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Abstract: Herbal remedies, used for millennia, require rigorous safety, efficacy, and quality evaluations due to their widespread 
use. Assessing the toxicity of herbal remedies involves multifaceted approaches including in vitro and in vivo methodologies, 
clinical trials, and regulatory frameworks. Acute, sub-acute, and chronic toxicity testing paradigms are crucial for establishing 
dose-response relationships and identifying potential risks. The complexity of toxicity assessment in herbal products stems from 
their multi-component nature and potential interactions. Advanced analytical techniques such as high-performance liquid 
chromatography (HPLC), mass spectrometry (MS), and nuclear magnetic resonance (NMR) spectroscopy play a vital role in 
identifying and quantifying potentially toxic compounds. Pharmacovigilance is essential for monitoring adverse reactions and 
ensuring long-term safety. The regulatory landscape surrounding herbal medicines varies globally, highlighting the need for 
harmonized standards. Emerging technologies like -omics approaches and in silico modelling promise to revolutionize toxicity 
assessments. Current knowledge synthesis reveals critical gaps in herbal remedy toxicity assessment methods. These tools and 
methodologies are crucial for safeguarding public health and integrating herbal medicine into modern healthcare systems, 
emphasizing the importance of continued research and development in this field. 
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1. Introduction 

Herbal remedies have been an integral part of traditional medicine systems for thousands of years, offering a diverse array of 
therapeutic options for various ailments. The global resurgence of interest in natural and alternative medicine has led to a significant 
increase in the use of herbal products in recent decades [1]. This trend is driven by factors such as the perceived safety of natural 
products, dissatisfaction with conventional medicine, and the desire for more holistic approaches to health [2]. Despite their long 
history of use, the safety of herbal remedies cannot be assumed without rigorous scientific evaluation. The complex nature of herbal 
products, containing multiple active compounds, poses unique challenges in assessing their potential toxicity and interactions [3]. 
Unlike conventional pharmaceuticals, which typically contain a single active ingredient, herbal preparations may have hundreds of 
constituents, making it difficult to isolate and study individual components [4]. 

The misconception that "natural" equates to "safe" has led to a concerning trend of self-medication with herbal products, often 
without proper medical supervision or consideration of potential risks [5]. This situation is further complicated by the variable 
quality of herbal products available in the market, inconsistent regulatory standards across different countries, and the potential for 
adulteration or contamination [6]. Reports of adverse effects associated with herbal remedies have been increasing, ranging from 
mild gastrointestinal disturbances to severe hepatotoxicity, nephrotoxicity, and even fatalities [7]. These cases underscore the critical 
need for comprehensive toxicity assessments of herbal products to ensure public safety and maintain consumer confidence in natural 
therapies. Toxicity testing of herbal remedies encompasses a wide range of methodologies, from in vitro cellular assays to in vivo 
animal studies and human clinical trials [8]. Acute toxicity studies, typically conducted in animal models, aim to determine the lethal 
dose (LD50) and identify immediate adverse effects of single or multiple doses within a 24-hour period [9]. Sub-acute and chronic 
toxicity studies, on the other hand, investigate the effects of repeated exposure over extended periods, providing crucial information 
on potential cumulative toxicity and organ-specific damage [10]. The importance of toxicity testing extends beyond merely 
identifying harmful effects. It plays a pivotal role in establishing safe dosage ranges, understanding dose-response relationships, and 
elucidating mechanisms of toxicity [11]. This information is essential for developing evidence-based guidelines for the use of herbal 
products and informing regulatory decisions. Advanced analytical techniques have revolutionized the field of herbal toxicology. 
High-performance liquid chromatography (HPLC), coupled with mass spectrometry (MS), allows for the precise identification and 
quantification of potentially toxic compounds in complex herbal matrices [12]. Nuclear magnetic resonance (NMR) spectroscopy 
provides detailed structural information on herbal constituents, aiding in the characterization of novel toxic compounds [13]. These 
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technologies, combined with emerging -omics approaches such as toxicogenomics and metabolomics, offer unprecedented insights 
into the molecular mechanisms of herbal toxicity [14]. Pharmacovigilance plays a crucial role in monitoring the safety of herbal 
products post-market. Systematic collection and analysis of adverse event reports can identify rare or long-term toxicities that may 
not be apparent in pre-clinical or clinical studies [15]. However, the effectiveness of pharmacovigilance for herbal products is often 
hampered by underreporting and the challenges of establishing causality in complex herbal formulations [16]. The regulatory 
landscape for herbal medicines varies significantly across the globe, presenting challenges for standardization and quality control. 
In some countries, herbal products are regulated as dietary supplements with minimal pre-market safety evaluations, while others 
have stringent pharmaceutical-like regulations [17]. This disparity in regulatory approaches highlights the need for harmonized 
international standards and guidelines for herbal product safety assessment. 

