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Aim. To estimate the impact of in vivo secretions of water plantain (Al/isma plantago-aquatica) on the popula-
tions of pathogenic bacteria Erysipelothrix rhusiopathiae. Methods. The plants were isolated from their natural
conditions, the roots were washed from the substrate residues and cultivated in laboratory conditions for 10 days
to heal the damage. Then the water was changed; seven days later the selected samples were sterilized using
filters with 0.2 um pore diameter. The dilution of water plantain root diffusates in the experimental samples was
1:10-1:10,000. The initial density of E. rhusiopathiae bacteria populations was the same for both experimental
and control samples. The estimation of the results was conducted 48 hours later. Results. When the dilution of
root diffusates was 1:10, the density of erysipelothrixes in the experimental samples was 11.26 times higher than
that of the control, on average, the dilution of 1:100 — 6.16 times higher, 1:1000 — 3.22 times higher, 1:10,000 —
1.81 times higher, respectively. Conclusions. The plants of A. plantago-aquatica species are capable of affecting
the populations of E. rhusiopathiae pathogenic bacteria via the secretion of biologically active substances into the
environment. The consequences of this interaction are positive for the abovementioned bacteria, which is demon-
strated by the increase in the density of their populations in the experiment compared to the control. The intensity
of the stimulating effect on the populations of E. rhusiopathiae in the root diffusates of 4. plantago-aquatica is re-
ciprocally dependent on the degree of their dilution. The investigated impact of water plantain on erysipelothrixes
should be related to the topical type of biocenotic connections, the formation of which between the test species in
the ecosystems might promote maintaining the potential of natural focus of rabies.

Keywords: Alisma plantago-aquatica, in vivo secretions, Erysipelothrix rhusiopathiae, population density,
topical type of connections.

INTRODUCTION

The capability of causal agents of some human and
animal diseases, so called sapronoses, to exist both in
natural and changed ecosystems has been proven in a
number of scientific articles [1-3]. The specificity of
these pathogenic microorganisms is their circulation in
the biocenoses, the duration of existence, the density of
populations and other properties of causal agents are of
great epidemiological and epizootic relevance and are
considerably determined by their interaction with other
living components of ecosystems.

Plants are known for their significant role in the ter-
raneous and aquatic biocenoses as they create the con-
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ditions for the existence of many living organisms [4],
including pathogenic ones. The scientific literature
contains the data about the impact of plants on such
pathogenic microorganisms as Yersinia, vibrions, Sal-
monella, Leptospira, etc. [5—12].

Our study of the ecology of Erysipelothrix rhusio-
pathiae bacteria (Migula, 1900) — rabies agents [13] —
did not reveal any articles published, describing the
specificities of the interaction of these microorgan-
isms and plants. Taking this fact into consideration the
current work was aimed at the study and characteriza-
tion of the impact specificities of the most wide-spread
aquatic and coastal species of plants on the populations
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of E. rhusiopathiae pathogenic bacteria. The results
of the study of these interactions with some plant spe-
cies have already been published [14—17]. At the same
time, there is a number of rather wide-spread species of
higher plants, the impact of which on the rabies agent
has not been studied yet. One of these plants is water
plantain (Alisma plantago-aquatica L. 1753) [18] — a
perennial plant, growing on watersides, marshy mead-
ows, grassy and sedge marshes in the whole territory of
Ukraine [19].

MATERIALS AND METHODS

Pure cultures of erysipelothrixes were obtained from
the collection of the Institute of Veterinary Medicine
NAAS. E. rhusiopathiae bacteria (BP-2 IBM strain)
were cultivated on the brain heart infusion broth (AES
Chemunex, France) at 36.7 = 0.3°C for 48 h.

The samples of water plantain were selected in their
typical habitat, dug round and extracted together with
the balk of soil, containing short and massive roots of the
plant. In laboratory conditions the soil was washed out
with the water flow until complete baring of the root sys-
tem. During the extraction, transportation and washing-
out of soil these plants have got some damage, through
which the substances, not secreted by the plant in natural
conditions, may penetrate the aqueous solution. To heal
the damage, the plant roots were placed into pure glass
containers, filled with water from the water supply sys-
tem, which was settled for two days. Ten days later the
container was emptied and re-filled with fresh water. To
prevent reoccurring damage the plants were not taken

out and their position was not changed. The water level
was maintained constantly, compensating its loss from
evaporation and transpiration.

