., Vieth, R., et al. (2018). Supplemental vitamins and Minerals for CVD prevention and treatment. J. Am. Coll. Cardiol. 71 (22), 2570–2584. doi:10.1016/j.jacc.2018.04.020
 Jiao, X., Jin, X., Ma, Y., Yang, Y., Li, J., Liang, L., et al. (2021). A comprehensive application: Molecular docking and network pharmacology for the prediction of bioactive constituents and elucidation of mechanisms of action in component-based Chinese medicine. Comput. Biol. Chem. 90, 107402. doi:10.1016/j.compbiolchem.2020.107402
 Khan, M. I., Maqsood, M., Saeed, R. A., Alam, A., Sahar, A., Kieliszek, M., et al. (2021). Phytochemistry, food application, and therapeutic potential of the medicinal plant (Withania coagulans): A review. Mol. (Basel, Switz. 26 (22), 6881. doi:10.3390/molecules26226881
 Kim, M. S., Lim, H. J., Yang, H. J., Lee, M. S., Shin, B. C., and Ernst, E. (2013). Ginseng for managing menopause symptoms: A systematic review of randomized clinical trials. J. ginseng Res. 37 (1), 30–36. doi:10.5142/jgr.2013.37.30
 Klipp, E., Wade, R. C., and Kummer, U. (2020). Biochemical network-based drug-target prediction. Curr. Opin. Biotechnol. 21, 511–516. doi:10.1016/j.copbio.2010.05.004
 Kumar, S., Singh, B., and Bajpai, V. (2021). Andrographis aniculate (Burm f) Nees: Traditional uses, phytochemistry, pharmacological properties and quality control/quality assurance. J. Ethnopharmacol. 275, 114054. doi:10.1016/j.jep.2021.114054
 Lee, H. W., Choi, J., Lee, Y., Kil, K. J., and Lee, M. S. (2016). Ginseng for managing menopausal woman's health: A systematic review of double-blind, randomized, placebo-controlled trials. Medicine 95 (38), e4914. doi:10.1097/MD.0000000000004914
 Li, S., and Zhang, B. (2013). Traditional Chinese medicine network pharmacology: Theory, methodology and application. Chin. J. Nat. Med. 11 (2), 110–120. doi:10.1016/S1875-5364(13)60037-0
 Li, X., Chen, W., Xu, Y., Liang, Z., Hu, H., Wang, S., et al. (2021). Quality evaluation of randomized controlled trials of rhodiola species: A systematic review. Evidence-based complementary Altern. Med. eCAM 2021, 9989546. doi:10.1155/2021/9989546
 Liang, S. B., Fang, M., Liang, C. H., Lan, H. D., Shen, C., Yan, L. J., et al. (2021). Therapeutic effects and safety of oral Chinese patent medicine for COVID-19: A rapid systematic review and meta-analysis of randomized controlled trials. Complementary Ther. Med. 60, 102744. doi:10.1016/j.ctim.2021.102744
 Ma, R., Shimura, T., Yin, C., Okugawa, Y., Kitajima, T., Koike, Y., et al. (2021). Antitumor effects of Andrographis via ferroptosis-associated genes in gastric cancer. Oncol. Lett. 22 (1), 523. doi:10.3892/ol.2021.12784
 Martel, J. C., Fournier, A., St-Pierre, S., Dumont, Y., Forest, M., and Quirion, R. (1990). Comparative structural requirements of brain neuropeptide Y binding sites and vas deferens neuropeptide Y receptors. Mol. Pharmacol. 38 (4), 494–502.
 Noah, L., Morel, V., Bertin, C., Pouteau, E., Macian, N., Dualé, C., et al. (2022). Effect of a combination of magnesium, B vitamins, rhodiola, and green tea (L-Theanine) on chronically stressed healthy individuals-A randomized, placebo-controlled study. Nutrients 14, 1863. doi:10.3390/nu14091863
 Noor, F., Tahir Ul Qamar, M., Ashfaq, U. A., Albutti, A., Alwashmi, A. S. S., and Aljasir, M. A. (2022). Network pharmacology approach for medicinal plants: Review and assessment. Pharm. (Basel, Switz. 15 (5), 572. doi:10.3390/ph15050572
 Panossian, A., and Efferth, T. (2022). Network pharmacology of adaptogens in the assessment of their pleiotropic therapeutic activity. Pharm. (Basel, Switz. 15 (9), 1051. doi:10.3390/ph15091051
 Panossian, A., Wikman, G., Kaur, P., and Asea, A. (2012). Adaptogens stimulate neuropeptide y and hsp72 expression and release in neuroglia cells. Front. Neurosci. 6, 6. doi:10.3389/fnins.2012.00006
