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ABSTRACT 

Phytochemicals, bioactive compounds found in plants, have gained significant attention due to their potential 
therapeutic effects, including antioxidant, anti-inflammatory, anticancer, and anti-diabetic properties. These 
compounds, such as polyphenols, flavonoids, alkaloids, and terpenoids, are widely used in traditional medicine and 
modern pharmacology. Despite their therapeutic promise, the toxicological profile of many phytochemicals remains 
underexplored. This review aims to evaluate the balance between the therapeutic potential and adverse effects of 
common phytochemicals. It discusses the pharmacokinetics, bioavailability, and mechanisms of action of various 
phytochemicals, highlighting their safety concerns, including hepatotoxicity, nephrotoxicity, gastrointestinal 
distress, and neurotoxicity. The article also addresses factors that contribute to the toxicity of phytochemicals, such 
as dosage, duration of exposure, and interactions with other drugs. Moreover, it explores strategies for mitigating 
potential adverse effects through proper formulation, dose optimization, and clinical monitoring. By examining both 
the beneficial and harmful effects of phytochemicals, this review provides valuable insights into their safe and 
effective use in therapeutic applications, offering a comprehensive perspective on their clinical viability. 
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INTRODUCTION 

Phytochemicals are naturally occurring bioactive compounds found in plants that have been recognized for their 
therapeutic potential across various health conditions, including cancer, cardiovascular diseases, metabolic disorders, 
and neurodegenerative diseases [1]. These compounds are classified into several groups, including flavonoids, 
alkaloids, terpenoids, polyphenols, and glycosides [2]. Many of these compounds have been used in traditional 
medicine for centuries, and modern research has confirmed their pharmacological activities, including anti-
inflammatory, anti-oxidant, anti-cancer, and anti-diabetic properties [3]. However, despite their beneficial effects, 
phytochemicals can also exhibit adverse effects, particularly when consumed in high doses or over extended periods. 
The safety profile of phytochemicals is an area of growing concern, as their widespread use, both in dietary 
supplements and as part of therapeutic regimens, necessitates a deeper understanding of their potential toxicological 
risks. This article aims to provide a comprehensive review of the toxicological profiles of common phytochemicals, 
emphasizing the balance between their therapeutic benefits and potential adverse effects. By examining their 
pharmacokinetics, safety concerns, and clinical implications, this review seeks to foster a more informed approach to 
the clinical application of phytochemicals. 

Pharmacokinetics and Bioavailability of Phytochemicals 

The pharmacokinetics of phytochemicals how the body absorbs, distributes, metabolizes, and eliminates these 
compounds plays a critical role in determining their therapeutic efficacy and safety [1]. While phytochemicals have 
shown significant therapeutic potential, their bioavailability and pharmacokinetic properties often limit their clinical 
application. Phytochemicals are typically characterized by poor solubility, low absorption rates, and rapid 
metabolism, which impact both their effectiveness and toxicity [4]. 
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  Absorption and Bioavailability 
Absorption is the first step in the pharmacokinetic journey of any compound. Phytochemicals are generally absorbed 
in the small intestine after oral ingestion, but their absorption is often hindered by their lipophilicity (fat-solubility) 
or hydrophilicity (water-solubility), which can impede their passage through biological membranes [5]. Compounds 
like curcumin, resveratrol, and EGCG (epigallocatechin gallate) are known for their poor bioavailability, primarily 
due to poor intestinal absorption, first-pass metabolism in the liver, and rapid excretion [6]. For example, curcumin, 
derived from turmeric, is highly lipophilic and poorly absorbed when administered orally [7]. It is rapidly 
conjugated in the liver, forming curcumin-glucuronide and curcumin-sulfate conjugates, which are then excreted in 
the urine and bile [7]. These conjugates, although pharmacologically inert, reduce the bioavailability of curcumin. 
To overcome this challenge, formulations such as curcumin combined with piperine (found in black pepper) have 
been developed to enhance absorption by inhibiting its metabolism and increasing its bioavailability [8]. Similarly, 
resveratrol, a polyphenolic compound found in grapes and red wine, undergoes extensive first-pass metabolism, 
which reduces its systemic availability [9]. Resveratrol is metabolized into glucuronide and sulfate conjugates, 
which limits its pharmacological effects [11]. Advanced delivery systems, including nanoparticles, micelles, and 
liposomes, have been explored to improve the bioavailability of resveratrol by enhancing its solubility and stability 
in the digestive tract. 
                                                                      Distribution 
After absorption, the distribution of phytochemicals throughout the body depends on their ability to bind to plasma 
proteins and their affinity for different tissues [10]. Compounds such as polyphenols often have a high affinity for 
fat tissue, which can result in their accumulation in adipose tissue [12]. This selective distribution can influence 
their pharmacological effects and their potential toxicity. In addition, phytochemicals that reach the bloodstream 
may be distributed to various organs, including the liver, kidney, brain, and heart. For example, flavonoids like 
quercetin have been shown to cross the blood-brain barrier (BBB), which suggests their potential for use in 
neurological conditions [13]. However, their accumulation in specific organs may also contribute to potential toxic 
effects. For example, EGCG has been shown to accumulate in the liver, raising concerns about hepatotoxicity when 
consumed in excessive amounts [14]. 

