
 ISSN (Online): 2455-3662 
EPRA International Journal of Multidisciplinary Research (IJMR) - Peer Reviewed Journal 
Volume: 11| Issue: 4| April 2025|| Journal DOI: 10.36713/epra2013 || SJIF Impact Factor 2025: 8.691 || ISI Value: 1.188 

2025 EPRA IJMR    |    http://eprajournals.com/   |    Journal DOI URL: https://doi.org/10.36713/epra2013-------------------------------140 

SYNERGISTIC ANTHELMINTIC POTENTIAL OF ZINGIBER 
OFFICINALE (GINGER) AND ACORUS CALAMUS (SWEET 

FLAG): A COMPREHENSIVE REVIEW OF IN VITRO AND IN 
VIVO EVIDENCE, MECHANISMS OF ACTION, AND SAFETY 

CONSIDERATIONS 

Mahesh Reddy, Tushar Matapathi, Rani Dagade, Sayali Navhale, Sanika Talekar, 

Aditya Phatak, Ms. Shraddha Desai 
Article DOI: https://doi.org/10.36713/epra20893 

DOI No: 10.36713/epra20893 

ABSTRACT 
 This review examines the synergistic anthelmintic potential of Zingiber officinale (ginger) and Acorus calamus (sweet flag). It 
summarizes the current literature on their combined use against parasitic worms, focusing on in vitro and in vivo studies. The potential 
mechanisms underlying their synergistic effects, such as enhanced inhibition of parasite neuromuscular function, disruption of 
tegument integrity, and modulation of host immune response, are discussed. The review also addresses the safety considerations of using 
these two plants in combination, with particular emphasis on the use of low β-asarone A. calamus chemotypes. Despite the limited 
research on their combined anthelmintic activity, this review highlights the promising potential of this plant combination for developing 
novel anti-parasitic therapies and emphasizes the need for further research to establish its efficacy, safety, and optimal usage. 
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1. INTRODUCTION
Parasitic worm infections, also known as helminthiases, represent

a significant global health burden, affecting billions of people

worldwide, particularly in tropical and subtropical regions [1].

These infections can cause a wide range of health problems,

including malnutrition, anemia, developmental delays, and organ

damage [2]. In livestock, helminth infections lead to substantial

economic losses due to reduced productivity and treatment costs

[3]. While conventional anthelmintic drugs are available, their

efficacy is often hampered by the emergence of drug resistance,

and some have undesirable side effects [4]. This has spurred a

growing interest in exploring alternative and complementary

therapies, including the use of medicinal plants. Zingiber

officinale Roscoe (ginger), a member of the Zingiberaceae

family, and Acorus calamus Linn. (sweet flag), belonging to the

Acoraceae family, are two such plants with a long history of use

in traditional medicine systems for treating various ailments,

including parasitic infections [5]. Ginger, a widely used spice and

condiment, has been shown to possess a broad spectrum of

pharmacological activities, including anti-inflammatory,

antioxidant, antiemetic, and anthelmintic properties [6]. Its major

bioactive constituents include gingerols, shogaols, and various

essential oil components [7]. A. calamus, also known as sweet

flag, has been employed in Ayurveda, Traditional Chinese

Medicine, and other traditional systems for its purported

cognitive-enhancing, neuroprotective, sedative, and anthelmintic

effects. The combined use of Z. officinale and A. calamus has 

been suggested in traditional medicine practices, and recent 

scientific studies have begun to explore the potential synergistic 

effects of these two plants [8]. The rationale for investigating their 

combined use stems from the possibility of achieving enhanced 

anthelmintic efficacy at lower doses, potentially reducing the risk 

of side effects and mitigating the development of drug resistance 

[9]. Furthermore, combining plants with different mechanisms of 

action may broaden the spectrum of activity against various 

parasite species and life cycle stages [10]. This review aims to 

provide a comprehensive overview of the current literature on the 

synergistic anthelmintic effects of Z. officinale and A. calamus. 

