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The anthelmintic activity of 21 derivatives
of 1,4-dicarboxylic acids in experiments on
earthworms was studied in comparison with
the anthelmintic agents such as Levamisole and
Pyrantel. It was concluded that phenoxyacetyl-
hydrazide and 4-antipyrylamide of citraconic
acid, imidazolylamide and methoxyacetylhydra-
zide of maleic acid and isonicotinoylhydrazide
of phthalic acid have a more pronounced anthel-
mintic effect in comparison with Pyrantel and the
effect of phenoxyacetylhydrazide of citraconic
acid is comparable with Levamisole.

Keywords: monosubstituted amides and
hydrazides, 1,4-dicarboxylic acids, anthelmintic
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Helminth infections are among the most
common infections in the world and most often
affect the poorest and most socially deprived
communities. According to the World Health
Organization, approximately 1.5 billion people
intheworldareinfected withhelminths.According
to official data, the incidence of helminthiases
in Russia is about 1%, and children are most often
affected by this disease.

The search for compounds with high
anthelmintic activity is important, as far as
many anthelmintic agents are toxic to humans
and cause severe adverse reactions, including

disorders of the gastrointestinal tract (Gl),
central nervous system (CNS), cardiovascular
system (CVS) and hemic system; in addition,
their prolonged use often develops insensitivity
of helminths to these agents [1,2].

Previously, when studying the antihelmin-
tic activity of a number of 1,4-dicarboxylic acid
heterylamides, compounds with an antihel-
mintic effect were detected, moreover, activ-
ity of some compounds exceeded the activity
of Levamisole and Pyrantel [3]. For the first time,
the antihelmintic effect of 1,4-dicarboxylic acid
monohydrazides was studied for derivatives
of itaconic and dimethylmaleic acids, but no
antihelmintic effect was found [4]. Later, com-
pounds with antihelminthic effect were found
among monosubstituted hydrazides of 1,4-di-
carboxylic acids [5]. However, antihelmintic ac-
tivity was studied for a narrow range of 1,4-di-
carboxylic acid derivatives.

The purpose of this work is to search for
compounds with pronounced antihelmintic
activity among monosubstituted amides and
hydrazides of 1,4 - dicarboxylic acids.

MATERIALS AND METHODS

The objects of study of biological activity
were monosubstituted amides and hydrazides
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of succinic, maleic, citraconic, phthalic and
tetrachlorophthalic acids, as well as salts
of phthalic hydrazide synthesized at the
Department of Analytical Chemistry of the Perm
State Pharmaceutical Academy using well-known
methods [6-9]. The formulas of the studied
compounds are shown in the figure

The antihelmintic activity of compounds
was studied by the method of M.P. Nikolaev [10]
using earthworms 5-8 cm long and 3-5 mm
in diameter, purchased in the retail network "Pet
Shop" in Perm. 5 ml of 0.5% aqueous solution
of the studied compounds was placed and
5 worms were immersed in a Petri dish, then
the time of death of each worm was recorded
upon the loss of motion activity in response to
mechanical irritation. The life time of control
worms in purified water is about a day (24+1 h).
As a comparator agent, we used antihelmintic
agents such as Pyrantel (Ozon LLC, Russia) and
Levamisole (Gedeon Richter, Hungary) with
a valid expiration date, purchased in a pharmacy
chain.

The experimental results were processed
using the Fischer - Student’s method of variation
statistics [11].

RESULTS AND DISCUSSION

The anthelmintic activity of 9 monosubsti-
tuted amides (compounds 1-9), 10 hydrazides
(compounds 10-16, 19-21) and 2 hydrazide salts
(compounds 17 and 18) of 1,4-dicarboxylic acids
was studied. Two 1,4-dicarboxylic acid heteryl-
amides (compounds 5 and 8) showed an anti-
helminthic effect: maleic acid imidasolylamide
(compound 5) and 4-antipyrylamide of citracon-
ic acid (compound 8) are 2 and 1.8 times more
active than Pyrantel, respectively. Substitution
of an acid fragment in 2-pyrimidylamide of tetra-
chlorophthalic acid [3] with a maleic acid residue
(compound 4) leads to the loss of anthelmint-
ic effect. Among the monosubstituted 1,4-di-
carboxylic acid hydrazides, three compounds
(14, 16, and 20) with anthelmintic activity were
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FIG. 1. Chemical formulas of the studied compounds
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found. Phenoxyacetylhydrazide of citraconic
acid (compound 16) has an anthelmintic effect
equal to the action of Levamisole, but a simi-
lar derivative of succinic acid (compound 12)
does not have anthelmintic activity. The effect
of methoxyacetylhydrazide of maleic acid (com-
pound 14) is 2.5 times higher than the effect
of Pyrantel, while the same hydrazides of succinic
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(compound 11) and phthalic (compound 19) ac-
ids do not affect the life time of worms. Anthel-
mintic activity of phthalic acid isonicotinohy-
drazide (compound 20) is 2 times higher than
activity of Pyrantel. Substitution of the phthalic
acid residue in this hydrazide with a fragment
of succinic acid (compound 13) leads to the loss
of activity.