Metabolism 

Metabolism is a crucial step in the pharmacokinetics of phytochemicals, as it determines the half-life and the 
conversion of phytochemicals into bioactive or inactive metabolites. The liver plays a significant role in the 
metabolism of most phytochemicals through phase I (oxidation, reduction, hydrolysis) and phase II (conjugation) 
reactions, which involve enzymes such as cytochrome P450 [15]. These metabolic processes can lead to the 
formation of metabolites that either retain the therapeutic properties of the parent compound or lose their bioactivity. 
For instance, curcumin is metabolized by cytochrome P450 enzymes, producing metabolites like curcumin-
glucuronide and curcumin-sulfate [16]. Although these metabolites are less active than the parent compound, they 
are often more water-soluble, facilitating their excretion. Similarly, flavonoids like quercetin undergo extensive 
glucuronidation and sulfation in the liver, which results in the formation of conjugated metabolites that are less 
biologically active than the parent flavonoid but more easily excreted [17]. 

Elimination 

The elimination of phytochemicals occurs primarily via the urine and bile, although some compounds are excreted 
in sweat, feces, and saliva [18]. The kidneys play a significant role in the elimination of water-soluble 
phytochemicals, while bile contributes to the excretion of lipophilic compounds [19]. The rate of elimination is 
influenced by the compound's solubility, molecular size, and the presence of any active transport mechanisms that 
facilitate excretion [19]. Phytochemicals that undergo conjugation (e.g., glucuronidation or sulfation) are generally 
more easily excreted in the urine [20]. However, compounds that accumulate in fat tissue, such as certain 
polyphenols, may have prolonged half-lives and delayed excretion, potentially increasing the risk of toxicity with 
prolonged use [21]. 

Toxicological Concerns and Adverse Effects 
Despite their therapeutic potential, many phytochemicals can exhibit adverse effects when consumed in high doses, 
over extended periods, or in vulnerable populations. The toxicity of phytochemicals can be influenced by several 
factors, including their dose, duration of exposure, the individual’s metabolic status, and any underlying health 
conditions. This section delves deeper into the common toxicological concerns associated with phytochemicals, 
focusing on hepatotoxicity, nephrotoxicity, gastrointestinal distress, and neurotoxicity. 

