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ABSTRACT

This paper presents data on screening of antimieloproperties of extracts from the raw materials3(plants)
containing alkaloids. The microbiological method stfidying antimicrobial properties of extracts, agaell
diffusion method, has been applied; special mattienraethod of comparison of antimicrobial propestief
extracts vector theory has been applied. The motvea extracts have been selected; they have ambinial
activity of medium strength: from Phellodendron aemse bark; Macleaya cordata herb; Nuphar lutea troo
Corydalis marshal tubers; Belladonna herb; Solandulcamara herb and fruits. A potential to use imgice of
the extracts obtained from Echinops sphaerocepha&exis and Cynoglossum herb as antimicrobial mealici
products has been shown. Low levels of antimictaitivity have been demonstrated by the extratainbd from
Peganum harmala herb. Data show significant antiobiéal properties of numerous kinds of raw matesighat
contain alkaloids and high possibility of their usecomplex phytochemical medicinal products, bith wertain
restrictions and thorough side effect examination.
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INTRODUCTION

At the moment, issues of infectious dermatologisabmatological and otorhinolaryngologic diseagestment
have not lost their actuality. Recently, synthetiedicaments have been overwhelmingly used forrresat of most
infectious diseases caused by pathogenic types iofoonganisms: antiseptics; antibiotics, sulfanides,
derivatives of other synthetical groups; antifungaitibiotic, etc.; anti-viral medications, not tag§i into
consideration natural antimicrobial agents: exfrdiam plants, animals, and insects [1]. Howevpwyard trend of
formation and development of highly purified ne@yat medicinal products is currently observed [2].

One of the promising plant groups, which accordimghe literature data should have certain antiofi@l, anti-
fungal, antivirus, antiparasitic, and insecticidedperties, is the group of plants containing alldd [3-6]. The main
representatives of alkaloids in the plants studieel represented below: tropane, steroid, quinolparphine,
isoquinoline, indole, quinolizidine, alkaloids apgrrolizidine.

The objective of this work is to conduct screendfigantimicrobial activity of hydro-ethanolic exttacfrom some
plant species containing alkaloids and to selecstrpoomising plants in order to conduct their fertistudy and
include them into complex phytocompositions.

In order to achieve the objective stated abowsag necessary to complete several tasks:

» to obtain alcohol-water extracts from the plartsstudy some of their technological parameterstanzhss them
over in order to study their antimicrobial activity
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» to conduct studies of antimicrobial activity of thetracts obtained;
» to compare the complex index of antimicrobial atfief extracts and to select the most active ones.

EXPERIMENTAL SECTION

Collection of Plant material. Plant raw material for studies was acquired dufi8d3-2014 in OJSC Chemist's
shop “Medicinal plants”, Kharkov, and in the compafMedicinal herbs, extracts, oils”, Sole proprieto
Lyubimaya, Kharkov, Ukraine.

Preparation of plant extract. Ethanol 70+1 % vol. was used for extraction. Plamt material/extragent ratio; 1:7
(mass: vol.), extraction temperature: 27€2 method of extraction: maceration during 24 hafrinfusion. Raw
material crushing was carried out with grinder typieX DCG 8 WH, manufactured by “Dexkee Elec-Teclogyl
Co., LTD"; sifting of the necessary fraction (0.50nm) was carried out with laboratory sieves SLOO.2mesh
size: 0.1 and 0.5.

Extract density was determined according to thenhowtdescribed in [7]. Relative measurement eroongosed no
more than 0.6 % in five parallel determinations.

Extracts extraneous substance content was detetraiceording to the method, described in paper R&jative
measurement error composed no more than 0.6 %drpérallel determinations.

Antimicrobial activity method. Antimicrobial activity of ethanolic extracts was tdamined using agar well
diffusion method, with determination of diametefsnicroorganism growth inhibition zones [9]. Thiethod has
several advantages over the other possible methwdght away: technological accessibility; it maas the
antimicrobial activity of the amount of extraneosisbstance without alcohol; it allows predicting adtivity

dependence (the diameter of growth inhibition zame)he extraneous substances concentration iexthect.

