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Background. The systematic self-control of students' health state allows optimizing the educational process
organization of physical education and contribute improving the functioning of body systems. One of the
common methods of such observation is the functional Martine's test, which provides an opportunity to
investigate the dynamics of changes in blood pressure and heart rate between the resting state and every
minute for five minutes after the load. In most cases, this load characteristic sufficiently fully reflects the
student's cardiovascular system state. The determination of the characteristic patterns of such states will
allow offering a mechanism for assessing the functional state of the circulatory system. The regular Martine's
testing will allow observing the dynamics and evaluating changes in the body during the observation period.
Objective. Creation of an automated system for assessing of a student’s circulatory system functional state changes.
Methods. The students database of the National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute” created during the research by the Department of Physical Education, was used for the
study. To determine the functional patterns, separately for boys and girls, cluster analysis was used by the
"k-means” method in the parameter space of the blood pressure and heart rate measured during the functional
Martine's test. As a result, 7 clusters of states for young men and 8 clusters for girls were obtained. Clusters
differ significantly in the nature of the response of blood pressure and heart rate to the load test. The centroids
of the resulting clusters were further considered as functional patterns (the most typical representatives) of the
body's response to the test physical load. The assessment of the circulatory system functional state is calculated
by comparing the student test data with the previously defined functional patterns by the minimum Euclidean
distance criterion. Conclusions about the functional state of the system are formed.

Results. The clusters of the circulatory system functional states in the extended space of blood pressure and
heart rate parameters of functional Martine's test are obtained. The clusters correspond to the normal states
and different stages of the regulatory reserves reduction of the body. The algorithm allowing to consider
features of an organism functional state at essential deviation of Martine's test indicators from a certain
functional pattern is developed. This admits controlling the individual level of physical activity, adapting the
training program and identifying conditions requiring additional medical control.

Conclusions. As a study result, the automated system for assessing the functional state of technical university
students circulatory system using Martine's test was developed. The system relates observation to one of the
study sample clusters that were obtained using the "k-means" method. For additional information on the
state of the circulatory system, the average radius of the cluster is used, since objects that are far removed
from the center may have properties similar to those of a neighboring cluster. The developed system provides
an opportunity for screening control the students cardiovascular system state during the educational process.

Keywords: clustering; "k-means" method; functional circulation pattern; minimal Euclidean distance; cluster
average radius; functional Martine's test.

resting state and every minute for five minutes after

Introduction

Systematic self-monitoring of your health is a
necessary step for improving the functioning of
body's systems and supporting it in a tone. Per-
forming physical exercises positively affects the
student's body and allows performing an analysis of
physical abilities. With the help of Martine's func-
tional test, it is possible to investigate the dynamics
of changes in blood pressure and pulse between the

exercise.

Since the state of physical health can vary re-
gardless of physical activity, the regular conduct of
Martine's test [1, 2] will allow observing the dynam-
ics of changes in the body for a certain period [3—5].

The objective of the work is to create a system
for assessing changes in the functional state of the
circulatory system by comparing the test parame-
ters with predefined functional blood circulation
patterns based on the criterion of the minimum

© The Author(s) 2018. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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Euclidean distance and forming of basic and addi-
tional conclusions about the state of the organism.

Materials and methods

The students database of the National Tech-
nical University of Ukraine "Igor Sikorsky Kyiv
Polytechnic Institute”, created in the course of re-
search conducted by the Department of Physical
Education, was used for the study.

All students had a medical certificate about
the ability of taking physical education courses, as
well as gave written consent to the passing of the
test. Testing consisted of going through Martine's
test that is, performing 20 sit-ups in 30 seconds.

Immediately before the start of the test and
every minute for 5 minutes afterwards, the systolic
and diastolic blood pressure and heart rate (HR)
values were measured.

To determine the functional patterns (cen-
troids of clusters), a database of 1419 students sin-
gle multidimensional observations was used. The
gender composition of the base is 800 men and
619 women. The dimension of clustering space of
the circulatory system functional state was deter-
mined dim = 18: systolic, diastolic blood pressure
and heart rate for 6 points of time Martine's test.

To formulate a formal description of the
characteristics of each cluster, 353 quantitative in-
dicators were analyzed that reflect the functional
state of the circulatory system and the psychophys-
ical state of patients.

Separately for males and females, to determine
the functional patterns, that is, the ratios of the
above indicators, a cluster analysis using the
"k-means” [6] method was performed. At the pre-
liminary stage of the research, 7 clusters were ob-
tained for males and 8 clusters in females data,
which differed significantly from each other by the
nature of the responses of blood pressure (BP) and
heart rate metrics to Martine’s test. The centroids of
the resulting clusters were further considered as
functional patterns (the most typical representatives)
of the body's response to the test of physical activity.

To study changes in the state of the circulatory
system, the database contained data from repeated
tests of students, which were performed from 2 to
6 times at different intervals. This database con-
tained 590 observations, consisting of 268 female
and 322 male students and additional 133 indicators
of the psychophysical status of students.

Euclidean distance was used as a criterion for
the proximity of the individual student, named be-
low as x; to the center ¢; of a particular cluster i
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quantity of cluster with number i.

Results

The study used a database containing blood
pressure and cardiovascular measurements of stu-
dents who had taken Martine's test more than
once.

The reciprocal arrangement of clusters' cen-
troids, which were used as functional patterns of
response to an exercise test, are presented in
Figs. 1—4 where SP and DP are systolic and dias-
tolic blood pressure respectively. Here, each cluster
centroid is represented by 6 centers corresponding
to 6 time points of Martine's test.

To assess the circulatory system functional
state the following algorithm was developed and
applied.

1. Using proximity measure (1), we define the
cluster with minimal distance to the analyzed ob-
ject.

2. Using proximity measure (1), we define the
cluster with subminimal distance to the analyzed
object.

3. Determine whether the parameters of this
test were located within the average radius of the
cluster ("yes" or "no").

4. If test parameters were located within the
cluster average radius, then only the information
about functional and psychophysical features of the
closest, cluster is displayed as result.

5. If "no", the information about functional
and psychophysical features of the cluster with a
subminimum distance is displayed in addition.

The flowchart of the above algorithm is shown
in Fig. 5.
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Figure 1: Changes in systolic blood pressure indicators before
and within 5 min after Martine's test. Males (/—7 — clusters /—
7 respectively)

Figure 2: Changes in diastolic blood pressure measurements be-
fore and within 5 min after Martine's test. Males (/—7 — clus-
ters /—7 respectively)

Figure 5: Flowchart of an algorithm for generating conclusions
about student's current functional state

Figure 3: Changes in systolic blood pressure indicators before
and within 5 min after Martine's test. Females (/—& — clusters
-8 respectively)

Figure 4: Changes in diastolic blood pressure indicators before
and within 5 min after Martine's test. Females (/—& — clusters
1—8 respectively)

Discussion

Using the developed system, the results of the
monitoring application of Martine's test were ana-
lyzed from 1 to 6 times in 590 observation stu-
dents, which consisted of 268 female and 322 male
students. Each observation corresponds to a certain
code of the functional state (cluster number).

Causes of existing functional states of blood
circulation were analyzed using 133 indicators of
the psychophysical state of students. The values of
these indicators in clusters were analyzed using a
dispersion analysis [7].

Analysis of changes in these indicators is not
the purpose of this work and deserves a separate
consideration.

Distribution of students in clusters, presented
in Tables 1, 2 allows estimating the prevalence of a
certain regulatory type in student groups.

Thus, the developed algorithm allows taking
into account additional possible features of the
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functional state of the organism with significant
deviation of the parameters of Martine's test from a
certain functional pattern, that is, the cluster aver-
age radius.

Table 1. Number of students in clusters. Males

Cluster | Cluster | Cluster | Cluster | Cluster | Cluster | Cluster
1 2 3 4 5 6 7
40 67 45 50 6 11 103

Table 2. Number of students in clusters. Females

Cluster|Cluster|Cluster|Cluster|Cluster|Cluster| Cluster|Cluster
1 2 3 4 5 6 7 8

58 16 35 13 8 41 51 46

The algorithm allows determining blood cir-
culation conditions, which correspond to reduction
of regulatory reserves and significant increase in
blood pressure. This allows controlling the individ-
ual level of physical activity, modifying the training
program and identifying conditions that require
additional medical control.

In addition, the use of a system for screening
control of large groups of students is possible for
the identification of persons at high risk of sudden
circulatory disorders.

The results of the system were compared with
expert assessments. A completely acceptable (87%)
match of both types of estimates is established.
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Conclusions

As a study result, a system for assessing the
functional state of the students cardiovascular sys-
tem with the use of Martine's test was developed.
The system matches observation to one of the
study sample clusters that were obtained using the
"k-means" method. For additional information on
the circulatory system state, the mean radius of the
cluster is used, since objects that are far removed
from the center may have properties similar to
those of a neighboring cluster.

The developed system provides an opportunity
to control the state of the cardiovascular system as
a one-time, and to conduct screening control of a
group of students.

The size of the input vector (input structure)
and the number of functional patterns are not fixed
and can be modified in the process of improving
the system.

The future studies will focus on finding larger
differences between clusters to refine their charac-
teristics. Also, the studies will focus on finding pat-
terns of changes in the functional status of the cir-
culatory system of students who have passed Mar-
tine's test more than once in order to identify risk
groups of sudden circulatory disorders and decrease
functional reserves. Further research will be aimed
at determining the optimal number of functional
patterns and a more detailed assessment of changes
in physiological parameters.
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B.O. BowiHuk, I'.B. Bopucosa, B.C. YmaHeup, I".J1. Bonko, A.B. MNMaenos., €.A. HacTeHko

ABTOMATU3OBAHA OLUIHKA ®YHKUIOHANIbBHOIO CTAHY CUCTEMU KPOBOOGITY CTYAEHTIB

13 BAKOPUCTAHHAM NPOBU MAPTIHE

Mpo6nemartnka. CuctemaTuyHi CaMOCTIlHI CMOCTEpPEeXeHHs CTYAEHTIB 3a CTaHOM CBOroO 3[0POB’'S AalTb 3MOry OnTUMi3yBaTh
opraHisaLito HaB4YanbHOro npouecy i3M4YHOro BUXOBAHHS | CNPUSIOTb MOMIMNLWEHHIO (OYHKLOHANBHOIO CTaHy cuctem opraHiamy. OfHieto
3 NOLUMPEHMX METOAMK TaKOro CrocTepexeHHs € dyHKuioHanbHa npoba MapTiHe, sika Hagae MOXNMBICTb AOCHIAXYBATU ANHAMIKY 3MiHW
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apTepianbHOro TUCKY i MynbCy B Nepiog MiXk CTAHOM CMOKO | Ha KOXHI XBUIUHI MiCNsi HABAHTaXXEHHSI NPOTSroM M'siTy XBUNuH. BkasaHa
HaBaHTaxyBanbHa XapakTepucTuka B BinblOCTi BuNagkiB 4OCUTb MOBHO Bifobpaae cTaH cepLeBO-CYAUMHHOI CUCTEMMU CTyAdeHTa.
Bu3HaveHHs xapakTepHuX MaTepHiB Takux CTaHiB AacTb 3MOry MPOMOHYBaTW MEXaHi3M OUIHKM (PYHKLIOHANbHOTO CTaHy CuUCTeMM
KpoBoObGiry. PerynspHe npoBefeHHs npobu MapTiHe OacTb MOXMUBICTb CrocTepiraTv AMHaMiKy 1 OUiHIOBaTVM 3MiHM B OpraHiaMi 3a
nepiog cnoctepexeHb.

Meta. CTBOpEHHSI CUCTEMM @aBTOMATU30BAHOI OLLIHKM 3MiH (DYHKLIOHaNbHOrO CTaHy CUCTEMU KPOBOOLiry CTyAeHTIB.

MeTopauka peanisauii. [Ins gocnigpkeHHs BukopuctoByBanacsa 6asa AaHvx CTyAeHTiB HauioHanbHOro TeXHIYHOro yHiBepcuTeTy YKpaiHu
“KniBCbKkMI NoniTexHiYHMM iHCTUTYT iMeHi Iropsi Cikopcbkoro”, cTBopeHa B npoueci gocnigkeHb kadedpu is4HOro BMxoBaHHsA. [ns
BM3HaYeHHs (PYHKUIOHANbHNX MaTepHiB, OKPEeMO AN IOHAaKIB i AiBYaT, 3aCTOCOBYBaBCS KMAacTEpHUI aHania metodom “k-cepepgHix” y
npocTopi NapameTpiB apTepianbHWUN TUCK—MYNbC, BUMIPAHUX Y MpoLeci NpoBeAeHHs npobu MaptiHe. B pesynbTati 6yno otpumaHo
7 knacTepiB CTaHiB Ans toHakiB i 8 knacTepiB ans gieyat. Knactepu iCTOTHO Bigpi3HAIOTbLCS 3a XapakTepoMm peakLii noKasHWKIiB
apTepianbHOro TUCKY i MynbCy HA BUKOHAHHS TeCTy. LleHTpoian oTpumaHnx knactepis y noganbLomMy po3rnsganuncsa sk qyHKUioHarnbHi
natepHu (TUMNOBI NpeACTaBHWKW) peakuii opraHiamy Ha TecToBe i3nyHe HaBaHTaxeHHs. OuiHka (YHKLiOHaNbHOro CTaHy cuctemu
KpOBOOGiry po3paxoBYETbCS Yy MOPIBHSHHI MOKA3HUKIB TECTY CTyAeHTa 3 paHile BU3HA4YeHUMU YHKUiOHaNbHUMK naTepHamu 3a
KpuTepiem MiHiManbHOi eBKNiA0BOI BiacTaHi. POPMYyIOTECA BUCHOBKU NPO CTaH CUCTEMMU.

PesynbTatn. OTpumaHo knactepu yHKLiOHaNbHUX CTaHiB CUCTEMM KpoBOOLiry B pO3LLUMPEHOMY MPOCTOpi NapaMeTpiB apTepianbHuii
TUCk—Nynbc npobu MaptiHe. KnacTtepu BignoBigawTb cTaHaM HOpPMU i Pi3HUM CTafisiM 3HWXKEHHSI PErynsTOPHUX PE3epBiB OpraHiamy.
Po3pobneHo anroputm, WO Aae 3MOry BpaxoByBaTu OCOOMMBOCTI (PYHKLOHANbHOrO CTaHy OpraHiaMy npu CyTTEBOMY BiAXUIEHHI
nokasHukiB npobu MapTiHe Big neBHOro dyHKUioHanbHOro natepHy. Lle gae mMoxnuBicTb KOHTpONoBaTW iHAMBIOQyanbHWUIA piBEHb
i3NYHUX HaBaHTaXeHb, aganTyBaT NporpaMy TPeHyBaHb i BUSIBNSTW CTaHW, WO BUMaraloTb 4OAATKOBOrO MeANYHOIO KOHTPOIO.
BucHoBku. Po3pobneHo cuctemy aBToMaTM30BaHO! OLHKM (DYHKLIOHANbHOro CTaHy KpoBOOGiry CTyAeHTIB TEXHIYHOrO YHIBEpCUTETY i3
3acTtocyBaHHsIM npobu MapTtiHe. CucTemMa BiOHOCWUTb CMOCTEPEXEHHA B OAWH i3 KracTepiB HaByanbHOi BUOIpKM, OTpUMaHMX i3
BMKOPUCTaHHAM MeTony “k-cepefHix’. Ans gopaaTkoBoi iH(opMaLii Npo cTaH cucTemmn KpoBoobGiry BUKOPUCTOBYETLCSI CEpPEHi paaiyc
KrnacTepa, OCKinbkv 06’eKTu, CUINbHO BigAaneHi BiA LeHTpa, MOXyTb MaTu BMAcTMBOCTI, 6nn3bki 4O BNacTUBOCTEN CYCiAHLOrO KnacTtepa.
Po3pobneHa cuctema gae 3amory sk 3AiiCHIOBaTV KOHTPOIb 3@ CTAHOM CUCTEMM KPOBOOGIry ofHOpas3oBo, Tak i MPOBOAUTU CKPUHIHIOBUIA
KOHTPOb rpynu CTyAEeHTIB.

Knio4yoBi cnoBa: knactepu3sadisi; MeToa “k-cepeqHix”; hyHKUiOHanbHUI naTepH KpoBoobiry; MiHiManbHa eBKMifoBa BigcTaHb; cepeaHii
paaiyc knactepa; dyHkuioHanbHa npoba MaprTiHe.

