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Challenges

Swaroop Lahoti

ABSTRACT

The increasing global use of herbal medicines has highlighted concerns
regarding their hepatotoxic potential, as herbal medicine-induced liver injury
has become a notable cause of drug-induced liver injury (DILI) worldwide. This
mini-review examines the mechanisms behind hepatotoxicity in herbal products,
focusing on common hepatotoxic agents and pathophysiological mechanisms,
including oxidative stress, mitochondrial dysfunction, and immune-mediated
damage. It also discusses key risk factors, such as genetic predisposition, pre-
existing liver conditions, and lifestyle choices, that can heighten susceptibility
to liver injury. Current regulatory frameworks often fail to address the
complexities of herbal products due to variability in quality and composition and
insufficient safety testing. Regulatory approaches in the U.S. and the EU are
compared to illustrate the need for consistent global standards. Strategies for
minimizing risks, such as implementing standardized manufacturing practices,
enhancing healthcare provider awareness, and advancing toxicological
screening methods, are essential to improving consumer safety. This review calls
for continued research into the safety profiles of widely used herbal medicines
to protect public health while supporting access to alternative therapeutic
options.
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Introduction
Background on Herbal Medicines
Usage
Herbal medicines have been utilized for
centuries across various cultures, particularly in
Eastern medicine, where they are often
considered safe alternatives to conventional
pharmaceuticals. Their popularity has surged in
Western countries as well, with many
individuals turning to herbal remedies for a
wide range of health issues. However, this
increasing use has not been accompanied by
adequate regulatory oversight or public
awareness regarding potential adverse effects,

particularly hepatotoxicity.

A study indicated that herbal medicine-related
hepatotoxicity is the second most common
cause of drug-induced liver injury (DILI) in
Western nations, highlighting the urgent need
for vigilance among healthcare providers and
consumers alike.
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Importance of Understanding
Hepatotoxicity

Understanding the hepatotoxicity associated
with herbal medicines is critical for several
reasons. First, while many users perceive these
products as benign due to their natural origins,
severe liver injuries have been documented,
sometimes resulting in liver failure and
transplantation.? The variability in herbal
product composition—due to factors such as
growing conditions and manufacturing
practices-complicates the establishment of
causality between herbal use and liver injury.®
Furthermore, the lack of standardized
regulations means that many products may
contain undisclosed ingredients or
contaminants that could exacerbate risks. 4

In light of these challenges, a comprehensive
assessment of the risks associated with herbal
medicines is essential. This includes not only
identifying  specific  herbs linked to
hepatotoxicity but also understanding the
mechanisms behind such injuries and
improving regulatory frameworks to ensure
consumer safety. Recent studies have
emphasized that healthcare professionals
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should maintain a high index of suspicion for
herbal medicines when evaluating patients with
unexplained liver injuries.?

As the market for herbal supplements continues
to grow, so does the imperative for rigorous
scientific inquiry into their safety profiles. This
mini-review aims to synthesize current
knowledge regarding the hepatotoxic potential
of herbal medicines and the regulatory
challenges that accompany their use, drawing
from literature published between 2020 and
2021.

2. Mechanisms of Hepatotoxicity in
Herbal Medicines
Common Hepatotoxic Agents in

Herbal Products

Herbal medicines are increasingly recognized
for their potential hepatotoxic effects, with
several botanicals identified as common
culprits. A study highlighted that approximately
5% of U.S. adults consume herbal products
linked to liver injury, including turmeric, green
tea extract, Garcinia cambogia, black cohosh,
red yeast rice, and ashwagandha.® These agents
can lead to varying degrees of liver damage,
ranging from mild elevations in liver enzymes
to acute liver failure.

Pathophysiological Mechanisms

The mechanisms underlying hepatotoxicity in
herbal medicines can be categorized into
intrinsic and idiosyncratic reactions. Intrinsic
hepatotoxicity is dose-dependent and typically
occurs with known toxic compounds present in
the herbs, such as pyrrolizidine alkaloids found
in comfrey and germander. In contrast,
idiosyncratic reactions occur unpredictably and
are not dose-dependent, often involving
complex interactions  between  herbal
constituents and individual patient factors,
including  genetic  predispositions  and
concurrent medications.®

Key pathophysiological mechanisms
include:

Oxidative Stress: Many herbal compounds
can generate reactive oxygen species (ROS),
leading to oxidative stress and subsequent liver
cell damage.

Mitochondrial Dysfunction: Certain herbs
can impair mitochondrial function, which is
critical for hepatocyte energy metabolism.
Immune-mediated Damage: Some herbal
extracts may trigger immune responses that
result in inflammation and liver injury.
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3. Common Herbal Medicines Linked

to Hepatotoxicity
Case Studies of Specific Herbs

1. Kava (Piper methysticum): Widely
used for anxiety relief, kava has been
implicated in numerous cases of hepatotoxicity.
Reports indicate that excessive consumption
can lead to severe liver damage, prompting
regulatory bans in several regions.

2. Green Tea Extract (Camellia

sinensis): While moderate consumption is
generally safe, high doses of green tea extract
have been associated with hepatocellular injury
due to catechins, particularly when consumed
in concentrated supplement form.’