It will focus on in vitro and in vivo studies that have investigated 

the combined anthelmintic activity of these two plants, either as 

whole extracts or essential oils, or combinations of their specific 

bioactive compounds. The review will also delve into the 

potential mechanisms of action underlying their synergistic 

effects, drawing on evidence from studies on the individual plants 

and their constituents. Additionally, it will address the safety 

considerations associated with the combined use of Z. officinale 

and A. calamus, with particular emphasis on the use of low β-

asarone chemotypes of A. calamus. The ultimate goal is to 

critically evaluate the existing evidence, identify knowledge gaps, 

and highlight future research directions to further explore the 

potential of this plant combination for developing novel and 

effective anthelmintic therapies. 
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2. METHODOLOGY 
A comprehensive literature search was conducted using 

electronic databases, including PubMed, Scopus, Web of Science, 

and Google Scholar. The search terms used were "Zingiber 

officinale", "Acorus calamus", "ginger", "sweet flag", 

"anthelmintic", "anti-parasitic", "synergistic effects", 

"combination therapy", "gingerols", "shogaols", "asarones", 

"essential oils", "helminths", "nematodes", "cestodes", 

"trematodes", "Caenorhabditis elegans," and specific names of 

parasitic worms (e.g., "Haemonchus contortus", "Ascaris suum", 

"Schistosoma mansoni"). The search was limited to articles 

published in English. No specific date restrictions were applied. 

The selection of articles was based on the following inclusion 

criteria: studies investigating the in vitro or in vivo anthelmintic 

activity of Z. officinale and A. calamus used in combination, 

studies providing data on the anthelmintic activity of individual 

plant extracts or isolated compounds that could contribute to 

understanding potential synergistic mechanisms, studies 

reporting on the mechanisms of action of the anthelmintic effects, 

and studies specifying the use of low β-asarone chemotypes of A. 

calamus. Exclusion criteria included studies investigating the 

anthelmintic activity of only one of the plants without examining 

combined effects, studies using high β-asarone chemotypes of A. 

calamus, and studies lacking sufficient methodological detail or 

data. The selected articles were carefully reviewed, and relevant 

information on study design, plant materials used (including 

extraction methods and chemotype where specified), tested 

organisms, experimental procedures, results, and proposed 

mechanisms of action were extracted and synthesized for 

inclusion in this review. 

 

3. PHYTOCHEMISTRY OF Z. OFFICINALE AND 

A. CALAMUS RELEVANT TO ANTHELMINTIC 

ACTIVITY 
This section provides a brief overview of the major 

phytochemical constituents of Zingiber officinale (ginger) and 

Acorus calamus (sweet flag) that are believed to contribute to 

their anthelmintic activity. The focus is on compounds that have 

demonstrated anthelmintic effects individually or that are likely 

to be involved in synergistic interactions. 

 

3.1 Zingiber officinale (Ginger) 

Ginger rhizomes are a rich source of bioactive compounds, 

including pungent phenolic substances known as gingerols and 

their dehydration products, shogaols. They also contain a variety 

of essential oil components 

. 

3.1.1 Gingerols and Shogaols 

● Gingerols: These are the primary pungent constituents of 

fresh ginger. [6]-Gingerol is typically the most abundant, 

followed by [8]-gingerol. Gingerols have a range of 

pharmacological activities, including anti-inflammatory, 

antioxidant, and anthelmintic properties [5, 6]. Their 

chemical structures consist of a substituted aromatic ring 

with a hydroxyl group and a long alkyl chain [7]. 

● Shogaols: These are formed from gingerols during 

drying, heating, or storage. [6]-Shogaol is the most 

common shogaol. Shogaols are generally more potent 

than gingerols in various pharmacological assays and also 

exhibit anthelmintic activity [11]. They are structurally 

similar to gingerols but contain an α,β-unsaturated ketone 

moiety in their alkyl chain.  

 

3.1.2 Essential Oil Components: Ginger contains a complex 

essential oil, with over 400 different compounds identified. The 

major constituents include sesquiterpene hydrocarbons like 

zingiberene, β-bisabolene, ar-curcumene, and α-farnesene, as 

well as monoterpenes like camphene, phellandrene, and cineole 

[12, 13]. Some of these essential oil components have also 

demonstrated anthelmintic activity in in vitro studies. 

 

3.2 Acorus calamus (Sweet Flag) 

The rhizomes of A. calamus are also a rich source of 

phytochemicals, with essential oils being the primary 

components. The specific composition of the essential oil varies 

significantly depending on the chemotype.  