B.A. BowiHuk, I'.B. Bopucosa, B.C. YmaHeu, I".J1. bowiko, A.B. MNasnos, E.A. HacTeHko

ABTOMATU3UPOBAHHAA OLIEHKA ®YHKLUWOHAJIbHOIO COCTOAHUA CUCTEMbI KPOBOOBPALLEHUA CTYAEHTOB
C NCNOJIb3OBAHUEM NMPOBbI MAPTUHE

Mpobnemartnka. CucrtemaTtnyeckme camocToATeNbHble HabMAeHNs CTyAeHTOB 3a COCTOSIHMEM CBOEro 3[40pOBbS MO3BONSIOT
ONTUMM3NPOBATL OpraHusaumio y4yebHOro npouecca U3NYECKOro BOCMUTAHUS U CMOCOOCTBYIOT YMyYLIEHWUO (YHKLMOHANbHOIo
COCTOSIHUIO cucTeM opraHuama. OfHOM M3 pacnpoCTpaHeHHbIX METOAMK Takoro HabniogeHus sensetcs dyHKuMoHanbHas npoba
MapTuHe, koTopas npefocTaBnseT BO3MOXHOCTb UCCIeAoBaTh AUHAMUKY M3MEHEHUS apTepuanbHOro AaBneHus 1 nynbca B nepuog
MeXAy COCTOSHMEM MOKOSt U Ha KaXAoW MUHYTe Mocrne Harpyskv B TeYeHWe MATU MUHYT. YKasaHHas Harpy3ovHas XxapakTtepucTuka B
fonblIMHCTBE CrydyaeB [OCTaTOMHO MOMHO OTpaxaeT COCTOsiHME CepaeyvYHO-COCYAUCTON cucTeMbl cTydeHTa. Onpepenexve
XapaKTepHbIX MaTTepHOB TaKUX COCTOSIHUIA MNO3BONWUT Mpeanaratb MeXaHU3M OLEHKM (OYHKLMOHANbHOrO COCTOSIHUSI CUCTEMbI
KpoBoobpalleHns. PerynsapHoe npoBeaeHne npobbl MapTuHe no3sonuT HabnogaTb AMHAMKKY U OLEHUBATb U3MEHEHUSI B OpraHvuame
3a nepuop HabngeHuin.

Llenb. CosgaHne cucteMbl aBTOMATU3MPOBAHHOW OLEHKW W3MEHEHWUN (YHKLMOHANbHOIO COCTOSIHUS CUCTEMbl KpoBooOpalleHus
CTYOEHTOB.

MeToauka peanusaumu. [ins uccnegoBaHus Ucnonb3oBanack 6asa AaHHbIX CTYAEHTOB HauuoHanbHOro TEXHUYECKoro yHuBepcuteTa
YKkpauHbl “KneBCKWM NOMUTEXHWUYECKUA WHCTUTYT umeHn Wropss Cukopckoro”, cosfjaHHas B Mpouecce uccrnenoBaHuin kadeapbl
du3nyeckoro BocnUTaHWsA. [Ons onpeaeneHvs YHKUMOHAmNbHbIX MNaTTEPHOB, OTAENbHO AN OHOWEW W AeBYLUEK, NPUMEHSNCS
KnacTepHbI aHanu3 MeTodoM “k-cpedHux” B MPOCTPaHCTBE NapameTpoB apTepuanbHoe AaBneHve—nynbe, U3MepeHHbIX B npoLecce
nposefeHns nNpobbl MaptuHe. B pesynbrate Obinmu nomyyeHbl 7 KNacTepoB COCTOSHWA ANSA IOHOLWEN u 8 KnacTepoB ANS AeBYLUEK.
KnacTepsbl CyLLeCTBEHHO OTNNYAIOTCA MO XapakTepy peakumun nokasatenen aprepuanbHOro AaBneHns 1 nynbca Ha BbINOMHeEHVe TecTa.
LieHTponabl nonyyeHHbIX KNacTepoB B AafibHeNLeM paccMaTpmBanucb Kak qyHKUMOHambHbIE NaTTepHbl (TUNWYHbIE NpeacTaBUTenNw)
peakuuy opraHuaMa Ha TecToBYH u3nyeckyto Harpysky. OueHka @YHKUMOHANbHOIO COCTOSIHAS CUCTEMbl KpoBOOOpalLeHus
paccunTbIBaeTCH NOCPEACTBOM CpaBHEHMWS noka3aTenen TecTa CTyAeHTa C paHee onpefeneHHbIMU PyHKLMOHaNbHbIMK NaTTepHaMm no
KPUTEPWIO MUHMMAnbHOrO €BKMNAOBOrO paccTosHUA. POPMUPYIOTCA 3aKMIOYEHNSI O COCTOSHUN CUCTEMBI.

PesynbTatbl. [ony4yeHbl knactepbl yHKUMOHANbHBIX COCTOSAHUA CUCTEMbI KpOBOODpaLLEHUs B pacLUMPEHHOM MpPOCTpPaHCTBe napa-
MeTpoB apTepuanbHoe AaBrneHve—nynbc npobbl MaptuHe. KnacTepbl COOTBETCTBYHOT COCTOSIHUSIM HOPMbl M pasfnyHbIM CTaausM
CHWXEHUSI PerynsTopHbIX pe3epBoB opraHuama. PaspabotaH anropuTM, NO3BONSIOWMIA Y4UTbIBATb OCOBEHHOCTU (PYHKLIMOHANBLHOrO
COCTOSIHUS OpraHu3Ma npu CyLLEeCTBEHHOM OTKIMOHEHWM noka3aTene npobbl MapTuHe oT onpeaeneHHoro YHKLMOHaNbHOro naTTepHa.
3T0 AaeT BO3MOXHOCTb KOHTPONMMPOBaTb MHAWMBUAYAlbHbIA YpOBEHb (DM3NYECKUX HArpy3ok, agantTuposaTb NporpamMmMy TPEHUPOBOK U
BbISIBMNATb COCTOAHUSA, TpebytoLme AOMNOMHUTENbHOrO MEANLIMHCKOrO KOHTPOTS.

BbiBoabl. B pe3synbrate npoBegeHHOro muccnegoBaHust bbina paspabotaHa cuctema aBTOMAaTU3MPOBAHHOW OLIEHKWU (PYHKLMOHANbHOro
COCTOSIHUSA KPOBOODPALLEHNSI CTYAEHTOB TEXHUYECKOro yHUBEPCUTETA C NPpUMEHeHnem npobbl MapTuHe. Cuctema oTHOCUT HabMAeHVs B
0oOVH M3 KracTepoB oby4yatoleit BbIGOPKM, MOMyYEeHHbIX C UCMOMb3oBaHMEM MeToda “k-cpegHux’. [ns AONonHUTENbHOW MHGopMaumum o
COCTOSIHUM CUCTEMbI KPOBOOOPALLEHUS1 UCMONb3YeTCs CPeAHUn paauyc Knactepa, NockonbKy OBbeKTbl, CUMbHO yAaneHHble OT LeHTpa,
MOryT UMeTb CBOWCTBA, 6rM3kne K CBOMCTBAM COCEAHEro knacTtepa. PaspaboTaHHas cuctema nos3BonseT Kak OCyLLeCTBAATL KOHTPOMb 3a
COCTOSIHMEM CUCTEMbI KPOBOOBPALLEHUSt €AMHOBPEMEHHO, TaK U MPOBOANTL CKPUHWHIOBbIA KOHTPOMb rPYNMbl CTYAEHTOB.

KnioueBble cnoBa: knactepusauust; MeToq “k-cpegHnx”; pyHKUMOHanbHbIM NaTTePH KPOBOOOpaLLEHNS; MUHMMAbHOE €BKITMAOBO pac-
CTOsIHME; CpeaHUI paaunyc knactepa; hyHKUMoHanbHas npoba MapTtuHe.
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The peculiar properties of water are recalled, among them the "memory of water", underlining the behavior of
cell water, whose "ordered" structure is probably due to the endogenous electromagnetic fields generated by
organelles inside the cells, such mitochondria and microtubules. Biological and clinical implications of water
dynamic changes are reported, mainly based on SEP (Skin Electric Parameters) analysis and a hypothesis that
has been advanced about an "action at distance" exerted by low concentration drugs. Nowadays, regarding
measures of electro-cutaneous parameters our research can resort to a device of advanced electronics, APEC
300, that, beside an Electro Acupuncture operational function, but with quantitative precise values, can detect
micro variations on parameters of cell aqueous solutions, and those of the water too, when the analyzed object
is solicited by an external electromagnetic weak field, as well as by a drug at a very low concentration. A draft
of two possible lines of research is outlined in conclusions, one depending only on ourselves and regarding
"water tests" in the context of the "memory of water" experiments. By the side of EIS experiments about con-
ductivity and impedance spectroscopy, in this article very high-resolution measures are suggested, by means of
APEC 300, of an important parameter, the potential; a kind of measurements less complex and more reliable
regarding the device/object interference, to which can besides easily be associated a frequency spectrum in the
extremely low frequency region. In this line of research, it is the first time, for what we know, that some meas-
urements of the potential, with its frequency spectrum, have been carried out for water without and with stimu-
lation (the latter represented by the action of a magnetic field). This first set of measures by APEC 300 reveals
the region 0—0.5 Hz as one of special interest.

Keywords: cell water; water dynamic changes; biological and clinical implications; skin electric parameters;
Electro Acupuncture of Voll; APEC 300 and high resolution measures; drugs at very low concentration;
potential measurements and frequency spectrum; memory of water.

Introduction

How to explain several astonishing properties
of water, the substance so strictly connected to life
and its multiple forms? How do play endogenous
electromagnetic fields in "ordering" cell water?
Starting from these questions, after a brief recalling
of magnetic properties of water and its "memory",
we underline the central hypothesis enhanced by
Herbert Frohlich, who developed a theory of bio-
logical coherence based on quantum interactions
between dipolar constituents of biomolecules, such
as those of the enzymes, membranes, organelles
and the same cells; a relevant feature of this theory
is exactly the special structure supposed for the
biologic water (micro-trabecular structure). This

kind of reasoning has been a background for many
other Physicists and Doctors, whose relevant con-
tributions are recalled and quoted in references.

Up to now, we are faced with an abundance of
theoretical models, some of them are briefly report-
ed, mainly provided by Physicists, and a relative
poorness of experimental data presented by Physi-
cians. An exception can be represented by Reinhold
Voll and its Electro Acupuncture (EAV), with ex-
periments reported in scientific literature up to day.
Dr. Voll theorized, on the basis of the experience of
Chinese medicine, a tight link among the values of
the Skin Electric Parameters (SEP) and the health
status performance; and EAV is a diagnosis method
to reveal pathophysiological processes, as inflamma-
tions, pain, allergy, gastrointestinal function, etc.

© The Author(s) 2018. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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Some few relevant clinic experiences are re-
ported and commented, and, just in the perspective
of a significant multiplication of rigorous experi-
mental data, we present in the last section a re-
search project, no more than a draft, on which is
the case of spending few words. The implementation
of the project is founded on a device of advanced
electronics, APEC 300 that is an analyzer of elec-
tro-cutaneous parameters — impedance, potential —
realized in Rome by some researchers of Bioelec-
tromagnetism (BEM) Section of the Interuniversity
Center of Research for Sustainable Development
(CIRPS). This apparatus can perform EAV, with a
higher resolving power and a greater reliability of re-
sults than the traditional apparatus, and can meas-
ure, among several its applications, the skin poten-
tial level as function of time, besides providing its
frequency spectrum at extremely low frequencies. It
is worth to underline that APEC 300 can also
measure bioelectric activity of cell cultures or aque-
ous solutions of drugs or pharmaceutical complexes
(to assess their effectiveness or dangerousness).

In the last twenty years, much attention has
been devoted to the behavior of aqueous solutions
of cells, enzymes or more simple organic com-
pounds when they are solicited by a very weak
magnetic field. Many impedance measures have
been realized, while a little attention has been giv-
en to the potential, perhaps due to the scarce relia-
bility of the available measure instruments. Our
idea is to exploit the high resolving power of
APEC 300 to test not only aqueous solutions im-
pedance, but also the potential, not only when
aqueous solutions are submitted to an external
magnetic field, but under the influence of a specific
drug at a very low concentration. The further step
would be to detect, in a collaboration with Physi-
cians, the impedance response of a patient who has
been given that drug at that concentration level, to
be compared with the same response in absence of
the drug assumption.

A not negligible part of the article regards
"water tests" linked to "water memory" experi-
ments. EIS devices for high-resolution detection of
electrochemical properties of aqueous solutions are
to be managed very cautiously, not only for relia-
bility of measure but also to avoid device/object
interference. Starting just from a comparison be-
tween tap water and stimulated tap water, the pos-
sibility of a more "at hand" measure method — that
of measuring the variations of potential in frequen-
cy spectrum (up to less than 100 nanoVolt) — has
obtained a first translation in practice by the set of
measurements where the stimulation is given by
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the action of an alternating magnetic field at 50 Hz
frequency (126.10 uT maximum intensity). Figures
and data of the experiment are presented in the
Annex. The measurements have been realized by
APEC 300 and the corresponding frequency spec-
trum shows as a region of special interest the one
from 0 to 0.5 Hz. This occurrence was in somewhat
manner expected due to a similar behavior recorded
during the phase of improving and calibration of
APEC 300, when biological objects like fruit or
leaves (their skin) were used as test materials.

1. The anomalies of water

The water molecule, H,O, consists of two hy-
drogen atoms linked to an oxygen atom by a polar
covalent bond. The H-O link distance is 0.958 A
and the O-H-O binding angle is 104.45°. The ar-
rangement of electrons in the molecule determines
electrical asymmetry. The difference of electroneg-
ativity between O (3.44; one of the electronegative
elements of the periodic table of the elements) and
H (2.20) makes the water molecule a permanent
electric dipole of nature that allows the formation
of hydrogen bonds between atoms of H of a mole-
cule and atoms of O of other water molecules. The
spatial structure of the water molecule is of tetra-
hedral geometry, with the O atom at the center of
the tetrahedron (Fig. 1).

Figure 1: Spatial structure of water

All these peculiar features of water make it a
unique molecule with physical and chemical prop-
erties that are still termed "abnormal" because of
the inability to fully explain them even today.

Exceptional solvent, water is the life-giving
molecule on Earth: it covers about 70% of the
Earth's surface, accounts for 65% of a human and
90% of macromolecules present in biological sys-
tems. If the water did not exist, no chemical reac-
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tions, no transport of nutrients and waste, etc.
would exist. In a word, without water, there would
be no life.

Within the range of environmental tempera-
ture and pressure, water is found in all three physi-
cal aggregation states: solid (ice), liquid (liquid wa-
ter) and aeriform (water vapor).

Most of the models proposed to explain the
peculiar properties of water start from the study of
an isolated water molecule, then extend its charac-
teristics and behaviors to the water molecules
bound to it. Each model aims to predict the be-
havior of water in its three aggregation states and
subsequently verify its compatibility with experi-
mental chemical-physical properties.

Problems arise when, through intermolecular
electrostatic attraction forces (short-range forces),
a lot of water molecules are assembled to form the
liquid phase together. None of the water models
proposed to date, based on short-range forces, is
able to describe satisfactorily the "abnormal’ chemi-
cal-physical behavior of water.

Density. 1t has been observed experimentally
that the number of water molecules found in 1 cm?
of liquid in the range 0 °C < T < 4 °C increases in-
stead of decreasing; water has its maximum density
at 7= 3.98 °C and not at 0 °C.

Viscosity. It gives a measure of the force that
obstructs the sliding of the molecules with respect
to each other, is linked to intermolecular forces
and depends on temperature and pressure: general-
ly decreases as temperature rises and decreases in
pressure. The viscosity of the water decreases as the
temperature rises, as expected, but increases as the
pressure decreases. In more detail: for liquid water
at 7 < 30 °C, increasing the pressure viscosity be-
gins to decrease; then continuing to increase the
pressure the abnormal trend ceases and the viscosi-
ty begins to increase.

This is one of the characteristics of water
that allows life on Earth; let's just think of surfac-
es of frozen water, where the ice is above and be-
low the biological activities in the liquid water are
continuing.

Surface tension. Also, this property depends
on the intermolecular forces; water is characterized
by a very high surface tension. Even this abnormal
behavior is at the basis of the existence of life; in
fact, surface tension plays a key role in capillary
phenomena, such as rising of lymph in blood ves-
sels and water from the soil.

Melting point, boiling point, and specific heat.
All three of these points have higher values than you
would expect. Generally, the smaller the molecules
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are and the smaller the boiling point. In theory,
the water should boil at —93 °C and solidify at a
temperature of only a few degrees below. Fortu-
nately for living beings is not so.

Moreover, the specific heat of a solid is gen-
erally greater than that of the same liquid sub-
stance. Instead, when water gels, its specific heat
drops to a value equal to half that of liquid water,
therefore, by supplying energy to liquid water, only
half of this energy is spent to raise the temperature,
the remainder is stored in the mass of the liquid.

This property causes the water to absorb and
give heat very slowly, and this peculiarity is also
crucial for life on Earth. In fact, living beings are
so protected from sudden temperature fluctuations,
the oceans absorb solar energy by storing it and
forming a huge energy tank, which is gradually re-
leased as heat when the warm ocean currents move
slowly from the tropical regions towards the cold
ones of the poles. All these mechanisms have made
possible the development of life on Earth and con-
tribute to maintaining it.

Dielectric constant. The dielectric constant for
20°C is very high (er = 80) compared to that of ice
(er = 5). This peculiarity allows the water to have
high absorption in the frequency range from mi-
crowaves to infrared rays; to be an excellent sol-
vent and also a dissociating agent. In the water,
due to the high dielectric constant, there is a loos-
ening of the bonds between the molecules dis-
solved therein and therefore thermal agitation is
sufficient to ionize them; by this way, liquid water
is richer in electrolytes, thus enabling all vital pro-
cesses. Eventually, tissues and organs with high
water content are in a state of ionization.

