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S u m m a r y  
 

The attention is focused on the main classes of anthelmintics. Mode of action of the anthelmintics and the anthelmintic resistance, and alternative methods 
for dehelminthization are discussed. A targeted search for new anthelmintic substances in the series of speculative parental hydrocarbons (benzene, indene, 
naphthalene, 1 H1-cyclopenta [a]-naphthalene and phenanthrene) is suggested to be prospective on the basis of variation in their structure from the fully unsaturated 
to saturated forms, including those containing heteroatoms (N, O, S), various functional groups and substituents:  
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Helminthiases cause significant damage to the economy, including damage to human health and capacity to work (1-3), 
decline in meat, dairy and egg production, barrenness and mortality of livestock, loss in quality of skin and wool (4), as well as 
damage to plant industry (5), lumber, etc. Helminths often affect both companion animals and wild animals (6-8). One of the most 
effective and relatively cheap methods of helminth control is chemotherapy (9). 

Today, hundreds of anthelmintics with various spectra of activity are available in the market. However, regarding active 
ingredients of these drugs (both mono- and multicomponent formulations), there are only few dozen highly effective and relatively 
safe substances of different chemical nature (10, 11). 

Anthelmintic compounds may be of natural origin or products of chemical synthesis. Natural substances are mainly 
represented by secondary metabolites of bacteria, fungi, and plants, formulated in native or chemically modified form (12). 

Folk r emedi es,  inorgan ic and organ ic substances.  Before chemotherapy, for thousands of years healers used 
various powders, decoctions, ointments, tinctures as remedies for treatment of diseases (13), including helminthiases (14); these folk 
remedies were prepared from minerals, fungi, plants, tissues, products of vital activity of animals (venoms of snakes and spiders, 
mothers milk) (15), and even whole animals (leeches, bees, etc.). Anthelmintics were originally called “vermifuges” (from Latin: 
vermus - worm,  fugere - expulsion) (14). 

A plenty of folk remedies had been established (16) and included in reference books of ancient and medieval philosophers 
and healers. For example, the ancient Egyptian papyrus Ebers (dated around 1550 BC) contains information on human 
schistosomiasis and helminths (14). Hippocrates in his writings (about 500 BC) described some parasitic worms and introduced the 
terms “helminthiases” and “ascariasis” (in Greek – respectively, a disease caused by worms and ascaris) (17). Galen (about 129-200 
BC) was one of the founders of pharmacology; he suggested methods of preparation of tinctures and ointments (e.g. with plant 
extracts), so-called “Galen drugs”, and he also introduced the concept of active ingredients (18). Avicenna in “The Canon of 
Medicine” (980-1037 BC) described malaria and many helminths such as Dracunculus (19). These guidebooks contain information 
about healing diseases caused by parasitic worms, such as using wormwood Artemisia cinae in ascariasis. This plant contains 
santonin, a natural compound with anthelmintic effect; this sesquiterpene lactone was first isolated in 1830 by German potheker 
Kahler and pharmacy student J.A. Alms from a raw plant material of Russian origin (20). It had been introduced into medical practice 
in 1838 (21) though its chemical structure was determined only in 1963 (22). Compounds with anthelmintic properties were isolated 
from many other plants (pomegranate, aspen, male fern, tansy, some species of chamomile, tobacco, pumpkin, garlic) (18, 23, 24). 
Currently, rhizome extract of male fern (Dryopteris filix-mas) is a source for the drug Filixanum used in treatment of cestodiases (10). 
Structural formulas of some anthelmintic substances of plant origin are shown below: 



 

 
 
 

 

 
The idea of using chemical compounds in medication of animals and humans was proposed even by alchemists (IV-XVI 

century), in particular by iatrochemists (iatrochemistry, or medical chemistry, from Greek iatrós – doctor); they investigated and 
prepared remedies (XVI-XVIII centuries) from chemical compounds known at that time (25) – mostly derivatives of Hg, As, Sb, Cu, 
Zn, Fe, S. One of these substances, Glauber’s salt Na2SO4*10H2O, is still used in some cases as laxative for expulsion of intestinal 
helminths (26). 