Hepatotoxicity 
Hepatotoxicity, or liver damage, is one of the most commonly reported adverse effects of phytochemicals, especially 
in high doses or long-term use [22]. Many phytochemicals, particularly polyphenols and alkaloids, can cause liver 
damage through various mechanisms, including oxidative stress, inflammation, and disruption of liver enzymes. For 
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instance, kava-kava, traditionally used for its calming effects, has been linked to severe liver toxicity, including 
hepatitis, cirrhosis, and even acute liver failure [23]. The toxic effects of kava-kava have been attributed to the 
accumulation of certain kavalactones, which are believed to induce oxidative stress and mitochondrial dysfunction 
in liver cells [23]. Similarly, high doses of green tea extract, particularly those containing high concentrations of 
EGCG, have been associated with liver toxicity [14]. Although green tea and EGCG are widely consumed for their 
antioxidant benefits, excessive intake can lead to hepatotoxicity, especially when consumed in concentrated 
supplement forms. The liver toxicity from EGCG is thought to arise from the oxidative stress and metabolic 
byproducts produced during the extensive liver metabolism of the compound [24]. 

Nephrotoxicity 

Nephrotoxicity is another critical concern with phytochemicals, especially those containing alkaloids or compounds 
that can accumulate in renal tissues. Aristolochic acid, found in the plant genus Aristolochia, is a potent nephrotoxin 
that has been implicated in kidney failure and cancer [25]. Long-term use of aristolochic acid-containing herbs has 
been linked to the development of chronic kidney disease and urothelial carcinoma, a form of bladder cancer [26]. 
Aristolochic acid induces DNA damage and inflammation, leading to renal fibrosis and tubular atrophy [27]. Other 
compounds, such as those found in licorice (glycyrrhizin), have been shown to cause kidney damage through the 

inhibition of 11β-hydroxysteroid dehydrogenase type 2 (11β-HSD2), leading to elevated levels of cortisol and 
resulting in hypertension and electrolyte imbalances [28]. These effects can contribute to kidney injury, particularly 
in individuals with preexisting kidney conditions or those using high doses of licorice for extended periods. 

Gastrointestinal Distress 

Gastrointestinal distress, including nausea, vomiting, diarrhea, and abdominal pain, is a common side effect of many 
phytochemicals, especially when consumed in large quantities or in concentrated forms. For example, curcumin, 
while known for its anti-inflammatory and antioxidant properties, can cause gastrointestinal discomfort when taken 
in excess, particularly due to its ability to irritate the gastrointestinal lining [29]. Similarly, ginger, which is often 
used for nausea and digestive issues, may cause mild gastrointestinal distress in some individuals when consumed 
in high doses [30]. In some cases, phytochemicals can alter gut microbiota, leading to dysbiosis (an imbalance in 
gut bacteria) and further exacerbating gastrointestinal symptoms [31]. This effect is particularly relevant for 
compounds such as berberine, which has been shown to modulate gut microbiota composition, potentially leading 
to changes in digestive health and nutrient absorption. 

Neurotoxicity 
Neurotoxicity is a potential adverse effect of certain phytochemicals, especially alkaloids. For example, compounds 
such as atropine and scopolamine, derived from Atropa belladonna (deadly nightshade), have potent neurotoxic 
effects that can cause delirium, hallucinations, and seizures at high doses [32]. These compounds act as 
anticholinergics, blocking acetylcholine receptors in the brain and nervous system, leading to central nervous system 
toxicity. Similarly, certain plant-derived alkaloids used in traditional medicine, such as those found in Piper 
methysticum (kava-kava), can also result in neurological effects, including sedation and cognitive impairment [33]. 
Chronic use of kava-kava has been associated with the development of "kava dermopathy," a condition characterized 
by the loss of skin integrity and potential central nervous system depression [34]. 

Mitigating Toxicity: Strategies and Considerations 

To minimize the toxic effects of phytochemicals while maximizing their therapeutic potential, several strategies can 
be employed: 

Dosage Optimization 
One of the most effective ways to prevent toxicity is through the careful optimization of dosage. Lower doses of 
phytochemicals that maintain their therapeutic effects while avoiding excessive accumulation in the body are critical. 
Standardized dosing, based on clinical studies, can help mitigate risks and improve safety. 

Formulation and Delivery Systems 
Advances in pharmaceutical formulation and drug delivery systems can help enhance the bioavailability of 
phytochemicals and reduce their toxicity. For example, using nanoparticle-based delivery systems or liposomal 
formulations can improve the absorption of poorly bioavailable compounds, allowing for effective doses without 
requiring excessive quantities. Additionally, using controlled-release formulations can help reduce the risk of 
adverse effects. 