2. Magnetic properties and the "memory"” of
water

We below list a set of properties, on which
there is a debate and are not recognized by a great
part of academic scientists:

Water flowing in a pipe, sited in the magnetic
field generated by the two poles of a magnet ac-
quires some properties:

> no limestone incrustations are formed;

> dissolves the limestone incrustations that
may be present;

> its surface tension decreases;

> it has a very pleasant taste, while under
normal conditions is a tasteless and odorless liquid

> desalinates salty soils;

> it greatly limits the survival of microorga-
nisms.
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The most controversial property is undoubted-
ly the magnetic memory of water.

It may be useful to recall a very brief story
about the scientific path that preceded that con-
troversy, starting from the pioneering works of
Giorgio Piccardi at the end of the Thirties. After
studying the precipitation of various substances in
water, Piccardi was convinced that different ways
of precipitation were due to the action of magnet-
ic fields. By virtue of this action, water becomes
"activated" in two different configurations: "T",
less viscous than normal water; "R", more viscous,
with different precipitation effects [1—3]. Activa-
tion modifies also biological properties of water
and, in this way, biological processes in living sys-
tems [4]. In successive experiments, aimed to
avoid the limestone formation in boilers and
pipes, Piccardi observed that very weak signals
from external environment, mainly from solar
fluctuations, were able to induce a change of state
in solutions [5, 6]. In late Fifties Piccardi docu-
mented with a series of experiments the action of
low frequency electromagnetic fields on water. He
noted that water treated with electromagnetic
fields of 10 kHz frequency was activated and
showed a clear decrease in surface tension [7, 8].
It's worth to note that Piccardi was a "precursor”
also with the debate that arose at the time about
his researches; a full insight of his wide contribu-
tions in various scientific sectors can be found,
mainly about water, in [9].

In 1988 Jacques Benveniste published, with
other researchers, a paper describing the action of
very high dilutions of anti-IgE antibody on the
degranulation of human basophils [10], findings
which seemed to support the concept of homeopa-
thy. Since Benveniste was a recognized immunolo-
gist and head of the INSERM Unit 200 (immu-
nology, allergy, and inflammation), the French Na-
tional Institute of Health and Medical Research,
the results of that paper gave rise to an interna-
tional controversy. A journalist coined the term
"water memory" because in the Benveniste's exper-
iment the dilutions of the antibody were so high
that no of its molecules remained but only mole-
cules of water. Thus, a conclusion to draw out was
that the "activation" of water, operated by anti-IgE
antibody, lingered also in its absence making water
biologically active. Time later, in the nineties, after
studying further biological effects in presence of a
magnetic field [11], Benveniste asserted that this
"memory" could be digitized, transmitted, and re-
inserted into another sample of water, which would
then contain the same active qualities as the first
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sample [12]. Encouraged by the public support of
Brian Josephson, a physicist Nobel laureate, Ben-
veniste continued his experiments along the same
basic lines, culminating with a paper claiming the
effect could be transmitted over phone lines [13];
this was followed by another paper on electronical-
ly remote-transmission [14].

Several Physicists (among them, Preparata,
Del Giudice, Zhadin, Widom, Srivastava) have
elaborated theories about the peculiar structures of
water, which are supposed to be capable of retain-
ing information on its conformation in a stable
manner. Their model and theories have already
been directly presented by one of us, or in any case
reported, in "Cosmos and Biosphere" Conferences
(see [15—18]).

3. Water in the cells

The cell consists mainly of water, as well as the
interstitial fluid, the electrolytic solution in direct
contact with cells that is responsible for their nour-
ishment and purification. The charges at the two sur-
faces delimiting the cell membrane are not balanced,
thus generating a difference in potential. Within a cell
the interaction between mitochondria and microtu-
bules allows the generation of an electromagnetic
field that can play a key role in long-range communi-
cation and cellular organizational structure.

Starting in the late Sixties and continuing
until his death in 1991, Herbert Frohlich, a fa-
mous physicist, developed a theory of biological
coherence based on quantum interactions between
dipolar constituents of biomolecules, such as
those of the enzymes, membranes, organelles and
the same cells; a relevant feature of this theory
was exactly the special structure supposed for the
biologic water (micro-trabecular structure). He
thought that endogenous electromagnetic fields
exist in all living systems and they are responsible
for long-range cell communication [19]. Living
systems are open, nonlinear, far from the thermo-
dynamic equilibrium and very highly organized.
He hypothesized on the basis of quantum me-
chanics that endogenous electromagnetic fields
contribute to maintain all these characteristics.
The fundamental cell organelles to argue this the-
ory are the mitochondria and microtubules; the
latter, filaments that make up the cytoskeleton,
are dipolar structures subjected to oscillations and
are aligned with mitochondria during the inter-
phase. The static electric field of mitochondria
allows the generation of electromagnetic field
produced by microtubules, because the latter os-
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cillate. As a result of the hypothesized nonlinear
interactions, Fruhlich predicted the genmeration of
coherent modes of excitation, representable as
quantum dipole oscillations, in the microwave fre-
quency range [20].

This line of reasoning is homogeneous with
that of Del Giudice and Preparata [21, 22] — Del
Gudice was a follower of Frulich — and is at the
base of many current hypotheses on the nature and
behavior of cellular water, hereafter shortly re-
called.

About 90% of cellular water is present as
"bulk water", or as ordinary water. Ordinary water
is located in the aqueous compartments of the
cell, then in the cytosol, in the nucleus, and within
the cytoplasmic organelles. The remaining 10% —
perhaps also a greater percentage than that held
up to now — is called "bound water" (or primary
hydration, primary hydration water, ordered wa-
ter). Bound water is near the surface of free ions,
metabolites, macromolecules and structural com-
ponents of the cell and shows different properties
compared to ordinary water: higher viscosity, de-
creased thermal motion of molecules and different
pH. In the "ordered water" there is a charge sepa-
ration — let's recall the peculiar properties due to
the electronegativity difference between hydrogen
and oxygen — and this separation generates layers
of coherence domains, explainable with quantum
mechanics. The coherence domains are formed
around structures with hydrophilic surfaces, in-
cluding microtubules and mitochondria, and, out-
side the cell, they can have macroscopic dimen-
sions and properties similar to a gel. In a cell, co-
herence domains are formed because of electro-
static field of mitochondria and are subjected to
electromagnetic fields produced by microtubules.
The oscillation frequency induced in coherence
domains by an electromagnetic field is lower than
the frequency of that field in the vacuum; this
event prevents loss by radiation outside the coher-
ence domains. The energy of a molecule in a co-
herent state is lower than in the incoherent state,
and this "energy gap" can be seen as generating a
coherent state.

The plausibility of this framework is such that
we often refer to it even if we don't know any ex-
perimental measure that directly shows the existence
of those domains.

The existence of electromagnetic fields gener-
ated by cell components — the endogenous electro-
magnetic fields — has been detected on different liv-
ing systems (see [23—25]) and their existence can
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be postulated in all living systems. With endoge-
nous electromagnetic fields could be possible to
explain the long-range cell communication that the
only chemical communication cannot explain, be-
cause chemical communication uses short-range
forces generated from chemical bonds.

4. Biological and clinical implication of water
dynamics changes

Water dynamics changes are relevant in path-
ophysiological status? The question is actually
without a clear answer while the main part of sci-
entific and medical Community thinks and wrote
that water dynamics is no stable and is dominated
by Brownian motions. Generally, Philip Ball
wrote: "Water molecules associate by means of weak
chemical bonds called hydrogen bonds. Although in
the main they form and break on timescales of about
a trillionth of a second, nonetheless they seem to offer
a vague possibility that water might form clusters of
molecules with specific shapes and behaviors" [26].

The existence of clusters, coherent domains,
collective phenomena in the global biological sys-
tem of humans is somewhat intuitive. Billions of
cell work together simultaneously and it couldn't
possible without a structure of coordination and a
great order inside of human body. If a somewhat
mechanistic comparison is allowed, the ferromag-
netic materials would not be such if they did not
have highly ordered domains inside them, the
Weiss regions. We can look at diseases as a factor
introducing a certain degree of disorder into the
human body, in this sense they cause increase in
entropy in biological systems, and in their pre-
dominant medium, the water. We can conjecture
that a good method to detect a disease, and how
it is working, is to refer to the pathway of Chinese
meridians, measuring with an electronic device
the bioelectric impedance of those points of the
skin, that have been individuated by a millenarian
experience as a source of information on health.
In fact, it is well known and the whole Voll's
practice witnesses that Chinese medicine corre-
lates those points of skin with internal organs of
human body.

In fact, correspondingly to those points —
about two thousand and half, of which only few on
the hands — the cutaneous resistance is lower than
in all other points of the skin, up to one order of
magnitude, as it is reported by a lot of experi-
mental data; and one can compare a known datum
with the measured value he is obtaining. The first
who attempted this way to perform a diagnosis was



154

Dr. Reinhold Voll with his EAV (Electro Acupunc-
ture of Voll), in the Fifties. EAV is a diagnosis
method still worldwide applied, with a not negligi-
ble presence in scientific literature (see, for in-
stance, [27—30]), even though the reliability of the
obtained diagnosis strongly depends on cleverness
of physician, his knowledge of Chinese medicine
and of the Voll's "diseases atlas".

Over last sixty years, Voll and many other sci-
entists hypothesized that human body could be
seen as an electrical system, endowed with electric
circuitry, and that the values of the Skin Electric
Parameters (SEP) could be connected with the
health status performance and pathophysiological
processes, as inflammations, pain, allergy, gastroin-
testinal function, etc. General measurements on
meridians have highlighted in subjects, mainly af-
fected by meteoropathies but also by other pathol-
ogies, that the electrical resistance was averagely
increasing up to 43 Scale Units (SU) of SEP, cor-
responding to 130,000 Q [31, 32].

In a first interpretation proposed by Reinhold
Voll the "normal” value of the measurement was set
to 50 SU, corresponding to 95,000 Ohm. This level
was presented as an equilibrium value for human
health, so that many efforts by doctors using EAV
were devoted obtaining this goal. After the admin-
istration of a coherent therapy, we registered an
average decrease in resistance at 39,000 Q (70 SU);
on the contrary, in many chronic diseases an aver-
age increase of resistance to 130,000 Ohm (43 SU)
was measured; and in cancers, as well as in other

Figure 2: SEP variations under influence of weather conditions
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critical disorders, we observed an increase of re-
sistance up to 250,000 Ohm [33].

Another experiment, always following the
EAV procedure, has been performed with twelve
"homogeneous" subjects, i.e., all in a "normality"
range of health state, meteosensitivity but not me-
teoropathic, none younger than fifty years (it was
the personnel of a clinic). Each of these persons
was individually subjected to three measures in
sunny weather and three measures in cloudy
weather; all the obtained values for the two
weather conditions were reported in a table, or-
dered following a non decreasing trend, that is, at
the first places (1,2) persons with the smaller val-
ues of SU, in the second places (3, ..., 8) those
with greater SU values and so on. The three
groups of measures for each of the two weather
conditions, represented by dotted lines blue, red
and yellow, exhibited an interesting homogeneity
of behavior [34] (see Fig. 2).

In Fig. 2, in abscisses is reported the number
of the volunteers that were submitted to the
measures (from 1 up to 12 persons). In ordinates is
represented the Scale Units, from 0 to 100, that
are correlated to the resistance in Ohm (on the
right of the table).

In this context a fundamental step was, in
1988, the approval in Moscow by the Minister of
Health of the Voll System for studying and moni-
toring of Elio-biological interaction [35].

Nevertheless, after 20 years of experiences in
diagnostic and therapeutic use of EAV we came to

the conviction that the resistance
measure has a dynamical character
and the objective of therapy driven
by the SEP be not the "normal”
level of 50 SU, but the increase of
conductivity of the skin in corre-
spondence to the Chinese meridians
(let's remind the correlation among
those points and organs of human
body). Increasing of conductivity
in human bioelectrical system, an
objective that can be achieved by
means of many therapeutic tools as
drugs (all kind), magnetotherapy,
SPA therapy, climatotherapy etc.,
turned out in a success factor in
many therapies.

Trying to find an explanation
of those successes, many efforts
have been devoted by some Italian
researchers (Avino, Gigante, Gri-
maldi, Marinelli, Valenzi) that per-
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formed over the time several experiments, only for
few of which it has been reached, in the assess-
ment of those researchers, the status worthy of a
scientific referee. The latter papers will be men-
tioned after; immediately here, we will recall some
of those results, but recurring to a simplified
scheme, to be taken as a linear approximation of
the more complex electric circuitry that underlies
the models that explain how it works electroacu-
puncture of Voll, characterized by the nonlinearity
of skin response to solicitation.

In this linear approximation, aimed at not to
burden understanding with technicality, it is possi-
ble to give a role to a very simple but fundamental
law of electricity, the Ohni's law, that linearly links
the physical quantities in the simplest of electric
circuits:

V=1iR,

where V is the difference of potential (or tension)
at the ends of a conductor; R is a characteristic of
the material the conductor is made of, the re-
sistance, and i is the current intensity that flows in
the conductor by virtue of the applied V. In the
cases where one measures a significant decrease of
R between two points of the skin, Ohm's law shows
that, correspondingly, the current intensity i has
increased, where V is the tension applied to those
two points, like is usual when EAV measurements,
for a small value of the stimulating tension V, are
performed. To a greater current intensity corre-
sponds a greater value of bioelectric power W,
that, in this simplified scheme, is given by

W= Vi

and just looking at the influence of the sun radia-
tion intensity, i.e., the electromagnetic power den-
sity through a surface unit orthogonal to the rays
of the sun, on the values of SEP such as that are
determined by EAV, it seems reasonable hypothe-
sizing that the correlation with the increase of cur-
rent i and, consequently, of bioelectrical power W
provides electrophysiological parameters funda-
mental in the regulation of human body. On the
other hand, bioelectric power in the body districts,
measurable with muscular test by a dynamometer
(0—100 Kg), vary with functional correlations (per-
formance status, immunological status, muscle
power, pain, inflammation, allergy, dyspnea, etc.),
signaling better performance at the increase of bio-
electric power.

Today we prefer to speak of impedance, be-
cause a pure resistance is one of the limit concepts
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we find in Physics; in fact, also at extremely low
frequencies (less than ten Hertz) there is always a
capacitive component that, together with a re-
sistance, gives rise to electric impedance.

Good news about electro-cutaneous parameters
is that we can now use a device of advanced elec-
tronics, APEC 300, with a very higher resolving
power than Voll's apparatus; further, it can be used
for acupuncture with the usual punctiform elec-
trodes, as well as in other applications different from
acupuncture, performed with ordinary electrodes. In
this latter way one partially loses the completeness
of information linked to acupuncture in Chinese
points, but gains in the reliability of diagnosis when
one is not expert in Chinese medicine.

Moreover, this device allows directly measure
the skin potential as a function of time, a parame-
ter strangely forgotten in many scientific reports
that, instead, is very rich of information about
health status. By virtue of a software installed in-
side the device, it can be immediately provided an
analysis in frequency — the spectrum associated to
the skin potential curve — that, in the region of
10.1] Hz, gives a so called "electromagnetic foot-
print" that we are conjecturing could characterize
the health status of each body district submitted
to the measure. This kind of measure is a mere
registration of signals emitted by our body, like an
ECG or EEG, and not a response to an electric
stimulation, as happens in all measurements of
impedance, with applications obviously easier
than those measures that request specific approval
or protocol.

The existence of bioelectric parameters meas-
urable on the skin can suggest that an electromag-
netic (e.m.) mechanism could underlie the so
called pseudo-allergies to drug, food etc.: since
these symptoms are the effects of drug, the possi-
bility arises that the molecules of drugs could in-
volve an e.m. action apart from the well know
chemical actiom, and the molecular signaling, regis-
tered by means of SEP measurements, performed
comparing without/with drug cases, could play an
interesting role in biological processes and in ther-
apy. Hence, the paradigm: It’s the dose that makes
the drug, may not be universal.

In the graphs of Fig. 3 in the ordinates is re-
presented the value of SU and in abscisses the time
of exposition of the patient to drug. In the experi-
ment were tested 8 drugs against pain and inflam-
mation: nimesulide, diclofenac, ibuprofen piroxicam,
naprossene, indometacine, COX2, and cortison. Only
one (Nimesulide) was able to improve clinical
condition, in particular reduction of pain. To this
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improvement was correlated a special behavior of
SEP, as can be easily seen by comparing the two
graphs of Fig. 3 [36]. This kind of comparison
could be used for the choice of FANS, gastropro-
tector, antistaminic etc., on the basis of the mo-
lecular signaling of drug on SEP, and can be de-
tected as a strong variation of resistance that, fol-
lowing Voll, bioelectrically modulates health status.