Scientific basis of the chemotherapy of parasitic diseases (and helminthiases) started its development in XIX-XX centuries 
with establishment of the structural theory of organic and inorganic compounds (25). P. Ehrlich, Nobel Prize winner of 1908, upon the 
study of more than 600 arsenic compounds showed the possibility of direct synthesis of drugs capable to affect microorganisms; he 
proposed the term “chemotherapy”. His research allowed obtaining the arsenic drug atoxil introduced into clinical practice in 1910 as 
medication against trypanosomiasis (27) along with the antisyphilitic drug salvarsan (28). Another chemical drug suramin – a 
derivative of carbonic acid amide (urea) – was introduced into clinical use in 1916 and, in some cases, is still prescribed against 
onchocerciasis and sleeping sickness trypanosomiasis (the use is limited due to high toxicity) (10).  

 

 
 

At the beginning of XX century, simple organochlorine compounds carbon tetrachloride CCl4 (1921) and hexachlorethane 
C2Cl6 (1928) were introduced as new anthelmintics against Fasciola hepatica (10). These toxic substances now are scarcely ever 
applied on mammals, but hexychol  (chlorinated derivative of paraxylene, in clinical practice of the USSR since 1964) is still present 
in a current list of anthelmintics in some republics of the former Soviet Union and in China (effective against mature flukes) (29). 

Before the middle of the XX century, despite the rapid increase in number of synthesized organic compounds there were 
widely used anthelmintics based on inorganic compounds of arsenic (As), tin (Sn), stibium (Sb), fluorine (F), hydrogen peroxide 
(H2O2), sulfur (S ), oxygen (O2), arsenates of metals – aluminum, divalent metals (Ca, Cu , Zn, Sn), Fe (bivalent and trivalent). For 
example, effective dose of Paris Green and calcium arsenate, Ca3(AsO4)2 against mature and immature worms in lambs was 0,3-0,5 
g/head (30),  blue vitriol CuSO4*5H2O for buffalo calves – 112 mg/kg body weight (31).�Nowadays, inorganic anthelmintics are not 
applied due to high toxicity and displacement by more effective organic substances such as albendazole, fenbendazole, praziquantel, 
and other agents effective against moniezia of ruminants and other parasitic diseases (9, 11). However, certain organometallic 
compounds (e.g., As3+-based sodium thioacetarsamid and melarsomin) are prescribed for dogs against heartworm (Dirofilaria immitis) 
(32). Here are structural formulas of some arsenic and stibium-containing anthelmintic substances: 

 



 
                                                                          

Chlorine, blue vitriol, hydrated lime still remain in practice of veterinarians, breeders, and health services as means for 
decontamination of water bodies, stalls, buildings, etc. It is being performed an exploration work aimed at creation of complex 
anthelmintic substances, such as pectinate of albendazole and copper (II) (n = 20-30, Mw = 17000-25000 Da) (33) 

 

 
 

Modern  chemotherapy of  helmin th iases. Phenothiazines and piperazines. The 1940-1950-ies gave a turning point to 
chemotherapy of helminth infections with introduction of synthetic organic compounds – phenothiazine (1940; methylene blue, the 
first representative of phenothiazines, was used as a fabric dye) (34) and piperazine (1953) (35) as anti-nematode agents: 

 

 
 

Veterinarians still prescribe piperazine and its salts (adipate, sulfate, phosphate) and phenothiazine in cases of ascariasis of 
fur animals, pigs, and poultry, diethylcarbamazine – against nematodes (toxocariasis, filariasis, etc.) (10). 

