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ABSTRACT
The exploration of plant signaling pathways is transforming the way diabetes is managed, providing new, 
multi-target strategies for controlling this complex metabolic disorder. Medicinal plants are rich in 
bioactive compounds like phytohormones, flavonoids and polyphenols, which regulate key pathways 
including oxidative stress, inflammation, insulin resistance, and gut microbiota modulation. Research is 
emerging on the therapeutic potential of Momordica charantia, Cinnamomum verum and Trigonella 
foenum-graecum, which enhance insulin secretion, sensitivity and glucose homeostasis. These plant 
derived compounds, resveratrol and plant based insulin mimetics, not only address metabolic dysfunction 
but also offer holistic treatment for long term complications such as neuropathy and retinopathy. The 
development of precision medicine advances the tailoring of plant based therapies to individual meta
bolic responses, increasing efficacy and decreasing reliance on synthetic drugs with adverse side effects. 
Despite challenges of standardization, regulatory barriers, and limited clinical trials, incorporating med
icinal plants into national diabetes management guidelines represents a cost effective and accessible 
option, particularly in resource limited settings. In this review, we highlight the importance ofcollaborative 
work across disciplines and the use of technologies such as artificial intelligence to speed research and 
optimize patient specific applications. The therapeutic power of plant signaling pathways is harnessed to 
develop sustainable, inclusive, and effective diabetes management strategies.
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Plant signaling networks are extremely complex and offer great 
promise for revolutionizing the way diabetes is managed.1 

Researchers are looking for new pathways that regulate blood 
glucose levels, by discovering novel plant-based signaling 
molecules, which could change current therapeutic strategies. 
Phytohormones and secondary metabolites in plants, for 
instance, are implicated in the control of insulin secretion 
and sensitivity and may be good therapeutic targets.2 

Furthermore, recent studies have emphasized how medicinal 
plants have the ability to modulate critical pathways like insu
lin resistance, inflammation and oxidative stress can offer 
a promising strategies ion the control of diabetes.3

Plant-based signaling molecules may be harnessed to treat 
diseases more safely and efficiently, by targeting fundamental 
mechanisms like oxidative stress and metabolic dysfunction.1 

Medicinal plants are rich source of flavonoids and polyphenols, 
which have antioxidant properties and may alleviate oxidative 
damage and improve cellular function in diabetic patients.4 

Research into the signaling properties of other plants such as 
Momordica charantia (bitter melon) has also shown natural 
compounds that stimulate insulin secretion and help improve 
pancreatic function as shown in Figure 1.5 As a result of that, it 
offers a new approach to improve insulin production in 
diabetics.6

Going deeper into plant signaling could also provide new 
biomarkers for diabetes and more tailored treatment 
strategies.7 Customized therapies for better disease manage
ment would, therefore, be possible if one understands the 
individual’s specific signaling responses.8 The incorporation 
of plant-based therapies in diabetes care can alleviate some 
degree of reliance on synthetic drugs and decrease side effects 
allowing for better outcomes for patients.9 Medicinal plants are 
known to control blood sugar naturally with fewer side effects 
than conventional diabetes medications such as metformin or 
sulfonylureas.10

Moreover, medicinal plants are able to regulate complex 
signaling pathways addressing both the symptoms and the 
root cause of diabetes.11 Resveratrol in Vitis vinifera (grape) 
is one of the plant derived compounds that regulate insulin 
resistance, lipid metabolism and inflammation.12 Targeting of 
these pathways can improve insulin sensitivity and, hopefully, 
provide more holistic management strategies for type 2 
diabetes.13 In addition, plant-based therapies can treat long- 
term diabetes complications including neuropathy and 
retinopathy.14 Compounds found in Camellia sinensis (green 
tea) containing polyphenols possess promising anti- 
inflammatory and microvascular health improvement qualities 
which may assist in the management of diabetic complications.
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Furthermore, in addition, plant signaling pathways are also 
an extension of the therapeutic power of the plants.15 Research 
shows that plant-based insulin mimetics, such as those found 
in Trigonella foenum-graecum (fenugreek), may be a natural 
alternative to insulin for patients with insulin-dependent 
diabetes.16 Without side effects, this could allow accessible 
treatments especially in areas with little or no access to con
ventional medications.17 Traditional medicinal plants are used 
by many regions to manage diabetes and Cinnamomum verum 
(cinnamon) and Allium sativum (garlic) are well known for 
their glucose lowering properties as shown in Figure 1.18 Not 
only do these plants regulate metabolic pathways, but they 
provide a cost effective, natural solution to the global diabetes 
epidemic.19