Fig. 3 is worthy of a particular remark: the
graph on the right has been obtained not as a re-
sult of ingestion, but simply posing the chosen
drug outside the body, even though at a small dis-
tance (1.5 cm). How is it possible a kind of drug
action that is not an exaggeration to define as an
"action at distance” An analysis of this fact im-
plies a lot of caution, it was the hitch that obliged
Einstein to a complete reformulation of classical
Physics, that led to the field equations of General
Relativity. Among other important things, the lat-
ter theory gives the right answer to why Earth
goes around the Sun; in fact, this astronomical
motion cannot be explained in terms of Newton's
universal gravitation law precisely because this
kind of immediate action, at distance, should have
an infinite velocity in contrast with the postulate
of light velocity as unsurpassed limit for any phys-
ical action. Thinking about it, the nimesulide of
our experiment is sited at a distance like that of
Earth-Sun, with respect to the scale of the cells
on which it acts.

In the case of electromagnetic interactions,
that undergo for what the electrostatic action is
concerned the same criticism of Einstein versus
gravitation law, there is another function, besides

Figure 3: SEP variation in time due to molecular signaling of drug
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electric field E and magnetic field H: the vector
potential A, not directly observable and character-
izing the wave propagation of electromagnetic
fields. Many theoretical Physicists — Bohm, Aha-
ronov, Josephson, Puthoff, Preparata, Trukan,
Widom, Srivastava, and others — have assigned to
A a key role in action at distance, not in contra-
diction with General Relativity; and that bacterial
DNA sequences can produce electromagnetic sig-
nals [15] is another experimental example of an
action at distance supported by electromagnetic
fields. It is an intriguing possibility, we are work-
ing on it, that the vector potential A be the "di-
rector” of non chemical drug action at distance; it
could theoretically explain many problems, like
that represented in Fig. 3, that occur in medical
practice.

All this reasoning underlines that we are in a
kind of "excess" of theory and models with respect
to available experimental data. It is one of our
goals to begin balancing this situation, that could
provoke some justified criticism, with a program of
experimental measurements, some of whose are
briefly sketched in the following section.

Another line of research to understand how
some drug signals from water or directly by drug
or food (without chemical interactions) could be
able to induce change in cells is to investigate if
some of those effects can be interpreted in terms
of quantum coherence interactions (see sect. 3),
whose behavior is represented in the following
Fig. 4, just to mention it. The context of this re-
search approach is the so-called quantum chemis-
try, in which we are trying to move a few steps.

Quantum Coherent Interactions
Luca Gamberale

Pirelli Labs - i: /] ion Adh g R, .
(Milano, Italy)

N scatterers

Quantum phase

/ AN

Quantum incoherent Quantum coherent

Cross section goes like N Cross section goes like N?

N~1023 1!

Figure 4: Different behavior between two groups of coherent and incoherent
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This development could play a real role in our
understanding of the critical problem of side effects
of drug (more than 700,000 Americans die every
year [37]), and orient medical practice approach to
driven therapy by quantum chemistry in order to
improve risk benefit ratio in pharmacotherapy.

Conclusions

A two-fold possibility of research is open
ahead of us: clinical tests, "water tests". Let's sketch
a draft.

In both cases we mainly resort to APEC 300
(see sec. 4), designed in the Bio-electromagnetism
section of CIRPS and mainly aimed to measure
electro-cutaneous (EC) parameters. This device
is equipped with a high resolving power, able to
record the smallest variations of the measured
values and, then, of the investigated properties.
It can also perform a measure seldom treated in
literature, the potential, and we like to recall that
to each measure of this kind one can associate a
frequency spectrum, that is a Fourier analysis of
the potential, by virtue of internal software of
the device. Measures realized in the phase of
calibrating and testing APEC 300 have persuaded
us that the frequency spectrum of potential could
represent, probably in the |0—0.1] Hz region, an
electromagnetic "footprint" characterizing each
type of living object under measure (human
body, body districts or systems, fruits, leaves of
plants, cells, etc.).

About the first line of research we underline
that APEC 300, in its actual configuration, can be
used by doctors not only for EAV, with more relia-
ble results than the traditional ones such as those
reported in references, but also to perform preco-
cious diagnoses through the applications of ordi-
nary electrodes to the skin areas sensible to detect:
gastrointestinal diseases [38], premonitory signals
of breast cancers [39] or female genital disturbs [40].
Further experimental measures could confirm these
results and extend EC analysis to other patholo-
gies. These researches need of a collaboration with
clinical structures and doctors interested and willing
to perform such kind of experiments. Thus, we are
not able, now, to schedule time and steps of re-
search.

Another kind of clinical application is to
measure the quantity and the characteristics of the
overall water contained in the body, as it is possi-
ble to do by APEC 300, as a test of health status;
and to remark the variations of body water under
the assumption of a specific drug. This test has,
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probably, not to be submitted to medical approvals
or bioethics committee and we are expecting some
address by clinicians to convert spot measures on
consenting subjects in a possible research program.

The second line of research, the "water tests”,
can be in turn subdivided into two issues:

An extremely weak "field" can act on an or-
ganic or biological system? This is a recurring
problem in scientific researches and is the case of
mentioning again Giorgio Piccardi, because he was
afraid that many his experiments on the activation
of water could be altered by "fluctuations”" due to
the different velocity of Earth in the different sea-
sons, the variations of the solar magnetic activity,
the "atmospheric potential” changing during the
experiment. A witness of this concern is the subject
of the last paper he wrote with Carmen Capel—
Boute [41].

The posed question has positive and measur-
able answer from a stock of natural phenomena,
where a solicitation of very low intensity is at the
base of a response: the electroreception in elas-
mobranchs is activated by 1 pV; the human eye
retina is capable of detecting few photons; a very
low concentration from 107 M to 10-'2 M of the
aldosterone or anti-diuretic hormones is capable
of saving the sodium request of the renal tubules
in our body, and, not physiological, the Zhadin
effect [42].

In the last twenty years, much attention has
been devoted to the behavior of aqueous solu-
tions of cells, enzymes or more simple organic
compounds, when are solicited by an extremely
weak magnetic alternating field, mainly in the
ELF region. Our idea is to test biological or or-
ganic aqueous solutions at a very low level of
concentration, measuring their electric properties
like potential and impedance, not only when
submitted to an external magnetic field; better,
under the influence of a specific drug at a very
low concentration.

To this aim, we remember that the potential
and impedance measures by APEC 300 maintain
a rigorous sense also when not applied to the EC
parameters, as, i.e., in the case of cell cultures or
aqueous solutions; besides the device has an op-
erational range that allows analyzing the micro
variations of potential or impedance. A compari-
son between a not exposed cell culture with the
treated one with a specific pharmaceutical at a
very low concentration is achievable, almost
immediately, in terms of the change of color of
the culture through a gamma extending to the
color of the cell apoptosis. Experimental mea-
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sures can individuate the threshold value, if any,
below which there is no difference between the
two cases. The further step is to detect the im-
pedance response of a patient who has been giv-
en that drug at that concentration level, to be
compared with the same response in absence of
the drug assumption.

This kind of research postulates a partnership
among bio-physicists and clinicians.

"Water memory". Benveniste's biology exper-
iments have suggested the existence of molecular-
like effects without molecules ("memory of water")
[10], [11]. On the same line of reasoning Luc
Montagnier, in collaboration with other authors,
proposes that "nanostructures” from viral or bacte-
rial DNA are able to produce, in high aqueous di-
lutions, electromagnetic signals (EMS) emitting in
a ULF region (500—3000 Hz); essential to this oc-
currence is an electromagnetic stimulation by a
natural field at one of the Schuman's frequencies
(starting from 7.8 Hz) or also by an artificial field
at 50—60 Hz. The authors assert that the need for
such stimulation witnesses a resonance phenome-
non and a theoretical explanation of EMS is possi-
ble by resorting to the quantum field theory [43],
[44]. Another experiment, led by Livio Giuliani,
seems to confirm, at a first step, the Montagnier's
results, thus supporting a new diagnostic perspec-
tive to the development of highly sensitive detec-
tion system for chronic bacterial infections in hu-
man and animal diseases, since in the genomic
DNA of most pathogenic bacteria are contained
sequences which are able to generate such EMS
[45]. In a subsequent paper, it has been shown that
the recorded EMS and nanostructures induced in
water carry the DNA, by retrieval of that same
DNA by classical biochemical amplification meth-
ods. Moreover, such a transduction process has al-
so been observed in living human cells exposed to
EMS irradiation [46].

These and other similar experiments recall the
difficulties and specific conditions, encountered or
to be satisfied, for electrochemical measurements
of water and aqueous solutions. Over the last dec-
ades measures on pH, DC/AC conductivity, im-
pedance spectroscopy have been realized for char-
acterizing effects of "weak emissions". A particular
attention has been given to EIS devices that are
apparatuses able to measure conductivity and im-
pedance spectroscopy (see [47—49]). We can re-
mark, softly, that these latter measurements are not
only complex but also that they need a lot of cau-
tion to avoid interferences of device on the speci-
men under measure; for instance, measurement on

Innov Biosyst Bioeng, 2018, vol. 2, no. 3

conductivity can drastically alter the characteristics
of aqueous solutions, in such a way that hits the
reliability of experimental results. Moreover, EIS
"philosophy" doesn't take in account a significant
parameter, the potential, on whose measure can
base reliable comparisons between stimulated and
not stimulated aqueous solutions.

Thus, it appears to us useful to integrate the
experiments on water and aqueous solutions by di-
rectly measuring their potential and analyzing the
corresponding frequency spectrum. Despite its high
resolving power, APEC 300 is relatively easy to be
used; measurements of potential are almost not in-
terfering with the object under measure because are
not a response to a stimulation but a detection of
an endogenous property, and external noise can be
downsized to a very low and quantifiable level; in
fact, the device is able, in this kind of application,
to distinguish noise variations of 10 nV (1 nV =
=107 V), that is the same level of accuracy, or
better, of other measure procedures, but much
more at the hand.

Starting from a primordial question — what is
the method for a physical, quantitative detection of
a difference, if any andin an easy verifiable man-
ner, between water and water that has been stimu-
lated — we have carried out a first set of measure-
ments of potential of tap water and treated tap wa-
ter by an alternating magnetic field at 50 Hz and
126.10 pT peak intensity. The comparison between
the frequency spectrum for the two cases exhibits a
high reduction of the maxima of potential for the
magnetized water, as one can see in the figures of
the Annex, where, besides, the other experimental
parameters are given.

One datum can well express the difference be-
tween the two cases: in the region ]0—0.3] Hz, the
mean value of the potential is 0,207 = 0,015 mV
for tap water while is 0.035 = 0.003 mV for mag-
netized tap water. Beyond 0.40—0.45 Hz frequen-
¢y, and up to 30 Hz, the values of the potential are
very small, of the same order of the errors.

The special relevance of a so tight and ultra-
low band of frequency is not so astonishing if, for
instance, we look at most experiments of Heart
Rate Variability (HRV), since they take place in
the same frequency band.
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Five measures for each case have been performed and all measures have been realized in a "climatized" room
able to maintain constant temperature and humidity; room magnetic field was less than 0,03 pT. The exposure
time in order to magnetize water was 15 minutes for each measure and the peak value for the alternating mag-
netic field at 50 Hz was 126.10 pT. Water was contained in special small trays electrically connected, suitable
also for experiments with aqueous solutions of drugs or cell cultures. Fig. I and Fig. II are representative of
the five spectra obtained respectively for the two cases, and give at glance the reduction of potential for mag-
netized water (the scale of potential in Fig. II is one tenth of that of Fig. I); to better quantify this diminish-
ing, the spectrum integral curve has been calculated to obtain the mean value of the potential. The values re-
ported in the article, respectively 0.207 mV and 0.035 mV, are the mean value among the five values obtained
for each case. Due to the limited number of events, the error has been calculated as the maximum semi-
dispersion, respectively 0.015 mV and 0.003 mV. In Fig. II, the difference between the values of potential at
0.2 Hz and at 0.25 Hz is about 60 nV.
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M. Ckanbs, I1. ABiHo, M. CniepiHi, B. Bikkapo, A. MNicaHi, B.l. BaceHci
OEAKI CMOCTEPEXEHHSA LLOAOO POJ1I CTAHIB BOAW Y BIONTIOMNYHUX | TEPANEBTUYHUX EPEKTAX

1

BusiBneHi ocobnuei BnacTMBocTi BoAW, B TOMY Yuchi “nam’siTe BOAU”, akLEHTYOTb yBary Ha nosefiHui BoAW B KNiTUWHI, “ynopsigkoBaHa’
CTPYKTYpa SKOi, MMOBIpHO, 0OYMOBMEHa €HAOreHHUMM eNEeKTPOMArHiTHUMM MOMNSIMU, LLIO FTeHEePYyTbCA OpraHenamn BCepeamnHi KNituH,
TakMMK SIK MITOXOHAPIT Ta MiKpoTpy6oukn. MoBigoMnaeTbea Npo GionorivHi Ta KNiHiYHI HAacNiAKM AMHAMIYHUX 3MiH BOAM, FONOBHUM YM-
HOM Ha ocHoBi aHanidy SEP (Skin Electric Parameters), i BucyBaeTbcs rinotesa npo “gito Ha BigCTaHi”, sika YMHUTLCA NpenapaTtammn Hu-
3bKOi KOHUEeHTpauii. HuHi Ans BUMIpOBaHHSA €NeKTPOLLKIPHUX napaMeTpiB Y HaLIOMy AOCHIMKEHHI MOXe OyTn BUKOPUCTaHUA NpUCTPIn
cyyacHoi enekTpoHikn APEC 300, skuin nopsg 3 eneKkTpoakynyHKTypoto 3a donnem, ane 3 TOHHUMU KifbKICHAMW 3HAa4YEHHSMU, MOXe BU-
SIBMSATU MIKPO3MiHM NapaMeTpiB BOAHWUX PO3YMHIB KMITUHU, @ TakoX BOAM, KONW aHarnisaoBaHui 06’ekT 3a3Hae BMMUBY 30BHILLHbOMO enek-
TPOMarHiTHOro crnabkoro Nomns, Tak camo K i mpenapaTy 3a Ay>Ke HU3bKOi KOHLIeHTpaLii. Y BUCHOBKax MPOMNOHYETLCS NPOEKT ABOX MOX-
NMBUX HanNpsMIB OOCNIOKEHb, OOUH i3 SKUX 3aneXuTb TiNbKW Big HAc camux i Big “BunpobyBaHb BOAU” B KOHTEKCTi EKCMEPUMEHTIB i3
“nam’siTTio Boaw”. Mopsip 3 ekcnepumeHTamu CEl wopo nposigHocTi Ta iMnegaHcHoi cnekTpockonii, y po6oTi 3 BukopuctaHHsim APEC
300 nNponoHyrTLCA AYXKe BUCOKOYYTNMBI BUMIPIOBAHHS BaXKIMBOrO napameTpa — noTeHLiany; CBOro poAy BUMIPIOBAHHS, MEHLU CKMagHi
Ta GiNblU HaZiNHI WOJ0 NepeLLKos NPUCTPoo/06’ekTa, AKMI, KPiM TOro, MOXe ferko MaTu YacTOTHWUIA CNEKTP Y HagHW3bKOYaCTOTHIN 06-
nacrti. B uboMy HanpsiMi gocnigxeHb ynepLue, HacKinbkyu HaMm BiIOMO, AesiKi BUMIpOBaHHS NOTeHLjany 3 NOro YacTOTHUM CNeKTpom Bynu
nposedeHi AnA Boan 6e3 Ta 3i cTumynsuielo (OCTaHHA npeacTaBneHa Aielo MarHiTHoro mons). Llev mepwmin komnnekc BuMmiptoBaHb
APEC 300 ctaHoBUTb ocobnueuii iHTepec ans gianasoHy 0-0,5 'u.

Knio4yoBi cnoBa: Boga B KNiTWHI; AMHAMIYHI 3MiHM BOAW; GioNoriyHi Ta KMiHiYHIi HACNiAKW; eNnekTpUYHI MapaMeTpu LKipU; enekTpoakyny-
HkTypa ®onns; APEC 300 i BMCOKOYYTNMBE BUMIPIOBAHHS; HU3bKi KOHLEHTpaLii npenapaTiB; NOTeHUiViHi BUMIPIOBaHHS i 4acTOTHUWA
CNeKTp; NaM’siTb BOAM.