Benzimidazoles and other N-containing anthelmintics. In 1960-ies, clinical practice obtained effective broad-spectrum 
anthelmintics – benzimidazoles (most abundant group), imidazolthiazoles, tetrahydropyrimidines effective against intestinal and non-
intestinal nematodes and cestodes: 

 
 
The first representatives of these anthelmintics were thiabendazole (1961), albendazole (since 1972 permitted for treatment 

of echinococcosis of animals and human) (36), levamisole (1966) (37), and pyrantel (1966) (38). Some of them are still applied (often 
in multicomponent formulations) (10). 

In the 1970s, there appeared other nitrogen-containing heterocyclic substances. The most important of them were pyrazin 
isoquinolines such as praziquantel (biltricide, established 1977) used against cestodes and trematodes (39). Praziquantel has a good 
account and is still prescribed as schistosomicide for animals and human (9-11): 

. 



16-membered macrolides. The 1980s opened the era of natural avermectins (abamectin, doramectin) – products of soil 
bacteria Streptomyces avermitilis, and their semi-synthetic derivatives (ivermectin, selamectin, etc.) with wide spectrum of activity 
(against nematodes, insects, and mites) at very small doses (0.2-0.3 mg/kg) (Table 1) (40). 

Milbemycines are a subgroup of 16-membered macrolides related to avermectins. They are produced by actinomycete S. 
hygroscopicus (ssp. aureolacrimosus) as a mixture of compounds whose structure shows the absence of disaccharide side chain at 
C(13) position and the presence of methyl (milbemycin A3), ethyl (milbemycin A4), isopropyl (milbemycin D), and sec-butyl (13-
deoxy-22,23- dihydroavermectin B1a) groups, as well as saturated 22,23-bond (similar to ivermectin) (1972) (41). Semisynthetic 5-
oximines of milbemycines A3 and A4 are used as pesticides (41). Milbemycin-related substances nemadectins were discovered in  
late 1980s; these products of S. hygroscopicus (ssp. noncyanogenus) contain hydroxyl group at C(23), unsaturated hydrocarbon 
radical on C(25) and, like milbemycines, the absence of disaccharide side chain at C(13). Nemadectin is used as raw material for 
production of moxidectin (active ingredient of the veterinary drug cydectin used for treatment and prevention of endoectoparazitic 
infections - common scab, dictyocauliasis, intestinal strongyloidiasis, lice, oestrosis, hypodermatosis) (41) (*, **, and *** – position 
of allowable modifications in lactones; position R specifies a structure as avermectin, milbemycin, or nemadectin, and R, for which 
milbemycines differ from nemadectins) 

 
 
                                                                

1. Structure of substances from the group of avermectin B1 and doramectin 
Substance 1 2 3 4 

Авермектины В1, дорамектин и их производные 

 
 

R(5), H(5) R(4) R(25) С(22)-С(23) 

Abamectin (native form) ОН, Н ОН Two homologs: 
sec-Butyl, iso-
Propyl 

Double bond 

Emamectin (semisynthetic)  ОН, Н 

 

Two homologs: 
sec-Butyl, iso-
Propyl 

Double bond 

Eprinomectin (semisynthetic) ОН, Н 

 

Two homologs: 
sec-Butyl, iso-
Propyl 

Double bond 

Ivermectin (semisynthetic) ОН, Н ОН Two homologs: 
sec-Butyl, iso-
Propyl 

Single bond 

Doramectin (native; in specific conditions) ОН, Н ОН One homolog: 

  

Double bond 

Selamectin (4-О-desoleandrozyl-5-desoxy-5-dehydro-5-oximin-
22,23-dihydrodoramectin) — deglycolated semisynthetic analog of 
doramectin   

Missing residue of 
one molecule of 
oleandrose  (dihy-
drolyzed disaccha-
ride 1,4-glycoside 
bond) 

One homolog: 

  

Single bond 

N o t e . 1, 2 — atom of hydrogen and corresponding functional groups, 3 — hydrocarbon radicals, 4 — chemical bond (in avermectin 
and its analogs). 