In addition, research into plant signaling is revealing how 
precision medicine could be used to treat diabetes as shown in 
the graphical abstract.20 Plant compounds such as those in 
Allium cepa (onion) work by regulating glucose metabolism 
and insulin sensitivity via specific targeting metabolic pathways 
and can, therefore, be used as means to create more targeted 
and effective treatments.21 Likewise, plant blood glucose mod
ulators such as Cucumis melo and Pterocarpus marsupium may 
work to round out a potential affordable and accessible treat
ment in low-income regions.22 A deeper understanding of how 
medicinal plants affect key signaling molecules that control 
blood glucose homeostasis may hold the key to diabetes man
agement in the future.23

Regulation of gut microbiome, an emerging target in dia
betes management, also holds promise in plant signaling.19 

Some medicinal plants such as Zingiber officinale (ginger) 
and Curcuma longa (turmeric) affect gut microbiota, which, 
in turn, affects insulin resistance and glucose metabolism.24 

Modulation of these pathways not only allow plants to regulate 
glucose levels but also to promote overall metabolic health and 
thus confer broader benefits to diabetic patients.25 Moreover, 

further studies on how medicinal plants control the absorption 
of glucose and insulin sensitivity could help in new dietary 
strategies in preventing type 2 diabetes.25

Plant composition is highly variable and is affected by 
cultivation conditions and processing methods, making stan
dardization and reproducibility in therapeutic applications 
extremely challenging.26 Other aspects of the complex drug 
interactions need to be examined as well, especially identifying 
potential side effects like interactions with regular medicines or 
problems of toxicity that might come from high doses.27 

Obstacles to integrating plant-based therapies include regula
tory barriers, limited clinical trials and skepticism from health
care providers.28 These factors illuminate the importance of 
working heavily with rigorous research as well as collaboration 
between traditional and modern medical systems to fill in that 
gap.26 In addition, using advanced technologies like artificial 
intelligence (AI) can help in understanding of the patient- 
specific responses to plant-based compounds and personalize 
the treatments.27 It is recommended that plant-based therapies 
can be integrated into national diabetes management guide
lines and that initiatives that fund research in medicinal plants 
be supported.28 These types of measures could help create 
a more inclusive approach to diabetes care that ensures its 
accessibility and sustainability in a variety of contexts of care.29

Studies show that plant-based therapies have similar or 
better prospective than conventional treatments in type 2 dia
betes. For instance, the fasting blood glucose is reduced by 
around 30–40% after intake of Momordica charantia (bitter 
melon), as compared to 10–20% with metformin.5 Moreover, 
less gastrointestinal side effects are reported with bitter melon 
extract which are accompanied with metformin uptake, sug
gesting it as a more sustainable option in long-term use.30 

Cinnamomum verum (cinnamon) has also been shown to 
enhance insulin sensitivity. A meta-analysis of 10 RCTs 
found HbA1c reductions of 0.5–1.0% which is similar to that 