M. Ckanbsi, . ABnHo, M. CnepuHu, B. Bukkapo, A. MNMucann, B.1. BaneHcu

HEKOTOPbIE HABNIOAEHUA OTHOCUTENILHO PONU COCTOSAHUM BOAbl B BUONOMMYECKUX
N TEPANMEBTUYECKUX 3P DEKTAX

OGHapyXeHHble 0COBeHHbIE CBOMCTBA BOAbI, B TOM Yuche “NamsiTb BOAbl”, aKLEHTUPYIOT BHUMaHWe Ha NoBeAeHUU BOAbl B KINETKE,
“ynopsiaoveHHas” CTPyKTypa KOTOPOW, BEPOSTHO, OBYCNOBMNeHa 3HAOrEHHbIMU 3MIEKTPOMAarHUTHbIMK MONAM U, reHepupyembiMun opra-
Hennamu BHYTPU KNETOK, TaKMMK Kak MUTOXOHAPUM U MUKPOTPYBouku. CoobLuaeTcst 0 Bonormyecknx U KNMHNYECKUX NocrnencTBUsiX
OVHaMUYECKUX M3MEHEHUI BOAbI, FMaBHbIM 06pa3om Ha ocHoBe aHanu3a SEP (Skin Electric Parameters), u BbigBUraeTcsi runortesa
0 “Oelicmeuu Ha paccmosiHUU”, Oka3blBa€MOM NpenapaTtamu HU3KOW KOHLeHTpaumun. B HacTosuee BpeMs kacaTenbHO U3MepeHns
3NEKTPOKOXHbIX NMapaMeTpoB Halle MccrnefoBaHue MOXeT NpUberHyTb K yCTPOMCTBY coBpeMeHHon anekTpoHukn APEC 300, koTo-
poe Hapsiay C 3MeKTPoakynyHKTYpow no Ponnto, HO C KONMMYECTBEHHBIMU TOYHBIMU 3HAYEHUAMU, MOXET 0BGHapyXXnBaTb MUKPOU3ME-
HEHUS napameTpoB BOAHbIX PACTBOPOB KMETKW, a TakkKe BOAbI, KOrAa aHanuM3npyembll 06BbEKT noaBepraeTca AeNCTBUIO BHELLHEro
3MeKTpoMarHMTHOro cnaboro Nons, paBHO Kak U nMpenaparta nNpu o4eHb HW3KOW KOHLUEeHTpauun. B BbiBogax usnaraeTcsa nNpoekT ABYX
BO3MOXHbIX HanpaBreHui UccrnegoBaHWi, OOWH U3 KOTOPbIX 3aBUCUT TONbKO OT Hac camux W OT “UCMbITaHWA BOAbI” B KOHTEKCTE
3KCNEepPUMEHTOB C “namsaTbio Boabl”. Hapsaay ¢ akcnepumeHtammn COW no npoBoAMMOCTM M MMMEAAHCH O CnekTpockonuu, B paboTe ¢
ncnonb3oBaHnem APEC 300 npepnaratoTcst 04eHb BbICOKOYYBCTBUTENbHbIE M3MEPEHUSA BaXXHOro napameTpa — NnoTeHumana; CBoero
poda n3MepeHusi, MeHee CrnoxHble U Gornee HadexHble B OTHOLEHUWN MOMEX YCTpoicTBa/obbekTa, KOTOPbIA, KPOME TOro, MOXeT
nerko pacnonaratb 4acTOTHbIM CMEKTPOM B CBEPXHU3KOYAaCTOTHOM obnactu. B 3TOM HanpasneHuu uccrnefoBaHUNM Briepsbie,
HaCKONbKO HaM M3BECTHO, HEKOTOPblE M3MEPEHNs MOTeHLMana c ero YacToTHbIM CMEeKTPOM Obinv nNpoBeAeHbl Ans BoAbl 6e3 n co
cTumynsumen (nocnegHsis npeacTaBneHa AeNCTBUEM MarHUTHoOro nons). 3ToT nepsbit koMmnnekc nameperun APEC 300 npeacras-
nseT ocobbivi MHTEpec Ans gnanasoHa 0-0,5 'y,

KnioueBble cnoBa: BoAa B KneTke; AUHAMUYECKUE U3MEHEHWUs BOAbl; Buonornyeckne n KNMHUYeckne nocnefcTBusi; anekTpuyeckne
napamMeTpbl Koxu; anektpoakynyHktypa ®onnsi; APEC 300 n BbICOKOHYBCTBUTENbHOE U3MEPEHMNE; HU3KNE KOHLIEHTPaLuM npenapaTos;
noTeHumarnbHble NU3MEPEHUS U YaCTOTHbBIN CMEKTP; NaMsiTb BOAbI.
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Background. The risk management plan is the one of main documents of pharmacovigilance system —
a document focuses on the planning of pharmacovigilance activities and minimization of risks. As the use of
herbal medicines has increased, so too have the reports of suspected toxicity and adverse events. As many
herbal products on the market have not been thoroughly tested for their pharmacology and toxicology,
pharmacovigilance has paramount importance in detecting unwanted reactions. One of the herbal prepara-
tions widely used to support the cardiovascular system under stress, neurocirculatory dystonia, cardiac neuro-
sis, in the complex treatment of arterial hypertension, angina pectoris, arrhythmia is a complex medicinal
product Carvelis, oral drops, solution. The active pharmaceutical ingredients of the drug are: extract from a
mixture of hawthorn leaves, flowers and fruit (Crataegi folii cum flore, fructus extractum); herb extract of
canine nettle (Leonuri herbae extractum); melissae herbia extract Melissae herbae extractum); valerian root
extract (Valerianae radix extractum).

Objective. Critical analysis of current scientific data on the benefit/risk ratio of a complex herbal medicine
with sedative and cardioprotective effects.

Results. Pathophysiological and epidemiological characteristic of following nosological forms have been ana-
lyzed: stress, neurocirculatory dystonia, cardiac neurosis, arterial hypertension, angina pectoris, arrhythmia.
Current data on phytopreparation safety and estimation benefit/risk ratio have been generalized. Available
clinical data were analyzed for individual phytocomponents or its combinations.

Conclusions. The prevalence, seriousness and severity of the course of all manifestations of neurocirculatory
dystonia, stress, nervous excitement, heart neurosis, especially with disproportionate approaches to the
treatment of these diseases, is a serious medical and social problem. Given the proven efficacy of the use of
Carvelis preparation components, and also that the risks are predictable, and their occurrence can be coun-
tered, and if they occur it can be effectively suppress with other drugs, the benefit of using the phytoprepara-
tion prevails above the risks.

Keywords: pharmacovigilance; risk management plan; hawthorn; motherwort; valerian; melissa.

Introduction

Pharmacovigilance is the pharmacological sci-
ence, the part of modern health care aimed at en-
suring the safety of patients in the use of drugs, re-
ducing morbidity and mortality. Marketing author-
ization holders are obliged to create, provide and
guarantee the functioning of their own pharma-
covigilance system. And it is a prerequisite for
presence of medicines in the market. Now the
main vector of pharmacovigilance in developed
countries is the transition from reactive (case de-
tection — and response to proactive) to proactive
(planning and prevention of cases) management.
There are three main documents of pharmacovigi-
lance system, and they are focused on organization
quality management, as well as on certain prepara-

tion pharmacovigilance data. The first of them is
risk management plan — a document containing a
detailed description of the risk management system
and focuses on the planning of pharmacovigilance
activities and minimization of risks. The second
one is periodic safety update report (PSUR) — a
document that focuses on analyzing available cu-
mulative and interval information on the safety
and efficacy of the certain medicinal product and
assessing the benefit/risk ratio. And the third im-
portant document is addendum to clinical over-
view — a document that contains a critical analy-
sis of the current benefit/risk profile of the certain
medicinal product conducted on the basis of
PSUR data, as well as on safety and efficacy data
collected from the time of the first registration or
last re-registration of medicinal product. Proactive

© The Author(s) 2018. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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management allows you to manage the risks asso-
ciated with drugs, both among the population,
and in the work of pharmaceutical companies and
regulators [1—4].

As the use of herbal medicines has increased,
so too have the reports of suspected toxicity and
adverse events. Such unwanted reactions can be
due to (i) side effects (usually detectable by phar-
macodynamics and often predictable); (ii) reac-
tions occurring as a result of overdose, overdura-
tion, tolerance, dependence-addiction (detectable
either by pharmacodynamics or pharmacovigi-
lance), (iii) hypersensitivity, allergic and idiosyn-
cratic reactions (detectable by pharmacovigilance),
(iv) mid-term and long-term toxic effects including
liver, renal, cardiac and neurotoxicity also geno-
toxicity and teratogenicity (detectable by in vitro
and in vivo toxicological studies or by pharma-
covigilance). As many herbal products on the mar-
ket have not been thoroughly tested for their
pharmacology and toxicology, pharmacovigilance
has paramount importance in detecting unwanted
reactions [5].

One of the herbal preparations widely used
to support the cardiovascular system under stress
(stress), neurocirculatory dystonia, cardiac neuro-
sis, in the complex treatment of arterial hyperten-
sion, angina pectoris, arrhythmia is a complex
medicinal product Carvelis, oral drops, solution
(Dr. Gustav Klein GmbH & Co. KG, Germany).
The active pharmaceutical ingredients of the drug
are: extract from a mixture of hawthorn leaves,
flowers and fruit (Crataegi folii cum flore, fructus
extractum); herb extract of canine nettle (Leonu-
ri herbae extractum); melissae herbia extract
Melissae herbae extractum); valerian root extract
(Valerianae radix extractum).

The purpose of this article is a critical analysis
of current scientific data on the benefit/risk ratio
of a complex herbal medicine with sedative and
cardioprotective effects.

Pathophysiological and epidemiological charac-
teristic of nosological forms for the treatment
of which a phytopreparation is prescribed

Support for the cardiovascular system at ner-
vous tension (stress). Stress is a nonspecific reac-
tion of the body in response to the strong action of
the stimulus from the outside, which exceeds the
norm, as well as the corresponding reaction of the
nervous system. There are the following types of
stress: informational, emotional, physiological and
post-traumatic. The activity of the sympathetic
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nervous system during the period of stress is char-
acterized by an increase in the allocation of
"stress” hormones, an increase in the frequency of
cardiac contractions, blood pressure. In this case,
there are organic changes in the heart, possibly
arrhythmias and ischemia. Conditions are also de-
veloped for the development of thrombosis, the
appearance or progression of atherosclerosis, cor-
onary heart disease. Such a complex of physiolog-
ical and pathomorphological changes leads to the
development and progression of most cardiovas-
cular diseases. There is a direct relationship be-
tween the level of stress, daily average blood pres-
sure and heart rate [6].

The tendency to stress of different severity
has any individual regardless of socio-economic
status. In the United States up to 90% of the
adult population is periodically under stress, 60%
of them are exposed to stress factors 1-2 times a
week, and 30% — every day. At the same time, in
2/3 of cases, an appeal to the doctor is due to
diseases and conditions, the basis of development
of which lies the effect of stress factors. The an-
nual economic cost of treatment and rehabilita-
tion of stress-affected people in the United States
is about $ 300 billion [7].

Data for adult World Trade Center Health
Registry enrollees residing in New York State on
enrollment and no cardiovascular disease history
(n = 46,346) were linked to a New York State
hospital discharge-reporting system.

The increased risk of hospitalization among
patients with cerebrovascular or cardiovascular dis-
ease was observed in women (corrective risk factor
1.32, 95% confidence interval 1.01 to 1.71) but not
men (risk factor correction factor [AHR] 1.16,
95% confidence interval [CI] from 0.97 to 1.40).
All patients were characterized by post-traumatic
stress disorder. Among those who were evacuated
from the World Trade Center or were engaged in
restoration, a high level of hospitalization with car-
diovascular diseases in men was, at the same time,
for women, such data were unclear. Such data
primarily relate to the diagnosis of "ischemic heart
disease". It should be noted that stress has led to
an increase in hospitalizations with cerebrovascular
disorders in men, but not in women [8].

The results of the Japan Collaborative Cohort
Study for the Assessment of Cancer Risk for the
perception of stress were interesting. In this study,
more than 70,000 patients aged 40 to 79 years par-
ticipated. The exclusion criteria were: a stroke, an
ischemic heart disease, or cancer in anamnesis.
Women who were under severe stress had twice the
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risk of death from stroke and coronary artery dis-
ease and 1.5 times higher than the risk of any car-
diovascular disease. For men, this dependence was
not so pronounced, but chronic stress in men often
led to myocardial infarction [9].

Another authors published the results of a
20-year survival study of patients with CHD who
were under constant influence of emotional stress
[10]. Researchers have shown that in a group of
patients who are under the influence of persistently
pronounced stress, after 3 years, the survival rate is
significantly lower than in the groups of patients
with no stress or low intensity stress. At the same
time, after 10 and 20 years of observation, this dif-
ference was more pronounced.

It should be noted that for the treatment of
stress, the following drugs are used: antidepres-
sants, neuroleptics, nootropics, tranquilizers, vita-
min therapy (vitamins B and C); aromatherapy,
sports, and yoga are also used [11—13].

Neurocirculatory dystonia (NCD) is a symp-
tom of a neurogenic nature that occurs due to the
influence of a number of etiological provocative
factors, which is manifested in the appearance of
instability of the pulse and indicators of blood
pressure, cardialgia, respiratory disturbances, auto-
nomic disorders, violations of the tone of muscle
fibers and the vascular wall, and also low tolerance
to the usual physical activity and the impact of
stressful situations. NCD is the result of an auto-
nomic nervous system (ANS) imbalance, so the
form of NCD depends on the predominance of
a certain part of the ANS (sympathetic or para-
sympathetic) [14].

NCD cannot be called a complete illness.
Most often it is associated with a symptom, the
main expression of which is a violation of the car-
diovascular, nervous and respiratory systems. It is
most often diagnosed in young people, who even-
tually experience various cardiovascular disorders.
The fact that neurocirculatory dystonia is more of-
ten diagnosed in young people is due to the fact
that in the younger generation there is a discrepan-
cy between physical development and the slow
formation of the neuroendocrine system. With re-
gard to the causes of the disease, they include: in-
toxication, acute and chronic infections, fatigue,
regular sleep deprivation, malnutrition, physical
overload, frequent changes in sexual partners and
stress. In addition, in some patients neurocircula-
tory dystonia is manifested under the influence of
poor heredity. It is now taken to distinguish three
types of neurocirculatory dystonia: cardiac, hyper-
tonic and antihypertensive. If reveals are too in-
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tense and leads to constant irritability or sleep dis-
turbances, following preparations are recommend-
ed: phenobarbital, valerian preparations, oxazepam
and some other tranquilizers. Medicinal treatment
may include: valerian and motherwort based prepa-
rations; tranquilizers (tofisopam); antidepressants
(amitriptyline); nootropic drugs (piracetam); cere-
bral angiocorrectors (vinpocetine) [15].

Cardiac neurosis is a functional disorder of the
cardiovascular and nervous systems. The pathogene-
sis is the weakening of the regulatory activity of the
cerebral cortex and the associated violation of the
functions of the subcortical centers of the autonom-
ic nervous system. Often, the causes of cardiac neu-
rosis are stress, mental health and physical strain.
Stress provokes a sharp release of adrenaline, which
damages the heart and the judges. An important role
in violating the autonomic regulation of the cardio-
vascular system is the use of coffee, alcohol and
smoking. The risk group of this disease includes
people of all ages [16—18].

The most common symptom is pain in the
sternum and in the area of the heart (with irradia-
tion in the left arm and shoulder blade). Even
with insignificant agitation, heart rhythm abnor-
malities (arrhythmia), a feeling of "heart fading",
heartbeat attacks (tachycardia), or severe pulsa-
tion, which is felt throughout the body. Manifes-
tation of the following symptoms also is possible:
feeling of lack of air or breathlessness, raising the
body temperature up to subfebrile level, labile ar-
terial pressure, dyspeptic disorders in the form of
vomiting, nausea associated with eating, wheez-
ing, abdominal pain. General weakness, fatigue,
even with insignificant physical activity, head-
aches, signs of asthenia, insomnia or drowsiness,
sudden tides of heat or cold are also possible.
There are redness of the face and chest, increased
sweating, arms and legs begin to dull, paresthesi-
as, limbs are cold to the touch; often there are
symptoms such as feelings of sadness, a feeling of
tension inside, shaking hands and feet, a feeling
of fear of death, tearfulness [16—18].

In the acute period of treatment, the ap-
pointment of tranquilizers and beta-blockers is in-
dicated. In the future, medical therapy is aimed at
eliminating signs of heart neurosis, sedation and
the elimination of unpleasant symptoms, and in-
cludes herbal preparations, a complex of vitamins
and minerals (high concentration of magnesium
and vitamins of group B). Literature data analysis
shows that the herbs of choice are hawthorn, vale-
rian, motherwort, passiflora, mentha, yarrow, pot
marigold and some others [17, 18].
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Hpypertension (stage 1 and 2). Stress-induced
arterial hypertension is an acute increase in blood
pressure under the influence of psycho-emotional
factors. It can occur in people with normal blood
pressure and those with arterial hypertension [6].
This disease is a problem of young people living in
cities. Experts have found that the probability of
developing hypertension in rural areas is much
lower. In older people, stress provokes heart rate
abnormalities. At the same age, the risk of devel-
oping a heart attack and stroke increases.

In stress, following physiological parameters
are changed: the frequency of cardiac contractions
increases, respiration is accelerated, the tone of
smooth muscles is changed (including the gastroin-
testinal tract), diameter of the pupils is changed,
increases blood pressure and glucose concentration
in the blood. All this leads to the fact that the body
becomes a state of preparedness for survival in an
extreme situation. But when it happens every day,
the mechanisms that are responsible for the func-
tioning of the cardiovascular system in a state of
stress come to fruition, as well as pathological
changes occur (in any organs associated with blood
circulation regulation). All this can lead to a chron-
ological process of increasing blood pressure [19,
20]. The constant effect of stress factors observed
during the earthquake in the south of Italy led to a
steady increase in blood pressure — an average of
20% increased systolic and 46% diastolic arterial
pressure [21].