 

Bi ologi cal  act ivi t y of  avermect ins. Along with anthelmintic activity, avermectins have many valuable properties that 
are in focus of research (47). Ivermectin blocks PAK1-dependent cell growth in benign and malignant tumors (neurofibromatosis type 



II, ovarian carcinoma, and others) through inactivation of p21-dependent protein kinase (PAK1) (48, 49). It was recently found that 
ivermectin inhibits replication of yellow fever virus (50) and sporogony of Plasmodium falciparum and Anopheles gambiae (51), as 
well as antituberculous effect of avermectins (52). 

Sal icylan i l ides and other  an thelmin tic substances . This important class of anthelmintics was discovered during 
investigation of biocidal action of phenolic compounds (phenols, bisphenols, thiophenols, etc.) used as anti-microbial and fungicidal 
agents (e.g. carbolic acid) (Lister J., 1867). These had been niclosamide (Hecht G. et al., 1960), tribromsalan (Boray J.C. et al., 1965), 
clioxanide (Boray J.C. et al., 1965), upon which later were developed more effective substances – oxyclozanide (Broome A.W. et al., 
1966), closantel (Janssen M.A.C. et al., 1973), and rafoxanide (Mrozik H. et al., 1969) important for the control of distomiasis (53). 
Along with these basic classes of anthelmintics, there were developed numerous substances (10) of different chemical nature, such as 
hygromycin (aminoglycoside antibiotic and anthelmintic produced by bacteria Streptomyces hygroscopicus) (54), and 
organophosphorus substances (metrifonate, cythiolate, etc.) (10) of a limited use due to low efficiency or significant side effects (14). 

 

  
 

 
Mol ecular  mechanisms of act ion . Presence of anthelmintic properties in a wide range of chemical substances is 

explainable – there is a great variety of hosts and worms that often develop drug resistance, along with some other factors. 
Anthelmintic drug introduced to a patient is being involved in two groups of processes that occur before the manifestation of a 
therapeutic effect.  The first group of processes are physicochemical and chemical interactions with environmental factors (pH, 
temperature, enzymes, etc.) that affect the substance during its transfer to location of helminth in the host’s body (Fig. 1) with 
corresponding biochemical and physiological consequences. The drug may undergo enzymatic and non-enzymatic changes – for 
example, dichlorvos in aqueous solution spontaneously converts to the more active substance that interacts with nicotinic 
acetylcholine receptor - nAChR (14) or nitazoxanide: plasma enzyme quickly (6 min) modify it into active metabolites tizoxanide 
and glucuronide-tizoxanide that inhibit pyruvate: ferredoxin-oxidoreductase and thus violate the energy metabolism in helminths (55). 



 
Fig. 1. Scheme of delivery of anthelmintic substance to helminth in a host’s body and interaction with 
target cells 

 

                                                                                                                    
The second group of processes provides transfer of an anthelmintic to target cells through worm’s external tissues (cuticle, 

tegument) or internal cavities (oral, pharyngeal, intestinal) and its interaction with these cells (Fig. 1). 
Regarding interaction with target cells, anthelmintics segregate into drugs with quick action (2-4 hours; disturb functioning 