Figure 1. Plant molecules used for diabetes management.
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seen with oral hypoglycemic agents such as sulfonylureas or 
thiazolidinediones but without the side effects seen with those 
medications such as weight gain or hypoglycemia.31 Trigonella 
foenum-graecum (fenugreek) lowers postprandial blood glu
cose by approximately 25–30% in clinical studies,32 which is 
similar to what can be achieved with many of the newer 
diabetes medications such as DPP-4 inhibitors or SGLT2 inhi
bitors that have come to market by their ability to reduce 
hyperglycemia.32 Resveratrol, a compound found in Vitis vini
fera (grape), was found to reduce insulin resistance by 20–30 is 
comparable with the action of pioglitazone but without the 
weight gain and edema associated with pioglitazone.33 This 
preliminary finding points toward the potential role for plant- 
based compounds as adjuvants or even alternatives to existing 
therapeutics, particularly for patients intolerant to conven
tional pharmacological agents mainly due to side effects.34 

However, metformin and insulin will continue as cornerstones 
of therapy. Adjunctive plant-based compounds could be used 
as alternative treatments that are less costly and have fewer 
associated complications than conventional drugs for a range 
of conditions including diabetes.17 Adjuvant treatment would 
also provide additional benefits via their antioxidant and anti- 
inflammatory properties leading potentially to less complica
tions such as neuropathy and retinopathy in diabetic 
patients.19 Nevertheless, there remain many challenges ahead 
such as determining appropriate doses, lack of availability of 
key active ingredients in some regions/countries/international 
suppliers/are issues that need further elucidation before imple
mentation can occur on a wider scale with this type of 
therapy.19 An optimal integrative model utilizing both biome
dical advances alongside classical tradition practices for dia
betes management has been proposed with each approach 
augmenting the deficiencies inherent in one another as 
suggested.35

By integrating plant signaling pathways into diabetes man
agement, novel strategies controlling multiple disease pathways 
at a time could be unlocked.36 Berberis vulgaris (barberry) is 
a plant which contains the alkaloids that modulate the key 
pathways involved in glucose metabolism, inflammation and 
insulin sensitivity.37 This opens up new possibilities for devel
oping multi-target therapies that address the complex patho
physiology of the disease.38 Finally, plant signaling knowledge 
provides an exciting new frontier for natural effective treat
ments developments in diabetes care.1 Plant-based therapies 
could transform the way diabetes is treated by restoring bal
ance to the body’s metabolic networks, making it more effec
tive, more accessible and more sustainable.39

The promising therapeutic value of plant-based signaling 
molecules in diabetes management requires additional 
research to achieve full clinical application.40 Metabolic engi
neering provides a crucial solution to increase yield and 
consistency levels of bioactive compounds extracted from 
plants.41 The field requires technological advancements to 
achieve better control of plant-based product diversity 
because current challenges limit easy manufacturing of stan
dard plant-based compounds.41 The development of these 
efforts will generate reliable plant-derived compounds of 
increased potency which are better suited for therapeutic 
applications.42 Transgenic technologies provide potential 
solutions to enhance plant molecule synthesis and effective
ness through genetic modification which produces higher 
quantities of specific compounds.43 Genetically modified 
plants created through this method would consistently gen
erate elevated levels of bioactive substances, thereby making 
them available for widespread large-scale production which 
supports diabetes management.43 The clinical validation of 
plant-derived drugs for diabetes treatment needs stronger 
evidence based on preclinical results.41 Clinical research 
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needs to conduct extensive trials that determine safe thera
peutic amounts and examine both short-term and long-term 
effects of plant-based medical treatments.42 The integration 
of plant-derived compounds into conventional diabetes care 
requires thorough examination of drug interactions together 
with potential side effects to establish their safe utilization.47 

Individualized medical approaches based on metabolic pro
filing reveal additional advantages regarding the best utiliza
tion of Trigonella foenum-graecum (fenugreek) and 
Cinnamomum verum (cinnamon) compounds for therapeu
tic benefits.44 Research of altered signaling pathways in 
diverse diabetic subtypes will help develop exact and custo
mized therapeutic approaches which improve medical results 
specifically for each patient type.45 Patient-specific data 
examination through AI techniques enables efficient creation 
of personalized treatment protocols that match diabetic 
patient-specific metabolic characteristics.46 Plant-based 
therapies for diabetes management require decisive solutions 
to improve metabolic engineering and transgenics along with 
better clinical trial results to achieve forward progress.47 The 
combination of traditional herbals knowledge with contem
porary scientific methodology enables more practical cost- 
effective and accessible medical treatments primarily for 
healthcare-deserted areas.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The author(s) reported there is no funding associated with the work 
featured in this article.