2. Toxicity Testing  

Toxicity testing is a critical component in evaluating the safety profile of herbal remedies before their use in humans. These tests 
are designed to identify potential risks associated with the consumption of herbal products and to establish safe dosage ranges [20]. 
The use of animal models in toxicity testing provides several advantages, including the ability to control genetic factors, exposure 
duration, and the opportunity for comprehensive tissue examination post-mortem [21]. 

2.1. Importance of Toxicity Testing 

Toxicity testing serves multiple crucial purposes in the development and regulation of herbal remedies: 

2.1.1. Preparation of Dose-response curves  

Toxicity tests allow researchers to establish the relationship between the dose of an herbal preparation and its biological effects. 
This information is crucial for determining therapeutic windows and potential toxic thresholds [22]. 

2.1.2. Assessing safety and efficacy  

By systematically evaluating the effects of herbal remedies at various doses and durations, toxicity testing provides vital data on both 
the safety profile and potential therapeutic efficacy of these products [23]. 

2.1.3. Validation of new testing methods 

Toxicity testing also plays a role in validating novel research methodologies, particularly in vitro techniques that aim to reduce animal 
testing. These new methods must be rigorously compared to established in vivo models to ensure their reliability and predictive 
power [24] 

2.2. Types of Toxicity 

Toxicity testing for herbal remedies typically encompasses three main categories: acute, sub-acute, and chronic toxicity studies 
(Figure 1). Each type of study provides unique insights into the safety profile of herbal products 

 

Figure 1. Types Of Toxicity 
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2.2.1. Acute toxicity studies: 

Acute toxicity studies focus on the adverse effects that occur following a single exposure or multiple exposures within a short 
timeframe, typically 24 hours for oral or dermal administration, and 4 hours for inhalation [25]. 

Testing: Acute toxicity tests are fundamental in chemical risk assessments for both environmental species and humans. The primary 
metric derived from these studies is the LD50 (Lethal Dose 50%), which represents the dose at which 50% of the test animals die 
[26]. This value serves as a crucial indicator of a substance's acute toxicity potential. 

Animal Model: Rats are commonly used for acute toxicity studies due to their cost-effectiveness, availability, and ease of handling. 
Their physiological similarities to humans also make them suitable models for extrapolating potential human toxicity [27]. 

Methodology: Typically, groups of animals are administered single doses of the herbal preparation at different concentrations. The 
animals are then observed for a period of 14 days, during which mortality, clinical signs, and body weight changes are recorded. 
Post-mortem examinations are conducted to identify any gross pathological changes [28]. 

2.2.2. Sub-acute toxicity studies: 

Sub-acute toxicity studies are designed to investigate the effects of repeated exposure to an herbal remedy over a period of 28 to 90 
days [29]. 

Testing: These studies aim to identify target organs affected by different dosages and to detect potential cumulative effects. They 
provide a more realistic assessment of toxicity compared to acute studies, as they mimic patterns of human consumption more 
closely [30]. 

Dose Selection: Doses for sub-acute studies are typically selected based on information obtained from acute toxicity studies, 
considering both the LD50 and the slope of the dose-response curve [31]. 