of ionotropic receptors) and delayed action (1-4 days; affect metabolic processes) (56) (Fig. 2). The quick-acting ones act as agonists 
(imidazolthiazoles, tetrahydropyrimidines, pyrazinisoquinolines, aminoacetonitrile derivatives, etc.) and antagonists (phenothiazine, 
spiroindoles) of n-AChRs, allosteric modulators of GABAA-receptor (GABA – -aminobutyric acid) and glutamate-dependant 
chloride channels (GluCls) (16-membered macrolides – avermectins and milbemycines), agonists of GABA-ergic receptors 
(piperazine), activators of Ca2+ channel (praziquantel) and Ca2+-dependent K+-channel SLO-1 (emodepsid). Slow-acting ligands of -
tubulin (benzimidazoles) violate its polymerization and formation of microtubular apparatus, which leads to degenerative changes and 
other metabolic disorders in nematode’s gut cells and cuticle. Others anthelmintics with delayed action – substances containing SH-
groups (melarsomin); cholinesterase inhibitors such as carbamates, organophosphates (metrifonate), biphenyl compounds (bifenium, 
nitrosocanate, amoscanate); lipoxygenases and cyclic lipoxygenases (diethylcarbamazine – disturbs metabolism of arachidonic acid 
and inhibits formation of prostaglandins in a host, which causes constriction of its capillary bed and makes it impassible for 
microfilaria; also enhances phagocytosis of microfilaria by vascular wall, lymphocytes, and granulocytes; the action is possibly 
associated with inducible NO-synthase), chitinases (closantel – has a proton ionophore activity synergistic with inhibition of 
chitinase), pyruvate: ferredoxin-oxidoreductase (nitazoxanide) (56, 57) . 
 



 
Fig. 2.  Scheme of delivery of anthelmintic substances to targets (some of them; description – see in the text). 

 

Efficiency. Cost-effectiveness of chemoprophylaxis and chemotherapy of helminthiases largely depends on accuracy and 
appropriateness of provided treatment with connection to effectiveness of drugs, worm’s developmental cycle, host’s features, 
climate, etc. For example, mebendazole and thiabendazole show anthelmintic action against intestinal Trichinella and are ineffective 
against encapsulated forms (9, 57). 

Comparing the effectiveness of anthelmintics from different generations, it can be found that introduction of new substances 
was accompanied by dose decline up to a minimum in avermectin (58) (Fig. 3). 

 

 

Fig. 3. Doses of various anthelmintic substances introduced in chemotherapy in different years (45, amended 
and supplemented). 

 

Resistance t o an thelmint ics . Intensive chemotherapy of helminthiases may lead to undesirable biochemical 
consequences in a patient (negative side effects) as well as development and fixation of helminths resistant to biocidal substances. 
Resistance to commonly used anthelmintics was noted by P. Ehrlich at the beginning of XX century, and now it occurs quite often 
(59-69). 

Resistance is the result of helminth’s adaptation to the action of anthelmintic drug. Interaction between anthelmintic 
substance and a target initiates in a parasite a cascade of physicochemical and biochemical events (along with those underlying 
manifestation of anthelmintic activity), which affect its intracellular effectors at different levels (down to the genetic apparatus and its 
functional activity), after which the original target may be modified (Fig. 2). Development of resistance may be associated with 
reduced expression of receptor proteins in general or its subunits (nAChR agonists), increased expression of P-glycoprotein (60) and 
multi-resistance proteins (allosteric modulators of GluCl), single nucleotide polymorphism (-tubulin ligands) (56, 67). In particular, 
in nematodes Caenorhabtidis elegans it was experimentally shown that simultaneous mutation of genes avr-14, avr-15, and glc-1 
encoding -subunit of GluCl causes significant resistance to ivermectin based on reduced affinity of the substance to chloride ion 
channel. On the contrary, mutation of any of the two genes encoding proteins involved in formation of this channel doesn’t cause the 
resistance or it is small (68). 

Helminths may also acquire drug tolerance in cases of incorrect use of anthelmintics (58-61) (Table 2). 
Modern an thelmint ic substances. Development of drug resistance in pathogens stimulates investigations aimed at 

finding new anthelmintics with an alternative mechanism of action and/or the one peculiar to existing substances though more 
efficient (70-72). In this regard, it should be mentioned new drugs that appeared in the market in 2000-2010 – emodepsid, 
monepantel, derquantel (veterinary drug), as well as tribendimidin and nitazoxanide (medicine) (Table 2). 