ORCID

Ugwu Okechukwu Paul-Chima http://orcid.org/0000-0003-3563-3521

Author’s contribution

Conceptualization: UOPC, ACN, UMN, HO
Resources: UOPC, ACN, UMN, HO
Supervision: UOPC
Validation: ACN
Visualization: UMN, HO
Writing – original draft: UOPC, ACN, UMN, HO
Writing – review & editing: OPCU, ACN, UMN, HO

Availability of data and material

Additional data shall be made available by the author on request.

Consent for publication

All the authors have read the manuscript and agreed to submit.

References

1. Paul JK, Azmal M, Haque AS, Talukder OF, Meem M, Ghosh A. 
Phytochemical-mediated modulation of signaling pathways: 

a promising avenue for drug discovery. Adv Redox Res. 2024 
Aug 13:100113. doi: 10.1016/j.arres.2024.100113  .

2. Kim SW, Goossens A, Libert C, Van Immerseel F, Staal J, Beyaert R. 
Phytohormones: multifunctional nutraceuticals against metabolic 
syndrome and comorbid diseases. Biochemical Pharmacol. 2020 
May 1. 175:113866. doi: 10.1016/j.bcp.2020.113866  .

3. Bhatti JS, Sehrawat A, Mishra J, Sidhu IS, Navik U, Khullar N, 
Kumar S, Bhatti GK, Reddy PH. Oxidative stress in the pathophy
siology of type 2 diabetes and related complications: current ther
apeutics strategies and future perspectives. Free Radical Biol & 
Med. 2022 May 1. 184:114–134. doi: 10.1016/j.freeradbiomed. 
2022.03.019  .

4. Tan Y, Cheong MS, Cheang WS. Roles of reactive oxygen species in 
vascular complications of diabetes: therapeutic properties of med
icinal plants and food. Oxygen. 2022 Jul 2. 2(3):246–268. doi: 10. 
3390/oxygen2030018  .

5. Gao Y, Li X, Huang Y, Chen J, Qiu M. Bitter melon and diabetes 
mellitus. Food Rev Int. 2023 Jan 2. 39(1):618–638. doi: 10.1080/ 
87559129.2021.1923733  .

6. Moller DE. New drug targets for type 2 diabetes and the metabolic 
syndrome. Nature. 2001 Dec 13. 414(6865):821–827. doi: 10.1038/ 
414821a  .

7. Thomford NE, Dzobo K, Chimusa E, Andrae-Marobela K, 
Chirikure S, Wonkam A, Dandara C. Personalized herbal medi
cine? A roadmap for convergence of herbal and precision medicine 
biomarker innovations. Omics: A J Intgr Biol. 2018 June 1. 22 
(6):375–391. doi: 10.1089/omi.2018.0074  .

8. Esfahani K, Elkrief A, Calabrese C, Lapointe R, Hudson M, 
Routy B, Miller WH Jr, Calabrese L. Moving towards personalized 
treatments of immune-related adverse events. Nat Rev Clin Oncol. 
2020 Aug. 17(8):504–515. doi: 10.1038/s41571-020-0352-8  .

9. Khursheed R, Singh SK, Wadhwa S, Kapoor B, Gulati M, Kumar R, 
Ramanunny AK, Awasthi A, Dua K. Treatment strategies against 
diabetes: success so far and challenges ahead. Eur J Pharmacol. 
2019 Nov 5. 862:172625. doi: 10.1016/j.ejphar.2019.172625  .