 

3.2.1 Asarones (α and β): These phenylpropanoids are the most 

characteristic constituents of A. calamus essential oil. α-Asarone 

is generally the predominant isomer in the safer, low β-asarone 

chemotypes (diploid and some triploid varieties). Asarones have 

been shown to possess a range of pharmacological activities, 

including anthelmintic effects [13]. However, the use of high β-

asarone chemotypes is restricted due to its toxicity. Their 

chemical structure consists of a substituted benzene ring with a 

propenyl side chain [12]. 3.2.2 Other Essential Oil 

Components: A. calamus essential oil contains a variety of other 

volatile compounds, including eugenol, methyl eugenol, and 

various sesquiterpenes (e.g., acorenone, acorone, and 

shyobunone) [9]. Some of these compounds may also contribute 

to the anthelmintic activity of the plant [16, 17]. 

 

3.3 Potential for Synergistic Interactions 

The different classes of compounds present in Z. officinale and 

A. calamus suggest potential mechanisms for synergistic 

anthelmintic effects. For example: 

● Gingerols and shogaols from ginger may enhance the 

bioavailability or activity of asarones from A. calamus. 

● Essential oil components from both plants may act on 

different targets in the parasite, leading to additive or 

synergistic effects. 

● Both plants possess compounds that can modulate the host 

immune response, potentially enhancing the overall 

anthelmintic effect. 
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Table 1. Major Phytochemicals of Zingiber officinale and Acorus calamus with Potential Anthelmintic Activity 

Sr. No. Name Compound Class Example Compounds Reported Activities 

1. Zingiber officinale    

  Gingerols [6]-Gingerol, [8]-

Gingerol, [10]-

Gingerol 

Anthelmintic, anti-

inflammatory, antioxidant, 

anticancer, antiemetic, 

analgesic, neuroprotective, 

gastroprotective, 

hepatoprotective 

  Shogaols [6]-Shogaol, [8]-

Shogaol, [10]-Shogaol 

Anthelmintic, anti-

inflammatory, antioxidant, 

anticancer, antiemetic, 

neuroprotective 

  Essential Oils Zingiberene, β-

Bisabolene, α-

Curcumene, α-

farnesene, Camphene, 

Phellandrene, Cineole 

Anthelmintic, antimicrobial, 

anti-inflammatory, antioxidant, 

insect repellent, flavoring 

agent, fragrance component in 

cosmetics and perfumes, aroma 

therapy for stress relief. 

2. Acorus calamus    

  Phenylpropanoids α-Asarone, β-Asarone Anthelmintic, neuroprotective, 

anticonvulsant, anxiolytic [18, 

20, 22], antimicrobial [14, 15], 

antioxidant [13, 14, 15, 26], 

anticancer [24, 26, 29], 

insecticidal [27, 28], sedative 

[20, 21], anti-inflammatory 

[13, 32, 34] 

  Essential Oils α-Asarone, β-Asarone, 

Eugenol, Methyl 

Eugenol, Acorone, 

Acorenone 

Anthelmintic, neuroprotective 

[18], anticonvulsant [21], 

anxiolytic [22], antimicrobial 

[14], antioxidant [13], 

anticancer [29], insecticidal 

[28], sedative [20], anti-

inflammatory [13] 

  Sesquiterpenes Acorone, Acorenone, 

Isoacorone, 

Shyobunone 

Anti-inflammatory [13], 

antioxidant [13, 14], 

antimicrobial [14] 

Note: Citations in the table refer to the renumbered reference list. 

 

4. EVIDENCE FOR SYNERGISTIC 

ANTHELMINTIC EFFECTS  
This section reviews the available scientific evidence supporting 

the synergistic anthelmintic effects of Zingiber officinale (ginger) 

and Acorus calamus (sweet flag) when used in combination. We 

examine both in vitro and in vivo studies that have investigated 

the combined efficacy of these two plants against various 

parasitic worms. 

 

4.1 In Vitro Studies 

In vitro studies provide a valuable starting point for investigating 

synergistic interactions between plant extracts or compounds. 

They allow for controlled experimental conditions and the 

assessment of direct effects on parasite viability, motility, and 

other relevant parameters. 

 

4.1.1 Studies on Nematodes: One study by Ferreira et al. (2013) 

investigated the in vitro anthelmintic activity of Z. officinale and 

A. calamus extracts, both individually and in combination, 

against the free-living nematode Caenorhabditis elegans. While 

this study used a free-living model organism and not a parasitic 

one, the combination of Z. officinale and A. calamus extracts 

exhibited synergistic anthelmintic activity, as determined by a 

reduction in worm motility and viability. The combination index 

(CI) values indicated a synergistic interaction, suggesting that the 

two extracts potentiated each other's effects [8]. In another study, 

Runyambo et al. (2012) also used C. elegans to test the 

anthelmintic activity of extracts of A. calamus used traditionally. 