Emodepsid is N-methyl derivative of 24-membered cyclooctadepsipeptide – a fermentation product of Mycelia sterilia that 
was first isolated in 1990 by Japanese scientists from leaves of Camellia japonica (74). It is effective against nematodes in the 
gastrointestinal tract and lungs, and against microfilaria resistant to benzimidazoles, 16-membered macrolides, and cholinergic 
agonists; this substance is often included in new anthelmintic drugs for cats and dogs (75-77). 

Structural formulas of the substances developed in 2000-2010: 



 
 

 
2. Some essential substances used in chemotherapy of helminthiases of man and animals  

Group of pathogens (pathology) Drug, class of anthelmintics 
N e m a t o d i a s i s  

Intestinal nematodes Avermectins, milbemycines, monepantel a, emodepsid a, tribendimidin a, der-
quantel a, benzimidazoles, morantel, pyrantel, levamisole, closantel (and halo-
genated salicylanilides), piperazine 

Tissue nematodes (filariasis)   Diethylcarbamazine, suramin, ivermectin 
T r e m a t o d i a s i s  o f  d i f f e r e n t  l o c a t i o n  

Liver flukes (fasciolasis)  Triclabendazole (against all forms), praziquantel, clorsulon, closantel (and halo-
genated salicylanilides), oxyclozanide, albendazole (against mature helminths) 

Blood flukes (schistosomiasis) Antimonates, metrifonate, oxamniquine, praziquantel 
Lung and intestinal flukes Praziquantel, triclabendazole, niclosamide (alternative), albendazole (alternative) 

C e s t o d i a s i s  
Tapeworms Benzimidazoles, praziquantel, niclosamide 
N o t e . Superscripts (а) indicate substances established in 2000-2010. 

Efficiency and spectrum of action of anthelmintics depend on many factors: host species (including human), helminth 
species (specific features of their anatomy and physiology – presence / absence of integument, temperature of a whole body and a 
particular organ, individual differences); live cycle (bio- and geo-helminths) and associated role of a host (intermediate, final 
host); position of a host in a food chain of ecosystem, its diet and habitat (climate, lifeway, etc.) (73, 124); bioavailability and 
physicochemical characteristics of anthelmintic, its interaction with targets (receptors, enzymes, other metabolites and cell com-
ponents), etc. – all of them must be considered in prescription of efficient anthelmintic therapy. 

 
Emodepsid inhibits functioning of worm’s muscles in the pharynx, body, and egg-laying organs by increasing conductance 

of Ca2+-activated K+-channels (SLO1) in nematode’s neuromuscular plexus – its presynaptic (mostly) and postsynaptic cells (78) (Fig. 
4). However, the sequence of events in this case requires further clarification. It is also assumed (79) that, along with the described, 
this involves a minor participation of a slow-acting signaling mechanism (involving latrophilin-like receptor of presynapse and Gq-
protein) (78, 79). 

Monepantel (S-enantiomer, a synthetic product, discovered in 2008, approved for use in 2010) is a representative of so-called 
amino-acetonitrile derivatives (AADs) (80). The most active metabolite is monepantel sulfone (81, 82); this substance is effective in 
low doses (2.5-3.5 mg/kg) against a broad spectrum of gastro-intestinal helminths in larval and adult stages resistant to conventional 
anthelmintics (83). Interaction of monepantel with nematode-specific nAChR Hco-MPTL-1 leads to dysfunction of this receptor 
which paralyzes helminth’s muscles (84, 85). Derquantel is semisynthetic derivative of paraherquamide A isolated from natural 
spiroindoles – products of Penicillium paraherquei (86, 87). Derquantel inhibits nAChR (88), it has a broad spectrum of anthelmintic 
actions; the mixture derquantel-abamectin is often used in treatment and control of various nematodes in the gastrointestinal tract 
(even ones resistant to other drugs), which allows to expect finding anthelmintic properties in similar compounds. 