10. Blahova J, Martiniakova M, Babikova M, Kovacova V, 
Mondockova V, Omelka R. Pharmaceutical drugs and natural ther
apeutic products for the treatment of type 2 diabetes mellitus. 
Pharmaceuticals. 2021 Aug 17. 14(8):806. doi: 10.3390/ph14080806  .

11. Unuofin JO, Lebelo SL. Antioxidant effects and mechanisms of 
medicinal plants and their bioactive compounds for the prevention 
and treatment of type 2 diabetes: an updated review. Oxidative Med 
& Cellular Longevity. 2020;2020(1):1–36. doi: 10.1155/2020/1356893  .

12. Benbouguerra N, Hornedo-Ortega R, Garcia F, El Khawand T, 
Saucier C, Richard T. Stilbenes in grape berries and wine and 
their potential role as anti-obesity agents: a review. Trends Food 
Sci & Technol. 2021 June 1. 112:362–381. doi: 10.1016/j.tifs.2021. 
03.060  .

13. Perreault L, Skyler JS, Rosenstock J. Novel therapies with precision 
mechanisms for type 2 diabetes mellitus. Nat Rev Endocrinol. 2021 
June. 17(6):364–377. doi: 10.1038/s41574-021-00489-y  .

14. Shi C, Wang P, Airen S, Brown C, Liu Z, Townsend JH, Wang J, 
Jiang H. Nutritional and medical food therapies for diabetic 
retinopathy. Eye And Vision. 2020 Dec. 7(1):1–6. doi: 10.1186/ 
s40662-020-00199-y  .

15. Yang Z, Zhang Q, Yu L, Zhu J, Cao Y, Gao X. The signaling 
pathways and targets of traditional Chinese medicine and natural 
medicine in triple-negative breast cancer. J Ethnopharmacol. 2021 
Jan 10. 264:113249. doi: 10.1016/j.jep.2020.113249  .

16. Laila O, Murtaza I, Muzamil S, Ali SI, Ali SA, Paray BA, Gulnaz A, 
Vladulescu C, Mansoor S. Enhancement of nutraceutical and 
anti-diabetic potential of fenugreek (Trigonella 
foenum-graecum). Sprouts with natural elicitors. Saudi Pharm J. 
2023 Jan 1. 31(1):1–3. doi: 10.1016/j.jsps.2022.11.001  .

17. Alemede V, Nwankwo EI, Igwama GT, Olaboye JA, Anyanwu EC. 
Pharmacists as educators: enhancing patient understanding and 
access to specialty medications through community workshops. 
Magna Sci Adv Biol Pharm. 2024;13(1):001–009. doi: 10.30574/ 
msabp.2024.13.1.0053  .

e2486076-4 U. OKECHUKWU PAUL-CHIMA ET AL.

https://doi.org/10.1016/j.arres.2024.100113
https://doi.org/10.1016/j.bcp.2020.113866
https://doi.org/10.1016/j.freeradbiomed.2022.03.019
https://doi.org/10.1016/j.freeradbiomed.2022.03.019
https://doi.org/10.3390/oxygen2030018
https://doi.org/10.3390/oxygen2030018
https://doi.org/10.1080/87559129.2021.1923733
https://doi.org/10.1080/87559129.2021.1923733
https://doi.org/10.1038/414821a
https://doi.org/10.1038/414821a
https://doi.org/10.1089/omi.2018.0074
https://doi.org/10.1038/s41571-020-0352-8
https://doi.org/10.1016/j.ejphar.2019.172625
https://doi.org/10.3390/ph14080806
https://doi.org/10.1155/2020/1356893
https://doi.org/10.1016/j.tifs.2021.03.060
https://doi.org/10.1016/j.tifs.2021.03.060
https://doi.org/10.1038/s41574-021-00489-y
https://doi.org/10.1186/s40662-020-00199-y
https://doi.org/10.1186/s40662-020-00199-y
https://doi.org/10.1016/j.jep.2020.113249
https://doi.org/10.1016/j.jsps.2022.11.001
https://doi.org/10.30574/msabp.2024.13.1.0053
https://doi.org/10.30574/msabp.2024.13.1.0053


18. Pundarikakshudu K, Patel MG, Shah PA. An overview of some 
Indian vegetables, fruits, and spices effective in diabetes and meta
bolic disorders: current status and future scenarios. Antidiabetic 
Med Plants. 2024 Jan. 1:75–139.

