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Abstract.  The effects of (–)-(1R,2S,5R)-menthol and its dithiophosphoric 

derivatives - O,O-di-(–)-menthyldithiophosphoric acid, its sodium, 8S,9R-

quinine, (S)-(–)-nicotinic and pyridoxonium salts on the organism of the 

free-living soil nematode Caenorhabditis elegans were investigated. (–)-

(1R,2S,5R)-menthol had no toxic effect on nematodes. O,O-di-(–)-

menthyldithiophosphoric acid and its sodium salt caused dose-dependent 

death of nematodes. The toxic effect of these substances on the C. elegans 
organism developed with a lag-phase and reached its maximum value after 

24 hours at concentrations of O,O-di-(–)-menthyldithiophosphoric acid and 

its sodium salt of 500 and 400 μg/mL, respectively. The LC50 values were 

191.5 μg/mL for O,O-di-(–)-menthyldithiophosphoric acid, and 181.6 

μg/mL for its sodium salt. 8S,9R-quinine, (S)-(–)-nicotinium and 

pyridoxonium salts of O,O-di-(–)-menthyldithiophosphoric acid were less 

toxic against C. elegans, causing 89.5–98.5% death of nematodes upon 24 

hour exposure at a concentration of 2000 μg/mL. The study of the 

antihelmintic properties of (–)-(1R,2S,5R)-menthyl dithiophosphoric 

derivatives is promising for the creation of drugs both for the treatment of 

helminthiasis in domestic animals and humans, and as well as nematicides 

to control  phytonematodes parasitizing in plants. 

1 Introduction 
Nematodes are some of the most common invertebrates on Earth, found in a wide 

variety of environments.  At the present time, there are more than 24,000 species of free-

living and parasitic nematodes [1]. According to the World Health Organization, at least 2 

billion people are affected by various helminthiases, 135 thousand people die annually from 

helminthiases. The annual damage caused by helminths to livestock and crop production is 

estimated at several billion dollars. Nematodes are capable of infecting various organs of 

humans and animals. In case of pasture breeding of animals, intestinal helminthiases pose a 
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serious danger [2]. Angiostrongylus vasorum, Crenosoma vulpis, Capillaria aerophila, and 

Aelurostrongylus abstrusus nematodes affect the cardiovascular and respiratory systems of 

domestic animals [3]. The negative effect of nematodes on the growth and development of 

young farm animals has been established [5, 6]. In cows infected with gastrointestinal 

nematodes, productivity decreases due to a decrease of protein content in milk [4]. The 

overall prevalence of parasites in horses is 77.9% [7]. In pigs of all age groups, infections 

caused by ascaris can occur, which reduces productivity [8, 9]. Plant parasitic nematodes 

change the microbial communities of the rhizosphere and disrupt plant metabolism, which 

leads to a decrease in yield up to 70% [10].
At the present time, the main method for the treatment of humans and farm animals 

helminthiases is the use of synthetic antihelmintic drugs, such as benzimidazoles 

(mebendazole, albendazole, fenbendazole and flubendazole), imidazothiazoles (levamisole, 

pyrantel), macrocyclic lactones (ivermectin, moxidectin), amino-acetonitrile derivatives 

(monepantel) [11, 12], as well as their combinations [13]. As a result of the uncontrolled 

use of synthetic antihelmintic drugs, the forms of helminths have appeared that are resistant 

to albendazole and levamisole, thiabendazole, ivermectin [14-16]. A decrease in the 

effectiveness of thiabendazole, levamisole and ivermectin in the treatment of 

helminthiasis in sheep in England and Scotland has been shown [15, 16]. 

Fenbendazole, closantel and ivermectin have shown low efficiency in the treatment of 

helminthiasis in sheeps and goats in the Kashmir Valley [17]. At the present time,

overcoming the drug resistance of helminths is an actual problem. One of the ways to solve 

this problem can be use of secondary plant metabolites and their derivatives [18]. In folk 

medicine, along with tansy, wormwood and elecampane, mint is used to treat helminthiasis 

[19].

The search for new antihelmintic drugs is hampered by the possibility of testing them in 

laboratory conditions. The use of parasitic nematodes as test organisms is associated with 

the difficulty and danger of their cultivation in the laboratory. At the present time, for

studying the nematicidal activity of drugs, the free-living soil nematode Caenorhabditis 
elegans is used, which is similar to parasitic nematodes in the general plan of body 

structure and neurochemistry [20].