Although this study did not test the combination of the two, it 

provides important context for the potential of A. calamus as an 

https://doi.org/10.36713/epra2013
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anthelmintic agent [9]. Iqbal et al. (2005) provides an important 

context for the potential of Z. officinale as an anthelmintic agent, 

when tested against Ascaridia galli infection in chickens [5]. 

Further studies are needed to ascertain whether these 

combinations are also effective against other parasitic nematodes.  

 

4.1.2 Studies on Trematodes: Research specifically testing the 

combination of Z. officinale and A. calamus against trematodes 

like Schistosoma mansoni or Fasciola hepatica is currently 

lacking. Individual studies have shown Z. officinale extracts 

exhibit activity against S. mansoni.Exploring potential 

synergistic effects against trematodes is needed.  

 

4.1.3 Studies on Other Parasites: While there is a scarcity of 

literature on the combined effects of Z. officinale and A. calamus 

on other parasites, individual studies suggest their potential. For 

instance, Z. officinale has shown in vitro activity against Giardia 

lamblia [36]. Exploring potential synergistic effects against 

protozoan parasites could be a valuable area for future research. 

 

4.2 In Vivo Studies 

In vivo studies in animal models are essential for confirming in 

vitro findings and for assessing the efficacy and safety of plant 

combinations in a living system.  

 

4.2.1 Studies in Rodent Models: To date, there is a lack of 

published studies examining the in vivo synergistic anthelmintic 

effects of Z. officinale and A. calamus in rodent models. This 

represents a significant knowledge gap.  

 

4.2.2 Studies in Livestock or Other Animals: Similarly, there is 

a lack of in vivo data on the combined effects of these two plants 

in livestock or other animal models naturally infected with 

parasitic worms. 

 

4.3 Clinical Studies Currently, there is no clinical data available 

on the efficacy or safety of the Z. officinale and A. calamus 

combination for treating helminth infections in humans. 

 

4.4 Conclusion of Section 4 

The current evidence for synergistic anthelmintic effects between 

Z. officinale and A. calamus is limited but suggestive. 

Preliminary in vitro studies using the free-living nematode C. 

elegans have indicated potential synergistic interactions [8]. 

However, more research, particularly in vivo studies using 

relevant parasitic worm models, is urgently needed to confirm 

these findings and to establish the efficacy of this plant 

combination. The lack of clinical data also highlights the need for 

well-designed trials to evaluate the safety and efficacy of this 

combination in humans or animals. 

 

5.MECHANISMS OF SYNERGISTIC 

ANTHELMINTIC ACTION 
Understanding the mechanisms underlying the potential 

synergistic anthelmintic effects of Zingiber officinale and Acorus 

calamus is crucial for developing effective and targeted therapies. 

While research on the combined effects is limited, potential 

mechanisms can be inferred based on the known activities of their 

individual constituents and principles of drug synergism. 

 

5.1 Potential Targets in Parasitic Worms  

5.1.1 Neuromuscular System: Both ginger and calamus affect 

the parasite neuromuscular system. Gingerols and shogaols from 

Z. officinale can interfere with neurotransmission in nematodes, 

leading to paralysis [5, 8]. α-asarone from A. calamus inhibits 

acetylcholinesterase (AChE) [12], an enzyme crucial for 

neuromuscular function. AChE inhibition causes acetylcholine 

accumulation, leading to hyperstimulation and paralysis. 

● Synergistic Effect: Combined action on different 

neuromuscular components (e.g., neurotransmitter 

release, receptor activity, breakdown) could lead to more 

potent paralysis.  

 

5.1.2 Tegument Integrity: The tegument is vital for parasite 

survival. Some ginger constituents, particularly essential oils, 

may disrupt cell membrane integrity [31]. Compounds from A. 

calamus might also possess tegument-damaging properties [20]. 

● Synergistic Effect: The combination might cause more 

extensive tegument damage, increasing permeability and 

leakage of essential components. 5.1.3 Metabolic 

Enzymes: Parasitic worms rely on specific metabolic 

pathways. Ginger and calamus constituents inhibit various 

enzymes in vitro [32]. Gingerols and shogaols may 

interfere with parasite energy metabolism. Asarones and 

other A. calamus compounds might inhibit detoxification 

or essential metabolic enzymes. 

● Synergistic Effect: Co-administration could inhibit 

multiple metabolic pathways, leading to pronounced 

disruption of parasite metabolism and death. 