The root diffusates of A. plantago-aquatica were ob-
tained by the method, described by Hrodzyns’kyy [20].
Seven days later the water samples for biotesting were
selected from the containers where the plants were lo-
cated in the conditions, similar to natural fluctuations
of temperature and lighting. The experiments using
pure cultures of microorganisms require the steriliza-
tion of the root diffusate solutions of water plantain. To
prevent the dissolution and change of substances, aque-
ous solutions of the secretions of the investigated plant
species were sterilized by vacuum filtration through the
bacterial filters with the pore diameter of 0.2 pm.

The impact of in vivo secretions of water plantain on
the populations of E. rhusiopathiae pathogenic bacteria
was studied in several dilutions, which were 10 times dif-
ferent from each other, namely, 1:10, 1:100, 1:1000 and
1:10,000. The abovementioned dilutions of plant secre-
tions were obtained by the addition of the sterilized water
from the water supply system and 0.1 cm® of the bacte-
rial culture of E. rhusiopathiae. The samples, containing
similar ratios of water and bacterial culture, were used as
a control. The initial density of the erysipelothrixes in the
test and control samples was the same, as the samples for
inoculation were selected from the same vial.

Both test and control samples were kept at the tem-
perature of 20.0 + 2.0 °C. The samples were selected
48 h later; a number of consecutive dilutions were pre-

The impact of root diffusates of A. plantago-aquatica on the density of populations of E. rhusiopathiae bacteria (P* <0.001)

Density of E. rhusiopathiae populations, millions of cells/cm?
No. of experiment Experiment (dilution of secretions)
Control
1:10 1:100 1:1000 1:10 000

1 29.90 17.20 9.30 5.30 2.30
2 30.20 16.70 8.40 4.80 2.50
3 29.70 17.10 9.00 5.00 3.10
4 32.30 16.50 8.80 5.20 2.40
5 31.70 16.90 8.50 4.70 3.20
6 32.00 17.30 9.20 4.90 3.00
M 30.97 16.95 8.87 4.98 2.75

For dilution 1:10 t=51.56 t =4.59

For dilution 1:100 t=63.50 t =4.59

For dilution 1:1000 t=24.41 t =4.59

For dilution 1:10000 t=10.93 t =4.59

Note. M — arithmetic mean; t — Student’s coefficient; t = critical value of the t index; P — probability degree.
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pared therefrom, and sown in 0.1 cm? in Petri dishes on
the surface of nutrient agar (AES Chemunex, France) to
determine the density of erysipelothrixes. Petri dishes
with the inoculations were cultivated in the thermostat
for 72 h at 36.7 = 0.3 °C. The number of colonies was
calculated under the MBS-10 binocular microscope.
The estimation of the mean number of living bacteria in
the test and control samples per 1.0 cm®was performed
using the mathematical methods.

RESULTS AND DISCUSSION

The capability of water plantain to affect the popula-
tions of E. rhusiopathiae pathogenic bacteria (in vitro)
is vividly demonstrated by the results of the experi-
ments (Table).

It is noteworthy that the density indices for erysipelo-
thrixes in all the test samples were higher than those for
the control. The probability of the differences, revealed
in the density of cells, was proven by the statistical
analysis. Therefore, it is possible to state that the root
diffusates of water plantain in the investigated range of
dilutions have stimulating impact on the populations of
E. rhusiopathiae pathogenic bacteria.

It should also be noted that the difference between the
density of cells in the test and control samples decreases
with the increase in the dilution of solutions with plant
secretions. For instance, when the dilution of root dif-
fusates was 1:10, the density of erysipelothrixes in the
experimental samples was 11.26 times higher than that
of the control, on average, the dilution of 1:100 — 6.16
times higher, 1:1000 — 3.22 times higher, 1:10,000 — 1.81
times higher, respectively. The determination of the
correlation degree between the value of the dilution in-
dex of root diffusates of water plantain and the density
of E. rhusiopathiae bacteria cells demonstrated the in-
verse relationship of medium distinctiveness between
them (correlation coefficient r =—0.67). In our opinion,
the detected effect may be explained as follows. Dur-
ing the vegetation period water plantain plants actively
secrete a complex of biologically active substances
(BAS) through their roots into the environment (wa-
ter); the mentioned substances have stimulating effect
on the populations of E. rhusiopathiae bacteria, lead-
ing to the increase in the density of the latter. In the
experiment conditions the maximal content of BAS,
secreted by the plant, was registered in the samples
with 1:10 ratio of the plant secretion dilution. We also
noted the highest stimulating effect on the populations
of the studied microorganism strain in the samples with
this dilution index. The increase in the index of dilution
resulted in the decrease in BAS concentration of water
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plantain which was demonstrated by the decrease in the
positive impact on E. rhusiopathiae populations.