Tsble

ANTHELMINTIC ACTIVITY OF MONOSUBSTITUTED AMIDES AND HYDRAZIDES
OF SUCCINIC, MALEIC, CITRACONIC, PHTHALIC AND TETRACHLOROPHTHALIC ACIDS

Life time
Compound X-Y R of worms, minutes
(experiment)*
1. | 4-acetamino-phenyl- -CH,-CH_- 4-CH,CONHC H,NH more than 200
amide of succinic acid
2. | 2-thio-phenyl-amid -CH=CH- 2-SHC H,NH more than 200
of maleic acid
3. | 3-carboxy-4-hydroxy- -CH=CH- COOH more than 200
phenyl-amide of maleic OH
acid
HN
4. | 2-pyrimidyl-amide -CH=CH- (\N more than 200
of maleic acid
N)\NH
5. | 1-triazolyl-amide -CH=CH- N—N 101,3+0,67
of maleic acid 4 >
|
NH
6. | 2-thio-phenyl-amide -CH=C (CH,)- 2-SHC H,NH more than 200
of citraconic acid
7. | 4-acetyl-phenyl-amide -CH=C (CH,)- 4-CH,COC.H,NH more than 200
of citraconic acid
8. | Antipyril-amide -CH=C (CH,)- 121,0+9,99
of citraconic acid
CeHs
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[MpodonxeHue mabnuyel
Life time
Compound X-Y R of worms, minutes
(experiment)*
9. | 2-thiazolyl-amide -CH=C(CH,)- N more than 200
of citraconic acid z/ >\
S NH
10. | Acetyl-hydrazide -CH,-CH,- CH,CONHNH more than 200
of succinic acid
11. | Methoxy-acetyl-hydrazide -CH,-CH,- CH,OCH,CONHNH more than 200
of succinic acid
12. | Phenoxy- acetyl- -CH,-CH,- C,H50CH,CONHNH more than 200
hydrazide of succinic acid
13. | Iso-nicotinoyl-hydrazide -CH,-CH_- CONHNH more than 200
of succinic acid N
=
N
14. | Methoxy-acetyl-hydrazide -CH=CH- CH,OCH,CONHNH 85,4+10,32
of maleic acid
15. | Iso-nicotinoyl-hydrazide -CH=CH- CONHNH more than 200
of maleic acid AN
=
N
16. | Phenoxy- acetyl- -CH=C(CH,)- C,H50CH,CONHNH 18,5+2,97
hydrazide of citraconic
acid
17. | Sodium salt of phthalic CH,CONHNH more than 200
acetyl-hydrazide
18. | Potassium salt of phthalic CH,CONHNH more than 200
acetyl-hydrazide
19. | Phthalic methoxy-acetyl- CH,OCH,CONHNH more than 200
hydrazide
20. | Phthalic iso-nicotinoyl- Oi CONHNH 104,7+10,90
hydrazide AN
=
N
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OkoHYaHue mabnuyvi
Life time
Compound X-Y R of worms, minutes
(experiment)*
21. | Hydroxyphenyl cl C,H5CH (OH) CONHNH more than 200
acetyl-hydrazide cl
of tetrachlorophthalic
acid cl
cl
Comparator agents Pyrantel 215,0+0,37
Levamisole 20,2+2,08
Note: * — the life time of control worms was about a day (24+1 h)
CONCLUSION acids // Development and registration

1. The anthelmintic activity of 21 1,4-di-
carboxylic acid derivatives was studied using
a model with earthworms. Five compounds
(phenoxy-acetyl-hydrazide and  4-antipyril-
amide of citraconic acid, imidazolyl-amide
and methoxy-acetyl- hydrazide of maleic acid,
phthalic acid iso-nicotinoyl-hydrazide) showed
more pronounced anthelmintic activity in the
experiment in comparison with an anthelmintic
agent such as Pyrantel.

2. Anthelmintic activity of phenoxy-acetyl-
hydrazide of citraconic acid is comparable with
effect of Levamisole.
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