19. Wang C, Wang N, He H, Sun X, Bi X, Li A, Sun P, Li J, Yan L, 
Gao Y, et al. Advances in the treatment of type 2 diabetes mellitus 
by natural plant polysaccharides through regulation of gut micro
biota and metabolism: a review. Int J Biol Macromolecules. 2024 
June 26. 274:133466. doi: 10.1016/j.ijbiomac.2024.133466  .

20. Verma S, Verma PK. Metabolomics for biomedical research and 
personalized medicine. In: Medicinal biotechnology: Methods and 
Applications. 2024 Jan 1. Elsevier; p. 103–121. DOI: 10.1016/B978- 
0-443-22264-1.00006-2  .

21. Das D, Keerthi N, Banerjee A, Duttaroy AK, Pathak S. An overview 
of cardiovascular disease management with plant-derived bioactive 
compounds. Plant Derived Bioact Compd Hum Health & Disease. 
2025; 156–176. DOI: 10.1201/9781003486237  .

22. Manna I, Das D, Mondal S, Bandyopadhyay M. Use of nanoparti
cles in the delivery of plant-based therapeutics. In: Advances in 
phytonanotechnology for treatment of various diseases 2023 
Sep 29. CRC Press; p. 67–126.

23. Zhao C, Yang C, Wai ST, Zhang Y, Portillo M, Paoli P, Wu Y, San 
Cheang W, Liu B, Carpéné BC, et al. Regulation of glucose meta
bolism by bioactive phytochemicals for the management of type 2 
diabetes mellitus. Crit Rev Food Sci Nutr. 2019 Mar 26. 59 
(6):830–847. doi: 10.1080/10408398.2018.1501658  .

24. Gumbarewicz E, Jarząb A, Stepulak A, Kukula-Koch W. Zingiber 
officinale Rosc. in the treatment of metabolic syndrome disorders 
—a review of in vivo studies. IJMS. 2022 Dec 8. 23(24):15545. doi:  
10.3390/ijms232415545  .

25. Vivarelli S, Costa C, Teodoro M, Giambò F, Tsatsakis AM, 
Fenga C. Polyphenols: a route from bioavailability to bioactivity 
addressing potential health benefits to tackle human chronic 
diseases. Arch Toxicol. 2023 Jan. 97(1):3–8. doi: 10.1007/s00204- 
022-03391-2  .

26. Fitzgerald M, Heinrich M, Booker A. Medicinal plant analysis: 
a historical and regional discussion of emergent complex 
techniques. Front Pharmacol. 2020 Jan 9. 10:1480. doi: 10.3389/ 
fphar.2019.01480  .

27. Yang S, Kar S. Application of artificial intelligence and machine 
learning in early detection of adverse drug reactions (ADRs) and 
drug-induced toxicity. Artif Intel Chem. 2023 Aug. 1(2):100011. 
doi: 10.1016/j.aichem.2023.100011  .

28. Raja M, Cramer H, Lee MS, Wieland LS, Ng JY. Addressing the 
challenges of traditional, complementary, and integrative medicine 
research: an international perspective and proposed strategies 
moving forward. Perspect Integr Med. 2024;3(2):86–97. doi: 10. 
56986/pim.2024.06.004  .

29. Hill-Briggs F, Adler NE, Berkowitz SA, Chin MH, Gary-Webb TL, 
Navas-Acien A, Thornton PL, Haire-Joshu D. Social determinants 
of health and diabetes: a scientific review. Diabetes Care. 2021 Nov 
2. 44(1):258. doi: 10.2337/dci20-0053  .