Angina and arrhythmia. Angina pectoris is a
kind of coronary heart disease, the main symptom
of which is pain syndrome. Angina pectoris is
common among mature and elderly people. Both
males and females are equally prone to the risk of
angina, but in different age periods the incidence is
different. Angina occurs due to the development of
atherosclerosis in the cardiac arteries. Sudden an-
gina attacks can be caused by excessive excitement,
walking, physical activity, smoking, using a large
dose of alcohol, staying in a stuffy, dusty, smoky
room or in high frost. Usually, pain occurs in the
pre-dawn time. Various meteorological, geomag-
netic factors, high humidity, atmospheric pressure
fluctuations can also provoke the appearance of
pain. There are also remote risk factors that accel-
erate and aggravate the development of angina: di-
abetes mellitus, obesity, hypodynamia, frequent
mental stress, stress, alcoholism, abuse of salty and
greasy foods, refined carbohydrates. Symptoms are
over after the use of nitroglycerin [22, 23].

Among medical plants containing antiathero-
sclerotic substances are corn (female inflorescence,
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with young silk), hawthorn flowers and fruits, rose
hips, mountain arnica flowers, Jacob’s-ladder
roots, elderberry leaves, black chokeberry fruits,
common nettle, garlic, beet, and carrots. Herbal
infusions will not relieve pain; they have a prophy-
lactic effect, so they should be used for a long
time, usually in combination with other prepara-
tions [24, 25].

Jitters. Excitement is a biological process that
consists of nerve impulses and activates one or an-
other body or element. The process of excitation
occurs in all organs that consist of the nervous and
muscular tissue, and in the glands. A specific sign
of muscle arousal is its reduction. In the nerve cells
during the excitation, nerve impulses are generat-
ed, the glandular cells secrete the secretion. A spe-
cific property of excitation is the ability to pass
through nerve fibers, which provides a physiologi-
cal link between all systems and elements of the
organism, their functional unity. The best way to
suppress anxiety and nervous excitement is to use
special medical herbs [6].

Current data on phytopreparation safety and
estimation benefit/risk ratio

The problem of autonomic dysfunction today
is one of the main problems of modern medicine.
Symptoms of neurocirculatory disorders combined
with different manifestations of vegetative imbal-
ance are noted in 21—60% of all patients, includ-
ing 25—30% of patients of therapists and family
doctors, and in 30—50% of cardiac patients [26].

At present, it is generally accepted that neu-
rocirculatory dystonia is an integral part of the
clinical picture of neurosis, which, in turn, is the
most common cause of neurocyclecular dystonia.
Now many forms of neurosis, accompanied by
manifestations of NCD, are considered within the
framework of a wider range of pathologies — psy-
chosomatic disorders [27].

The pathogenesis of psychosomatic diseases is
complex and multifaceted. It involves important in
terms of providing the optimal level of neurohu-
moral regulation of the structure of the central
nervous system (CNS), as the hypothalamic-
pituitary and limbic systems, regulatory centers of
the cerebral cortex, adrenal glands, etc. However,
it should be emphasized that the main role in the
development of psychosomatic pathology is played
by the situation of chronic stress. It is chronic
stress that is one of the most important factors in
the "launching" of a multi-chain mechanism for
the development of psychosomatic diseases with a
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predominant lesion, in turn, of the nervous or car-
diovascular, digestive or other systems [28].

The most common variant of the clinical
course of NCD is cardiovascular syndrome. The
greatest clinical significance is NCD, which occurs
with the phenomena of hypersympathicotonia,
constant or crisis increase in blood pressure and
severe tachycardia. The danger of this form of
NCD is the increased risk of developing such
forms of pathology as coronary artery disease, hy-
pertension, arrhythmias, cerebral circulation disor-
der, etc. Therefore, adequate pharmacotherapy of
this variant of NDC is especially relevant [29].

Correct treatment of autonomic dysfunction is
possible with the administration of traditional so-
matic therapy (antihypertensive preparations, coro-
nary antics, beta-blockers, proton pump inhibitors,
etc.) together with neuropharmacological prepara-
tions that influence the dynamics of the clinically
leading syndromes linked with the central mecha-
nisms of dysregulation.

Psychoemotional imbalance is one of the
most common manifestations of vegetative vascular
dystonia; it sharply impairs patients' quality of life
and ultimately contributes to an increase in the
pathogenetic "vicious circle" of stress-induced CNS
disorders.

Normalization not only will become a psy-
choemotional sphere at vegetative vascular dysto-
nia, but also a correction of actually vegetative dis-
orders can be achieved at the expense of appropri-
ate therapeutic means of sedative and vegetative
stabilizing action, among which the leading place is
occupied with phytopreparations.

Especially popular in recent years have been
combined phytopreparations that contribute to the
normalization of the central regulatory mechanisms
for the development of psychosomatic pathology,
which stabilize the cortical subcortical relationship,
the violations of which are the basis of vegetative
vascular dystonia and psycho-emotional imbalance.
The main advantages of herbal preparations in-
clude: the possibility of using proven standard ef-
fective combinations of biologically active sub-
stances in one dosage form; reduction of forced
polypragmasia while preserving or increasing the
effectiveness of treatment; improvement of compli-
ance (for the patient and the doctor); increasing
the economic availability of treatment [30—32].

The phytopreparation drug Carvelis (Dr. Gus-
tav Klein GmbH & Co. KG, Germany) in the
form of drops for oral use contains all mentioned
components (based on 10 ml of solution: an ex-
tract of a mixture of hawthorn leaves, flowers and
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fruits — 7.125 ml; extract of motherwort herbs —
1.0 ml; melissa leaves extract — 1.0 ml; valerian root
extract — 0.5 ml). The drug is indicated for the
treatment of various psyche-related disorders: NCD,
cardio neurosis, arterial hypertension (1—2 stage),
angina (1—2 stage), stressed arrhythmias, and also as
a pharmacoprophylaxis for relieving excitement,
stress, and emotional lability in chronic stress.

Hawthorn. This plant contains large number
of vitamins and other biologically active substanc-
es. In berries there are a number of vitamins A and
K, as well as C and E, B group vitamins, saponins
and flavonoids, starch and fructose, organic acids,
essential oils and pectin, choline and sorbitol.
Some substances in the hawthorn are extremely
rarely found in other edible fruits and plants. This
makes it unique in its kind. For example, ursolic
acid, has an antimicrobial effect and promotes vas-
odilatation [33, 34].

Hawthorn preparations has a light diuretic ef-
fect, has antitumor activity and positively affects
cardiac stimulation. Acids in the fruit have a posi-
tive effect on the skin, have a rejuvenating effect.
Due to the use of berries, active regeneration of
cells is restored. The beneficial properties of the
hawthorn fruit are manifested in the cardiovascular
system. Substances from the fruit expand coronary
vessels, soften the work of the arteries of the brain,
which increases the saturation of the body's blood
oxygen. As a result, the number of dizziness and
headaches decreases, the sleep is stabilized and the
degree of fatigue of the body decreases during the
day. It is proved such effects as hypotensive, coro-
narolytic, antiarrhythmic, cardioprotective. Its
uniqueness is precisely in the presence of regulato-
ry, stabilizing action in a variety of cardio neurotic
manifestations (tachycardia, cardiac severity, cardi-
algia, lability of arterial pressure). However, the
hawthorn is an effective cardiomaterial. It is char-
acterized by pronounced antihypoxic and antioxi-
dant effects [33—35].

Substances from hawthorn berries strengthen
the blood vessels, reduces the level of harmful cho-
lesterol, improves blood coagulation. As a result,
the risk of developing atherosclerotic plaques de-
creases. At the recommended dosage, the contra-
indications are minimal. First of all, this is an in-
dividual intolerance. Caution should be taken dur-
ing pregnancy and breastfeeding. Gladiolus can
cause an increase in the tone of the uterus. Re-
strictions also apply to patients in the post-stroke
period and people with severe kidney disease. Con-
sultation with a doctor, in these cases, is neces-
sary [36, 37].
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Available data from 687 individual patients
treated with quantified hawthorn extract or placebo
in ten studies were pooled [38]. The study analyzed
the effect of treatment on the physiological param-
eters of patients and the symptoms of the disease,
as well as the relationship with the severity of the
symptoms and sex. Reduced severity of typical
symptoms (reduced tolerance to physical activity,
exertional dyspnea, weakness, fatigue and palpita-
tion) were associated with more active treatment
and in patients with more severe symptoms. At the
same time, there was a weak correlation between
improvements in MWL, PRHP and symptoms.
Accordingly, the effect of treatment of hawthorn
extract on physiological results and typical symp-
toms was modulated according to severity. Taking
into account the basic differences, the benefits were
comparable in male and female patients with physi-
cal inferiority during early chronic heart failure.

A total of 14 clinical trials was screened in the
Cochrane database. All studies were randomized,
double-blind, and placebo-controlled using haw-
thorn leaves and flowers. In ten clinical trials, 855
patients with chronic heart failure (Classes 1—III
according to the Classification of the New York
Heart Association). The results were recorded as a
weighted mean difference (WMD) with a 95%
confidence interval (CI). For the physiological
outcome, the maximum burden of using the haw-
thorn extract was more significant than placebo
(WMD (watts) 5.35, 95% CI 0,71 to 10.00,
P < 0.02, n = 380. Exercise tolerance was signifi-
cantly higher in patients receiving hawthorn extract
(WMD (W/min) 122.76, 95% CI 32.74 to 212.78,
n = 98). The pressure-heart rate indicator, as an
index of oxygen consumption in the heart, also
showed a positive decrease in the treatment of
hawthorn extract (WMD (mm Hg)/min) -19.22,
95% Cl -30.46 to -7.98, n = 264). Symptoms
such as dyspnea and fatigue were significantly im-
proved in the treatment of the gullet compared to
placebo (WMD -5.47, 95 % CI -8.68 to -2.26,
n = 239). No mortality and cardiac disease data
were reported except for one study in which death
was reported (three of them active, one in control)
without providing additional information. Side ef-
fects reported were rare, mild and transient; They
included nausea, dizziness, heart and gastrointesti-
nal complaints [39].

In clinical trials conducted in EU countries,
which involved 1780 patients, acute toxicity was not
observed. In the European market between 1992
and 2011, about 810 million doses of dry extract of
hawthorn leaves and flowers were sold [40].
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Motherwort. The plant contains such useful
substances as alkaloids, glycosides, polysaccharides,
saponins, tannins, essential oils, vitamins. The
mechanism of action of the vestibula is determined
by its activating effect on the gamma-aminobutyric
acid (GABA) receptors, as well as the normaliza-
tion of the neurotransmitter balance — an increase
in the activity of the inhibitory GABA-ergic and
the weakening of the activating catecholaminergic
systems of the brain due to its modulating effect on
the release, reuptake and receptor binding in said
systems [41].

In addition to the central sedative, mild anti-
anxiety and hypnotic action, motherwort prepara-
tions have valuable in the conditions of vegetative-
vascular dystonia, antispasmodic, antihypertensive
and anti-anginal effects, increases cardiac output
and slows down the heart rate [42].

Thus, in official medicine, motherwort is pre-
scribed in cases of neurosis (its various forms), hys-
teria, myocarditis, cardiosclerosis, cardiovascular
insufficiency I—1II degree. In traditional medicine it
is used at various nervous upsets, frightened, hy-
pertension; it also helps to improve sleep and gen-
eral well-being. There are no particularly serious
contraindications, but it is not recommended to
use it for hypotension. With prolonged use, it can
cause an allergic reaction up to complete intoler-
ance, but it is very rare [43, 44].

Motherwort is well known and widely used in
Chinese medicine. Reviews [45, 46] give an over-
view of the chemical composition with an empha-
sis on biological activity and ethnopharmology.
The authors describe the mechanisms that can be
the basis of the protective effects in the cardiopul-
monary bypass, for example by inhibiting intracel-
lular active forms of oxygen (ROS) and various
cellular mechanisms in preventing apoptosis. In
addition, the authors say that the peculiarities of
modulation of intracellular homeostasis Ca** from
the side of the thistle can explain its cardiovascular
protective effects.

Motherwort, an herbal substance, has been
used in the EU for more than 30 years, it has been
present in official pharmacopeias for more than 50
years, and continuous use in the form of herbal tea
has been recorded for almost 400 years. For exam-
ple, in 2008, in Lithuania, 98 thousand packets
were packed with 25 ml tincture. Over 350,000
packages were sold from 2003 to March 2009 [47].

Valerian. This plant contains in its composi-
tion more than 120 chemical components, among
which the most important in the clinical plan are
essential oils, valipotriates, amino acids, salts of



Innov Biosyst Bioeng, 2018, vol. 2, no. 3

organic acids, phenolic compounds, alkaloids,
etc. [48]. The main effect of valerian is the seda-
tion of the central nervous system. It also helps to
restore emotional balance, cope with headaches,
reduce feelings of anxiety and improve working ca-
pacity. Positive effect is valerian and cardiovascular
system. It is prescribed for an increased heartbeat,
with angina pectoris and pain in the heart. Sub-
stances contained in the root of the plant, have
vasodilator effect.

In Germany, in the 1980—1990's, about 300
clinical trials of combined herbal preparations were
conducted, including 10 valerian-based prepara-
tions. All valerian-containing preparations accord-
ing to the criteria of evidence-based medicine were
clinically effective in various forms of therapeutic
and neurological pathology, especially psychoso-
matic diseases of the cardiological and gastroenter-
ological profile [49].

Valerian is harmless; however, at high doses
and in excess of the course of treatment, unpleas-
ant side effects may occur in the form of reduced
performance, drowsiness, lethargy, and also disor-
ders of the function of the gastrointestinal tract. If
the remedies made from this plant take longer than
two months or substantially exceed recommended
doses, gastrointestinal malfunction, depression,
drowsiness, nausea and headache may occur. Vale-
rian is contraindicated for people with intolerance
to plant components and those suffering from en-
terocolitis [50, 51].

An open, prospective cohort study was con-
ducted in 89 centers in Germany. Valerian was
compared with homeopathic preparation Neurexan
in 409 people (aged 18 to 75 years), suffering from
insomnia. Duration of sleep and insomnia were
evaluated based on daily records of patients for
14 days. Sleep quality was estimated at 28 = 1 day.
An analysis of the efficacy of therapy after 14 days
of treatment showed improved sleep durations
compared to baseline in both therapies. Side effects
reported: headache, dizziness, paradoxical stimula-
tion, anxiety and cardiac abnormalities [52].

A prospective, unaddressed, non-interven-
tional, observational study was conducted in 49 na-
tionwide centers in Germany on April 3, 2006 (in-
cluded in the first patient) until December 27,
2006 (the last patient completed the study), which
included 807 patients with the following symptoms:
anxiety/nervousness, hyperactivity; sleep disturb-
ance; significant phases of insomnia; night anxiety;
difficulty concentrating/forgetting; fatigue; absurdi-
ty; gloom; gastrointestinal disorders; or head-
ache/pressure using Neurexan versus various vale-
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rian extracts. There was an improvement in symp-
toms in both treatment groups. Compliance with
the treatment was high: doctors reported "excellent”
or "good" compliance for 492 (86.2%) patients tak-
ing the drug and 178 (79.5%) patients in the valeri-
an group. In the group where patients used valerian
extracts no side effects were reported [53].

The purpose of another study was to deter-
mine whether valerian-lemon balm could contrib-
ute to sleep improvement in 100 women during
menopause. The study used clinical random testing
compared with the control group to study the ef-
fect of an herbal supplement containing valerian-
lemon balm on sleep in menopausal women aged
50—60 years. The sample method consisted of two
steps: 1) a non-randomized sample of centers;
2) randomized treatment appointment in each cen-
ter. The study showed that valerian-lemon balms
can improve the duration and quality of sleep in
women with sleep disturbances during menopause.
In addition, no adverse effects were reported in the
treatment process [54].

There is a high degree of use of valerian root
drugs in the EU member states: according to IMS
Health, the sales of valerian root in the EU in
2002 exceeded 50 million units. Almost 50% were
sold in Germany. The following side effects were
noted which may be related to the consumption of
the valerian root: symptoms on the side of the gas-
trointestinal tract, such as nausea, colic in the ab-
domen (frequency unknown). In the EU, the tra-
ditional use of herbal substance valerian and its
preparations is considered to be a positive risk
group due to minimal side effects [55].

Melissa. The plant contains a large number of
organic acids, saponins, flavonoids, resins, tannins,
tannins, essential oils. It is possible to continue the
list with such trace elements as copper, manganese,
iron, potassium, selenium, zinc, magnesium, calci-
um, and also vitamins of groups B and C.

Amber acid, which is a part of Melissa, is one
of the strongest natural antioxidants, effectively
protecting cells of the brain and peripheral organs
from the effects of free radicals, which are inevita-
ble companions of chronic stress. Melissa also has
the properties of a psychoemotional stabilizer and
a cognitive activator (improving mood and cogni-
tive functions, possibly through a modulating effect
on the cholinergic and monoaminergic systems of
the brain), and spasmolytic action [56].

Prolonged use of medication with Melissa
stimulates the medication reduces arterial pressure,
relieves nervous tension, which manifests itself by
night shake. Melissa is a diuretic that helps to
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normalize heart rhythm dysfunction, as it can
quickly and effectively reduce heart rate, which in-
creases the life span of an organism. In addition to
enhancing the cardiac function, Melissa is able to
control the metabolic processes of the body, en-
hance the functions of the liver, brain, eliminate
heat, and remove bile from the body [57].