 Panossian, A., Hamm, R., Kadioglu, O., Wikman, G., and Efferth, T. (2013). Synergy and antagonism of active constituents of ADAPT-232 on transcriptional level of metabolic regulation of isolated neuroglial cells. Front. Neurosci. 7, 16. doi:10.3389/fnins.2013.00016
 Panossian, A., Seo, E. J., Wikman, G., and Efferth, T. (2015). Synergy assessment of fixed combinations of Herba Andrographidis and Radix Eleutherococci extracts by transcriptome-wide microarray profiling. Phytomedicine 22, 981–992. doi:10.1016/j.phymed.2015.08.004
 Panossian, A., Seo, E. J., and Efferth, T. (2018a). Novel molecular mechanisms for the adaptogenic effects of herbal extracts on isolated brain cells using systems biology. Phytomedicine 50, 257–284. doi:10.1016/j.phymed.2018.09.204
 Panossian, A., Seo, E. J., and Efferth, T. (2018b). Synergy assessments of plant extracts used in the treatment of stress and aging related disorders. Synergy 7, 39–49. doi:10.1016/j.synres.2018.10.001
 Panossian, A. G., Efferth, T., Shikov, A. N., Pozharitskaya, O. N., Kuchta, K., Mukherjee, P. K., et al. (2021a). Evolution of the adaptogenic concept from traditional use to medical systems: Pharmacology of stress- and aging-related diseases. Med. Res. Rev. 41 (1), 630–703. doi:10.1002/med.21743
 Panossian, A., Abdelfatah, S., and Efferth, T. (2021b). Network pharmacology of red ginseng (part I): Effects of ginsenoside Rg5 at physiological and sub-physiological concentrations. Pharmaceuticals 14, 999. doi:10.3390/ph14100999
 Panossian, A., Abdelfatah, S., and Efferth, T. (2021c). Network pharmacology of ginseng (part III): The differential effects of red ginseng and ginsenoside Rg5 in cancer and heart diseases as determined by transcriptomics. Pharmaceuticals 14, 1010. doi:10.3390/ph14101010
 Panossian, A., Abdelfatah, S., and Efferth, T. (2021d). Network pharmacology of ginseng (Part III): Antitumor potential of a fixed combination of red ginseng and red sage as determined by transcriptomics. Pharm. (Basel, Switz. 15 (11), 1345. doi:10.3390/ph15111345
 Panossian, A. G. (2017). Understanding adaptogenic activity: Specificity of the pharmacological action of adaptogens and other phytochemicals. Ann. N.Y. Acad. Sci. 1401, 49–64. doi:10.1111/nyas.13399/epdf
 Park, S. Y., Murphy, S. P., Wilkens, L. R., Henderson, B. E., and Kolonel, L. N. (2011). Multivitamin use and the risk of mortality and cancer incidence: The multiethnic cohort study. Am. J. Epidemiol. 173 (8), 906–914. doi:10.1093/aje/kwq447
 Paul, S., Chakraborty, S., Anand, U., Dey, S., Nandy, S., Ghorai, M., et al. (2021). Withania somnifera (L) dunal (ashwagandha): A comprehensive review on ethnopharmacology, pharmacotherapeutics, biomedicinal and toxicological aspects. Biomed. Pharmacother. = Biomedecine Pharmacother. 143, 112175. doi:10.1016/j.biopha.2021.112175
 Ratan, Z. A., Haidere, M. F., Hong, Y. H., Park, S. H., Lee, J. O., Lee, J., et al. (2021). Pharmacological potential of ginseng and its major component ginsenosides. J. ginseng Res. 45 (2), 199–210. doi:10.1016/j.jgr.2020.02.004
 Rutledge, G. A., and Rose, M. R. (2015). “An evolutionary analysis of healthspan extension using diet: Have we come to the end of the ponce de Leon trail?,” in Lifespan extension. Lessons from Drosophila ed . Editors A. Vaiserman, A. Moskalev, and E. Pasyukova (Switzerland: Springer International), 265–283.
 Rutledge, G. A., Phang, H. J., Le, M. N., Bui, L., Rose, M. R., Mueller, L. D., et al. (2021). Diet and botanical supplementation: Combination therapy for healthspan improvement?Rejuvenation Res. 24 (5), 331–344. doi:10.1089/rej.2020.2361
