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ABSTRACT

Helminthiasis remains a significant global health burden, affecting billions of people and livestock, while its
management is increasingly compromised by the escalating threat of anthelmintic resistance (AR) to all major classes
of synthetic drugs. This review revisits the ancient Ayurvedic concept of parasitic infections, known as Krimi Roga,
and its corresponding therapeutic agents, Krimighna Dravyas, to explore their relevance in addressing this modern
pharmacological crisis. Ayurveda offers a sophisticated, host-centric paradigm that attributes parasitic proliferation to
systemic imbalances, such as impaired digestive metabolism (Agnimandya), and employs a holistic, three-pronged
therapeutic strategy: expulsion (Apakarshana), modification of the internal environment to render it inhospitable to
parasites (Prakriti Vighata), and avoidance of causative factors (Nidana Parivarjana). This article provides a detailed
pharmacological and phytochemical analysis of key Krimighna herbs, including Embelia ribes (Vidanga) and Butea
monosperma (Palasha), critically evaluating the extensive preclinical evidence supporting their anthelmintic efficacy.
A comparative analysis reveals that while modern anthelmintics act on highly specific molecular targets, making them
potent but vulnerable to resistance through single-point mutations, Ayurvedic formulations leverage a
polypharmacological approach. The chemical complexity of these herbs and their formulations presents a multi-target
assault on parasites, which may inherently deter the development of resistance. This review posits that integrating
Ayurvedic principles—such as polypharmacology, host-centric therapy, and the use of its rich materia medica as a
source for novel drug discovery—offers a promising and scientifically imperative strategy to augment the current
anthelmintic arsenal. However, the path toward clinical integration is contingent upon overcoming significant
challenges, primarily the need for rigorous standardization, quality control, and large-scale, evidence-based clinical
validation.

1. INTRODUCTION

Parasitic worm infections, or helminthiases, represent one of the most pervasive yet neglected public health issues
globally. Affecting an estimated one-third of the world's population, these infections are particularly rampant in
developing countries with inadequate sanitation and hygiene.! Helminths such as roundworms (Ascaris lumbricoides),
whipworms (Trichuris trichiura), and hookworms (Ancylostoma duodenale and Necator americanus) contribute to a
significant burden of disease, causing malnutrition, anemia, impaired cognitive development in children, and reduced
economic productivity in adults.® For decades, the control of these infections in both human and veterinary medicine
has relied heavily on a limited arsenal of synthetic anthelmintic drugs.”

The cornerstone of modern anthelmintic therapy is now facing a critical threat: the global emergence and rapid spread
of anthelmintic resistance (AR).”> AR is defined as the heritable loss of sensitivity to a drug in a parasite population
that was previously susceptible.® This phenomenon has been documented against all major classes of anthelmintics
and in nearly every economically important parasite species affecting livestock, leading to treatment failures that
threaten the sustainability of animal agriculture.® Worryingly, the same patterns of resistance are a growing concern in
human helminth control programs.® The development of resistance is an inevitable evolutionary consequence of drug
pressure, often appearing within a few years of a new drug's introduction, and is exacerbated by practices such as
frequent mass drug administration and underdosing.® With a dry pipeline for new synthetic anthelmintics, there is an
urgent need to explore alternative and complementary therapeutic strategies.™

In this context, ancient systems of medicine offer a rich repository of empirical knowledge that may hold solutions to
this modern crisis. Ayurveda, the traditional Indian system of medicine, possesses a detailed and sophisticated
understanding of parasitic diseases, conceptualized under the term Krimi Roga.! Described in texts dating back
thousands of years, this framework includes a comprehensive etiology, classification of parasites, and a dedicated
branch of pharmacology for their treatment using substances known as Krimighna Dravyas (anti-parasitic agents).’
This traditional knowledge, developed through centuries of clinical observation, provides an ethnopharmacologically
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validated starting point for scientific investigation. This article aims to conduct a critical and comprehensive review of
classical Krimighna Dravyas and their underlying therapeutic principles, placing them in direct dialogue with modern
anthelmintic pharmacology. By examining the Ayurvedic paradigm of Krimi Roga, analyzing the phytochemical and
pharmacological evidence for key anthelmintic herbs, and comparing their mechanisms of action with those of
synthetic drugs, this review will evaluate the potential of these ancient remedies to address the contemporary
challenges of helminthiasis and anthelmintic resistance. The objective is not to propose a simple substitution of one
system for another, but to explore the potential for a meaningful synthesis that could inform new drug discovery,
inspire novel treatment strategies, and contribute to a more sustainable future for parasite control.

2. THE AYURVEDIC PARADIGM OF PARASITIC INFECTIONS: KRIMI ROGA

Long before the advent of microscopy, Ayurvedic physicians developed a remarkably detailed framework for
understanding parasitic and microbial infections. This knowledge, encapsulated in the concept of Krimi Roga, is found
in the earliest Vedic texts and was later systemized in the classical Samhitas of Charaka and Sushruta.™* This paradigm
offers a holistic perspective that extends beyond the pathogen itself to encompass the host's internal environment as
the primary determinant of disease.

