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1. Introduction
Helminths in humans are 

classified into round (nematodes), 
tape (cestodes) and flukes (trema-
todes). The toxic effect of the prod-
ucts of vital activity and disinte-
gration of helminths parasitizing 
in the human body causes damage 
to the nervous system, dyspeptic 
disorders, suppression of the se-
cretory and motor functions of 
the digestive system. Often there 
are allergic reactions, expressed by 
fever, rash, itching, eosinophilia or 
asthmatic attacks. The mechanical 
effect of helminths and their lar-
vae vital activities lead to trauma 
caused by worms’ suckers, crests 
and teeth. For example, ascaride 
conglomerates can clog the bile 
ducts and cause intestinal insuffi-
ciency [1, 2].

Nematodes (causative agents 
of ascariasis; trichocephalosis; 
enterobiosis; ankylostomidosis; 
strongyloidiasis; trichinosis) are 
one of the most common groups 
among helminths of the digestive 
system (Table 1) [3]. Children 
under 10 years old are especially 
susceptible: the share of children 
helminthiases of digestive system 
accounts for 92.3 % of entero-
biosis cases, 71.1 % of ascariasis 
cases, 61.5 % of trichocephalosis 
cases and 66.2 % of toxocariasis 
cases [4, 5]. 

The centuries-old heritage of 
folk medicine in the treatment of 
digestive system helminthiases 
contains many recipes for mono- 
and polycomponent remedies. The 
analysis of this experience, as well 
as drugs offered by phytomedicine, 
made it possible to identify a num-
ber of medicinal plant raw materi-
al, which is promising for the cre-
ation of complex herbal medicines 
with polyvalent pharmacological 
activity [6, 7].

On the basis of the conduct-
ed research [8, 9] the promising 
medicinal plant raw materials 
for the development of a new 
phytomedicines with complex 
anthelminthic action (specific to 
nematodes) are:

– Tansy flowers (Flores Ta- 
naceti vulgaris, Tanacetum vul-
gare L., Asteraceae);

– Flax seeds (Semina Lini, Li-
num usitatissimum L., Linaceae);

– Horsetail herb (Herba Eq-
uiseti arvensi, Equisetum arven- 
se L., Equisetaceae);

– Wormwood herb (Herba 
Artemisii absinthii, Artemisia 
absinthium L., Asteraceae);

– Centaury Herb (Herba Cen- 
taurii, Centaurium erythraea 
Rafn., Gentianaceae);

– Birch buds (Gemmae Bet-
ulae, Betula pendula Roth., Bet-
ulaceae);

– Willow bark (Cortex Salicis, 
Salix acutifolia Willd., Salicaceae);

– Cornf lower herb (Flores 
Centaureae Cyani, Centaurea cy-
anus, Asteraceae)

– Valerian rhizomes with 
roots (Rhizomata cum radici-
bus Valerianae, Valeriana offic-
inalis L., Valerianaceae);

– Dandelion herb with roots 
(Radices cum herba Taraxaci, 
Taraxacum officinale Wigg., As-
teraceae).

Based on the offered compo-
sition the herbal mixture contain-
ing aqueous and water-glycerine 
extracts of the said medicinal 
plant raw material was prepared. 
Such composition provides an-
thelminthic (specific to nemato-
dosis), antiparasitic, anti-inflam-
matory, antibacterial, antiseptic, 
hepatoprotective, nephroprotec-
tive, laxative, antiallergic, anti-
spasmodic, analgesic and sedative 
activities.
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Table 1
Classification of common nematodes that cause disease in humans

Helminth Path of infection Disease Larvae location Helminth location

Pinworm Oral Enterobiosis Hands, surrounding objects Small intestine

Roundworm Oral-faecal Ascariasis Hands, vegetables, flies’ legs, soil Intestine, moves to the liver, pancreas

Toxocara worm (larva) Oral-faecal Toxocariasis Hands, vegetables, flies’ legs, soil Heart, liver, muscles, lungs, eyes, brain

Whipworm Oral-faecal Tricho-cephalosis Hands, vegetables, flies’ legs, soil Small intestine
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Thus, the aim of our research was to evaluate the anti-
microbial activity of the proposed herbal mixture in order to 
determine the prospects of the further specified studies and 
development of new medicine with complex anthelminthic ac-
tivity (specific to nematodosis).

2. Methods
The research of the antimicrobial activity was carried out at 

the Biotechnology Department of the National Pharmaceutical 
University, under the direction of Doctor of Pharmaceutical 
Sciences, prof. Strelets O.P. in May-June 2017. 

The antimicrobial activity of the studied herbal mixture was 
investigated in vitro by the method of diffusion into agar (the 
method of “wells”) [10, 11]. This method is based on the ability 
of the active substances to diffuse into the agar medium, previ-
ously inoculated with microorganisms’ cultures. The results of 
the research characterize both the antimicrobial activity of the 
medicine and the release of antimicrobial substances from the 
base as zones of microorganisms’ growth inhibition are formed 
as a result of the diffusion of these substances into a dense nu-
trient medium.

Research was carried out under aseptic conditions, using a 
laminar box (biosecurity cabinet AC2-4E1 “Esco”, Indonesia).