There are no strict contraindications for tak-
ing medication with Melissa. But there are some
points in which its use is not recommended by
doctors. These include hypotension, a work in
which an increased concentration of attention is
required, motor activity, rapid psychological reac-
tion (for example, the work of the motor vehicle
driver) [57, 58].

Melissa is a traditional herbal remedy for use
in the indicated indications, solely on the basis of
long-term use. Traditional use of Melissa is follow-
ing: traditional herbal preparation for the relief of
mild symptoms of mental stress and insomnia; tra-
ditional medicinal herbal preparation for the symp-
tomatic treatment of minor complaints of gastroin-
testinal manifestations, including abdominal dis-
tension and flatulence [57, 58].

Complex action of phytopreparation character-
istics and risk assessment. Optimization of the
pharmacotherapy of vegetative-vascular dystonia
and, in particular, neuro-circulatory dystonia can
be achieved through the use of combined prepara-
tions containing all the above-mentioned compo-
nents (hawthorn, motherwort, melissa, valerian).
This seems to be all the more justified that these
medical herbs are characterized by a high degree of
safety. Their application in therapeutic doses, both
in mono-form and in various combinations,
demonstrated a minimal risk of side effects coming
nearer to placebo. In essence, all the side effects of
these agents are associated either with individual
intolerance, or with a substantial excess of thera-
peutic doses and are characterized by increased se-
dation, drowsiness and weakness (for valerian,
motherwort, and melissa) or minor dyspeptic dis-
orders, hypotension, bradycardia (for hawthorn).
Based on the dose dependence of all the main ef-
fects of these plants, the elimination of these side
effects is easily achieved by reducing the dose of
the preparation.

Phytopreparation can be prescribed to young
people as an independent therapy for functional
disorders (autonomic dysfunction syndrome),
chronic fatigue syndrome, elderly patients with
age-related cardiovascular changes, and decreased
exercise tolerance when active therapy (antihyper-
tensive, symptomatic treatment of CHD) is not yet
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shown. Phytopreparation increases the efficiency of
complex therapy of arterial hypertension, coronary
artery disease, heart failure as a symptomatic rem-
edy due to the content of hawthorn. Along with
regular use, it is possible to receive the preparation
"on demand" in people who are prone to excessive
vegetative reactions to social stimuli, with signifi-
cant physical activity, accompanied by palpitations
and shortness of breath, as well as with meteosen-
sitivity [59].

Comprehensive, combined multimodal neuro-
tropic, cardiopulmonary and vasotropic effect of
the preparation — sedative, antihypertensive, anti-
arrhythmic, coronarolytic, cardioprotective, vegeta-
tive stabilizing. It is such an effect that is necessary
for the successful treatment of various manifesta-
tions of vegetative dystonia both from the central
nervous system and from the cardiovascular sys-
tem, it is this combination of ingredients that al-
lows you to carry out not just symptomatic, but
pathogenetically substantiated therapy with maxi-
mum correction of disorders of the mechanisms of
central regulation of autonomic functions and psy-
cho-emotional balance. At the same time phyto-
preparation, in contrast to phenobarbital-con-
taining drugs, does not cause addiction and rejec-
tion syndrome, does not show excessive sedation
and sedation, can support in the process of treat-
ment, a full level of social activity.

Despite the fact that the preparation consists
of individual herbal medicines, it should be evalu-
ated as the only active drug (the Table).

Table: Basic safety issues

Nature of the risk

f Unfavorable (side) effects
actors

Reactions of hypersensitivity.
Depression and other disorders
accompanied by inhibition of the
central nervous system.
Pronounced arterial hypotension.
Bradycardia

Important identi-
fied risks

Important poten-

tial risks Severe liver dysfunction

The use of preparation during
pregnancy and breastfeeding.
Application of the drug to chil-
dren

Lack of infor-
mation

Medicinal herbs that are part of the phyto-
preparation have long-standing traditions of use as
sedative or auxiliary substances for sleep. Publica-
tions over the last 20 years, several hundred scien-
tific studies with a participation of 5200 partici-
pants, have confirmed the positive effects that de-



Innov Biosyst Bioeng, 2018, vol. 2, no. 3

teriorate the benefits of using valerian in sleep dis-
orders [60]. Reports of the European Medicines
Agency for Leonurus cardiaca L., herba, Crataegus
folii, fructus spp., and Melissa officinalis L. recog-
nize the traditional use of herbal medicinal prod-
ucts for nerve stress, nerve heart complaints and
sleep disturbances [40, 47, 55, 58].

Diseases that arise in connection with the de-
terioration of the psycho-emotional background
(the effect on the body of various stress factors,
causing mood disorders and depression), dramati-
cally reduce efficiency and cause suffering, both
the patient and his relatives. Numerous studies
show that they are like cardiovascular diseases be-
coming one of the most common pathologies.
Thus, about 19 million people in the United States
suffer from depression, which is approximately
10% of the total population. According to WHO,
depressive disorders in 2000 accounted for 40% of
all mental illnesses registered in the world. In prac-
tically all developed countries, health authorities
are concerned about the current situation and are
working to develop different ways to implement it.
The effectiveness of modern antidepressants does
not exceed 70%, and about one third of people
suffering from depression, are resistant to the used
drugs, which prompts intensive search for new an-
tidepressants. Admission of psychotropic drugs not
only improves the quality of life, but also prevents
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the development of somatic pathologies. In con-
nection with this, a very promising direction is
the use of medicinal plants as sources of com-
bined medications. Side effects in phytotherapy
occur much less often and the effect of drugs is
much softer, which contributes to their use in the
initial stages of the disease, and especially for pre-
vention. Among medicines for the correction of
the psycho-emotional state a special place is tak-
en by sedative drugs that are given without a pre-
scription, often they are used without consulting a
physician [61, 62].

Conclusions

The prevalence, seriousness and severity of
the course of all manifestations of neurocirculatory
dystonia, stress, nervous excitement, heart neuro-
sis, especially with disproportionate approaches to
the treatment of these diseases, is a serious medical
and social problem.

Given the proven efficacy of the use of Car-
velis preparation components, and also that the
risks are predictable, and their occurrence can be
countered (if not prescribed to a group of patients
who have contraindications), and if they occur it
can be effectively suppress with other drugs, the
benefit of using the phytopreparation prevails
above the risks.
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H.O. lopuakosa, E. Xenmynnep, O.10. NankiH

CYYACHI AAHI NPO BE3MNEYHICTb KOMMNEKCHOIO POC/INHHOIO MPEMAPATY
I3 CEDATUBHUMMU | KAPAIOMPOTEKTOPHUMU BITACTUBOCTAMU

Mpo6nemartuka. [naH ynpasniHHA pyM3vKaMn € OOHUM i3 OCHOBHUX [OKYMEHTIB CUCTEMM hapMaKOmoriyHOro Harnsay — AOKYMEHT npu-
CBSIYEHMI NNaHyBaHHIO AiSNbHOCTI 3 dpapMakoHarnsagy Ta MiHimMisauii pusunkiB. 30inbLUIEHHS BUKOPUCTAHHST POCIIMHHUX FiKapCbKMX 3aco-
6iB NPUBOANTL A0 PO3LUMPEHHS 3HAHb LLOAO TOKCUYHOTO BNAMBY NiKapCbKMX POCNMH Ta NOGiYHMX edekTiB. Y ubomy BUnaaky dpapmako-
Harnag Mae HaA3BMYaNHO BAXKIMBE 3HAYEHHS ANS BUSBMEHHS W aHanisy HebaxaHux peakuil. OgHUM i3 POCIMHHMX Npenaparis, Lo
LUMPOKO 3aCTOCOBYIOTHCS AN MATPUMKM CepLEeBO-CYAMHHOT CUCTEMU Mig BNAMBOM CTpecy, Npy HENPOLUMPKYNSATOPHIA AUCTOHIT, HEBPO3i
cepus, Yy KOMMNEKCHOMY fiKyBaHHi apTepianbHoOi rinepTeHsii, cTeHokapgii, apuTMmii, € KOMNNEeKCHUIA nikapcbkuii 3acid Kapsenic, kpanni
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oparbHi, Po34uH. AKTUBHUMU dhapMaLeBTUYHUMM iHFpedieHTaMu npenapaTty € eKCTPaKTW i3 CyMilli NUCTS, KBIiTiB i nnogis rnogy, Tpasu
cobayoi KponmBM, NUCTS MENiICU, KOPEHS BanepiaHu.

MeTa. KpuTnyHuiA aHania cy4aCHUX HaykoBUX AaHMX MPO CMiBBIAHOLLIEHHSI KOPUCTI Ta PU3UKy KOMMEKCHOro ditonpenapary i3 cegaTvs-
HVMU Ta Kap4ionpOTEKTOPHNMM BNACTUBOCTAMM.

Pe3ynbTaTu. NpoaHanizoBaHo naTtodisionoriyHy Ta enigemionoriyHy xapakTepucTUKy Takmx HO30MOrMYHUX POPM: CTpec, HEMPOLMPKY-
NATOPHa AMCTOHISA, HEBPO3 cepLs, apTepianbHa rinepTeHsis, CTeHOoKapAis, apuTmis. Y3aranbHeHO NoToYHiI AaHi Wwoao besneku ditonpe-
napaTty Ta CniBBiAHOLUEHHS KOPUCTi Ta pu3uKy. [loCTynHi KniHiYHi AaHi 6yno npoaHani3oBaHoO Ans OKpeMUX (hiTOKOMMNOHEHTIB abo ix
KOMOGiHaLin.

BucHoBku. lMNowmpeHicTb, CEPMO3HICTb i TAXKICTb Nepebiry BCix NPOsiBiB HEMPOLMPKYNATOPHOI AUCTOHII, CTpecy, HEPBOBOIO 30YAXKEHHS,
cepLeBoro HeBpo3y, 0cobnmMBo 3 HEMpOMopuiiHMMK NigxoAamy A0 NiKyBaHHSA LMX 3aXBOPIOBaHb, € CEPWO3HOK MeOMKO-CoLianbHO
npobnemoto. 3 ornsgy Ha NigTBEpOXeHY ePEKTUBHICTb BUKOPUCTaHHS KOMMOHEHTIB npenapaty Kapsenic, a Takox Ha Te, WO pU3nKu €
nepeabavyBaHMMK, iX BUHVKHEHHS MOXe ByTu edheKTVBHO NofonaHe, nepesara BUKOPUCTaHHS diTonpenapaTy nepesaxae Haf pUsvkamu.

KnroyoBi cnoBa: chapmakonoriyHuii Harnsg; nnad ynpaeniHHA pusnkamu; rmig; cobavya Kponuea; BanepiaHa; menica.

H.A. lNopuakoBa, 3. Xenmynnep, A.FO. MankunH

TEKYLUME OAHHBIE NO BE3OMNACHOCTU KOMIMJIEKCHOIO PACTUTENIbHOI O MPENAPATA
C CEOATUBHbLIMU U KAPANWOMNPOTEKTOPHBLIMU CBOMCTBAMU

MNpo6nemaTuka. MnaH ynpaBneHus puckamu SBNSETCS OAHUM M3 OCHOBHbIX JOKYMEHTOB CUMCTEMbI hapMaKkonornyeckoro Hagsopa —
[OKYMEHT MOCBSALLEH NMaHNPOBaHUIO AESTENbHOCTH MO hapMakoHaA30py U MUHMMU3ALMM PUCKOB. YBENUYEHNE NCNONb3oBaHWs pac-
TUTENbHBIX NEeKapCTBEHHbIX CPEACTB NPUBOAUT K PACLUMPEHUIO 3HAHWIA O TOKCUYECKOM OeWCTBUM NEeKapCTBEHHbIX pacTeHU U Noboy-
HbIX adpdpekTax. B gaHHOM criyyae chapmakoHaasop UrpaeT YpesBblvaiHO BaXHOe 3HaYeHue ANs BbISBEHUS W aHanu3a HexenaTenb-
HbIX peakunin. OgHUM U3 pacTuUTenbHbIX NPenapaTos, LUMPOKO NPUMEHSOWNXCH ANSA NOAAEPXaHUs cepAevHO-COCYAMCTON CUCTEMBI
npu cTpecce, HepPOLMPKYNATOPHOW AMCTOHWUMW, HEBPO3€e CepaLa, B KOMMNIEKCHOM NMeYeHUn apTepuansbHOn rmnepTeH3nn, CTeHoKapamu,
apuTMnUN SABMAETCS KOMMNeEKCHbIM npenapat Kapsenuc, kannv opanbHble, pacteBop. [encTByOLWMMU KOMINIOHEHTaMK nNpenapara sBns-
I0TCS 9KCTPaKTbl U3 CMECU NTUCTBLEB, LIBETOB U NMOA0B 60APbLILHMKA, TPaBbl NyCThIPHWKA, NMUCTHEB MENUCChI, KOPHSI BanepuaHb!.

Lenb. Kputnyeckuin aHanns coBpeMeHHbIX Hay4HbIX AaHHbIX O COOTHOLLEHUM NOnb3bl K pUcka KOMMIIEKCHOro dutonpenapara ¢ cega-
TUBHBIMY U KapAWONpPOTEKTOPHBLIMU CBOMCTBaAMM.

Pe3ynbTaTtbl. lNpoaHanuavposBaHa natoduanonornyeckas n anuaeMmnosiorniyeckas XapakTepucTuka criedytolwmnx HO30M0rMYecknx
opM: CTpecc, HelpoLMPKYNATOpHas AUCTOHUS,, HEBPO3 cepAaua, apTepuanbHas runepTeHsns, cteHokapaus, aputmus. O606LeHHbI
TeKylume AaHHble o 6e3onacHocTu hutonpenaparta 1 COOTHOLLEHWUM NoNb3bl U pucka. [JocTynHble KNMHWYecKne AaHHble Obiny npoaHa-
NN3NPOBaHbl A5 OTAEMbHBIX PUTOKOMMOHEHTOB MW NX KOMOUHaLWIA.

BbiBogbl. PacnpocTpaHeHHOCTb, CEPbE3HOCTb U TSXKECTb TEYEHUS BCeX NPOSBMEHUI HENPOLMPKYNATOPHOW ANCTOHWUM, CTpecca, HepB-
HOro BO30YXAeHWUs,, CepAeYHOro HeBpo3a, 0COGEHHO C HENPOMOPLIMOHANbHBIMU NOAXOAAMU K NIEYEHNI0 3TUX 3aboneBaHun, ABNSIOTCS
cepbesHoV MeauKo-coumanebHon npobnemon. C y4eToM NOATBEPXAEHHON 3PMEKTUBHOCTY MCMNONb30BaHNA KOMMOHEHTOB npenapara
KapBenwc, a Takxe TOro, 4To pUCKM SIBMAIOTCSA NpeAcka3yeMbIMU1, UX BO3HUKHOBEHME MOXET OblTb 3p(PEKTUBHO NPeoAoneHo, Npeumy-
LLIeCTBO MCMOSb30BaHUS utonpenaparta npeobnagaeTt Hag puckamu.

KniouyeBble crnoBa: hapMakonorniyeckuii Haa3op; NnaH ynpaeneHusi puckamu; GosIPLILLHMK; NYCTLIPHWK; BaniepuaHa; Menucca.
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Background. Distillery spent wash is the main waste of the alcohol industry. This is highly concentrated
wastewater, which is characterized by high chemical oxygen demand (COD) values — up to 60—120g O»/dm? —
and low pH values — up to 3.7. It makes its processing a complicated task. One of the methods of its utiliza-
tion is anaerobic fermentation with the production of biogas. Inert carriers for microorganism immobilization
or granulation are used to intensify the process of anaerobic treatment and increase sludge concentration.
Due to the high concentration of anaerobic microorganisms in granules, compared to the number of micro-
organisms in free-floating active sludge, the process of methanogenesis is more intensive with a high yield of
biogas and a decrease in COD.

Objective. To determine the possible centres of anaerobic sludge granulation in highly concentrated waste of
alcohol production to increase biogas output in the process of waste treatment.

Methods. Activated carbon, modified carbon on which surface calcium ions were precipitated, FeCls, silica
gel based sorbent, talc based sorbent were used to form pellets as the centres of microorganism accumula-
tion.

Results. Pellets have not been formed with the use of activated carbon; modified carbon with calcium ions;
silica gel based sorbent and ferrum compounds. Pellets of activated sludge were received with the use of talc
based sorbent — formation of initial biofilm on a carrier was observed on the third day of fermentation and
then it was growing in pellets.

Conclusions. It was demonstrated that for highly concentrated waste effluents of a distillery (grain distillery
spent wash), which after co-fermentation with poultry manure contain volatile fatty acids in concentration
800—2000 mg/dm’, it is needed to use sorbents to receive microorganism pellets as a centre of granulation.
Sorbents must contain donors and proton acceptors. It was established that the use of granular activated
sludge for the distillery waste purification improves the efficiency of COD and Biochemical Oxygen Demand

removal by 15—17%, increases biogas output by 26 £ 2% and biogas methane content by 8 = 1%.
Keywords: granulation; biogas; distillery spent wash; fermentation; methane.