Study Duration: The duration of sub-acute toxicity studies is determined by the expected duration of human use of the herbal 
remedy. For products intended for short-term use, 28-day studies may be sufficient, while those for longer-term use may require 
90-day studies [32]. 

Parameters Assessed: Sub-acute toxicity studies evaluate a wide range of parameters, including clinical signs, body weight changes, 
food and water consumption, hematological and biochemical markers, organ weights, and histopathological changes [33]. 

2.2.3. Sub-acute toxicity studies: 

Chronic toxicity studies investigate the long-term effects of herbal remedies, typically over a period of 6 months to 2 years [34]. 

Purpose: These studies provide information on potential toxicity from repeated dosing over an extended period, addressing concerns 
about bioaccumulation in organs and long-term safety [35]. 

Methodology: Animals are administered the herbal preparation daily at different dose levels, including a dose close to the expected 
human therapeutic dose. Regular assessments of clinical signs, body weight, food consumption, and periodic blood and urine 
analyses are conducted [36]. 

Significance: Chronic toxicity studies are particularly important for herbal remedies intended for long-term or lifelong use, as they 
can reveal delayed onset toxicities, carcinogenic potential, and effects on reproductive systems that may not be apparent in shorter-
term studies [37]. 

3. Challenges Associated with Regulatory Status for Herbal Medicines  

The regulatory landscape for herbal medicines is complex and varies significantly across different countries and regions. This 
variability poses numerous challenges for manufacturers, healthcare providers, and consumers alike. Some of the key challenges 
elaborated in Figure 2 
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Figure 2. Challenges for herbal products 

3.1. Historical Context and Current Regulatory Framework 
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approach contrasts sharply with the framework for conventional pharmaceuticals, where manufacturers must prove safety and 
efficacy before market approval. The discrepancy has led to several key challenges: 
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3.2.2. Limited Pre-market Safety Evaluation 

The classification of many herbal products as dietary supplements in some countries means they often enter the market without 
rigorous pre-market safety evaluations [43]. This approach can potentially expose consumers to unknown risks, especially when 
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3.2.3. Inadequate Quality Control 

The complex nature of herbal products, often containing hundreds of compounds, makes quality control challenging. Issues such 
as adulteration, contamination with heavy metals or pesticides, and substitution of plant species are not uncommon [44]. Detecting 
these problems requires sophisticated analytical techniques that may not be consistently applied across the industry. 
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3.2.4. Lack of Global Regulatory Harmonization 

The regulatory status of herbal medicines varies widely between countries, creating challenges for international trade and consumer 
safety [45]. For example: 

• In the European Union, herbal medicines may be registered as traditional herbal medicinal products if they have a history 
of traditional use. 

• In China, many herbal medicines are regulated as drugs and require extensive safety and efficacy data. 

• In the United States, most herbal products are regulated as dietary supplements with minimal pre-market oversight. 

This lack of harmonization can lead to confusion among consumers and challenges for manufacturers operating in multiple markets 
[46]. 

3.2.5. Limited Post-market Surveillance 

The lack of robust pre-market safety evaluations places greater importance on post-market surveillance. However, adverse event 
reporting for herbal products is often inadequate [47]. Reasons for this include: 

• Underreporting by consumers and healthcare providers 

• Difficulty in establishing causal relationships due to the complex nature of herbal products 

• Lack of standardized reporting systems in many countries 

3.2.6. Insufficient Research Funding 

Compared to conventional pharmaceuticals, herbal medicines often receive less funding for rigorous scientific research [48]. This 
lack of investment can result in a dearth of high-quality clinical trials and toxicological studies, making it difficult for regulators to 
make evidence-based decisions. 

3.2.7. Intellectual Property Challenges 

Traditional knowledge about herbal medicines often doesn't fit within conventional intellectual property frameworks. This can 
discourage investment in research and development, as companies may struggle to protect their innovations [49]. 