Clinical Monitoring 
For phytochemicals with known toxicological risks, regular clinical monitoring, including liver and kidney function 
tests, is crucial, especially when these compounds are used in higher doses or for prolonged periods. Healthcare 
providers must monitor for signs of toxicity and adjust dosages or discontinue the use of phytochemicals as 
necessary. 
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CONCLUSION 
Phytochemicals hold significant promise as therapeutic agents due to their diverse biological activities. However, 
their safety profiles must be carefully considered, as many compounds exhibit toxicological risks, particularly when 
consumed in high doses or over extended periods. Understanding the balance between the therapeutic potential and 
adverse effects of phytochemicals is essential for their safe and effective use. Continued research into their 
pharmacokinetics, safety profiles, and clinical outcomes will be critical in optimizing their use and minimizing 
potential risks. By adopting strategies such as dosage optimization, advanced formulation techniques, and clinical 
monitoring, it is possible to harness the therapeutic benefits of phytochemicals while reducing the risk of toxicity. 

REFERENCES 
1. Hossain MdS, Wazed MA, Asha S, Amin MdR, Shimul IM. Dietary Phytochemicals in Health and Disease: 

Mechanisms, Clinical Evidence, and Applications—A Comprehensive Review. Food Science & Nutrition. 
2025;13(3). doi:10.1002/fsn3.70101 

2. Alum EU. Role of phytochemicals in cardiovascular disease management: Insights into mechanisms, 
efficacy, and clinical application. Phytomedicine Plus, 2025; 5(1),100695. 
https://doi.org/10.1016/j.phyplu.2024.100695. 

3. Uti DE, Atangwho IJ, Alum EU, Egba SI, Ugwu OPC, Ikechukwu GC. Natural Antidiabetic Agents: 
Current Evidence and Development Pathways from Medicinal Plants to Clinical use. Natural Product 
Communications. 2025;20(3). doi:10.1177/1934578x251323393 

4. Hu Y, Lin Q, Zhao H, Li X, Sang S, McClements DJ, et al. Bioaccessibility and bioavailability of 
phytochemicals: Influencing factors, improvements, and evaluations. Food Hydrocolloids. 
2022;135:108165. doi:10.1016/j.foodhyd.2022.108165 

5. Ugwu, CE., Sure, SM., Dike, CC., Okpoga, NA and Egba, SI. Phytochemical and in vitro antioxidant 
activities of methanol leave extract of Alternanthera basiliana. Journal of Pharmacy Research, 2018; 12(6): 
835-839 

6. Alum EU. Phytochemicals in Malaria Treatment: Mechanisms of Action and Clinical Efficacy. KIU J. 
Health Sci. 2024; 4(2):71-84. https://doi.org/10.59568/KJHS-2024-4-2-06. 

7. El-Saadony MT, Yang T, Korma SA, Sitohy M, El-Mageed TA, Selim S, et al. Impacts of turmeric and its 
principal bioactive curcumin on human health: Pharmaceutical, medicinal, and food applications: A 
comprehensive review. Frontiers in Nutrition. 2023;9. doi:10.3389/fnut.2022.1040259 

8. Alum EU. The role of indigenous knowledge in advancing the therapeutic use of medicinal plants: 
challenges and opportunities. Plant signaling & behavior, 2024; 19(1), 2439255. doi: 
10.1080/15592324.2024.2439255. Epub 2024 Dec 9. PMID: 39652401; PMCID: PMC11633201. 