3. Black Cohosh

racemosa): Commonly used for menopausal
symptoms, black cohosh has been linked to
cases of liver injury, although the exact
mechanism remains unclear.?
Epidemiological Data and Statistics
Epidemiological studies indicate that herbal
medicine-related hepatotoxicity accounts for a
significant proportion of drug-induced liver
injuries (DILI). In a prospective study
conducted in Iceland from 2010 to 2011, 16%
of DILI cases were attributed to dietary
supplements. Furthermore, the Drug-Induced
Liver Injury Network reported that among 839
patients diagnosed with DILI between 2004 and
2013, 15.5% were due to herbal dietary
supplements.® This data underscores the
necessity for increased awareness and
regulatory scrutiny regarding the safety of
herbal products.

(Cimicifuga

4.. Risk Factors and Populations at
Risk

Individual Risk Factors

The risk of hepatotoxicity from herbal
medicines can be influenced by various
individual factors:

Genetics: Genetic variations can significantly
affect how individuals metabolize herbal
compounds. For instance, polymorphisms in
cytochrome P450 enzymes can lead to altered
metabolism of certain herbal ingredients,
increasing susceptibility to liver damage.*®
Pre-existing Liver Conditions:
Individuals with pre-existing liver diseases,
such as hepatitis or cirrhosis, are at a higher risk
for hepatotoxicity when consuming herbal
products. The compromised liver function may
exacerbate the effects of hepatotoxic
compounds found in some.**

Demographic and Lifestyle Factors
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Demographic and lifestyle factors also
contribute to the risk associated with herbal
medicine use:

Age: Older adults often have diminished liver
function and may be taking multiple
medications, raising the risk of herb-drug
interactions that could lead to hepatotoxicity.'?
Gender: Some studies suggest that women
may be more susceptible to herbal-induced liver
injury due to differences in body composition
and hormonal influences on drug metabolism.

Lifestyle Choices: Factors such as alcohol
consumption, obesity, and poor diet can
predispose individuals to liver damage. The
concurrent use of alcohol with certain herbal
products significantly increases the risk of
hepatotoxicity.'!

5. Regulatory Challenges in Herbal
Medicines

Variability in Quality and Composition
A significant challenge in regulating herbal
medicines is the variability in their quality and
composition. Unlike conventional
pharmaceuticals, which typically contain a
single active ingredient, herbal products may
contain multiple compounds that can vary
based on factors such as:

Source Variability: The geographical origin
of herbs can lead to differences in chemical
composition due to environmental factors.
Manufacturing Practices: Lack of
standardization in manufacturing processes can
result in inconsistent product quality, including
variations in active ingredient.'®

Gaps in Current Regulatory

Frameworks

Current regulatory frameworks often lack the
rigor seen in conventional drug approval
processes. Key gaps include:

Insufficient Evidence Requirements:
Many countries do not require robust clinical
trials to demonstrate safety and efficacy before
marketing herbal products.

Inadequate Post-Market Surveillance:
Monitoring adverse effects post-marketing is
often limited, making it difficult to assess long-
term safety.

Case Study: Regulations in Different
Countries
Regulatory
significantly across countries:

United States: The FDA regulates herbal
supplements as dietary supplements rather than
drugs, which means they do not require pre-

approaches vary

Hepatotoxicity of Herbal Medicines: Risks and Regulations
market approval. This has led to concerns about
safety and efficacy due to minimal oversight.’
FEuropean Union: The EU has established a
more stringent regulatory framework through
directives requiring evidence of safety and
efficacy for herbal medicines marketed as
traditional medicinal products.

6. Strategies for Minimizing
Hepatotoxicity Risks

Guidelines for Safe Usage

To minimize the risks associated with herbal
medicines, several guidelines should be
followed:

Consultation with Healthcare

Providers: Patients should consult healthcare
professionals before starting any herbal
regimen, especially if they have pre-existing
health conditions or are taking other
medications.®

Adhering to Recommended Dosages:
Users should strictly follow dosage
recommendations provided on product labels or
by healthcare professionals.

Need for Standardization and Quality
Control

Standardization is crucial for ensuring the
safety and efficacy of herbal products.
Regulatory bodies should enforce:

Good Manufacturing Practices (GMP):
Ensuring that manufacturers adhere to GMP
can help maintain product consistency and
quality.

Quality Assurance Protocols:
Implementing rigorous testing for contaminants
and active ingredients can enhance consumer
safety.

Role of Health Professionals

Healthcare professionals play a vital role in
mitigating hepatotoxicity risks by:

Educating Patients: Providing information
about potential risks associated with specific
herbs.

Monitoring Liver Function: Regularly
assessing liver function tests for patients using
high-risk herbal products.

7. Future Perspectives and Research
Needs

Advances in Toxicological Screening

Future research should focus on developing
advanced toxicological screening methods that
can identify potential hepatotoxic effects of
herbal medicines early in their development
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process. This includes utilizing high-
throughput screening technologies to assess
multiple compounds simultaneously.™
Research Gaps and Areas of Focus
Identifying  specific ~ herbs linked to
hepatotoxicity through large-scale
epidemiological  studies is  essential.
Additionally, research should explore:
Mechanistic Studies: Understanding the
biochemical pathways involved in herb-
induced liver injury will aid in developing
preventive strategies.

Longitudinal Studies: Investigating long-
term effects of chronic herbal use on liver
health will provide valuable insights into safety
profiles.

Public Health Implications
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