Conceptual Framework: Defining Krimi

The Sanskrit term Krimi is far more expansive than the modern term "helminth.” It is derived from roots meaning "to
move" or "to destroy” and encompasses a wide spectrum of organisms, both pathogenic and non-pathogenic, visible
(Drishta) and invisible (Adrishta).* This broad definition includes everything from intestinal worms and ectoparasites
like lice to what modern science would classify as bacteria, fungi, and viruses.*® Ayurveda posits that the fundamental
cause for the proliferation of pathogenic Krimi is not merely exposure to the organism, but the creation of a suitable
internal environment within the host. Two core concepts are central to this etiology: Agnimandya (impaired digestive
fire or metabolism) and an excess of Kleda (morbid moisture or a damp, improperly metabolized substrate).** A
weakened digestive capacity leads to the formation of Ama (undigested toxic residue), which, combined with Kleda,
serves as a fertile breeding ground for Krimi to thrive.”

Classical Classification and Modern Correlation

Ayurvedic texts classify Krimi based on their habitat and origin, providing a system that correlates surprisingly well
with modern parasitology. The primary division is between Bahya (external) Krimi, such as Yuka (lice), and
Abhyantara (internal) Krimi."* The Abhyantara Krimi are further subdivided into three main categories based on their
site of origin, which is linked to the vitiation of specific Doshas (fundamental biological energies).

e Purishaja Krimi (Fecal-born): These parasites originate in the large intestine (Pakwashaya) and are primarily
caused by the vitiation of Vata and Kapha doshas due to poor dietary habits, such as excessive consumption of sweets,
jaggery, and leafy vegetables, along with poor hygiene.” The classical symptoms (Lakshanas) described for Purishaja
Krimi include abdominal pain (Shula), diarrhea (Atisara), constipation, emaciation, and intense anal itching
(Gudakandu), especially at night.? These clinical features show a strong correlation with common intestinal nematodes
like pinworms (Enterobius vermicularis) and roundworms (Ascaris lumbricoides).™

e Kaphaja Krimi (Phlegm-born): These originate in the stomach (Amashaya) due to an excess of Kapha dosha, often
triggered by diets rich in milk, sugar, and unwholesome or uncooked foods.** They are described as resembling
earthworms or thick leather strips and can move throughout the gastrointestinal tract.?? The associated symptoms
include nausea (Hrillasa), excessive salivation, anorexia (Bhaktadwesa), vomiting (Chhardi), and indigestion.”® These
descriptions align with parasitic infections of the upper gastrointestinal tract.

e Raktaja Krimi (Blood-born): Originating in the blood vessels (Raktavaha Srotas), these Krimi are described as
minute, round, copper-colored, and often invisible to the naked eye.’* Their etiology is linked to that of Kustha
(obstinate skin diseases), involving the consumption of incompatible or uncooked foods.*® They are said to cause
systemic manifestations, including severe skin disorders, destruction of hair and nails, and damage to other tissues.*®
This category can be correlated with blood-borne parasites like filarial worms or, more broadly, with systemic
microbial infections that manifest dermatologically.*®

The Ayurvedic diagnostic approach is noteworthy for its recognition of systemic symptoms. While modern diagnosis
often relies on identifying ova or cysts in stool samples, a process that can miss many infections 3, Ayurvedic
physicians were trained to recognize a broader constellation of signs, including fever (Jvara), skin discoloration
(Vivarnata), vertigo (Bhrama), and general malaise (Sadana), as indicators of a systemic parasitic burden (Krimi
Roga).** This suggests a diagnostic framework capable of identifying the wider physiological impact of parasitism,
potentially enabling earlier intervention.
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Table 1: Correlation of Ayurvedic Krimi Classification with Modern Parasitology

L R Potential M
- Ayurvedic Origin Etiological Key Symptoms otential Modern
Krimi Type . Correlates
(Sthana) Factors (Nidana) (Lakshana)
(Examples)
Enterobius
Anal itching vermicularis
Excessive sweets, (Gudakandu), (Pinworm),
Purishaja Large Intestine jaggery, leafy abdominal pain, Ascaris
(Fecal-born) (Pakwashaya) vegetables, poor diarrhea, lumbricoides
hygiene 2 constipation, (Roundworm),
pallor 2 Trichuris trichiura
(Whipworm)
Nausea, excessive Qpper G.I .
. . . parasites, Giardia
. Excessive milk, salivation, .
Kaphaja . . lamblia
Stomach sugar, fish, anorexia,
(Phlegm- . . (Protozoa),
(Amashaya) uncooked/putrefie vomiting, .
born) 13 o Ascaris
d food indigestion, fever .
13 lumbricoides
(migratory phase)
Skin diseases Filarial W”.”‘S
. (Wuchereria
Incompatible (Kustha), .
. Blood vessels . bancrofti),
Raktaja foods, uncooked destruction of .
(Raktavaha . Schistosoma spp.,
(Blood- . leafy vegetables hair, eyelashes, .
Srotas), Liver, . g Systemic
born) Spleen (same etiology as nails; often microbial
P Kustha) 3 described as o
. . 13 infections,
microscopic
Protozoa

The Holistic Therapeutic Strategy: Krimighna Chikitsa

The Ayurvedic approach to treatment, Krimighna Chikitsa, is a comprehensive, three-pronged strategy that addresses
the pathogen, the host environment, and the root cause, reflecting a deeply holistic philosophy.**

1. Apakarshana (Extraction/Expulsion): The first principle is the direct removal of the parasitic load. For Bahya
Krimi, this involves manual removal. For Abhyantara Krimi, it is achieved through Panchakarma procedures,
primarily therapeutic purgation (Virechana) and emesis (Vamana). These detoxification therapies are designed to
forcefully expel the Krimi along with the vitiated Doshas from the gastrointestinal tract.”