3.2.8. Labeling and Claims 

Regulations around labeling and health claims for herbal products vary widely. In some jurisdictions, manufacturers are limited in 
the health claims they can make, while in others, oversight may be less stringent. This inconsistency can lead to consumer confusion 
and potential misuse of products [50]. 

3.2.9. Interactions with Conventional Drugs 

The potential for herb-drug interactions is a significant concern that is often not adequately addressed by current regulatory 
frameworks. As herbal product use increases, the risk of adverse interactions with conventional medications also rises, highlighting 
the need for better integration of herbal medicines into mainstream healthcare systems [51]. 

3.3. Addressing Regulatory Challenges 

To address these challenges, several approaches have been proposed: 

• Developing more harmonized global standards for herbal medicine regulation 

• Implementing more rigorous quality control measures, including advanced analytical techniques 

• Enhancing post-market surveillance systems for herbal products 

• Increasing funding for research into the safety and efficacy of herbal medicines 

• Improving education for healthcare providers about herbal medicines and their potential interactions 

• Developing innovative regulatory approaches that balance traditional use evidence with modern scientific standards [52].  

4. Challenges Associated with the Assessment of Safety and Efficacy 

For assessing the safety and effectiveness of herbal remedies is far more intricate than those needed for traditional medications. 
More than hundreds of natural elements can be found in a single herbal medicine or medicinal plant, and several times as many in 
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a blended herbal medical product. It may be almost hard to identify individual active ingredients in such an examination, particularly 
if they are in combination. Some key aspects and challenges are shown in Figure 3. 

 

Figure 3. Assessment of Safety and Efficacy 
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documentation of adverse effects in traditional use [57]. 
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of many traditional medicine systems, developing appropriate outcome measures that capture the multi-faceted effects of herbal 
medicines, and accounting for individual variability in response to herbal treatments are all significant challenges [59]. 
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4.4. Pharmacokinetic and Pharmacodynamic Complexities 

Herbal medicines often work through multiple mechanisms simultaneously, making it challenging to identify all relevant 
pharmacological actions, understand how different compounds interact within the body, and determine appropriate dosing regimens 
[60]. The potential for interactions between herbal medicines and conventional drugs is a significant safety concern. Identifying all 
potential interactions, understanding the mechanisms of these interactions, predicting their clinical significance, and educating 
healthcare providers and patients about potential risks are ongoing challenges in this field [61]. 

4.5. Toxicological Considerations 

Assessing the long-term safety of herbal medicines is particularly challenging due to the lack of systematic long-term follow-up 
studies, difficulty in attributing delayed adverse effects to herbal use, and the potential for cumulative toxicity from chronic use [62]. 
Detecting and characterizing rare adverse events associated with herbal medicines is also challenging due to underreporting of 
adverse events, difficulty in establishing causality, and the lack of comprehensive post-market surveillance systems [63]. 

4.6. Quality Control and Adulteration 

Ensuring the quality and purity of herbal products is crucial for safety and efficacy assessments. This involves detecting 
contamination with heavy metals, pesticides, or microorganisms, identifying intentional adulteration with undeclared ingredients, 
and ensuring correct botanical identification of plant materials [64]. Developing and validating appropriate analytical methods for 
quality control of herbal products is challenging due to the complex chemical nature of herbal preparations, lack of reference 
standards for many herbal compounds, and the need for sophisticated and often expensive analytical equipment [65-68]. 

5. Conclusion 

In conclusion, this review has highlighted the complex landscape of herbal medicine safety and regulation. The challenges in toxicity 
testing, regulatory frameworks, and the assessment of safety and efficacy underscore the need for a multifaceted approach to ensure 
the responsible use of herbal remedies. While traditional knowledge provides valuable insights, it must be complemented by rigorous 
scientific evaluation to meet modern standards of safety and efficacy. Moving forward, addressing these challenges will require 
collaborative efforts from researchers, regulators, manufacturers, and healthcare provider. 
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