 

 
Fig. 4. Scheme of action of emodepsid: KМ-Cа2+ — Cа2+-binding protein calmodulin, SLO1 — Са2+-activated 
К+-channels, RCK — domain of regulated conductance of К+, Gq — G-protein that transfers extracellular signal from 
membrane receptor to phospholipase C (PLC) and thus activates it (description – see in the text). 

 

Tribendimidin is an aminophenyldimidin derivative of amidantel; it was first synthesized in China in 1980 (89) and 
introduced in local medical practice in 2004 (90-92). Tribendimidin is anti-nematode anthelmintic belonging to L-subtype of nAChR 
agonists with the mechanism of action similar to that of levamisole and pyrantel, so it is not prescribed in cases of resistance to 
levamisole. However, the developers suggest using tribendimidin instead of benzimidazoles or in a mixture with them in cases of 



resistance to benzimidazoles (93). 
Among the recently developed anthelmintic drugs it should be noted nitazoxanide (55, 94) – a derivative of salicylic acid in 

which, unlike salicylanilides, its residue is linked via amide bond with the nitrothiazole fragment. As already mentioned, the active 
metabolite of nitazoxanide inhibits pyruvate: ferredoxin oxidoreductase (95). In medicine, is used as antiprotozoal, anthelmintic, and 
antibacterial substance (11). Nitazoxanide is less effective than benzimidazoles, but it is recommended against helminths resistant to 
the latter (94). 

Chemical modification of known substances allows obtaining new anthelmintics, as exemplified by derivatives of 
benzimidazole – benzimidazolyl-chalcones (chalcones – flavonoids with disclosed pyran ring) (96), and 5-O-succinoilavermectin – AI 
of the market drug Gemax (97-99). A targeted search of new original anthelmintic substances is carried out since 2005 at the initiative 
and with direct participation of the author in collaboration with scientists from the Regional NGO Centre for Science and Engineering 
Problems (Moscow), K.I. Scryabin Moscow State Academy of Veterinary Medicine and Biotechnology, N.D. Zelinsky Institute of 
Organic Chemistry (Moscow), Yaroslavl State Technical University, Chemistry Department of M.V. Lomonosov Moscow State 
University, A.N. Severtsov Institute of Ecology and Evolution (Moscow). The purpose of this so-called horizontal research is creation 
of analogs with improved physicochemical and pharmacological properties (e.g., diminished residual content in breast milk after 
treatment during lactation, etc.). These derivatives of benzimidazole and avermectin have the following structural formula: 

 
                                            

Alternat ive methods and prospect s in  con trol  of helminth iases . There are various alternative approaches to the 
control of helminth infections in animals – biological treatment of pastures against helminth eggs (e.g. with nematophage fungus 
Duddingtonia flagrans (100), water bodies (ascomycete Caryospora callicarpa YMF1.01026) (101), and gastrointestinal tract 
(nematophage fungus Pochonia chlamydosporia) (102), strengthening animals’ immune defenses (103), breeding species and lines 
resistant to helminths. Some prospects in development of vaccines based on tissues of resistant helminths have appeared since the 
discovery in mammalians’ innate and adaptive immune system of pattern recognition receptors (PRR) capable of specific interaction 
with antigens of roundworms and tapeworms (104). Chemotherapy of filariasis with antibacterial agents against Wolbachia pipientis 
(cytoplasmic symbiont of nematodes) (105), e.g. doxycycline – antibiotic of tetracycline group (106), may be another promising 
method of prevention and treatment of helminthiases (107). It is worthy of note that over 90 % investigated nematodes have 
endosymbionts (56, 108). 

A promising direction of research is focused on synthetic anthelmintic substances in the series of conditionally parent 
hydrocarbons of benzene, indene, naphthalene, 1H-cyclopenta[a]-naphthalene, and phenanthrene with structural variation from fully 
unsaturated to saturated forms, including heterocyclic forms containing atoms N, O, S, various substituents, and functional groups. 
This is exemplified by well-known anthelmintics biphenyl, bifenium, the new discovered ones monepantel and tribendimidin 
containing respectively, two and three residues of benzene, as well as a natural compound fervenulin whose core can be presented as 
heterocycle similar to naphthalene whose five carbon atoms were hypothetically replaced to nitrogen (109). 