30. Medagama AB, Bandara R. The use of complementary and alter
native medicines (CAMs) in the treatment of diabetes mellitus: is 
continued use safe and effective? Nutr J. 2014 Dec. 13(1):1–9. doi:  
10.1186/1475-2891-13-102  .

31. Palanisamy S, Yien EL, Shi LW, Si LY, Qi SH, Ling LS, Lun TW, 
Chen YN. Systematic review of efficacy and safety of newer anti
diabetic drugs approved from 2013 to 2017 in controlling HbA1c 
in diabetes patients. Pharmacy. 2018 June 27. 6(3):57. doi: 10.3390/ 
pharmacy6030057  .

32. Yadav UC, Baquer NZ. Pharmacological effects of Trigonella 
foenum-graecum L. in health and disease. Pharm Biol. 2014 Feb 
1. 52(2):243–254. doi: 10.3109/13880209.2013.826247  .

33. Bejenaru LE, A A, Belu I, Segneanu AE, Radu A, Dumitru A, 
Ciocîlteu MV, Mogoşanu GD, Bejenaru C. Resveratrol: a review 
on the biological activity and applications. Appl Sci. 2024 May 25. 
14(11):4534. doi: 10.3390/app14114534  .

34. Mazzio E, Barnes A, Badisa R, Council S, Soliman KF. Plants 
against cancer: the immune-boosting herbal microbiome: not of 
the plant, but in the plant. Basic concepts, introduction, and future 
resource for vaccine adjuvant discovery. Front Oncol. 2023 Jul 31. 
13:1180084. doi: 10.3389/fonc.2023.1180084  .

35. Afsaneh E, Sharifdini A, Ghazzaghi H, Ghobadi MZ. Recent appli
cations of machine learning and deep learning models in the 
prediction, diagnosis, and management of diabetes: 
a comprehensive review. Diabetol Metab Syndr. 2022 Dec 27. 14 
(1):196. doi: 10.1186/s13098-022-00969-9  .

36. Tian S, Zhao H, Song H. Shared signaling pathways and targeted 
therapy by natural bioactive compounds for obesity and type 2 
diabetes. Crit Rev Food Sci Nutr. 2024 June 10. 64(15):5039–5056. 
doi: 10.1080/10408398.2022.2148090  .

37. Shakeri F, Kiani S, Rahimi G, Boskabady MH. Anti‐inflammatory, 
antioxidant, and immunomodulatory effects of Berberis vulgaris 
and its constituent berberine, experimental and clinical, a review. 
Phytotherapy Res. 2024 Apr. 38(4):1882–1902. doi: 10.1002/ptr. 
8077  .

38. Buvall L, Menzies RI, Williams J, Woollard KJ, Kumar C, 
Granqvist AB, Fritsch M, Feliers D, Reznichenko A, Gianni D, 
et al. Selecting the right therapeutic target for kidney disease. 
Front Pharmacol. 2022 Nov 2. 13:971065. doi: 10.3389/fphar. 
2022.971065  .

39. Jugran AK, Rawat S, Devkota HP, Bhatt ID, Rawal RS. Diabetes 
and plant‐derived natural products: from ethnopharmacological 
approaches to their potential for modern drug discovery and devel
opment. Phytotherapy Res. 2021 Jan. 35(1):223–245. doi: 10.1002/ 
ptr.6821  .

40. El-Nashar HA, Mostafa NM, El-Shazly M, Eldahshan OA. The role 
of plant-derived compounds in managing diabetes mellitus: 
a review of literature from 2014 to 2019. CMC. 2021 Jul 1. 28 
(23):4694–4730. doi: 10.2174/0929867328999201123194510  .

41. Chandran H, Meena M, Barupal T, Sharma K. Plant tissue culture 
as a perpetual source for production of industrially important 
bioactive compounds. Biotechnol Rep. 2020 June 1. 26:e00450. 
doi: 10.1016/j.btre.2020.e00450  .