2. Prakriti Vighata (Environmental Modification): This is arguably the most crucial and unique aspect of Ayurvedic
treatment. The term translates to "destruction of the habitat" or "altering the nature" of the internal environment.*® The
goal is to make the host's body inhospitable for the survival, growth, and multiplication of any remaining or future
parasites. This is accomplished by administering herbs and foods that possess qualities opposite to those that foster
Krimi growth. Specifically, substances with pungent (Katu), bitter (Tikta), and astringent (Kashaya) tastes, along with
sharp (Tikshna) and hot (Ushna) properties, are used to counteract the Kapha dosha, dry up the excess Kleda, and
stimulate Agni.*” This step fundamentally alters the biochemical terrain of the gut, creating an environment that is
antagonistic to parasitic life.

3. Nidana Parivarjana (Avoidance of Causative Factors): The final step is preventive and aims to eliminate the root
cause of the disease to prevent recurrence. This involves strict avoidance of the dietary and lifestyle factors (Nidana)
that initially led to Agnimandya and the accumulation of Kleda.** This includes abstaining from excessive sweets,
unhygienic foods, daytime sleep, and other habits that promote Kapha accumulation.?

This sophisticated strategy reveals a key philosophical distinction. Modern anthelmintic therapy is primarily pathogen-
centric, focusing on Killing the parasite with a highly specific chemical agent. In contrast, the Ayurvedic approach is
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fundamentally host-centric. It views the presence of Krimi Roga as a manifestation of an underlying systemic
imbalance. The treatment, therefore, is not just about killing the worm but about rectifying the host's internal
physiology to restore health and build resilience against future infections. This ancient concept resonates strongly with
the modern understanding of the gut microbiome and the importance of a healthy intestinal ecosystem in resisting
pathogens.

3. KEY KRIMIGHNA DRAVYAS: A PHARMACOLOGICAL AND PHYTOCHEMICAL
REVIEW

The Ayurvedic materia medica is replete with herbs possessing anthelmintic properties. These Krimighna Dravyas are
selected based on their unique combination of taste (Rasa), potency (Virya), and post-digestive effect (Vipaka), which
allows them to effectively execute the strategy of Prakriti Vighata. Modern scientific investigation has begun to
validate these traditional claims, identifying potent bioactive compounds and elucidating their pharmacological
activities.

3.1. Vidanga (Embelia ribes): The Archetypal Anthelmintic

Embelia ribes, commonly known as Vidanga or false black pepper, is unequivocally celebrated in classical Ayurvedic
texts as the most preeminent of all anthelmintic herbs (Krimighnanam Shreshtha).'” Its enduring reputation is built on
its specific therapeutic properties that align perfectly with the principles of Krimi Roga treatment.

e Classical Profile and Mode of Action: Vidanga is characterized by a pungent (Katu) and astringent (Kashaya)
taste, a hot potency (Ushna Virya), and a pungent post-digestive effect (Katu Vipaka).?’ These properties make it
exceptionally effective at pacifying Kapha and Vata doshas, the primary humors implicated in Krimi Roga.? Its light
(Laghu), dry (Ruksha), and piercing (Tikshna) qualities enable it to penetrate tissues, counteract the morbid moisture
(Kleda), and stimulate the digestive fire (Agni).*® Beyond these general properties, Ayurveda attributes to Vidanga a
special, innate efficacy (Prabhava) for destroying worms, making it the drug of choice for this condition.? Its mode of
action is comprehensive: it not only kills worms (Krimighna) but also stimulates digestion (Deepana), digests toxic
residue (Pachana), relieves abdominal colic (Shoolahara), and promotes the downward movement of waste
(Anulomana), which aids in the expulsion of paralyzed or dead worms.?

e Phytochemistry and Active Compound: The principal bioactive constituent responsible for Vidanga's potent
anthelmintic activity is embelin (2, 5-dihydroxy-3-undecyl-1, 4-benzoquinone), a compound isolated from the dried
berries of the plant.?*® The fruits also contain a variety of other phytochemicals, including tannins, alkaloids, phenolic
compounds, and a volatile oil, which may contribute synergistically to its overall therapeutic effect.?®

e Scientific Evidence: A substantial body of preclinical research has validated the traditional use of Vidanga.