5.2 Potential Mechanisms of Synergy  

5.2.1 Pharmacokinetic Interactions: One plant might enhance 

the absorption, distribution, or bioavailability of active 

compounds from the other. Ginger constituents might increase 

gastrointestinal permeability, enhancing asarone absorption [53]. 

Inhibition of metabolism or excretion of compounds from one 

plant by the other is possible but lacks specific study.  

 

5.2.2 Pharmacodynamic Interactions 

● Additive Effects: Compounds from both plants acting on 

the same target (e.g., gingerols and asarones inhibiting the 

same enzyme). 

● Synergistic Effects: Compounds acting on different but 

related targets in the same pathway or different pathways 

converging on the same outcome (e.g., one disrupting the 

tegument, the other inhibiting metabolism).  

 

5.2.3 Immunomodulatory Effects: Both Z. officinale [6] and A. 

calamus have shown immunomodulatory effects [41]. The 

combination might enhance the host's immune response against 

parasites (e.g., stimulating immune cells, cytokine production). 

This area needs further research. 
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5.3 Conclusion of Section 5 Potential synergistic effects may 

stem from pharmacokinetic and pharmacodynamic interactions 

targeting multiple parasite systems (neuromuscular, tegument, 

metabolism) and possibly host immune modulation. Further 

research is crucial to elucidate precise mechanisms, identify 

active compounds, and determine optimal ratios for combination 

therapy, facilitating the development of safe and effective 

anthelmintics. 

 

6. SAFETY AND TOXICOLOGY OF COMBINED 

USE 
While Z. officinale and A. calamus have traditional uses, their 

combined use in concentrated forms requires careful safety 

evaluation. 

 

6.1 Safety Profile of Zingiber officinale Ginger is generally 

recognized as safe (GRAS) by the US FDA [48] and is well-

tolerated [51]. Mild gastrointestinal side effects (heartburn, 

nausea) may occur [51]. Potential interactions with 

anticoagulants/antiplatelet drugs exist due to effects on platelet 

aggregation [52]. Consult healthcare professionals before high-

dose use during pregnancy/breastfeeding [49, 51]. 

 

6.2 Safety Profile of Acorus calamus The primary concern is β-

asarone, present in certain chemotypes, which is potentially 

carcinogenic and genotoxic [44]. Tetraploid chemotypes (high β-

asarone) are generally avoided. Diploid chemotypes (low/no β-

asarone) are considered safer. Triploid chemotypes have 

intermediate levels; safety is debated. Regulatory status varies; 

some countries ban A. calamus in food or limit β-asarone in 

medicines [46, 47]. 

 

6.3 Potential Interactions and Adverse Effects of Combined 

Use 

● Limited Data: Lack of research on the safety of the 

combined use. 

● Potential for Additive Effects: Combination may lead to 

additive pharmacological and side effects (e.g., 

exacerbated gastrointestinal issues). 

● Pharmacokinetic Interactions: Ginger affects drug-

metabolizing enzymes [53] and could potentially alter 

asarone metabolism and toxicity. Research is needed. 

● Specific Concerns with β-Asarone: Using A. calamus 

containing β-asarone poses risks, especially if ginger 

enhances its bioavailability or toxicity. Using β-asarone-

free or low β-asarone chemotypes is critical. 

 

6.4 Dosage Considerations 

● Careful dosage determination is needed due to potential 

additive/synergistic effects. 

● Start with low doses and monitor for adverse effects. 

● Optimal combined dosages are unknown and require 

investigation. 

 

 

6.5 Conclusion of Section 6 Combined use holds promise but 

requires careful safety consideration. Ginger is generally safe, but 

β-asarone in A. calamus is a significant concern [44]. Research is 

urgently needed on combined safety, interactions, and effective 

dosages. Using β-asarone-free or low β-asarone A. calamus 

chemotypes is strongly recommended. 

 

7. DISCUSSION 
This review examined the anthelmintic potential of Z. officinale 

and A. calamus, focusing on synergistic interactions. While both 

show individual activity, research on their combination is nascent. 

 

7.1 Critical Analysis of Current Evidence 

● Limited but Suggestive Evidence: Available data hints 

at synergy. 

● Preliminary In Vitro Support: Ferreira et al. (2013) 

showed synergy in C. elegans [8], but this free-living 

model may not fully represent parasitic infections. 