42. Najmi A, Javed SA, Al Bratty M, Alhazmi HA. Modern approaches 
in the discovery and development of plant-based natural products 
and their analogues as potential therapeutic agents. Molecules. 
2022 Jan 6. 27(2):349. doi: 10.3390/molecules27020349  .

43. Abiri R, Valdiani A, Maziah M, Shaharuddin NA, Sahebi M, 
Yusof ZN, Atabaki N, Talei D. A critical review of the concept 
of transgenic plants: insights into pharmaceutical biotechnology 
and molecular farming. Curr Issues Mol Biol. 2016 Jan. 18 
(1):21–42.

44. Manhas A, Kumar I, Verma KK. Therapeutic potential of nutra
ceuticals in the management of diabetic mellitus. Res 
J Pharmacogn & Phytochem. 2025 Mar 11. 17(1):27–37.

45. Wang RC, Wang Z. Precision medicine: disease subtyping and 
tailored treatment. Cancers. 2023 Jan. 15(15):3837. doi: 10.3390/ 
cancers15153837  .

46. Guo Q, Fu B, Tian Y, Xu S, Meng X. Recent progress in artificial 
intelligence and machine learning for novel diabetes mellitus med
ications development. Curr Med Res & Opin. 2024 Sep 1. 40 
(9):1483–1493. doi: 10.1080/03007995.2024.2387187  .

47. Rizzo G, Baroni L, Lombardo M. Promising sources of 
plant-derived polyunsaturated fatty acids: a narrative review. 
IJERPH. 2023 Jan 17. 20(3):1683. doi: 10.3390/ijerph20031683.

PLANT SIGNALING & BEHAVIOR e2486076-5

https://doi.org/10.1016/j.ijbiomac.2024.133466
https://doi.org/10.1016/B978-0-443-22264-1.00006-2
https://doi.org/10.1016/B978-0-443-22264-1.00006-2
https://doi.org/10.1201/9781003486237
https://doi.org/10.1080/10408398.2018.1501658
https://doi.org/10.3390/ijms232415545
https://doi.org/10.3390/ijms232415545
https://doi.org/10.1007/s00204-022-03391-2
https://doi.org/10.1007/s00204-022-03391-2
https://doi.org/10.3389/fphar.2019.01480
https://doi.org/10.3389/fphar.2019.01480
https://doi.org/10.1016/j.aichem.2023.100011
https://doi.org/10.56986/pim.2024.06.004
https://doi.org/10.56986/pim.2024.06.004
https://doi.org/10.2337/dci20-0053
https://doi.org/10.1186/1475-2891-13-102
https://doi.org/10.1186/1475-2891-13-102
https://doi.org/10.3390/pharmacy6030057
https://doi.org/10.3390/pharmacy6030057
https://doi.org/10.3109/13880209.2013.826247
https://doi.org/10.3390/app14114534
https://doi.org/10.3389/fonc.2023.1180084
https://doi.org/10.1186/s13098-022-00969-9
https://doi.org/10.1080/10408398.2022.2148090
https://doi.org/10.1002/ptr.8077
https://doi.org/10.1002/ptr.8077
https://doi.org/10.3389/fphar.2022.971065
https://doi.org/10.3389/fphar.2022.971065
https://doi.org/10.1002/ptr.6821
https://doi.org/10.1002/ptr.6821
https://doi.org/10.2174/0929867328999201123194510
https://doi.org/10.1016/j.btre.2020.e00450
https://doi.org/10.3390/molecules27020349
https://doi.org/10.3390/cancers15153837
https://doi.org/10.3390/cancers15153837
https://doi.org/10.1080/03007995.2024.2387187
https://doi.org/10.3390/ijerph20031683

	Abstract
	Disclosure statement
	Funding
	ORCID
	Author’s contribution
	Availability of data and material
	Consent for publication
	References