According to recommendations of the WHO the follogvitest strains of microorganisms were used foluatian
of antimicrobial activity of medicinal productStaphylococcus aureus ATCC 25928cherichia coli ATCC 25922
Pseudomonas aeruginosa ATCC 278Bfbteus vulgaris ATCC 463Bacillus subtilis ATCC 6633andCandida
albicans ATCC 885/65R.0].

Preparation of the microbial suspension of micraaigms was carried out using the device Densi-L&eMe
(PLIVA-Lachema production, the Czech Republic; wadeagth 540 nm). The suspension was prepared in
accordance with the instruction manual that is iggpio the device and according to the informatideiter about
health care system innovation of Ukraine. Synctaation of the cultures was conducted using low &Enafure
(4°). Microbial burden compiled 1@olony forming unit per 1 mL (CFU/mL) of the meditand was determined in
accordance with the McFarland standard. 18-24-meigroorganism culture was taken into work. Muilleintdn
agar was used for the studies.

Determination antimicrobial activity of medicinalrqulucts was conducted with agar well diffusion roeth
“Starving”, not sown media were used in the lowayelr (agar-agar, water, salts). The lower layeresgnts a
supporting structure that is 10.0 mL volume, onclith thin-walled stainless steel cylinders withnaiders of 8 mm
and height of 10 mm were set strictly horizontalife upper layer that consists of nutritious agadiom, melted
and cooled to 40° and to which a correspondentatdnof daily test microbe cultivation was includegs poured
round the cylinders. Preliminary, the upper layaswvell intermixed until the indiscrete mass wased. After its
freezing, the cylinders were taken out with thepted sterile forceps, and the studied substan&&danto account
its volume (0.30 mL), was placed into the wellsnfied. Medium volume for the upper layer was 15.0 fhe

dishes were parched at room temperature for 30iAQtes and placed into the thermostat for 18-24$10u

The following criteria were applied when evaluatimigantibacterial properties: absence of microoigrangrowth

inhibition zones around the well, and also inhdsitzones up to 10 mm indicates to the fact thattleeoorganism

is not sensitive to the medicinal product or cotion inserted into the well; growth inhibitiororzes with

diameter of 10-15 mm indicates to the low sensitieif the cultivation to the antibacterial subs&moncentration
studied; growth inhibition zones with diameter d§-25 mm are regarded as an indicator of microosyani
sensitivity to the medicinal product concentratgindied; growth inhibition zones, the diameter dfich exceeds
25 mm, indicate to high sensitivity of microorgansto the medicinal products studied.

Calculation methods. Statistical processing of the results has beenuaiad in accordance with the Article of
State Pharmacopoeia of Ukraine “Statistical analgdichemical experiment results” [8] with the helpadd-on
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“Data analysis” of MS Excel 2013 package. Diametdrsnicroorganism growth inhibition zones were mead
using measuring bar with measurement error of #Oh. Assuming that the variation of diameters of
microorganism growth inhibition zones occurs in@dance with the normal distribution law, calcuatiof the
average arithmetic diameter and its measurement &as performed with correction for small samplessng
Student criterion with confidence level of 0.95 amanber of degrees of freedom of 5.

In order to conduct calculation of the complex xadatimicrobial activity of medicinal product, acter theory was

used [12]. Calculation of the complex index antirial activity of medicinal product and its ernwas performed
using the following formulas:

a=|(a ) o (ae 8

25

2 2 2
25 25

where4 is a complex index antimicrobial activity of mediion, dimensionless value, (index efficiency ramde0-
1.5 the medicinal product has weak antimicrobiaivéag; 1.5-2.5 the medicinal product has mediuntiraicrobial
activity; more than 2.5 the medicinal product hasrgy antimicrobial activity);

a1, az, as, as, as, ag are weighing coefficients of microorganism straignificance in the disease, in order to
simplify, we took them as a one unit, however, mgpion data from the research of prevalence degifee
microorganisms in affected people can also be used;

D,, ... Ds andADy, ... ADg are diameters and their errors of growth inhibitemne of the examined microorganism
strains:S. aureus ATCC 25923, E. coli ATCC 25922, P. aengfi ATCC 27853, P. vulgaris ATCC 4636, B.
subtilis ATCC 6633, and C. albicans ATCC 885/688;

25 is a virtual indicator of the microorganism gtbvinhibition zone, in mm, that has an optimal ‘ealbetween

medium and strong sensitivity), however, an indicaff conventional medicinal product for the certatrain may

be used under the same determination conditionsealcinal products studied;

AA is an error of the complex index antimicrobialiety of medicinal product.

