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Abstract

Medical toxicology has rapidly evolved with innovative approaches to managing poisoning and overdose,
integrating advances in pharmacology, biotechnology, and precision medicine. Poisoning from chemicals, drugs,
and environmental agents remains a major public health challenge globally. Novel diagnostic tools, such as high-
throughput mass spectrometry and point-of-care toxicological assays, have significantly improved the speed and
accuracy of identifying toxic agents. Precision medicine has introduced individualized detoxification protocols
tailored to genetic profiles and specific metabolic pathways, enhancing the efficacy and safety of treatments. Recent
developments in extracorporeal treatments, including hemodialysis and hemoperfusion, allow for more effective
removal of toxins, particularly for substances that are poorly eliminated by the body. Artificial intelligence and
machine learning algorithms are being integrated into clinical toxicology to predict outcomes, optimize antidote
dosing, and improve clinical decision-making. Mobile health platforms and telemedicine have expanded access to
toxicology expertise, particularly in remote or underserved areas, facilitating real-time consultations in emergency
scenarios. The adoption of these cutting-edge technologies is reshaping the landscape of poisoning and overdose
management, moving toward more targeted, efficient, and patient-specific interventions. This review highlights
key innovations in medical toxicology and emphasizes the need for continued research and interdisciplinary
collaboration to improve outcomes for patients affected by toxic exposures.
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INTRODUCTION threats like microplastics and endocrine-disrupting chemicals

are also becoming more prevalent, raising concerns over

edical  toxicology focuses on  their chronic impact on human health. Recent advancements
Mdiagnosing, managing, and  in toxicology include improved antidotal therapies, more
preventing poisonings and adverse  accurate diagnostic tools, and the development of predictive

effects from toxic substances. The field has  toxicology models using artificial intelligence (AI) and

seen significant shifts due to emerging drugs, ~ genomics.”) The integration of these technologies into
environmental changes, and advancements in  clinical practice allows for faster identification of toxins

treatment strategies.l'l In recent years, the rise ~ and more targeted treatments. Research in toxicogenomics
* b

of novel synthetic drugs, such as fentanyl and

designer drugs, has created new toxicological Address for correspondence:
challenges, often requiring rapid adaptation of Nadeem Siddiqui, Department of Biotechnology,
clinical protocols. These substances frequently Koneru Lakshmaiah Education Foundation, Greenfields,

have unpredictable toxicity profiles, making Vaddeswaram, Guntur - 522302, Andhra Pradesh, India.
them difficult to manage in acute settings. E-mail: siddiqui@kluniversity.in
Environmental pollutants, including heavy
metals, pesticides, air pollutants, and industrial
chemicals, continue to pose long-term health

risks.[2 With increasing industrialization, newer
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overdose management

and biomarkers is also helping to identify individuals at
higher risk of toxic exposure, allowing for personalized
approaches to treatment and prevention. These innovations
are enhancing patient outcomes in cases of poisoning and
toxic exposure.™

NOVEL ANTIDOTES IN POISONING
TREATMENT

The development of new antidotes has revolutionized the
management of poisoning cases, offering more specific
and effective treatments. Several antidotes have emerged or
undergone clinical trials in recent years, addressing gaps in
the treatment of both traditional toxins and newly identified
chemicals.™

LIPID EMULSION THERAPY (LET)

LET has gained recognition as a treatment for lipophilic drug
toxicity. Initially used for local anesthetic systemic toxicity,
LET’s scope has broadened to include cases involving
beta-blockers, calcium channel blockers, and tricyclic
antidepressants. Recent studies suggest that LET may act as
a “lipid sink,” binding lipophilic drugs and mitigating their
toxic effects. However, its exact mechanism remains under
investigation, and optimal dosing protocols are still a subject
of research.[)

INTRAVENOUS FOMEPIZOLE FOR TOXIC
ALCOHOLS

Fomepizole, traditionally used to treat methanol and ethylene
glycol poisoning, has seen expanded use in treating other toxic
alcohols. The compound inhibits alcohol dehydrogenase,
preventing the conversion of alcohols into toxic metabolites.
Recent studies suggest a potential role for fomepizole in
poisoning from other alcohol-based chemicals, such as
diethylene glycol, although clinical experience remains
limited.[™

EMERGING ANTIDOTES FOR CYANIDE
POISONING

Cyanide poisoning remains a medical emergency,
particularly in industrial accidents or smoke inhalation
from fires. Hydroxocobalamin is a widely used antidote,
but recent developments have focused on alternatives such
as sulfanegen sodium, which is faster-acting and has shown
promise in preclinical studies. Ongoing research is assessing
the safety profile and efficacy of this novel agent.®!
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ADVANCES IN OPIOID OVERDOSE
MANAGEMENT

Opioid overdose continues to be a leading cause of
mortality worldwide, particularly with the rise of synthetic
opioids like fentanyl. Traditional treatments with naloxone
remain effective but face challenges with potent synthetic
opioids that may require higher or repeated dosing. Recent
advances in the treatment of opioid overdoses are focused on
improving outcomes and addressing the limitations of current
therapies.”!

HIGH-DOSE NALOXONE THERAPY

The increasing prevalence of fentanyl and its analogs has
necessitated adjustments in naloxone dosing strategies. High-
dose naloxone therapy has emerged as a critical approach
for reversing the effects of synthetic opioids, which bind
more tightly to opioid receptors than traditional agents like
heroin. However, the risk of withdrawal symptoms and
potential adverse effects raises concerns about this approach,
necessitating careful patient monitoring.!'”’