o In-vitro Studies: Numerous in-vitro assays have demonstrated the potent, dose-dependent anthelmintic activity of
Vidanga extracts and isolated embelin. These studies have used various worm models, including the Indian earthworm
(Pheretima posthuma), which is physiologically similar to human intestinal roundworms.*" Ethanolic extracts have
shown efficacy against the roundworm Rhabditis pseudoelongata %, and both aqueous and alcoholic extracts have
shown ovicidal and larvicidal activity against the sheep nematode Haemonchus contortus.*®* Notably, some studies
have reported that at higher concentrations (e.g., 3-5%), aqueous extracts of VVidanga are more potent than the standard
synthetic drug piperazine citrate in causing paralysis and death of worms.* A study comparing isolated embelin to
albendazole found embelin to be significantly superior, causing paralysis and death in P. posthuma in a fraction of the
time required by albendazole.*

o In-vivo Studies: Animal studies have further corroborated these findings. In sheep experimentally infected with H.
contortus, oral administration of Vidanga seed extracts resulted in a significant reduction in fecal egg counts (EPG).
Alcoholic extracts were particularly effective, achieving up to a 74.3% reduction in EPG by day 7 post-treatment.®

o Human Studies: While large-scale, randomized controlled trials (RCTs) on humans are scarce, some clinical
evidence exists. An open-label comparative study involving 40 patients with intestinal parasites used a powder of
Embelia robusta (a related species). It reported a 40% cure rate (Symptomatic relief and negative stool report) after
one week of treatment, with no adverse effects.*® Another study focused on patients with roundworm infestation
reported that Vidanga treatment for two weeks resulted in highly significant relief (over 70%) of key symptoms like
facial discoloration (Vivarnata) and anal itching (Gudakandu).®® However, it is important to note that not all studies
have been conclusive; one trial on Trichuris muris found that while a potassium salt of embelin showed some activity,
it was unstable and poorly effective compared to mebendazole, highlighting the need for further research and
formulation development.’
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3.2. Palasha (Butea monosperma): The Potent Vermicide

Known poetically as the "Flame of the Forest" for its brilliant orange flowers, Butea monosperma (Palasha) is another
cornerstone of Ayurvedic anthelmintic therapy. The seeds of the plant (Palasha Beej) are specifically renowned for
their potent vermicidal and vermifugal properties.*®

e Classical Profile and Mode of Action: Palasha seeds are described as having Krimighna (anthelmintic), Deepana
(digestive stimulant), and Shodhana (purificatory/purgative) properties.® This combination is ideal for not only killing
intestinal parasites but also for stimulating the digestive system to prevent their recurrence and for promoting their
physical expulsion from the body.® It is primarily used to balance Kapha and Pitta doshas.®

e Phytochemistry and Active Compound: The primary anthelmintic compound isolated from Palasha seeds is
palasonin, a cantharidin-related molecule known to be particularly effective against roundworms and tapeworms.?
The seeds and other parts of the plant also contain tannins, flavonoids like butrin and isobutrin, and mucilage, which
may contribute to its therapeutic profile.*®

e Scientific Evidence:

o In-vitro Studies: Various extracts of Palasha have demonstrated significant anthelmintic activity in laboratory
settings. Studies using ethanolic and aqueous extracts of the flowers and leaves have shown dose-dependent efficacy
against Pheretima posthuma (earthworms), Ascaridia galli (poultry roundworm), and Raillietina spiralis
(tapeworm).** The activity is often attributed to the presence of tannins and alkaloids in the extracts.*

o In-vivo Studies: Animal models have provided strong evidence for Palasha's efficacy. An important in-vivo study
on sheep naturally infected with a mix of gastrointestinal nematodes found that crude seed powder administered orally
exhibited a dose- and time-dependent effect. At the highest dose of 3 g/kg, it achieved a 78.4% reduction in EPG.
While this was less than the 99.1% reduction achieved by the standard drug levamisole (7.5 mg/kg), it represents a
substantial therapeutic effect from a crude herbal powder.*° A separate study in goats infected with gastrointestinal
parasites showed that an ethanolic extract of the seeds at 200 mg/kg was highly effective, significantly reducing EPG
counts and concurrently improving key hematological and biochemical parameters like hemoglobin and serum protein,
indicating a restoration of host health.*

3.3. Other Notable Krimighna Herbs
The Ayurvedic pharmacopoeia includes a wide array of other plants used to combat Krimi Roga.

e Nimba (Azadirachta indica): Commonly known as Neem, this tree is revered for its intensely bitter (Tikta) taste,
which is a hallmark of anti-Kapha and anti-Pitta substances. It is considered a premier blood purifier (Raktashodhaka)
and a broad-spectrum antimicrobial.*® Traditionally, it is used for all types of Krimi, including intestinal worms and
the microbes responsible for skin diseases (Kustha).’® A vast number of modern studies have confirmed its potent
anthelmintic, antibacterial, antifungal, and antiprotozoal properties, making it a versatile tool in managing infections.?

e Hingu (Ferula assafoetida): This potent, pungent resin is a powerful carminative and Vata-pacifying agent. In the
context of Krimi Roga, it is used to alleviate the bloating, flatulence, and abdominal pain that often accompany
parasitic infestations.'®