For comparison ofA (research) and (standard) objects/drugs (vectors) with each othesine of the angle
between them, which equals correlation coefficieamd denotes linear connection power between treneers in

mathematical statistics, may also be used, apart their absolute value (size). Square of cormtatioefficient (2)

denotes objects (vectors) similarity level. Cortiela coefficient (cosine of the angle) between gextmay be
calculated using the following formula (3):

Z[ajA[IDiA B [IDj
(] 4z

RESULTSAND DISCUSSION

cosy=r = (3)

Data on the results of the studies that were @hoig in order to determine antimicrobial activitfyextracts from
plant raw material containing alkaloids using aget diffusion method is represented in Table 1.
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Table 1: Antimicrobial activity of the extracts studied, deter mined by agar well diffusion method

Diameters of growth inhibition zonesin mm; repeat count, n=6, P=0.95

Name of theraw

material S. aureus| E. coli P aerudinosa P. vulaaris B. subtilis|] C. albicans
ATCC ATCC A.TCC 87853 A'i'CCg463€ ATCC ATCC
25923 25922 6633 885/653

1. Aristolochia
clematitis herb
2. Atropa
belladonnaherb
3. Berberis
vulgaris root
4. Capsicum
tincture

5. Chelidonium
majus herb

6. Corydalis
marshal tubers

19.2+0.6 | 19.0+0.4  12.6+0.5 13.4+0.y 20.1+(4.7 18.3+0}6

15.8+0.4 | 17.2+0.¢ 14.4+0.5 14.3+0.4 17.5%(.8 14.7+0}5

20.4+0.5] 19.5+0.f 14.0+0.6 1410y 17.7x4.4 18.3+0}4

19.5+0.7 | 19.2+0.¢  15.7+0.4 16.4+0.p  18.6+(.3 16.3+0}8

20.7+0.8 | growth growth growth 21.4+04 17.040.

24.9+0.6 | 23.7+0.4 13.4+0.8 13.6x0.f 25.3%(.5 grOWtI'

As it may be seen from the results of Table 1, grering a quick analysis and selecting the mostvacti
antimicrobial extracts is somewhat complicated,eample, it is difficult to determine indexesRélladonnaherb
andNupharroot extractsBelladonnaextract influences all the microorganism testisgaandNupharroot extract
does not influence two test-strains, but accordmghe quantitative indexes, it excedglladonnaextract. The
vector theory, which had been applied to the amalgkantimicrobial characteristics of some stortagiwal and
antiseptic medicinal products by the authors ferfttst time, helped to solve this problem [11,.12]

Data on the screening of antimicrobial activitytbé extracts from the raw material containing aldd using
vector theory are represented in Table 2.

Table 2: Antimicrobial activity of the extracts

Extraneous
Complex index substances | Extract
Name of the raw L _ : .
No material of antimicrobial |cosy = r* | concentration | density,
activity, 4 in theextract, | g/mL
g9
p | Astolochia 1}y 20000 | 099 0.0306 0.89
clematitis herb
Atropa i
2. belladonnaherb 1.54+0.02 0.99 0.0201 0.893
3. Berbe;ﬁ’o‘;”'gar's 172¢0.02 | 0.99 0.0182 0.884
4. | Capsicum tinctue  1.73+0.02 0.99 - -
g [ Chelidonium | ) 0002 | 070 0.0339 0.89
majus herb
6. | Condalis 1.87:0.02 | 088 0.0294 0.89
marshal tubers
7.| CGynoglossum |y o602 | 0,99 0.0228 0.894
officinale herb
Echinops
8. | sphaerocephalu$  1.47+0.02 0.90 0.0232 0.89(
seeds
o, | Claveum flavuml -, 26003 | 0.0 0.0195 0.88
herb

* results of correlation coefficient are shown witbnsideration for the formula (3) in which virtusldexes,
accepted throughout all the strains of 25 mm, appked instead of real indexes of growth inhihitimones for the
comparative medicinal product.

