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ABSTRACT

Herbal remedies are widely used across the globe for the prevention and treatment of various diseases. However,
their nephrotoxic potential is an emerging concern, as several plant-derived compounds have been associated with
kidney damage. This review discusses the mechanisms by which herbal remedies induce nephrotoxicity, focusing on
the molecular and biochemical alterations in kidney cells. The article also examines the clinical implications of
nephrotoxic herbs, emphasizing the risk factors, clinical presentations, and diagnostic approaches for identifying
herbal-induced kidney damage. Furthermore, it provides safety considerations for practitioners and consumers,
advocating for proper dosage, quality control, and awareness of herb-drug interactions. Understanding the
nephrotoxic potential of herbal remedies is crucial for ensuring their safe use, especially in populations with pre-
existing renal conditions or those concurrently using prescription medications. This review aims to offer a
comprehensive overview of the nephrotoxic risks associated with herbal therapies and provide guidance for
mitigating these risks in clinical practice.
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INTRODUCTION

Herbal remedies have been utilized for centuries across various traditional medical systems, including Chinese,
Indian, and African medicine, and they continue to gain popularity as an alternative to conventional pharmaceutical
treatments in modern complementary and alternative medicine (CAM) [17]. These remedies are often lauded for
their perceived natural origins and therapeutic efficacy in managing a wide range of ailments, from minor ailments
to chronic diseases. Herbal products, such as those derived from plants like Echinacea, Ginkgo biloba, and Milk
Thistle, are often touted as safer and more accessible alternatives to prescription drugs [27]. However, despite their
widespread use and therapeutic benefits, there is an increasing body of evidence suggesting that certain herbal
remedies can induce nephrotoxicity, leading to kidney damage.

Nephrotoxicity caused by herbal remedies can present in various forms, including acute kidney injury (AKI), chronic
kidney disease (CKD), and even irreversible renal failure in severe cases [87]. The risk of kidney damage from herbal
products is often underestimated, largely due to the common misconception that "natural" remedies are inherently
safe. However, just like pharmaceutical drugs, herbal products contain bioactive compounds that can have harmful
effects on the kidneys, especially when consumed in excessive amounts or in combination with other medications
[47. Notably, while nephrotoxicity from pharmaceutical drugs is well-documented and carefully regulated, the
nephrotoxic effects of herbal remedies are not as widely recognized, and there is often a lack of awareness among
both healthcare providers and consumers. This can lead to delayed diagnosis and management of herbal-induced
nephropathy, making it a significant concern in clinical practice.

As the use of herbal remedies continues to rise globally, it is imperative to understand their potential risks,
particularly with respect to renal health. This review aims to provide a comprehensive analysis of the mechanisms
underlying herbal-induced nephrotoxicity, highlight the clinical implications, and offer safety recommendations for
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the responsible use of herbal remedies. By gaining a deeper understanding of the pathophysiology of herbal
nephrotoxicity, clinicians and consumers can better mitigate the risks associated with herbal medicine and improve
patient safety.