The following pure cultures were used as the test cultures: 
gram-positive microorganisms Staphylococcus aureus ATCC 
25293, spore culture Bacillus subtilis ATCC 6633, gram-negative 
cultures Escherichia coli ATCC 25922 and Pseudomonas aeru-
ginosa ATCC 27853. Fungicidal activity was examined towards 
yeast fungi of the genus Candida albicans ATCC 885-653. 
During the studies, one-day suspensions of bacterial microor-
ganisms in physiological saline and a two-day culture of yeast 
fungi were used. The microbial load was 107 CFU/ml.

In a Petri dish set on a horizontal surface, 10 ml of melted 
“hungry” agar was added. After solidification of this lower agar 
layer, 3–6 sterile thin-walled steel cylinders were placed on its 
surface at equal distance from each other and from the edge of 
the cup (inner diameter – 6.0±0.1 mm, height – 10.0±0.1 mm).  
Around the cylinders, the top layer was filled, which consist-
ed of 14 ml of molten and cooled up to 45–48 °С agar, which 
was previously mixed with the seed dose of the test microor-
ganism. When working with bacterial cultures for the second 
layer, meat-peptone agar (MPA) was used; when working with 
yeast fungi agar Saburo was used. After cooling of the upper 
layer the cylinders were removed with sterile tweezers and the 
test samples of the medicine were added to the obtained wells 
until they were completely filled. The Petri dishes were held for 
30–40 minutes at room temperature and placed in a thermostat –  
bacterial cultures at the temperature 32.5±2.5 °С for 18–24 h, 
culture of yeast fungi – at the temperature 22.5±2.5 °С for 48 h.

The interpretation of the results was performed by the ex-
amination of microbial growth inhibition zone including the 
diameter of the wells. The measurement was carried out with 
an accuracy of 1 mm, while focusing on the complete absence 
of visible growth.

The diameter of microorganisms’ growth inhibition zones 
characterizes the antimicrobial activity of the samples:

– the absence of microorganisms’ growth inhibition zones 
around the wall, as well as the growth inhibition area up to  
10 mm in diameter, was assessed as insensitivity of microorgan-
isms to the introduced sample;

– growth inhibition areas 11–15 mm in diameter were eval-
uated as a weak sensitivity of the culture to the concentration of 
active substances in the sample;

– zones of growth inhibition with a diameter of 16–25 mm 
were assessed as an indicator of moderate sensitivity of micro-
organisms to the test sample;

– zones of growth inhibition, the diameter of which exceed-
ed 25 mm, indicates a high sensitivity of microorganisms to the 
test sample.

3. Results
The obtained results of the carried out research of the an-

timicrobial properties of the investigated mixture samples are 
represented in Table 2.

Table 2 
Results of antimicrobial activity research (n=5)

Sample

Microorganisms cultures

S. aureus 
АТСС 
25293

B. subtilis 
АТСС 
6633

E. coli 
АТСС 
25922

Ps. aeruginosa  
ATCC  
27853

C. albicans 
АТСС  

885-653

Diameters of microorganisms’ growth inhibition zones, mm

Herbal 
mixture 13.6±0.5 19.8±0.4 17.8±0.4 17.6±0.5 –

Note: “–”– zone of growth inhibition of microorganisms is absent

4. Discussion
Research of antimicrobial activity of herbal mixture with 

the composition described above is original for such com-
bination of active substances. However, it is known that an 
increased content of coagulase-positive staphylococci and en-
terococci is observed in patients with helminthiases, namely, 
ascariasis [12].

Data obtained experimentally and presented in Table 2  
indicate that the investigated samples of prepared herbal 
mixture show an antimicrobial action spectrum in relation 
to the used bacteria test cultures, namely, bacterial gram-pos-
itive (Staphylococcus aureus ATCC 25293 and spore culture 
of Bacillus subtilis ATCC 6633), gram-negative (Escherichia 
coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853) 
cultures. The antifungal activity in relation to the yeast fungi 
of the genus Candida (Candida albicans ATCC 885-653) was 
not found.

It should be noted that the samples revealed weak antimi-
crobial activity in relation to the test culture of Staphylococcus 
aureus: the diameters of growth inhibition are less than 15 mm, 
namely 13.6±0.5 mm.

The studied mixture showed a moderate antimicrobial 
activity (diameter of growth inhibition zones of test culture is 
16–25 mm) in relation to bacterial cultures of Bacillus subtilis 
(19.8±0,4) and to gram-negative cultures of Escherichia coli 
(17.8±0.4) and Pseudomonas aeruginosa (17.6±0.5).

Thus, the obtained findings showed that samples of herb-
al mixture for oral administration have an antimicrobial 
spectrum in relation to gram-positive (Staphylococcus aureus  
ATCC 25293, Bacillus subtilis ATCC 6633), gram-negative 
(Escherichia coli ATCC 25922, Pseudomonas aeruginosa  
ATCC 27853) bacterial cultures of microorganisms and can 
be characterized by moderate activity towards test cultures. It 
should be noted that fungicidal activity towards the yeast fungi 
Candida albicans ATCC 885-653 was not found.

The investigated samples of the herbal mixture and the of-
fered phytocomposition are promising for further work on the 
development of the new dosage form with plant extracts for oral 
administration and require continuation of the research.
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