The data, obtained by us about the stimulating ef-
fect of water plantain secretions on the populations of
E. rhusiopathiae pathogenic bacteria, testify to the fact
that there may be beneficial conditions for the existence
of erysipelothrixes in the habitat of this plant species in
fresh waters and in coastal areas. The relationship, de-
tected between the species, is related to the category of
the topical type of biocenotic relations, as the presence
of an A. plantago-aquatica plant is favorable for the
conditions of existence of E. rhusiopathiae bacteria,
and the latter react to this impact by the density change
in their populations.

CONCLUSIONS

The plants of 4. plantago-aquatica species are ca-
pable of affecting the populations of E. rhusiopathiae
pathogenic bacteria via the secretion of biologically ac-
tive substances into the environment. The consequenc-
es of this interaction are positive for the abovemen-
tioned bacteria, which is demonstrated by the increase
in the density of their populations in the experiment
compared to the control. The intensity of the stimulat-
ing effect on the populations of E. rhusiopathiae in the
root diffusates of 4. plantago-aquatica is reciprocally
dependent on the degree of their dilution. The inves-
tigated impact of water plantain on erysipelothrixes
should be related to the topical type of biocenotic con-
nections, the formation of which between the test spe-
cies in the ecosystems might promote maintaining the
potential of natural focus of rabies.

The limited amount of the data on the existence con-
ditions of the agents of natural focal diseases, in par-
ticular, E. rhusiopathiae bacteria, as well as their great
epidemiological and epizootic relevance presuppose
the significance of further study of their ecologic rela-
tions with different components of biocenoses.
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Meta. OUiHHTH BIUIMB NPHXUTTEBUX BHIUICHb YaCTyXH
MONOPOXKHUKOBOL (Alisma plantago-aquatica) Ha TOITYs-
mii matoreHHWX Oakrtepiit Erysipelothrix rhusiopathiae.
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Metoau. PocnwHn BuiIy9anmu 3 TMPHUPOAHUX YMOB, KOPEHI
BIIMHBAJM BiJ 3aJHIIKIB CyOCTpaTy Ta KyJbTHBYBAIH 3a
nmabopaTopHUX yMOB yrpomoBk 10 mi0 ams 3aroroBaHHS
momrkoKeHb. [icis mporo Bomy 3MiHIOBaH, a uepe3 7 mid
BimiOpaHi mMpoOH CTEepUIIi3yBaIM 3a JOMOMOTOI0 (bibTpiB 3
niamerpom mop 0,2 MKM. Y JTOCHITHHX 3pa3kax PO3BEIACHHS
KOpeHeBHX An(y3aTiB 4aCTYXH MOJOPOKHUKOBOI CTAHOBHIIH
1:10—1:10000. ITouaTkoBa MITBHICTD MOMYNIALIA OakTepin
E. rhusiopathiae y nocnimHuX 1 KOHTPOJIBHHX 3pa3Kkax Oy-
J1a ogHaKkoBo0. Yepes 48 roa mpoBOAMIN OOJTIK pe3yIbTaTiB.
PesysbraT. B ekcriepuMeHTaIBHUX 3pa3Kax 3a PO3BEIEH-
Hsl kopeHeBux audysariB 1:10 miinpHICTH KIITHH €pU3H-
MEJIOTPHUKCIB Oyia B ceperbomy B 11,26 pasza BHUINOO, HIXK
y KOHTpOJI, 3a po3BefeHHs Buaiiens 1:100 —y 6,16 pasa,
1:1000 — y 3,22 paza, 1:10000 — B 1,81 pa3a. BucHoBku.
Pocnunu Buny A. plantago-aquatica 4epe3 BUAIICHHS Yy
CepeIoBHUIIIe ICHYBaHHS OiOJIOTIYHO AaKTHBHUX PEUYOBHH
37aTHI BIUIMBATU HA TOMYJLSIIT MATOTCHHUX Oakrepiit . rhu-
siopathiae. JIns OCTaHHIX HACHIJKH TaKUX B3aEMOIIN €
MO3UTHUBHUMH, 1110 MPOSIBISIETHCS y 301LIBLICHH] MIUIBHOCTI
TXHIX TMOMYJISILIN y IOCHiII HOPIBHSHO 3 KOHTpOJeM. [HTeH-
CHUBHICTh CTHMYJIIOBAJIbHOIO BIUIMBY Ha momyssiii E. rhu-
siopathiae wopeHeBux nudysatiB A. plantago-aquatica y
3BOPOTHO 3aJIeKUTh BIJl CTYNEHS IXHBOTO PO3BEICHHS.
JlocmipkeHni BIUTMB 4YacTyXH IOJOPOKHUKOBOI Ha €pH-
3UMENOTPUKCIB CJIIJI BIAHECTH JI0 TOIIYHOTO THILy Oiolie-
HOTHUYHUX 3B’5I3KiB, (POpPMYBaHHS SKOTO MIK ITiJ[IOCITiTHH-
MU BUJIaMH B €KOCHCTEMaX, HMOBIPHO, CIIpUsIE MiATPUMAaH-
HIO MTOTEHIITy MTPUPOAHNUX BOTHUII OCIIINXH.