Mechanisms of Nephrotoxicity Induced by Herbal Remedies
The nephrotoxic effects of herbal remedies can be attributed to a variety of mechanisms, many of which involve
complex interactions at the cellular and molecular levels. These mechanisms can be broadly categorized into
oxidative stress, mitochondrial dysfunction, immune-mediated reactions, and direct nephrotoxic effects. A deeper
exploration of these mechanisms reveals the intricate ways in which herbal compounds can damage renal cells and
impair kidney function.
1. Oxidative Stress: One of the primary mechanisms through which herbal remedies cause nephrotoxicity is
oxidative stress. Many herbs, especially those rich in polyphenolic compounds, can induce the production of reactive
oxygen species (ROS) in the kidneys [57]. ROS are highly reactive molecules that can overwhelm the kidney’s
antioxidant defense systems, leading to cellular damage [67. Excessive ROS production results in lipid peroxidation,
protein oxidation, and DNA damage, which can cause inflammation, necrosis, and apoptosis of renal cells [77]. This
cascade of events ultimately impairs renal function, leading to conditions such as acute kidney injury (AKI) or
chronic kidney disease (CKD).
2. Mitochondrial Dysfunction: Several herbal compounds, particularly those found in species such as Aristolochia
(e.g., Aristolochic acid), are known to disrupt mitochondrial function [87. Mitochondria are essential for energy
production and cellular metabolism, and their dysfunction is a hallmark of many types of nephrotoxicity [97]. The
disruption of mitochondrial function can lead to the generation of reactive oxygen species (ROS), thereby further
exacerbating oxidative stress. Additionally, mitochondrial damage can impair renal tubular function, reduce
glomerular filtration rate (GFR), and lead to the development of renal fibrosis [97. This is particularly evident in
Aristolochia species, where the mitochondrial toxicity of Aristolochic acid has been linked to the development of
Aristolochic acid nephropathy (AAN), a condition characterized by progressive kidney damage [107].
3. Immune-Mediated Reactions: Some herbal compounds can trigger immune-mediated responses that damage
kidney tissue. For instance, certain alkaloids and flavonoids found in herbs like Chrysanthemum or Echinacea have
been linked to immune-mediated nephropathies, including glomerulonephritis and interstitial nephritis [117]. These
conditions involve the activation of the immune system, leading to inflammation and damage to renal structures,
particularly the glomeruli and renal tubules [117]. In severe cases, these inmune responses can result in acute kidney
injury or chronic renal damage if not promptly addressed. Immune-mediated nephropathy caused by herbal remedies
often presents with nonspecific symptoms, making early detection and treatment challenging [127].
4. Direct Nephrotoxic Effects: Certain herbs have compounds that directly damage kidney tissue, leading to
nephropathy. The most well-known example is Aristolochia, which contains Aristolochic acid. This compound is
particularly toxic to the kidneys and has been implicated in a specific form of nephropathy termed Aristolochic acid
nephropathy (AAN) [137. Aristolochic acid has been shown to form DNA adducts, leading to mutations, oxidative
damage, and fibrosis in kidney tissue [147]. This can result in irreversible kidney damage and, in some cases, renal
failure. AAN is often associated with the use of herbal remedies containing Aristolochia species, which have been
banned or restricted in many countries due to their nephrotoxic potential [157.