Our research group curries out systematic research on the creation of biologically active 

drugs based on dithiophosphoric acids and their salts using nitrogenous organic compounds 

[21-24], many of these acids were obtained from monoterpene alcohols. We assumed that 

dithiophosphoric acids obtained from enantiomerically pure menthols and their salts can be 

of interest for studying nematicidal activity.

The aim of this work was to evaluate the nematicidal activity of (–)-(1R,2S,5R)-menthol 

and its dithiophosphoric derivatives in experiments with C. elegans.

2 Materials and methods
We have studied the nematicidal activity of (–)-(1R,2S,5R)-menthol, the main component 

of the mint essential oil (Mentha arvensis L.). (–)-(1R,2S,5R)-menthol 1, 8S,9R-quinine 6,

(S)-(–)-nicotine 7, pyridoxine 8, and tetraphosphorus decasulfide 2 were purchased from 

Sigma-Aldrich.

О,О-di-(–)-menthyldithiophosphoric acid 3 was obtained by the method [25]. The 

syntheses of (S)-(–)-nicotinic, pyridoxinic and 8S,9R-quinine salts of O,O-di-(–)-

dimenthyldithiophosphoric acid 9-11 were carried out according to the methods presented 

in articles [21] and [26].

The sodium salt of О,О-di-(–)-menthyldithiophosphoric acid 5 was obtained by the 

neutralization reaction of acid 3 with sodium hydroxide 4 in the 1:1 ratio. For this purpose, 
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a solution of sodium hydroxide 4 in ethanol was added by dropwise to a solution of O,O-di-

(–)-dimenthyldithiophosphoric acid 3 in ethanol with vigorous stirring and cooling for 1 

hour. The completeness of the reaction was monitored by the 31Р{1H} NMR spectroscopy 

until the signal of O,O-di-(–)-dimenthyldithiophosphoric acid 3 was disappeared at δP 85.8 

ppm. The structures of the compounds obtained are shown in Fig. 1.
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Fig. 1. The scheme of the synthesis of dithiophosphoric derivatives of (–)-(1R,2S,5R)-menthol.

Experiments to determine the toxicity of (–)-(1R,2S,5R)-menthol 1 and its derivatives 3,

5, 9, 10, and 11 were carried out on the free-living soil nematode Caenorhabditis elegans,

the wild-type N2 Bristol strain. Nematodes were grown at 22°C on a standard medium (3 

g/L NaCl, 17 g/L Bactoagar, 2.5 g/L Bactopeptone, 5 mg/L cholesterol, 1 mM CaCl2, 1 mM 

MgSO4, 25 mM potassium phosphate buffer with pH 6.0) [27]. E. coli OP50 was used for 

feeding the nematodes [27]. The experiments were carried out with young adult nematodes 

at 22°C in M9 buffer (3 g/L KH2PO4, 6 g/L Na2HPO4, 5 g/L NaCl, 1 mM MgSO4) [27]. In

the each experiment, nematodes were washed off from agar surface with M9 buffer into a 

40 mm Petri dish and washed off from the growth medium, bacteria, and metabolites. For 

this purpose, the number of nematodes required for the experiment were transferred using 

an automatic pipette into a 10 mL glass centrifuge tube, where 10 mL of M9 buffer was

added. After the nematodes had settled to the bottom of the tube, the supernatant was 

removed and 10 mL of M9 buffer was added again. This procedure was repeated three 

times. The total washing time was about 30 min. After washing, the nematodes were 

transferred into a clean Petri dish 40 mm in diameter with M9 buffer and seated with an 

automatic pipette, 50 faces in each, into 10 mL glass centrifuge tubes. After settling of the 

nematodes to the bottom of the tube (within 5–10 min), the entire supernatant was removed, 

1 mL of M9 buffer and the test substances were added. The corresponding amount of

solvent was added to the control variant. The nematodes were incubated with toxicants at 

22°C. The quantity of dead nematodes was counted at fixed time intervals. Nematodes that 

did not exhibit spontaneous locomotor activity and did not respond to touching with a thin 

needle were considered dead. The experiments were performed in duplicate. To compare 

the toxicity of the test substances, the LC50 was calculated using the Körber method [28].