3.4. Polyherbal Formulations: The Power of Synergy

A defining feature of Ayurvedic pharmacology is the concept of Samyoga, or synergistic formulation, where multiple
herbs are combined in specific ratios to enhance therapeutic efficacy, broaden the spectrum of action, and mitigate
potential side effects.”® This principle of polyherbalism is central to the treatment of Krimi Roga.

e Vidangarishta: This is a classical fermented decoction (Arishta) with Vidanga as the primary active ingredient.
The formulation process involves fermenting the herbal decoction with jaggery, which not only preserves the
preparation but also generates alcohol that acts as a medium for extracting and delivering the active principles of the
herbs.*®

Vidangarishta is designed not just to kill and expel worms (Krimighna) but also to address the root cause by
stimulating digestive fire (Deepana) and improving digestion (Pachana), thereby preventing recurrence.’® It contains a
host of other carminative and digestive herbs like ginger, black pepper, and cardamom that support the primary action
of Vidanga and restore gut health.>*

e Krimikuthar Ras: This is a more potent herbo-mineral formulation (Rasa Shastra) used for severe or persistent
parasitic infections.”® It combines powerful Krimighna herbs like Vidanga and Palasha seeds with other botanicals
such as Indrajau (Holarrhena antidysenterica) and processed minerals, including Kajjali (a black sulfide of purified
mercury and sulfur).* The inclusion of these processed minerals is believed to enhance the potency and bioavailability
of the herbal components, allowing the formulation to act more quickly and effectively in eliminating parasites and
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detoxifying the body.*’

The use of these herbs and formulations illustrates a key therapeutic principle. Unlike modern single-molecule drugs,
Krimighna Dravyas possess a multi-pronged action. Vidanga, for instance, is not merely a vermicide; its additional
properties as a mild laxative, digestive stimulant, and blood purifier actively support the overarching therapeutic goals
of Apakarshana (expulsion), Prakriti Vighata (environmental modification), and restoring systemic balance. The herb
itself thus functions as a "mini-formulation,” embodying the holistic strategy of Krimighna Chikitsa within its own

complex pharmacology.

Table 2: Profile of Key Krimighna Dravyas

Key Ayurvedic Summary of
Herb Properties (Rasa Primary Active Scientific
(Sanskrit/Botanica Part Used .p . ’ y .
| Name) Virya, Vipaka, Compound(s) Evidence (Key
Prabhava) Findings)
Potent in-vitro
activity against
various worms,
Rasa: Katu, often superior to
Kashava: Virva: standard drugs.
Vidanga (Embelia Fruit (Dried y " ya. Embelin Significant in-vivo
. . Ushna; Vipaka: . % .
ribes) Berries) (benzoquinone) EPG reduction in
Katu; Prabhava:
Krimiahna 2° sheep. Human
g studies show
symptomatic relief
and moderate cure
rates.*
Significant in-
vitro activity
against
Rasa: Tikta, Katu; earthworms,
Virya: Ushna; roundworms, and
Palasha (Butea Vipaka: Katu; » tapeworms. I_n—
Seeds Karma: Palasonin vivo studies in
monosperma) .
Krimighna, sheep and goats
Deepana, show up to 78.4%
Shodhana * EPG reduction
and improved host
health
parameters.*
Broad-spectrum
in-vitro
Rasa: Tikta, anthelmmfuc,
Kashaya: Virya: antibacterial,
Nimba ' ' Azadirachtin, antifungal, and
. Leaves, Bark, Sheeta; Vipaka: —_ L .
(Azadirachta Nimbin, Nimbidin antiprotozoal
. Seeds Katu; Karma: . N 48 o
indica) L (Limonoids) activity
Krimighna, .
Raktashodhaka % demonstrated in

numerous studies.
Used widely in
traditional practice
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for internal and
external parasites.’

4. MODERN ANTHELMINTIC THERAPY: MECHANISMS AND LIMITATIONS

Modern pharmacology has developed several classes of synthetic anthelmintic drugs that have been instrumental in
controlling helminthiasis for the past half-century. These agents are characterized by their high efficacy and specific
mechanisms of action, targeting biochemical pathways or neuromuscular functions unique to the parasite, thereby
minimizing host toxicity.>® However, this specificity, while a strength, has also become their greatest vulnerability in
the face of evolutionary pressure.

Major Drug Classes and Mechanisms of Action
The current anthelmintic arsenal is dominated by a few major drug classes:

e Benzimidazoles (BZDs): This class, which includes widely used drugs like albendazole and mebendazole, is the
cornerstone of mass drug administration programs for soil-transmitted helminths.™® Their primary mechanism of action
is the disruption of microtubule polymerization in the parasite's intestinal and tegumental cells. They achieve this by
binding with high affinity to a parasite-specific isoform of g-tubulin, a protein subunit of microtubules. This binding
prevents the assembly of microtubules, which are crucial for essential cellular functions, including intracellular
transport, cell division, and, critically, the absorption of glucose. The resulting disruption of energy metabolism leads
to glycogen depletion, starvation, and eventual death of the parasite.*