Clinical Implications of Herbal-Induced Nephrotoxicity

Herbal-induced nephrotoxicity, while often underrecognized, can lead to a spectrum of renal disorders, ranging from
mild elevations in serum creatinine to more severe conditions such as acute kidney injury (AKI), chronic kidney
disease (CKD), and even irreversible renal failure in extreme cases [167]. The challenge in diagnosing herbal
nephropathy lies primarily in its often insidious onset, where kidney damage may be asymptomatic in the early
stages, making it difficult to detect until the damage has progressed significantly [177]. In addition, the timing of
onset of nephrotoxic effects may vary considerably depending on the type of herb used, the dosage, and the duration
of exposure, further complicating the identification of the causative herb.
Risk Factors
Certain individuals are at a higher risk of developing nephrotoxicity from herbal remedies. People with pre-existing
kidney disease, the elderly, and individuals on polypharmacy (taking multiple medications) are particularly
vulnerable [187. These populations may already have compromised renal function, making them more susceptible
to additional strain from nephrotoxic substances found in herbal remedies. Additionally, the concurrent use of
nephrotoxic pharmaceutical drugs with herbal supplements can increase the risk of kidney damage [197. For
example, patients who take medications like non-steroidal anti-inflammatory drugs (NSAIDs), angiotensin-
converting enzyme (ACE) inhibitors, or certain antibiotics, when combined with nephrotoxic herbs, can experience
an enhanced cumulative effect on renal function [207]. The potential for herb-drug interactions must also be
considered, as they may potentiate kidney damage or alter the metabolism of nephrotoxic substances.
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Clinical Presentation
The clinical presentation of herbal-induced nephrotoxicity varies widely depending on the degree of kidney injury
and the specific herb involved. Early symptoms are often nonspecific and may include fatigue, decreased urine output,
and generalized malaise, which are common in many renal disorders [217]. Edema, hypertension, and electrolyte
imbalances (such as hyperkalemia or hyponatremia) may develop as the condition progresses [227]. In more severe
cases, patients may experience a rapid decline in renal function, leading to acute kidney injury (AKI), which is
characterized by an abrupt increase in serum creatinine levels, oliguria (reduced urine output), and possible fluid
retention [237]. The condition can be life-threatening if not promptly diagnosed and managed. In some cases,
prolonged exposure to nephrotoxic herbs can lead to chronic kidney disease, which may ultimately result in end-
stage renal failure if not addressed adequately [247].
Diagnostic Approach
Diagnosing herbal-induced nephrotoxicity requires a thorough and multidisciplinary approach. A detailed medical
history, including a review of all herbs, supplements, and medications taken, is essential in identifying potential
nephrotoxic agents [257]. Renal function tests, including serum creatinine, blood urea nitrogen (BUN), and
glomerular filtration rate (GFR), are crucial in assessing the extent of kidney damage [267. Urinalysis may reveal
proteinuria, hematuria, or the presence of casts, indicating glomerular or tubular injury [277. In some cases, a renal
biopsy may be necessary to confirm the diagnosis and assess the specific type of kidney injury, particularly when
clinical findings are inconclusive or if an immune-mediated mechanism is suspected [287. Identifying the offending
herb can be challenging, but establishing a temporal relationship between herb consumption and the onset of
symptoms is often key. Clinicians must also consider the possibility of polyherbal preparations, which can contain
multiple nephrotoxic compounds, complicating the diagnosis [297.
Safety Considerations and Recommendations
Given the growing global use of herbal remedies, it is crucial to implement safety practices that minimize the risk
of nephrotoxicity associated with these treatments. The following safety considerations are recommended:
1. Quality Control: Herbal products must undergo stringent quality control processes to ensure the correct species,
potency, and absence of contaminants such as heavy metals, pesticides, or toxins. This is particularly important for
herbs like Aristolochia, which contains Aristolochic acid, a potent nephrotoxin linked to kidney damage and cancer.
The lack of quality control in herbal preparations is a major concern, and regulatory standards should be established
to ensure the safety of herbal supplements.
2. Proper Dosage and Monitoring: Dosage recommendations for herbal remedies should be strictly adhered to,
and patients using herbs with known nephrotoxic potential should have their renal function monitored regularly.
This is especially critical in patients with pre-existing kidney conditions or those who are elderly. Healthcare
providers should be vigilant about monitoring serum creatinine levels and other markers of renal function to detect
early signs of nephrotoxicity.
3. Herb-Drug Interactions: Many herbal remedies can interact with prescription medications, leading to enhanced
nephrotoxicity. Clinicians should carefully assess potential herb-drug interactions, particularly with drugs that affect
renal function. For example, combining nephrotoxic herbs with diuretics, NSAIDs, or angiotensin-converting
enzyme inhibitors can increase the risk of kidney damage [307. Patients should be advised to inform their healthcare
providers about all the herbs and supplements they are taking.
4. Patient Education: Educating patients about the risks associated with herbal remedies is essential in promoting
safe use. Healthcare providers should counsel patients on the potential nephrotoxic effects of certain herbs, especially
in vulnerable populations. Additionally, patients should be informed about safer alternatives and the importance of
purchasing herbal products from reputable sources that adhere to quality control standards.
5. Regulation and Standardization: The herbal supplement industry should be more tightly regulated to ensure
that products are safe for consumption. Regulatory bodies should establish standards for the production and sale of
herbal products, ensuring that they are free from contaminants and accurately labeled with dosage information.
Standardized extracts with well-defined dosages could significantly reduce the risks associated with uncontrolled
herbal use and provide more consistent therapeutic effects.
By adopting these safety considerations and promoting awareness of the nephrotoxic potential of herbal remedies,
the healthcare community can help mitigate the risks associated with herbal use and protect patient health.
Continued research into the safety of herbal medicines, as well as increased regulation and patient education, is
essential to ensure that the benefits of herbal remedies can be realized without compromising renal health.
CONCLUSION
Herbal remedies offer various health benefits, but their nephrotoxic potential must be carefully considered.
Understanding the mechanisms of herbal-induced nephrotoxicity and the clinical implications of such toxicity is
vital for ensuring patient safety. By adopting proper safety measures, including quality control, patient education,
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and vigilant monitoring, the risks associated with herbal nephrotoxicity can be minimized. Future research should
focus on identifying specific nephrotoxic compounds in herbal products and establishing guidelines for their safe use
in clinical practice.
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