3 Results and discussion
The results of the toxicity experiments of (–)-(1R,2S,5R)-menthol and its dithiophosphoric 

derivatives on C. elegans are shown in Tables 1 and 2. It was found that (–)-(1R,2S,5R)-

mentol at concentrations of 125, 250 and 500 μg/mL does not have a toxic effect on 

nematodes after 24 hours of incubation (Table 1). The toxic effect of O,O-di-(–)-
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menthyldithiophosphoric acid and its sodium salt has developed over time. After two hours 

of incubation with toxicants, the quantity of dead nematodes did not differ from the control 

variant. After six-hour exposure of O,O-di-(–)-menthyldithiophosphoric acid at a 

concentration of 500 μg/mL and sodium salt of O,O-di-(–)-menthyldithiophosphoric acid at 

a concentration of 400 μg/mL caused the death of 91 and 88% of nematodes, respectively 

(Table 1). After 24 hours, O,O-di-(–)-menthyldithiophosphoric acid at a concentration of 

125 μg/mL and sodium salt of O,O-di-(–)-menthyldithiophosphoric acid at a concentration 

of 100 μg/mL led to the death of one third of the nematodes (Table 1). At concentrations of 

250 μg/mL and 200 μg/mL, respectively, these compounds caused the death of 90% of 

nematodes (Table 1). An increase in the concentration of O,O-di-(–)-

menthyldithiophosphoric acid up to 500 μg/mL and sodium salt of O,O-di-(–)-

menthyldithiophosphoric acid to 400 μg/mL led to 100% death after 24 hours exposure 

(Table 1).

Table 1. Toxic effect of (–)-(1R,2S,5R)-menthol, O,O-di-(–)-menthyldithiophosphoric acid and 

sodium salt of O,O-di-(–)-menthyldithiophosphoric acid on C. elegans

Experiment conditions

Compounds/concentration, μg/mL

Rate of dead nematodes, %

2 hours 6 hours 24 hours

      Control
      1 125

     3 125

5 100

1.5±0.8
2.0±0.9

1.5±0.8

0.5±0.4

3.5±1.3
4.5±1.5

5.0±1.5

4.5±1.5

8.5±1.9
14.0±2.5

29.0±3.2

35.0±3.4

Control
1 250

3 250

5 200

5.5±1.1
6.3±1.2

3.3±0.9

0.8±0.4

9.0±1.4
10.0±1.5

13.5±1.7

12.5±1.6

13.8±1.7
15.3±1.8

93.0±1.3

91.0±1.4

Control

1 500

3 500
5 400

10.0±2.1

15±2.5

4.0±1.4
1.5±0.9

13.5±1.4

20.0±2.8

91.0±2.0
88.0±2.3

15.5±2.6

51.5±3.5

100
100

8S,9R-quinium, (S)-(–)-nicotinium and pyridoxonium salts of O,O-di-(–)-

menthyldithiophosphoric acid 6, 7 and 8 caused a dose-dependent death of nematodes after 

24 hours of exposure to toxicants (Table 2). It was found that 24-hour exposure of C. 
elegans toward salts 6, 7, and 8 at concentrations of 250 and 500 μg/mL did not cause a 

significant increase in the rate of dead nematodes as compared with the control variant (not 

shown). An exception is pyridoxonium salt 8, which at concentrations of 250 and 500 

μg/mL caused the death of 9.5 and 17.5% of nematodes, respectively, and less than 3% of 

the specimens died in the control variant. An increase in concentration up to 2000 μg/mL

led to an increase in the rate of dead nematodes to 89.5–98.5% (Table 2). At the same time, 

toxicity decreased in the following order: 8S,9R-quinine salt 6 > (S)-(–)-nicotinium salt 7 >

pyridoxium salt 8. In general, the toxicity of 8S,9R-quininium, (S)-(–)-nicotinium and 

pyridoxonium salts of O,O-di-(–)-menthyldithiophosphoric acid turned out to be higher 

than that of (–)-(1R,2S,5R)-menthol, but significantly lower than that of O,O-di-(–)-

menthyldithiophosphoric acid and its sodium salt, since the concentrations of toxicants 

causing death of almost 100% of nematodes during 24 hour exposure differ by 4–5 times 

(Tables 1 and 2).