e Imidazothiazoles and Tetrahydropyrimidines: This group includes drugs like levamisole and pyrantel
pamoate. They function as selective agonists for the nicotinic acetylcholine receptors (nAChRs) located on the
somatic muscle cells of nematodes.> Their binding to these receptors causes an influx of ions, leading to persistent
muscle cell depolarization and irreversible spastic paralysis. The paralyzed worms are unable to maintain their
position in the host's gastrointestinal tract and are expelled by normal peristalsis.®

e Macrocyclic Lactones (MLs): This class, which includes ivermectin and moxidectin, has revolutionized the
control of both endo- and ectoparasites in veterinary and human medicine.® Their mechanism involves the
potentiation of glutamate-gated chloride ion channels (GIuCls), which are found exclusively in the nerve and muscle
cells of invertebrates.® Ivermectin binds to these channels, causing them to open and allowing a prolonged influx of
chloride ions. This leads to hyperpolarization of the cell membrane, which inhibits nerve signal transmission and
results in a flaccid paralysis of the parasite's pharyngeal and somatic muscles, leading to starvation, death, and
expulsion.

The Achilles’ Heel: The Molecular Basis of Anthelmintic Resistance

The remarkable efficacy of these drugs is being systematically eroded by the evolution of resistance. AR is a
genetically heritable trait that arises from the intense selection pressure exerted by frequent and widespread drug use.®
The molecular mechanisms of resistance are often directly related to the drug's specific target.

e Benzimidazole Resistance: The most well-characterized mechanism of AR is resistance to BZDs. It is
predominantly caused by single nucleotide polymorphisms (SNPs) in the gene encoding the drug's target, 3-tubulin.
Specific point mutations, such as a substitution of tyrosine for phenylalanine at codon 200 (F200Y) or at codons 167
(F167Y) and 198 (E198A), alter the conformation of the protein's binding site. This change significantly reduces the
drug's binding affinity, rendering it ineffective at therapeutic concentrations.®® Parasites carrying these mutations can
survive treatment and pass the resistant allele to their offspring, leading to a rapid increase in the frequency of
resistance in the population.

e Resistance to Other Classes: Resistance to levamisole/pyrantel is associated with alterations in the target nAChR
subunits, reducing drug sensitivity.®® For macrocyclic lactones like ivermectin, resistance is more complex and
multifactorial. It may involve changes in the target GIuClI receptors, but also critically involves the upregulation of
drug efflux pumps, such as P-glycoproteins (P-gps). These membrane transporters actively pump the drug out of the
parasite's cells, preventing it from reaching a therapeutic concentration at its target site.®

Clinical Considerations and Side Effects

While generally considered safe for mass administration, modern anthelmintics are not without side effects. Common
adverse reactions are typically mild and transient, including gastrointestinal symptoms like nausea, vomiting,
abdominal pain, and diarrhea.®* Headaches and dizziness can also occur. More severe, though rare, toxicities have
been reported. For instance, long-term or high-dose use of albendazole can cause bone marrow suppression, leading to
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neutropenia and thrombocytopenia.®® Levamisole has a narrow therapeutic index and can cause cholinergic signs
(salivation, tremors) at higher doses.”” These potential adverse effects, combined with the growing problem of
resistance, underscore the need for new therapeutic options with different safety profiles and mechanisms of action.

5. A SYNTHESIS OF SYSTEMS: COMPARATIVE INSIGHTS AND FUTURE
DIRECTIONS

A direct comparison of the Ayurvedic and modern approaches to anthelmintic therapy reveals profound differences in
philosophy and strategy, yet also surprising points of mechanistic convergence. This synthesis offers valuable
perspectives on how ancient wisdom can inform solutions to modern challenges, particularly the crisis of drug
resistance.

5.1. Mechanistic Convergence and Divergence

Modern anthelmintics are products of a reductionist, target-based drug discovery paradigm. They function as highly
specific "molecular keys" designed to fit precise parasitic "locks"—be it the B-tubulin protein, nicotinic receptors, or
glutamate-gated ion channels.*® Their efficacy stems from this precision. Interestingly, scientific investigation into the
active compounds of Krimighna Dravyas reveals that they also interact with specific molecular targets, demonstrating
a clear biochemical basis for their traditional use. For instance, the primary mechanism of action for palasonin, the
active compound in Butea monosperma, is the inhibition of glucose uptake and subsequent depletion of glycogen
stores in the parasite Ascaridia galli.®® This mode of action, which targets the parasite's energy metabolism, shows a
remarkable convergence with the ultimate effect of benzimidazoles. Further in silico molecular docking studies have
predicted that palasonin also binds effectively to parasitic tubulin and glutamate dehydrogenase (GDH), an enzyme
crucial for anaerobic metabolism, suggesting it may disrupt multiple vital pathways simultaneously.” Similarly,
embelin from Embelia ribes is thought to act through several mechanisms, including the inhibition of glucose uptake
and potential interaction with nicotinic cholinergic receptors, thereby combining metabolic disruption with
neuromuscular effects.** Molecular docking studies support this multi-target potential, showing that embelin has a
good binding affinity for the active pocket of B-tubulin, suggesting it may act as an inhibitor.”