 Santos, B. W. L., Oliveira, R. C., Sonsin-Oliveira, J., Fagg, C. W., Barbosa, J. B. F., and Caldas, E. D. (2020). Biodiversity of β-carboline profile of Banisteriopsis caapi and ayahuasca, a plant and a brew with neuropharmacological potential. Plants (Basel, Switz. 9 (7), 870. doi:10.3390/plants9070870
 Van Regenmortel, M. H. (2004). Reductionism and complexity in molecular biology. Scientists now have the tools to unravel biological and overcome the limitations of reductionism. EMBO Rep. 5, 1016–1020. doi:10.1038/sj.embor.7400284
 Wang, Y. Y., Li, X. X., Liu, J. P., Luo, H., Ma, L. X., and Alraek, T. (2014). Traditional Chinese medicine for chronic fatigue syndrome: A systematic review of randomized clinical trials. Complementary Ther. Med. 22 (4), 826–833. doi:10.1016/j.ctim.2014.06.004
 Wang, X., Wang, Z. Y., Zheng, J. H., and Li, S. (2021). TCM network pharmacology: A new trend towards combining computational, experimental and clinical approaches. Chin. J. Nat. Med. 19 (1), 1–11. doi:10.1016/S1875-5364(21)60001-8
 Watkins, M. L., Erickson, J. D., Thun, M. J., Mulinare, J., and Heath, C. W. (2000). Multivitamin use and mortality in a large prospective study. Am. J. Epidemiol. 152 (2), 149–162. doi:10.1093/aje/152.2.149
 Wiedenfeld, H., Dumaa, M., Malinowski, M., Furmanowa, M., and Narantuya, S. (2007). Phytochemical and analytical studies of extracts from Rhodiola rosea and Rhodiola quadrifida. Die Pharm. 62 (4), 308–311.
 Yang, L., and Wang, Z. (2021). Natural products, alone or in combination with FDA-approved drugs, to treat COVID-19 and lung cancer. Biomedicines 9 (6), 689. doi:10.3390/biomedicines9060689
 Zeng, B., Wei, A., Zhou, Q., Yuan, M., Lei, K., Liu, Y., et al. (2022). Andrographolide: A review of its pharmacology, pharmacokinetics, toxicity and clinical trials and pharmaceutical researches. Phytotherapy Res. PTR 36 (1), 336–364. doi:10.1002/ptr.7324
 Zhang, R., Zhu, X., Bai, H., and Ning, K. (2019). Network pharmacology databases for traditional Chinese medicine: Review and assessment. Front. Pharmacol. 10, 123. doi:10.3389/fphar.2019.00123
 Zhao, Y., Wang, C., and Goel, A. (2022). A combined treatment with melatonin and andrographis promotes autophagy and anticancer activity in colorectal cancer. Carcinogenesis 43 (3), 217–230. doi:10.1093/carcin/bgac008
 Zhou, Q. L., Zhu, D. N., Yang, Y. F., Xu, W., and Yang, X. W. (2017). Simultaneous quantification of twenty-one ginsenosides and their three aglycones in rat plasma by a developed UFLC-MS/MS assay: Application to a pharmacokinetic study of red ginseng. J. Pharm. Biomed. analysis 137, 1–12. doi:10.1016/j.jpba.2017.01.009
 Zhou, Z., Chen, B., Chen, S., Lin, M., Chen, Y., Jin, S., et al. (2020). Applications of network pharmacology in traditional Chinese medicine research. Evidence-based complementary Altern. Med. 2020, 1646905. doi:10.1155/2020/1646905
Conflict of interest: Author AP was employed by Phytomed AB and EuroPharma USA Inc.
Copyright © 2023 Panossian. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/xhtml/nav.xhtml
Contents

		Cover

		Challenges in phytotherapy research		1 Introduction

		2 Discussion		2.1 Benefits and disadvantages of purified mono-drugs vs. multi-component herbal medicines. Selective and nonspecific pharmacological action of herbal preparations

		2.2 Favorable and unfavorable outcomes of synergistic and antagonistic interaction components of multi-component herbal preparations

		2.3 Incorporating the network pharmacology and systems biology approaches into ethnopharmacological research

		2.4 Reproducibility and consistency of the results of pharmacological and clinical studies of therapeutic efficacy of herbal preparations





		3 Conclusion

		Author contributions

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Pharmacology






OPS/images/fphar-14-1199516-g001.gif





OPS/images/fphar-14-1199516-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