** the arithmetic mean of the parameter (X) andndtad deviation of the parameter (S) for the sanpdee
calculated from the condition=8S.
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According to the data from Table 2, we may eas#yiree the complex index of antimicrobial activity)( for
example for medicinal products with average poweardimicrobial activity its indexes are situateda range of
A=1.5+2.5. From Table 2 it is seen that such medicproducts include extracts from the following erals:
Phellodendron amurensbark 4=2.29; Macleaya cordataherb 4=1.94; Nuphar lutearoot 4=1.88; Corydalis
marshal tubers 4=1.87; Vinca minorleaf 4=1.75; Berberis vulgarisroot 4=1.72; Aristolochia clematitisherb
A=1.70;Glaucium flavumherb4=1.70;Lycopodium4=1.64; Atropa belladonnaherb4=1.54; Solanum dulcamara
herb and fruits1=1.51.

The mean result for the complex index of antimicablactivity for the most of extracts from plantsntaining
alkaloids isA=1.60 (70% vol. ethanol at a ratio of raw matergadtracting agent — 1.7 wt.:vol.) and may rangenfro
0.74 to 2.47. The mean result of the correlatioeffiment isr=0.89, and can range from 0.58 to 0.99. The mean
result of the concentration of extractives in estisais C = 0.0273 g/g of extract, and may rangenff0055 to
0.0492 g/g of extract. The mean result of the extdensity isp = 0.893 g/mL, and can range from 0.882 to 0.905
g/mL.

In order to illustrate antimicrobial characteristiaf the extracts studied, their indexes may bepesed with those
of some official phytopreparations and synthetioaldicinal products. The indexes of antimicrobiahreltteristics
(complex index of antimicrobial activity and comagbn coefficient), calculated according to theadat papers [12,
13], are indicated in Table 3.

Table 3: Antimicrobial activity of industrial medicinal products

Combplex Extraneous
in des of substances | Extract
No | Name of the product o .| cosy =r | concentration | density,
antimicrobial )
L in theextract, | g/mL
activity, 4
gg
1 2 3 4 5 6
Sophora japonica 2.05 0.97 0.1554 0.999
tincture
o | Mentha piperita 2.12 0.99 0.0011 0.843
tincture
3 | Eucalyptus tincture 1.5 0.82 0.0505 0.895
4 | Calendula tincture 1.29 0.99 0.0262 0.896
5 Propolis tincture 1.2 0.81 0.0444 0.875
6 Paeonia tincture 1.03 0.71 0.0196 0.953
7 | Echinacea tincture 0.84 0.58 0.0182 0.938
8 Sanguiritrin 1.91 0.9 - -

! Sophora japonicuntincture, (1:2) on 48 % ethanol, CJSC “Pharmacalifactory “Viola”, Zaporozhe, Ukraine,
batch No 040213, expiry date 02/2015;

2 Mentha piperitatincture, (1:20) on 90 % ethanol and 5 % pepperwiin CJSC “Pharmaceutical factory “Viola”,
Zaporozhe, Ukraine, batch No 080213, expiry dai@@b;

® Eucalyptustincture, (1:5) on 70 % ethanol, public enterpritegansk regional “Pharmacy” pharmaceutical
factory, Lugansk, Ukraine, batch No 10313, expiaye 04/2018;

* Calendulatincture, (1:10) on 70 % ethanol, public entemritugansk regional “Pharmacy” pharmaceutical
factory, Lugansk, Ukraine, batch No 51212, expiaye 01/2017;

® Propolistincture, (1:10) on 80 % ethanol, public entemisev Regional Council “Pharmaceutical factoryligi,
Ukraine, batch No 151012, expiry date 10/2014;

® paeoniatincture, (1:10) 40% ethanol, “State public enti® “Pharmaceutical factory” LLC, Zhytomyr, Ukrain
batch No 110313, expiry date 03/2016;

" Echinaceapurpurearootstock tincture with roots of fresh ones, (105)48 % ethanol, “Pharmaceutical factory”
LLC, Zhytomyr, Ukraine, batch No 70613, expiry el@6/2016.