Certainly, it is still important to perform screening of metabolites of terrestrial and marine organisms, mainly bacteria, fungi, 
plants, and, probably, venomous animals (spider toxins, toad bufotoxin with cardiotonic activity), as well as synthetic and semi-
synthetic analogs of such compounds. They may have different chemical nature – mono- and polycyclic (condensed and 
uncondensed), aromatic (e.g., polyhydric phenols – vegetable tannins), and heterocyclic (e.g., fervenulin) compounds, flavonoids, 
lactones, alkaloids, terpenoids, peptides, etc. Discovery of new substances with anthelmintic properties is suggested by numerous 
recent reports: fungichromine B (28-membered polyene macrolide product of actinomycete Streptomyces albogriseolus HA10002, 
effective against tuber nematode) (110), fervenulin (109), nafuredin (product of Aspergillus niger FT- 0554) (111), bacterial protein 
Cry5B (Bacillus thuringiensis) (112), cysteine proteases of pineapple, papaya, and some other plants (113), alkaloids of marine 
bryozoans (114), other substances (115). 

 
 
Anthelmintic properties were found in some cardiotonic steroids (natural cardenolides and bufadienolides, synthetic 14-

hydroxy derivatives of estrogens) such as asperosid from the stem bark of Streblus asper (116) and synthetic 14-methoxy-18-methyl-
estrone (117). It is known that positive inotropic action of cardiotonic steroids is associated with inhibition of membrane Na,K-
ATPase (118), along with the recently discovered antitumor effect (119). At the same time, it was observed modulation of activity of 
GABAA-receptor by neurosteroids (120). Therefore, the mechanism of anthelmintic action of these substances (inhibition of Na,K-
ATPase or some other way) needs further investigation. 

Another potentially valuable group is a variety of saturated and unsaturated derivatives of cys-hydrindane, including 
conventional heterocyclic analogs (such as benzimidazole). This fully hydrogenated indene, CD-fragment of aglycones of cardiac 
steroids; divalent residue of cis-1-oksahydrinden-4,5 included in 16-membered macrolide anthelmintics; BC fragment of 1H-cyclo-



penta[a]-naphthalene (particularly santonin containing condensed 5-membered lactone ring, see summary). In this regard, it may be 
found promising agents among 8,14-secosteroids (analogs of Torgov secodiketone) (121), and 9,10-secosteroids – compounds similar 
to vitamin D2 missing alkyl group at C (17) (122). 

Anthelmintic action was also revealed in other classes of synthetic steroid compounds (the data will be published in 
respective patents). 

Development of a new substance, whether it is design of a new compound or identification of certain properties in a known 
one is time-consuming and costly process. Applied methods of diversification (heterogeneous compounds) and focused screening 
(related compounds), computer evaluation of anthelmintic effects in silico (123), chemical and genetic investigations in small animal 
models (nematode C. elegans, etc.) must facilitate introduction of new substances (56). Deep knowledge of molecular mechanisms of 
anthelmintic action and drug resistance allow to improve the planning of helminth control activities. 

Thus, chemotherapy is the major method of anthelmintic therapy. The development of resistance to known anthelmintic 
substances in worms requires constant renewal of drugs. Systematization of known substances by their chemical structure allow 
concluding some prospects for finding new anthelmintics among the series of derivatives of conditional parent hydrocarbons – 
benzene, indene, naphthalene, 1H-cyclopenta[a]naphthalene, and phenanthrene, regarding their structural variation from fully 
unsaturated to saturated forms and including heterocyclic analogs containing nitrogen, oxygen, sulfur, various substituents, and 
functional groups. 
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