9. Farhan M, Rizvi A. The pharmacological properties of red grape polyphenol resveratrol: clinical trials and 
obstacles in drug development. Nutrients. 2023;15(20):4486. doi:10.3390/nu15204486 

10. Hann E, Malagu K, Stott A, Vater H. The importance of plasma protein and tissue binding in a drug 
discovery program to successfully deliver a preclinical candidate. Progress in Medicinal Chemistry. 
2022;163–214. doi:10.1016/bs.pmch.2022.04.002 

11. Gambini J, Inglés M, Olaso G, Lopez-Grueso R, Bonet-Costa V, Gimeno-Mallench L, et al. Properties of 
Resveratrol: In Vitro and In Vivo Studies about Metabolism, Bioavailability, and Biological Effects in 
Animal Models and Humans. Oxidative Medicine and Cellular Longevity. 2015;2015:1–13. 
doi:10.1155/2015/837042 

12. He L, Su Z, Wang S. The anti-obesity effects of polyphenols: a comprehensive review of molecular 
mechanisms and signal pathways in regulating adipocytes. Frontiers in Nutrition. 2024;11. 
doi:10.3390/fnut.2024.1393575 

13. Minocha T, Birla H, Obaid AA, Rai V, Sushma P, Shivamallu C, et al. Flavonoids as Promising 
Neuroprotectants and Their Therapeutic Potential against Alzheimer’s Disease. Oxidative Medicine and 
Cellular Longevity. 2022;2022:1–13. doi:10.1155/2022/6038996 

14. Acosta L, Byham-Gray L, Kurzer M, Samavat H. Hepatotoxicity with High-Dose Green Tea Extract: Effect 
of Catechol-O-Methyltransferase and Uridine 5’-Diphospho-glucuronosyltransferase 1A4 Genotypes. 
Journal of Dietary Supplements. 2022;20(6):850–69. doi:10.1080/19390211.2022.2128501 

15. Phang-Lyn S, Llerena VA. Biochemistry, biotransformation. StatPearls – NCBI Bookshelf. 2023. Available 
from: https://www.ncbi.nlm.nih.gov/books/NBK544353/ 

16. Castaño PR, Parween S, Pandey AV. Bioactivity of curcumin on the cytochrome P450 enzymes of the 
steroidogenic pathway. International Journal of Molecular Sciences. 2019;20(18):4606. 
doi:10.3390/ijms20184606 

https://doi.org/10.1016/j.phyplu.2024.100695
https://doi.org/10.59568/KJHS-2024-4-2-06
https://www.ncbi.nlm.nih.gov/books/NBK544353/


 
 
https://www.eejournals.org                                                                                                                       Open Access 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited 

 
 

Page | 12 

17. Thilakarathna S, Rupasinghe H. Flavonoid bioavailability and attempts for bioavailability enhancement. 
Nutrients. 2013;5(9):3367–87. doi:10.3390/nu5093367 

18. Uhuo E N, Egba S I, Nwuke P C and Odinamadu H Renoprotective effects of adansonia digitata leaf extracts 
on renal functions and histopatological changes vancomycin induced nephrotoxicity in Wistar rats. 
Comparative Clinical Pathology, 2022; 31(1):1-14 

19. Garza AZ, Park SB, Kocz R. Drug elimination. StatPearls – NCBI Bookshelf. 2023. Available from: 
https://www.ncbi.nlm.nih.gov/books/NBK547662/ 

20. Egba, SI., Ogbodo, JO., Ogbodo PO and Obike CA Toxicological Evaluation of Two Named Herbal 
Remedies Sold Across Orumba South Local Government of Anambra State, South-Eastern Nigeria. Asian 
Journal of Research in Biochemistry, 2017; 1(1):1-6 

21. Jackson E, Shoemaker R, Larian N, Cassis L. Adipose tissue as a site of toxin accumulation. Comprehensive 
Physiology. 2017;1085–135. doi:10.1002/cphy.c160038 

22. Ukpabi-Ugo Jacinta Chigozie., Monanu, Michael Okechukwu., Patrick-Iwuanyanwu, Kingsley and 
Egbachukwu Simeon Ikechukwu. Potential hepatoprotective effect of different solvent fractions of Ocimum 
gratissimum (O G) in a paracetamol-induced hepatotoxicity in Wistar albino rats. ScopeMed 2016; 5(1): 10-