The fundamental divergence, however, lies in the breadth of action. A synthetic drug is a single molecule with a
primary target. An Ayurvedic herb, even when its action is attributed to a principal compound like embelin, is a
complex chemical matrix containing hundreds of other phytochemicals—alkaloids, tannins, flavonoids, and
saponins—that may act on different targets or modulate the activity of the primary compound.? Furthermore, the
Ayurvedic therapeutic strategy explicitly includes modulating the host's internal environment (Prakriti Vighata), a
concept entirely absent from the pathogen-centric focus of modern anthelmintic pharmacology.

5.2. Ayurvedic Polypharmacology as a Strategy Against Resistance

The very chemical complexity of Ayurvedic formulations, often seen as a barrier to standardization, may be its
greatest strength in combating AR. This concept, central to Ayurveda, is now being explored in modern medicine
under the term "polypharmacology"—the design or use of pharmaceutical agents that act on multiple targets
simultaneously.® A single-molecule drug like albendazole exerts immense selection pressure on a single gene target
(B-tubulin). This makes it relatively easy for a parasite population to evolve resistance through a single beneficial point
mutation.®® In contrast, treatment with a whole herb extract or a polyherbal formulation like Krimikuthar Ras presents
the parasite with a multi-pronged chemical assault.”® The parasite is simultaneously exposed to dozens of bioactive
compounds that may disrupt its cell structure, block its energy metabolism, paralyze its muscles, and interfere with its
reproductive processes through various mechanisms. For a parasite to develop resistance to such a formulation, it
would need to acquire multiple, independent resistance mutations simultaneously, a scenario that is statistically far
less probable.®® This inherent synergistic action (Samyoga), where the combined effect is greater than the sum of the
individual parts, may provide a more durable and sustainable therapeutic strategy.>® This leads to a re-evaluation of
how "potency" is measured. While a modern drug may show higher short-term efficacy in EPG reduction (e.g., 99.1%
for levamisole vs. 78.4% for Palasha powder in one study *°), this high potency is linked to a specificity that makes it
brittle and susceptible to resistance. The seemingly lower potency of the herbal preparation might be a trade-off for a
more resilient, multi-target action that is less likely to drive the rapid evolution of resistance. The Ayurvedic approach
prioritizes long-term balance and prevention of recurrence over a single, high-impact kill rate.

5.3. From Ancient Texts to Modern Labs: New Drug Discovery

The pharmacopoeia of Krimighna Dravyas represents a vast, ethnopharmacologically pre-validated library of natural
products for modern anthelmintic drug discovery.! Instead of random high-throughput screening of synthetic
compounds, researchers can employ a more targeted approach, often termed "reverse pharmacology” or "forward
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pharmacology™.'* This process begins with a plant or formulation with a long history of successful clinical use in a
traditional system. Scientists can then work to isolate the active compounds, validate their efficacy in modern
preclinical models, and use advanced techniques like molecular docking, genomics, and proteomics to elucidate their
precise mechanisms of action.”” This pathway can lead to the identification of novel chemical scaffolds and lead
compounds with unique modes of action, which are desperately needed to circumvent existing resistance mechanisms
and revitalize the anthelmintic drug pipeline.”

Table 3: Comparative Mechanisms of Action: Ayurvedic vs. Modern Anthelmintics

Feature

Modern Anthelmintics (e.g.,
Benzimidazoles)

Classical Krimighna Dravyas
(e.g., Vidanga/Palasha)

Therapeutic Philosophy

Pathogen-centric: Kill the
parasite.

Host-centric: Kill the parasite and
restore host balance.

Single, specific molecular target

Multiple phytochemical targets in
the parasite + modulation of the

Primary Target . .
y g host's internal environment

(Prakriti Vighata).

in the parasite (e.g., B-tubulin).

Broad and multi-modal (e.g.,
energy metabolism disruption,
neuromuscular paralysis,
digestive stimulation, purgation).

Highly specific (e.g., inhibition of

Mechanism of Action . o
microtubule polymerization).

Broad-spectrum (anthelmintic,
digestive, carminative, laxative,
immunomodulatory).

Narrow-spectrum (primarily

Breadth of Action anthelmintic)

Inherent resilience due to
polypharmacology (multi-target
attack), making simultaneous
resistance development
statistically improbable.

Vulnerable to resistance via
single-point mutations in the
target gene. Relies on drug
rotation and combination therapy.

Strategy Against Resistance

6. CHALLENGES AND THE PATH FORWARD FOR INTEGRATION

While the potential of Ayurvedic Krimighna Dravyas is immense, their integration into modern therapeutic practice is
fraught with significant challenges that must be addressed through rigorous scientific methodology and regulatory
oversight. The path forward requires not a wholesale adoption of ancient practices, but a careful, evidence-based
integration of the two systems.