● Scarcity of In Vivo Studies: A major gap exists; in vivo 

confirmation in relevant parasite models is crucial. 

● Limited Mechanistic Data: Specific mechanisms 

underlying synergy are poorly understood. 

● Chemotype Issue: Variability in A. calamus (β-asarone 

content) complicates data interpretation and requires 

standardization. 

 

7.2 Strengths and Limitations of Existing Studies Strengths: 

● In vitro models allow controlled study of direct effects. 

● Known individual mechanisms provide a basis for 

synergy hypotheses. Limitations: 

● Few studies investigate the combination directly. 

● Over-reliance on C. elegans model in some studies. 

● Lack of in vivo validation. 

● Often inadequate characterization of A. calamus 

chemotype/composition. 

 

7.3 Knowledge Gaps and Future Research Directions 

7.3.1 In Vitro Studies with Parasitic Worms: Test 

combinations against diverse parasitic worms (e.g., Haemonchus 

contortus, Ascaris suum, Schistosoma mansoni) using 

standardized assays (viability, motility, egg hatch, larval 

development) and rigorous synergy analysis (e.g., Combination 

Index). 

 

7.3.2 In Vivo Studies: Conduct studies in appropriate infected 

animal models to confirm in vitro findings, evaluate efficacy 

(worm burden, egg counts), and assess potential for dose 

reduction of conventional drugs. 

 

7.3.3 Mechanistic Studies: Investigate molecular targets, 

signaling pathways, identify responsible compounds, explore 

pharmacokinetic interactions, and study immunomodulatory 

effects in the context of infection. 
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7.3.4 Chemotype and Standardization: Mandate use of well-

characterized, low/no β-asarone A. calamus. Develop 

standardized extracts with defined bioactive compound 

concentrations. 

 

7.3.5 Safety and Toxicity: Perform comprehensive safety studies 

of the combination, focusing on interactions and long-term 

effects, to establish safe dosage ranges. 

 

7.3.6 Clinical Trials: Ultimately, well-designed trials in target 

species (humans/animals) are needed to confirm clinical efficacy 

and safety. 

 

7.4 Translational Potential 

If synergy is confirmed and safety established (using low β-

asarone A. calamus), this combination could lead to: 

● New herbal anthelmintic formulations: 

Alternatives/adjuncts to conventional drugs, especially 

where access is limited or resistance is high. 

● Reduced reliance on synthetic anthelmintics: 

Mitigating resistance development and environmental 

impact. 

● Use in human and veterinary medicine: Depending on 

target parasites and trial results. 

 

7.5 Conclusion of Section 7 

The Z. officinale and A. calamus combination is a promising 

research avenue. While preliminary evidence suggests synergy 

[8], rigorous research (especially in vivo and mechanistic studies) 

is crucial. Addressing knowledge gaps regarding efficacy, safety 

(using low β-asarone A. calamus), and standardization is vital for 

translating this potential into tangible health benefits. 

 

8. CONCLUSIONS 
This review synthesized literature on the anthelmintic activities 

of Z. officinale and A. calamus, individually and combined, 

highlighting their potential as novel anti-parasitic therapies based 

on their complex phytochemistry. Ginger exhibits anthelmintic 

properties [5, 6], likely via gingerols, shogaols, and essential oils 

[7]. A. calamus (low β-asarone chemotypes) also shows 

anthelmintic potential alongside other effects [15, 20], attributed 

to asarones and essential oils [13]. The core focus, synergistic 

anthelmintic effects, is supported by limited preliminary in vitro 

data [8]. Potential mechanisms include targeting parasite 

neuromuscular function [5, 8, 12], tegument integrity [20, 31], 

metabolic enzymes [32], pharmacokinetic interactions [53], and 

immunomodulation [6, 41]. Significant knowledge gaps remain, 

particularly the lack of in vivo and clinical data, and detailed 

mechanistic understanding. Safety, especially concerning β-

asarone in A. calamus [44], is paramount, necessitating use of low 

β-asarone chemotypes and comprehensive toxicological studies 

of the combination. In conclusion, the Z. officinale and A. 

calamus combination offers promise. Continued rigorous 

research evaluating efficacy, safety, mechanisms, and 

standardization is essential. Addressing knowledge gaps through 

a multidisciplinary approach, focusing on low β-asarone A. 

calamus, can unlock the therapeutic potential of this traditional 

combination for developing safe, effective, and sustainable 

anthelmintics against parasitic worm infections globally. 
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