KuarouoBi cioBa: Alisma plantago-aquatica, TprXATTEBI BU-
ninennsi, Erysipelothrix rhusiopathiae, winonicmo nonyns-
yitl, moniunuil mun 36 s13Kie.

DKCMEPUMEHTATbHOE U3YUeHHe BINSTHUS BhIAeJIeHN T
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Heab. OueHnTh BIMSHUE NPHKU3HEHHBIX BBIJICICHNHN Jac-
TYXH TIOIOPOKHUKOBOH (Alisma plantago-aquatica) Ha 10-
MyJIANAN TIaTOTeHHBIX Oaktepuit Erysipelothrix rhusiopa-
thiae. MeToabl. PacTeHns H3bIMaIN U3 IPUPOAHBIX YCIOBHI,
KOPHH OTMBIBAJIM OT OCTATKOB CYOCTpaTa M KyJIbTHBHPOBAJIH
B J1a0OPaTOPHBIX YCIOBHAX Ha HpoTshkeHnu 10 cyT it 3a-
JKHBJICHHUS TIoBpexieHui. [locie aToro Boxy MeHsuu, a ge-
pe3 7 cyT oToOpaHHbIE 00Pa3IIBl CTEPHUITI30BATH 3 TOMOIIBI0
¢uneTpoB ¢ nuamerpom mop 0,2 MxMm. B ombITHBIX 00pas-
ax pasBedeHHs KOpHEBHIX mu(dy3aToB HacTyxu IMomo-
poxanKoBO# coctaBmsm 1:10—1:10000. HauanpHas miotT-
HOCTh Tmomyisinuil Gaxrepwii E. rhusiopathiae B OTIBITHBIX
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W KOHTPOJBHBIX oOpasmax OblTa omuHakoBoi. Yepes 48 u
MIPOBOIIIN Y4ET pe3ynbTaToB. Pe3yibrarhl. B OmbITHBIX
o0pasiax mpH pa3BeeHNH KOpHEBBIX auddy3aTos 1:10 mmoT-
HOCTh TIOMYJISILUH 3PU3UIEIOTPUKCOB OBbITa B CPEIHEM B
11,26 pasza BeIme, 4eM B KOHTpOJIE, TpPHU pPa3BEICHHUU
1:100 — B 6,16 pa3za, 1:1000 — B 3,22 paza, 1:10000 — B
1,81 paza. BeiBoabl. Pactenus Buna A. plantago-aquatica
4yepe3 BBIICTICHHE B Cpely OOWTaHWS OMONOTHYECKH aK-
THUBHBIX BEIIECTB CIIOCOOHBI BIHMATH HA TOMYJISILUM IaTO-
TeHHBIX Oakrtepwii E. rhusiopathiae. ]I MOCIEOHUX TIOC-
JIECTBUS 3TUX B3aUMOJEHCTBUN MOJIOKUTEIBHBI, YTO MPO-
SIBJISIETCSI B YBEIMYEHUH IUIOTHOCTH UX TOMYJISIIUI B ONIBITE
[I0 CPaBHEHHUIO C KOHTpOJIEM. VIHTEHCUBHOCTb CTUMYJIUDPY-
forrero adexra Ha nonyssiuun E. rhusiopathiae KOPHEBBIX
muddysaroB 4. plantago-aquatica HaXOAWTCsS B 0OpaTHOU
3aBHCHMOCTH OT CTEIeHH MX pasBesieHus. VccnenoBan-Hoe
JIEHCTBUE YACTy XU IIOJOPOKHUKOBOI HAa SPU3UIIEIIO-TPUKCOB
CJIE/lyeT OTHECTH K TOIHWYECKOMY THUITy OMOLIEHOTHYECKUX
cBsized, (OPMHUPOBAHHME KOTOPBIX MEXKIY IOJONBITHBIMU
BUJIaMH B DKOCHCTEMax, BEpOSITHO, CIOCOOCTBYET IIOJI-
JIep )KaHHIO TIOTEHIIMANA IIPUPOIHBIX 04aroB POXKH.

KaroueBnle caoBa: Alisma plantago-aquatica, npyxus-
HEHHBIC BBIICNCHUS, Erysipelothrix rhusiopathiae, Tnot-
HOCTb MOMYJISIUM, TOMHYECKUNA TUI CBSI3EH.
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