The Standardization Hurdle

The single greatest obstacle to the widespread acceptance and clinical use of Ayurvedic medicines is the lack of
standardization.?? Unlike synthetic drugs, which are single, pure chemical entities manufactured under highly
controlled conditions, herbal preparations are inherently complex and variable.

e Raw Material Variability: The quality and chemical composition of a medicinal plant can vary significantly
based on its geographical origin, soil conditions, climate, season of collection, and post-harvest storage practices.’
Furthermore, the herbal drug market is often plagued by issues of misidentification, adulteration, and contamination
with pesticides or heavy metals, which can compromise both efficacy and safety.®

e Manufacturing Inconsistencies: Traditional Ayurvedic pharmaceutical processes (Bhaishajya Kalpana) are often
complex and require specialized skills. Without strict adherence to standardized operating procedures, there can be
significant batch-to-batch variation in the final product, making consistent dosing and predictable therapeutic
outcomes difficult to achieve.®® Issues such as improper hygiene, suboptimal packaging, and lack of sterilization can
further degrade product quality.®
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e The Need for Modern Quality Control: Overcoming this hurdle requires the systematic application of modern
scientific standards. This includes implementing Good Agricultural and Collection Practices (GACP) for raw materials
and enforcing Good Manufacturing Practices (GMP) in pharmaceutical production.”® Advanced analytical techniques,
such as High-Performance Thin-Layer Chromatography (HPTLC) and High-Performance Liquid Chromatography
(HPLC), are essential for creating chemical fingerprints of extracts and for quantifying the concentration of key
bioactive marker compounds, such as embelin in Vidanga, to ensure consistency and potency.®

The Evidence Gap: The Need for Rigorous Clinical Trials

While preclinical in-vitro and animal studies provide a strong foundation, there is a conspicuous lack of large-scale,
randomized, double-blind, placebo-controlled clinical trials in humans to definitively establish the efficacy and safety
of Krimighna therapies for specific helminth infections.?? The existing human studies are often small, open-label, or
lack adequate controls, making their conclusions preliminary rather than definitive.*® Conducting such trials presents
unique challenges, including the difficulty of creating a suitable placebo that can mimic the distinct taste, color, and
aroma of a complex herbal formulation, which is necessary for effective blinding.®* Without this high-level evidence,
it will be difficult for these traditional therapies to gain acceptance in mainstream global health systems.

A Vision for Integrative Parasite Control

The most promising future lies not in an “either/or" approach but in an integrative model that leverages the strengths
of both systems.”

1. Augmenting the Anthelmintic Arsenal: Standardized and validated Krimighna formulations could be integrated
into current control strategies. They could be used in rotational therapy, alternating with synthetic drugs to reduce the
selection pressure for resistance to any single class of agent—a strategy already employed in veterinary medicine.®*
Combination therapies, pairing a synthetic drug with a polyherbal formulation, could also be explored to achieve
synergistic effects and combat resistant parasite strains.”

2. Fueling New Drug Discovery: As discussed, the Ayurvedic pharmacopoeia is a fertile ground for the discovery of
novel anthelmintic lead compounds.?> A focused, ethnopharmacology-guided approach to drug discovery is more
efficient than random screening and has the potential to yield new molecules with novel mechanisms of action that can
bypass existing resistance pathways.®

3. Integrating Host-Centric Preventive Care: Perhaps the most impactful integration would be at the level of
public health. The Ayurvedic principles of Prakriti Vighata (modifying the internal environment) and Nidana
Parivarjana (avoiding causative factors) can be translated into modern public health education. Promoting gut health
through diet, improving digestive function, and emphasizing hygiene are powerful preventive strategies that
complement mass drug administration programs by strengthening the host's own resilience to infection and reducing
the likelihood of re-infestation.®*

7. CONCLUSION

The escalating crisis of anthelmintic resistance poses a formidable threat to global health and food security, exposing
the limitations of a therapeutic strategy reliant on a small number of single-target synthetic drugs. In this challenging
landscape, revisiting the ancient wisdom of Ayurveda is not an act of medical nostalgia but a scientifically sound and
necessary endeavor. The Ayurvedic paradigm of Krimi Roga offers a remarkably sophisticated and holistic framework
that recognizes parasitic disease as a failure of the host's internal ecosystem, a perspective that is increasingly
validated by modern microbiome science. The classical Krimighna Dravyas, particularly archetypal herbs like
Embelia ribes (Vidanga) and Butea monosperma (Palasha), are not mere folklore remedies. A growing body of
preclinical evidence confirms their potent anthelmintic activity, which is attributable to specific bioactive compounds
like embelin and palasonin. The true strength of the Ayurvedic approach, however, lies in its inherent principles of
polypharmacology and host-centric therapy. By employing complex multi-component formulations that launch a
multi-target assault on the parasite while simultaneously working to restore the host's physiological balance, Ayurveda
offers a therapeutic model that may be inherently more resilient to the development of resistance. The path to
integrating this ancient knowledge into modern medicine is clear but challenging. It demands a rigorous,
interdisciplinary commitment to overcoming the critical hurdles of standardization, quality control, and large-scale
clinical validation. The future of sustainable parasite control may not lie in a single "magic bullet,” but in a synergistic
strategy that combines the precision of modern pharmacology with the holistic and resistance-mitigating wisdom of
traditional systems. A collaborative effort among pharmacognosists, parasitologists, clinicians, and Ayurvedic experts
is imperative to unlock the full potential of these classical remedies and translate this ancient knowledge into effective,
safe, and durable global health solutions.
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