LONG-ACTING ANTAGONISTS FOR
OPIOID OVERDOSE

Recent developments in long-acting opioid antagonists, such
as sustained-release naloxone formulations, offer a promising
avenue for managing opioid overdose in settings where
repeat dosing is difficult. These formulations are designed
to provide prolonged protection against opioid effects,
reducing the need for repeated administration. Clinical trials
are ongoing to assess their efficacy and safety in real-world
scenarios.!'!!

OPIOID VACCINE RESEARCH

An emerging area of research is the development of vaccines
against opioids. These vaccines work by generating antibodies
that bind to opioid molecules, preventing them from crossing
the blood-brain barrier and exerting their effects. Early-stage
clinical trials have shown promise, particularly for preventing
relapse in opioid use disorder patients. However, significant
challenges remain in terms of vaccine efficacy across
different opioid molecules and potential side effects.['”

NOVEL PSYCHOACTIVE SUBSTANCES
(NPS): A GROWING CHALLENGE

The rapid emergence of NPSs presents an ongoing challenge
in the field of medical toxicology. These substances, often




designed to mimic the effects of traditional illicit drugs,
evade legal controls and pose significant health risks due to
their unpredictable pharmacological profiles.!'*]

SYNTHETIC CANNABINOIDS

Synthetic cannabinoids, sometimes referred to as “spice”
or “K2,” have been linked to severe poisoning cases,
including seizures, psychosis, and cardiovascular collapse.
Recent studies have highlighted the toxic potential of
these substances, particularly their variable potency, and
contamination with other toxic compounds. Management
of synthetic cannabinoid toxicity remains supportive, as no
specific antidotes are available.!'¥

SYNTHETIC CATHINONES (“BATH SALTS”)

Synthetic cathinones, commonly sold as “bath salts,” have
been associated with severe neurological and cardiovascular
toxicity. New research into the toxicodynamics of these
substances has shown that they act as potent stimulants,
leading to agitation, hyperthermia, and rhabdomyolysis.
Current treatment strategies focus on sedation, cooling, and
aggressive supportive care, but the unpredictable nature of
these substances complicates management.!'!

FENTANYL ANALOGS

Fentanyl analogs, such as carfentanil, represent an extreme
risk due to their potency — sometimes 100 times stronger
than fentanyl itself. Traditional naloxone doses may be
insufficient, and the risk of overdose from minute amounts
has led to a reevaluation of safety protocols for first
responders and healthcare providers. Recent guidelines
recommend enhanced protective measures for healthcare
workers handling fentanyl-exposed patients.['®!

ENVIRONMENTAL AND OCCUPATIONAL
TOXICOLOGY: EMERGING TRENDS

The field of environmental and occupational toxicology has
seen increasing attention, particularly with the rise in awareness
of industrial pollutants and their health effects. Climate change
and industrialization have also introduced new environmental
toxins, leading to changes in exposure patterns.['”

PER- AND POLYFLUOROALKYL
SUBSTANCES (PFAS)

PFAS, sometimes referred to as “forever chemicals,” have
garnered attention for their persistence in the environment and
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potential health risks, including cancer, endocrine disruption,
and developmental effects. Recent studies have focused on the
bioaccumulation of PFAS in the human body and their toxic
effects. Regulatory measures have begun to limit their use, but
their persistence remains a significant public health concern.['

PESTICIDE POISONING

Pesticide poisoning remains a global concern, particularly
in agricultural regions. The use of organophosphates and
carbamates continues to result in accidental poisonings,
especially in developing countries. Advances in treatment,
such as the use of oximes to reactivate acetylcholinesterase,
have improved outcomes, but challenges remain in resource-
limited settings where access to these antidotes is limited.!"”!

HEAVY METAL TOXICITY

Heavy metal exposure, particularly to lead, mercury, and
arsenic, has been a focus of recent toxicology research.
Advances in chelation therapy, particularly with agents like
dimercaprol and succimer, have improved the treatment
of heavy metal poisoning. Emerging concerns include the
potential for chronic, low-level exposure to these metals in
industrialized areas, leading to long-term health effects such as
neurodevelopmental disorders and cardiovascular disease.

THE ROLE OF TECHNOLOGY IN
TOXICOLOGY

The integration of technology in toxicology has the potential
to revolutionize the way poisoning cases are managed, from
diagnosis to treatment. The use of Al and machine learning
algorithms has opened new possibilities for predicting patient
outcomes and identifying at-risk populations.*!!

AI-POWERED PREDICTION MODELS

Al has shown promise in predicting outcomes in poisoning
cases based on large datasets from poison control centers. By
analyzing patterns in exposure data, Al models can provide
early warnings about emerging toxic threats and assist in
clinical decision-making. For example, Al algorithms can
predict the likelihood of severe outcomes based on factors
such as age, substance type, and dose, allowing for more
personalized treatment plans.??

BIOMARKERS IN TOXICOLOGY

The use of biomarkers for diagnosing poisoning is another
area of growth. Biomarkers can provide rapid, accurate
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identification of toxic substances, improving the speed of
diagnosis and treatment. Recent research has focused on
identifying specific biomarkers for NPSs, heavy metals, and
environmental toxins, enabling clinicians to intervene more
effectively in cases of exposure.*’!

CONCLUSION

Advances in medical toxicology continue to enhance our
understanding and management of poisonings and toxic
exposures. From the development of new antidotes to the
integration of Al in clinical decision-making, the field is
evolving to meet the challenges posed by novel toxins
and emerging threats. As toxicology progresses, ongoing
research and interdisciplinary collaboration will be crucial in
addressing both current and future challenges in poisoning
management.
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