16 
23. Ogugua Victor Nwadiogbu., Uroko Robert Ikechukwu., Egba, Simeon Ikechukwu and Agu Obiora (2017) 

Hepatoprotective and Healthy Kidney Promoting Potentials of Methanol Extract of Nauclea latifolia in 
Alloxan Induced Diabetic Male Wistar Albino Rats. Asian Journal of Biochemistry,2017; 12: 71-78  

24. Tang G, Xu Y, Zhang C, Wang N, Li H, Feng Y. Green Tea and Epigallocatechin Gallate (EGCG) for the 
Management of Nonalcoholic Fatty Liver Diseases (NAFLD): Insights into the Role of Oxidative Stress 
and Antioxidant Mechanism. Antioxidants. 2021;10(7):1076. doi:10.3390/antiox10071076 

25. White JD. Complementary and alternative medicine. In: Elsevier eBooks. 2014. p. 519–529.e4. 
doi:10.1016/b978-1-4557-2865-7.00033-3 

26. Kang YC, Chen MH, Lin CY, Lin CY, Chen YT. Aristolochic acid-associated urinary tract cancers: an 
updated meta-analysis of risk and oncologic outcomes after surgery and systematic review of molecular 
alterations observed in human studies. Therapeutic Advances in Drug Safety. 2021;12. 
doi:10.1177/2042098621997727 

27. Yang F, Ozols E, Ma YF, Leong KG, Tesch GH, Jiang X, et al. C-Jun amino terminal kinase signaling 
promotes aristolochic acid-induced acute kidney injury. Frontiers in Physiology. 2021;12. 
doi:10.3389/fphys.2021.599114 

28. Sontia B, Mooney J, Gaudet L, Touyz RM. Pseudohyperaldosteronism, liquorice, and hypertension. Journal 
of Clinical Hypertension. 2008;10(2):153–7. doi:10.1111/j.1751-7176.2008.07470.x 

29. Zhu X, He L. The modulatory Effects of curcumin on the gut Microbiota: a potential strategy for disease 
treatment and health promotion. Microorganisms. 2024;12(4):642. doi:10.3390/microorganisms12040642 

30. Bodagh MN, Maleki I, Hekmatdoost A. Ginger in gastrointestinal disorders: A systematic review of clinical 
trials. Food Science & Nutrition. 2018;7(1):96–108. doi:10.1002/fsn3.807 

31. Santhiravel S, Bekhit AEDA, Mendis E, Jacobs JL, Dunshea FR, Rajapakse N, et al. The impact of plant 
phytochemicals on the gut microbiota of humans for a balanced life. International Journal of Molecular 
Sciences. 2022;23(15):8124. doi:10.3390/ijms23158124 

32. Boskabadi SJ, Ramezaninejad S, Zakariaei Z. Severe Neurotoxicity due to Atropa belladonna Poisoning: A 
Case Report and Literature Review. Case Reports in Neurological Medicine. 2024;2024(1). 
doi:10.1155/2024/5411258 

33. Egba, S Ikechukwu, Okonkwo C Onyinye, Ogbodo J Onyebuchi and Ezeh V Nzubechukwu Neuroprotective 
Potentials of Alstonia boonei extracts on  Biochemical Markers of Brain Integrity in Experimental Rats, 
Trop J Nat Prod  Res, 2021; 5(6): 1106-1109. doi.org/10.26538/tjnpr/v5i6.21 

34. Soares RB, Dinis-Oliveira RJ, Oliveira NG. An updated review on the psychoactive, toxic and anticancer 
properties of Kava. Journal of Clinical Medicine. 2022;11(14):4039. doi:10.3390/jcm11144039 

 

CITE AS: Kato Sseguya I. (2025). The Toxicological Profile of Common Phytochemicals: 
Analyzing the Balance Between Therapeutic Potential and Adverse Effects. EURASIAN 
EXPERIMENT JOURNAL OF PUBLIC HEALTH,7(3):8-12 
 

 

https://www.ncbi.nlm.nih.gov/books/NBK547662/