Table 2. Toxic effect of 8S,9R-quinium, (S)-(–)-nicotinium and pyridoxonium salts of O,O-di-(–)-

methyldithiophosphoric acid on C. elegans at 24 hour exposure

Rate of dead nematodes, %

Control

8S,9R-quinium salt of O,O-

di-(–)-ethyldithiophosphoric 

acid 6, 2000 μg/mL

(S)-(–)-nicotinium salt of O,O-

di-(–)-menthyldithiophosphoric 

acid 7, 2000 μg/mL

Pyridoxonium salt of O,O-di-

(–)-menthyldithiophosphoric 

acid 8, 2000 μg/mL

23.5±3.0 98.5±0.9 97.5±1.1 89.5±2.2
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The synthetic nematicides are known to be highly toxic toward C. elegans: LC50 for 

levamisole, ivermectin, and albendazole are 1.4, 1.2, and 7.2 μg/mL, respectively [29]. In 

our experiment, to calculate the LC50, we used 4 concentrations of O,O-di-(–)-

menthyldithiophosphoric acid and sodium salt of O,O-di-(–)-menthyldithiophosphoric acid: 

50, 125, 250 and 500 μg/mL. The nematodes were incubated for 24 hours at 22°C. The 

concentrations of toxicants were selected in such a way that the lowest of them did not 

cause the death of nematodes, and the highest led to the death of 100% of the specimens.

The LC50 values determined by the Körber method were 191.5 μg/mL for O,O-di-(–)-

menthyldithiophosphoric acid, and 181.6 μg/mL for the sodium salt of O,O-di-(–)-

methyldithiophosphoric acid.

It is noteworthy that drugs based on plant raw materials for the treatment of 

helminthiasis in humans and animals, in contrast to synthetic drugs, do not lead to rapid 

addiction of parasites to them. The searches for substances with potential nematicidal 

activity among the secondary metabolites of plants and the obtaining of their derivatives to 

increase the effectiveness of antihelmintic action are promising.

One of the examples of directed changes in the biological activity of secondary plants 

metabolites is known to be the creation of several generations of pyrethroids. Pyrethroids 

are known to be derivatives of pyrethrins - substances found in Dalmatian chamomile 

Pyrethrum cinerariaefolium, cinerarii folium tansy Tanacetum cinerariifolium and some 

other plants of the Compositae family. For several decades, a large number of substances 

with a wider spectrum of insecticidal activity and higher toxicity than pyrethrins have been 

synthesized [30].

In our experiments, (–)-(1R,2S,5R)-menthol contained in many plants had no toxic 

effects on the free-living soil nematodes C. elegans, while such derivatives of (–)-

(1R,2S,5R)-menthol as O,O-di-(–)-menthyldithiophosphoric acid and sodium salt of O,O-

di-(–)-methyldithiophosphoric acid caused dose-dependent death of nematodes. The toxic 

effect of these substances on C. elegans developed with a lag-phase and reached its 

maximum value after 24 hours at concentrations of O,O-di-(–)-menthyldithiophosphoric 

acid and sodium salt of O,O-di-(–)-methyldithiophosphoric acid of 500 and 400 μg/mL,

respectively (Table 1). 8S,9R-quininium, (S)-(–)-nicotinium and pyridoxonium salts of 

O,O-di-(–)-menthyldithiophosphoric acid 6, 7, and 8 turned out to be less toxic for C. 
elegans, causing death 89.5–98.5% of nematodes at a concentration of 2000 μg/mL (Table 

2). A systematic study of the antihelmintic properties of dithiophosphoric derivatives of (–)-

(1R,2S,5R)-menthol will make it possible to establish compounds with high biological 

activity that can be used both as drugs for the treatment of helminthiases in animals and 

humans, and as nematicides to control phytonematodes parasitizing in plants.

The perspectives of this work are that O,O-di-(–)-menthyldithiophosphoric acid and 

sodium salt of O,O-di-(–)-menthyldithiophosphoric acid are promising for further study in 

terms of their possible use as drugs as in treatment of helminthiases in humans and animals, 

and the creation of pesticides on their basis to control root and gall nematodes in plants.

4 Conclusions
1. The absence of toxic effect of (–)-(1R,2S,5R)-menthol on the free-living soil 

nematode C. elegans was established.

2. O,O-Di-(–)-menthyldithiophosphoric acid and its sodium salt have a toxic effect on 

nematodes. The toxic effect of these compounds was revealed in the death of nematodes, 

which reached a maximum after 24 hours of incubation with O,O-di-(–)-

menthyldithiophosphoric acid and sodium salt of O,O-di-(–)-menthyldithiophosphoric acid 

at concentrations of 500 and 400 μg/mL, respectively.
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3. 8S,9R-quininium, (S)-(–)-nicotinium and pyridoxonium salts of O,O-di-(–)-

menthyldithiophosphoric acid were less toxic to C. elegans, causing the death of 89.5–

98.5% of nematodes in concentration 2000 μg/mL.

4. The free-living soil nematode C. elegans seems to be a convenient model organism to

study the nematicidal activity of plant secondary metabolites and their derivatives.
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