8 “sanguiritrin’ — alcoholic solution 0.2 %acleaya cordatalkaloids, CJSC “Pharmcenter VILAR”, Russia, batch
No 070612, expiry date 06 / 2015;

® “Chlorhexidine bigluconate— chlorhexidine bigluconate water solution 0.5/mb, public enterprise “Lugansk
regional “Pharmacy” pharmaceutical factory, Lugandkraine, batch No 220213, expiry date 03 / 2016;
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0“Hexoral’ — 0.1 % hexetidine water solution, Famar Orle&tance, batch No D06179KR, expiry date 09 / 2014.

As it may be seen from the data of Table 3, only fadustrial tinctures fronsophora japonicunhA=2.05,Mentha
piperita A=2.12,EucalyptusA=1.50 (but the tincture frorBucalyptusdoes not influence two microorganism of six
test strainsyr=0.82, r2=0.67) an€apsicumA=1.73 as well a$anguiritrin A=1.91 andChlorhexidine bigluconate
A=2.07 correspond to the group of medium strengtantiimicrobial activity. Whereby it is important twmte, that
the tincture fronSophora japonicurthat was prepared in the ratio of 1:2, is an atrfla&l extract with the quantity
of extraneous substances of 15 % weight, and tdith&ure fromMentha piperitathat is prepared in the ratio of
1:20, peppermint oil is added (5 % weight), whielads to such significant antimicrobial charactessof the
medicinal product.

Comparing complex indexes of antimicrobial activil the extracts studied with those of industriaddiginal
products, we may come to the conclusion about piatBnhigh perspective of herbal raw material usagth some
alkaloids as antimicrobial agents (13 of 18 plasitddied show antimicrobial characteristics of medistrength).
However, because of high biological activity ofaltids over different body systems (nervous, GHArdmvascular,
etc.), their application for mouth cavity is irn@tal and in some cases may lead to serious sidet&fWhen such
combination is useful, for example, for externablagation, they may be added to the formulation heitt
significant reduction of antimicrobial charactddstfor complex phytopreparations.

CONCLUSION

In order to study antimicrobial characteristicseafracts from herbal raw material containing aliddp a range of
plants of interest was determined on the basidevhture data to the number of 18 items.

The most active of all the extracts having antiolgal characteristics of medium strength fréthellodendron
amurensebark; Macleaya cordatderb;Nuphar lutearoot; Corydalis marshatubers;Berberis vulgarigoot; Vinca
minor leaf; Ariseolochia clemaieis herb;Glaucium flavurrherb; Atropa belladonnderb; Solanum dulcamarherb
and fruits were selected. Extracts frdachinops sphaerocephaliseeds andCynoglossum officinalderb are
promising. The extract frolReganum harmal&erb has the worst results among the plants studied

The mean result of the complex index of antimicablzictivity for the most of extracts from plantsntaining
alkaloids isA=1.61 (70% vol. ethanol at a ratio of raw materéadtracting agent — 1:7 wt.:vol.) and may rangenfro
0.74 to 2.47. The mean result of the correlatioeffiment isr=0.89, and can range from 0.58 to 0.99. The mean
result of the concentration of extractives in estisais C=0.0273 g/g of extract, and may range f@0055 to
0.0492 g/g of extract. The mean result of the extdensity isp=0.893 g/mL, and can range from 0.882 to 0.905
g/mL.

Research data show significant antimicrobial cheratics of many species of herbal raw materiaitaming
alkaloids (13 of 18 extracts from the raw matedamonstrated antimicrobial characteristics of medairength)
and potentially high perspective of their usagecamplex phytopreparations, but with certain reitits and
thorough side effect examination.
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