Introduction

Grain distillery spent wash (GDSW) as a
highly concentrated wastewater is characterized by
the high values of COD — up to 60—120 g of
0»/dm’ and low pH values — up to 3.7. It influ-
ences a choice of methods and technological solu-
tions of waste treatment. One of the methods of
waste utilization used is an anaerobic fermentation
with receiving of biogas [1]. Based on the fact that
the hydrogen value influences on methane produc-
tion by its producers and the optimal pH value for
the methanogenesis process makes up 6.8—8.0 [2],
the technology assumes a minor content of spent
wash (2—3%) in the fermenter. It has an effect on
the process cost effectiveness and a target product
output [3].

The proposed two-stage technology [4] allows
for adjusting the pH value in the first reactor due

to introduction of poultry manure with the concur-
rent obtaining of biogas and its output increase.
The process is characterized by the balance of nu-
trition components of microbial association and ra-
tional correlation C:N:P. Biogas is also produced
from dissolved high- and low-molecular com-
pounds during the subsequent anaerobic stage of
the advanced waste treatment. But the process rate
and the waste purification level depend, first of all,
on the concentration of free-floating microorgan-
isms, which varies in reactors of different type
from 2 to 4 g/dm® [2].

Inert carriers for microorganism immobiliza-
tion or granulation are used to increase sludge
concentration. This results in the increase of pro-
cess rate for substance destruction, the decrease of
hydraulic period for waste retention in the reactor
and its volume that lowers operating costs with no
loss in quality of waste purification [5], [6].

© The Author(s) 2018. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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The high load on the granular sludge is
achieved through the improvement of sedimenta-
tion properties. It guarantees its presence in the re-
actor zone and makes impossible to wash out
sludge with the upward water flow. The high spe-
cific activity of methanogenic bacteria (2kg of
COD/kg of dry organic substance per day, upon
the load of 50 kg COD/m?) is also conditioned by
interspecific transfer of hydrogen between the pel-
leted colonies of acetogenic bacteria and hy-
drogenotrophic methanogenic archaea and their
protection with pellet matrix from negative impacts
resulting in the raised destruction rate of organic
substances and their transformation into a desired
product — biogas [6], [7].

It was shown [8] that the granulation rate and
the characteristics of granular sludge depend on
microorganism species composition and their ratio
in pellets, substrate specificity, hydrophobicity, sur-
face charge, and capability for extracellular poly-
mers synthesis.

Under real-life conditions, the granulation
process might be disturbed due to different factors
which result in a sludge washout from the reactor,
pellet destruction, reduced biogas output and effi-
ciency of wastewater treatment. Therefore, the
study of granulation process in a course of anaero-
bic treatment of highly concentrated wastewater
with methane production is a relevant task.

The work objective is to determine the possible
centres of anaerobic sludge granulation in highly
concentrated waste of alcohol production to in-
crease biogas output in the process of waste treat-
ment.

The following tasks need to be solved to meet
the objective:

— to study formation of pellets of anaerobic
sludge in distillery waste using the granulation cen-
tres of different nature;

— to establish an impact of granular activated
sludge on efficacy of methane production and
wastewater treatment.

Materials and methods

Nowadays, there is no any accepted model or
theory of pellets formation. Table 1 demonstrates
the models which explain the current theories of
pellets formation from microorganisms [6]—[10].

As is seen from Table 1, all the models based
on physical granulation theory explain the for-
mation of granular sludge by the effect of physical
factors which are intrinsic to the biomass fermen-
tation process with the biogas production and run

Innov Biosyst Bioeng, 2018, vol. 2, no. 3

in the reactor: liquid and gas flow rate, ageing of
sludge and its excessive volume removal from the
reactor, quantity and qualitative composition of
suspended solids in initial sludge, etc.

The models, which describe granulation from
the view point of physiological peculiarities of mi-
croorganism species and strains (e.g., Methano-
bacterium AZ strain, Methanothrix bacteria) as
well as their interaction, are attributed to micro-
biological [6].

Within the frames of thermodynamic theory,
there are four granulation stages defined: transport
of microorganism cells of activated sludge to the
surface of inert material or other cells; initial re-
versible adsorption of substrate by means of physi-
cal and chemical interaction; irreversible attach-
ment of cells to substrate with microbial appendag-
es or exopolymers; cell propagation and pellet de-
velopment. The microorganism granulation mech-
anisms are also explained proceeding from thermo-
dynamic conditions of the grain growing processes
influenced by many factors such as: hydrophobicity
and electrophoretic mobility, proton translocation
on the surface of bacterial membranes which stim-
ulate its activation.

The use of granular sludge is expected at Stage
2 of GDSW treatment [4]. That’s why liquid frac-
tion formed after sedimentation and release of sol-
ids, fermented (within 20 days) mixture of GDSW,
poultry manure and industrial wastes of a distillery
at the ratio of 1:1.7:0.06, relatively, on a dry organic
substance (DOS), served as a standardized test solu-
tion [4]. The phase separation was carried out using
centrifugation (centrifuge CLK-1) for 15 min at the
velocity of 3000 rpm. Characteristic water values at
entry to reactor 2 are given in Table 2.

The following has been used for granulation
in capacity of the centres of microorganism accu-
mulation:

— activated carbon, grade 207EA "Ecofilter"
(Kyiv, Ukraine), with surface area 950—1100 m?/g
and bulk density 0.48—0.52 g/cm’, grain size —
4.75—2.00 mm;

— modified carbon to which surface calcium
ions were precipitated. Precipitation was carried
out by means of keeping activated carbon in calci-
um chloride solution with concentration 0.05%;

— FeCls; which is often used for granulation in
methane tanks during the treatment of waste efflu-
ents of breweries, yeast plants, sugar beets, and po-
tatoes processing plants. Since hydrolysed FeCls is
produced in the form of oxo- and hydroxy-
compounds, their aggregation serves as a primer
for granulation;
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Table 1: Theories and models of the anaerobic sludge granulation process [6]—[10]

Group

Model

Model idea

Physical and
chemical

theories

Model of inert cores

Anaerobic bacteria, which result in formation of initial biofilms, in
particular, embryonic granules, are attached to inert micro particles by
means of surfaces structures

Selection pressure theory

A washout of dispersed sludge and a selection of heavy sludge take
place depending on the rates of hydraulic load and biogas production

The growth of colonized
suspended particles

Pellets are formed by means of growing of small fraction biofilm (mi-
croorganism colonization) that was produced due to friction, or flown
into a reactor with waste water

Microbiologic/
ecologic
theories

Consolidation of micro-
floccules of microorgan-
isms of Methanothrix
genus

Methanothrix filament serves as a matrix for cocci and coli. First, mi-
cro-floccules are formed and then they are consolidated in pellets due
to surface properties and morphology of Methanothrix bacteria

Capetown's model

Granulation takes place by means of Methanobacterium AZ, which un-
der the conditions of high partial pressure of H», unlimited source of
nitrogen in the form of ammonium, limited quantity of cysteine and in
neutral media, releases extracellular polypeptide that binds Methano-
bacterium AZ and other bacteria in pellets

Spaghetti model

Pellets are formed by microorganisms of Methanothrix genus. In the
beginning, they resemble the spaghetti swirls formed by the Metha-
nothrix long filaments

Model of many layers

Methanothrix grouping is the centres of granulation. The layer-by-layer
growth of pellets is performed with a spatial separation of various
trophic groups of microorganisms: Hx-producing acetogenic bacteria
and Hz-consuming bacteria

Syntrophic micro colony
model

Micro colonies, by means of syntrophic relations, may lead to the
creation of consortiums and subsequent formation of pellets, because
consortiums are characterized by stable conditions, co-evolution, and
protection against the effects of microorganism media participating in
the given consortium

Model of three types of
pellets which split volatile
fatty acids (VFA)

Methanothrix, Methanosarcina bacteria participate in the granulation
process and they form 3 types of pellets which split VFA:

1 — compact spherical pellets comprising mainly of rod-like bacteria
which resemble Methanothrix soehngenii in short chains or separate
cells;

2 — spherical pellets comprising mainly of poorly twisted filamentous
bacteria which are attached to inert particles. Predominating bacteria
resemble Methanothrix soehngenii,

3 — compact spherical pellets comprising mainly of bacteria of Meta-
phosarcina type

Model of
Methanothrix bundles

Pellets are formed from the aggregates of Methanothrix and other bac-
teria. By means of filaments, Methanothrix forms specific bundles sepa-
rated by an external matrix. When bundle sizes get larger, the external
matrix is deactivated, and the centre of pellets is formed. This centre is
made of compact filaments of Methanothrix

Model of anaerobic
granulation
of defined species

Pellet formation is based on the capability of bacterial species to pro-
duce dense aggregates in an anaerobic reactor and/or ensure surface
binding for other bacteria, which are unable to form aggregates and
pellets. It is believed that methanogenic microbes are a key species for
granulation. In particular, the species such as Methanothrix, Methano-
brevibacter, and Methanosarcina

Thermo-
dynamic
theories

Surface tension model

Bacteria receive the maximum possible free adhesion energy under the
low or high liquid surface tension. Pellets formed under the low liquid
surface tension values and which contain acytogenes around methano-
genic association contribute to more stable characteristics of the pro-
cess, because they are less sensitive to gas bubble adhesion and subse-
quent washout
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Table continuation

Four-stage model

4 stages of granulation:

1. Cells transfer to the surface of uncolonized inert material or other
cells.

2. Initial reversible adsorption by means of physical and chemical
force on substrate.

3. Irreversible adhesion of cells to substrate with the use of microbial
appendages and/or polymers.

4. Cell propagation and pellet development

Proton translocation —
dehydration model

The (molecular) mechanism of sediment granulation is based on pro-
ton translocation activity on the surfaces of bacterial membranes. Ac-
cording to theory, the sludge granulation process takes four stages:

1. Dehydration of bacterial surfaces;

2. Formation of embryonic pellets;

3. Pellet maturation;

4. Post-maturation

Crystallized core
formation model

Granulation stages:

1. Growth and generation of different bacterial species;

2. Bacterial attachment or adhesion with the cells of suspended sub-
stances or other bacteria with the formation of matrix or the pellet
core as a crystallization centre.

3. Seizure or integration of bacteria, microcolony growth and, finally,
formation of a spherical pellet 1—5 mm in diameter

Other

Cellular automation
model

Cellular automation model is defined as a spatial discrete-time sys-
tem in which the state of automation is defined by a set of rules act-
ing locally, but are applied across the system. This model is aimed at
the reproduction of microbial structures under the conditions of lim-
ited substrate transfer. The substrate gradients created by local sub-
strate consumption allow bacteria placed on the "top" to have more
accessible substrates compared to those placed at the bottom. There-
fore, the structure of microcolony or biofilm is related to the resource
availability

Cell-cell interconnection
model

Some bacteria by virtue of intercellular interactions form a biofilm,
which under certain conditions, initiates granulation

Cluster model

The precise mechanism has not been defined yet, but it is known that
the interconnection between substrate composition and/or concentra-
tion and kinetic properties of microorganisms plays a key role. There
are several hypotheses available:

1. Physical aspects associated with the space limitation for microor-
ganisms upon growing a biofilm. When divided, daughter cells occupy
certain space and push away neighbouring cells. The clusters were re-
ceived at this process modelling;

2. Under the conditions of substrate exhaustion in the deeper layers of
biofilm or aggregate, microbes are divided actively into the upper areas
only and form a new biomass. Therefore, the growth of biofilm or ag-
gregate becomes unidirectional, and the colonies are grown as the "fin-
gers" toward volume liquid;

3. Anaerobes produce signalling molecules from cell-to-cell, which
may stimulate formation of pores and channels. These signalling mol-
ecules or their structural analogues may also be presented in waste
effluents

General four-stage model

1. Initiation of bacteria-bacteria contact or bacteria attachment to the
cores by means of physical relocation;

2. Support to stable multicellular contacts by means of initial attract-
ing forces;

3. Maturation of cell aggregations by virtue of microbial forces;

4. Formation of steady three-dimensional structure of microbial ag-
gregate by hydrodynamic displacement forces




Innov Biosyst Bioeng, 2018, vol. 2, no. 3

Table 2: Water parameters after GDSW and poultry co-
fermentation

Indicator Value
Chemical oxygen demand, COD, 2800
0, mg/dm?3
Biological oxygen demand, BOD, 1500
0; mg/dm?
Suspended substances, SS, mg/dm? 2300
Volatile fatty acids, VFA, mg/dm? 1230
pH 7.58

— silica gel based sorbent, grain size — 2-
3mm (Institute of New Materials of Shandong
Academy of Sciences, China)

— talc based sorbent, grain size — 2-3 mm
(Institute of New Materials of Shandong Academy
of Sciences, China).

Anaerobic sludge from a fermenter for receiv-
ing biogas from GDSW was used as inoculum in
the Ecobiotechnology and Bioenergetics Depart-
ment of the National Technical University "Igor
Sikorsky Kyiv Polytechnic Institute". The GDSW
used was provided by Chervonoslobodskyi Distill-
ery, Kyiv Oblast.

The granulation process with the use of differ-
ent centres of adsorption has been carried out in the
laboratory shaking flask with heating at the tempera-
ture of 37 + 2 °C, stirring rate is 60 rpm. Cone
flasks with the gas outlet system for removal of bio-
gas produced were used as reactors as well as they
made impossible to penetrate the air to the reactor
medium.

The degree of anaerobic sludge granulation was
evaluated using the microscope XSP-139TP (Ulab
TM, China) with 20x zoom and the energy-
dispersive spectrometer (EDS) Oxford X-Max 50.

Wastewater treatment using free-floating and
granular activated sludge has been carried out under
the anaerobic conditions in the mesophilic mode at
the temperature of 40 + 2 °C in reactors with ca-
pacity of 1.5 dm?, fill factor — 0.8. The substrate
was stirred using paddled impeller sat the rate of
60 rpm. Each reactor was connected to the wet
type gas receiver for biogas collection.

The values of BOD, COD, and SS were cal-
culated using the standard method [11], medium
pH was measured using the ion meter I—160 MI
(RF) [12].

Biogas composition was determined with the
gas chromatograph LHM-8-MD (RF) [13] using
the standard method, VFA liquid concentration
was established with the liquid chromatograph
HPLC Shimadzu (Kyoto, Japan) using the stand-
ard method [14].
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Results

Pellets have not been formed with the use of
activated carbon, silica gel based sorbent and fer-
rum compounds that can be explained by specifics
of GDSW composition and the microorganism as-
sociation properties.

By using talc based sorbent as a granulation
centre, the formation of initial biofilm on a carrier
has been observed on the third day of fermentation
and then it was grown in an activated sludge pellet.
The obtained pellets are given in Fig. 1.

b

Figure 1: Anaerobic sludge before granulation (a), pellets
formed on talc based sorbent (b)

Fig. 2 demonstrates the comparative charac-
teristic of biogas output and methane content in it
with the use of granular and free-floating anaerobic
sludge in water treatment at Stage 2 of the GDSW
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processing. The ratio of inoculate and substrate on
a DOS basis is 1:5, relatively.

Figure 2: Biogas and methane output (V) per day with the use
of free-floating (blue colour) and granular (orange colour) an-
aerobic sludge

The water treatment parameters at Stage 2 of
distillery waste disposal per day with the initial
COD content — 2800 mg/dm? are given in Table 3.

Table 3: Water purification degree at Stage 2 of GDSW pro-
cessing

Indicator value .
. Indicator value
. with the use of .
Indicator . with the use of
free-floating an-
aerobic sludge granular sludge
COD
’ 780 + 46.87/ 310 + 43.39/
3
glfﬁé feﬁc/yreggo"al 72+ 15 89 + 1.77
BOD
’ 400 £ 36.06/ 180 + 17.39/
3
SS
’ 600 + 4491/ 200 + 29.75/
3
glfﬁé feﬁc/yreggo"al 74 +2.12 91 + 1.4

Discussion

The choice of granulation centres is based on
heterogeneity of their surfaces on which aggrega-
tion of suspended solids and microorganisms may
have place.

Not all microorganism species interact with
the inert surface of activated carbon [15], [16]. The
availability of high concentration of volatile fatty
acids in water also hinders the aggregation of sub-
stances and microorganisms, because they prevent
neutralization of particle charges and, correspond-
ingly, their aggregation as on carbon surface, so
against each other. The presence of acids in solu-
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tion explains the absence of granulation on other
above mentioned sorbents. Silica gel pellets were
destroyed in 7 days of being in wastewater, which
confirms the studied medium aggressivity.

The aggregation of hydroxyl compounds be-
tween themselves and the formation of adsorption
centres do not take place with the use of ferrum
compounds and the availability of acids. Hydroxyl
compounds are transformed into soluble state by
reaction:

Fe(OH)," + CH;COOH —
— 2 CH;COO™ + Fe** + 2H".

The carbon activation with calcium ions for
the creation of activated carbon interaction centres
with microorganisms did not demonstrate positive
results. Perhaps, this is associated with the availa-
bility of competition between negatively charged
surface of microorganisms and the anions of vola-
tile fatty acids for the attachment centres, which
reduces or makes impossible the microorganism in-
teraction with activated carbon.

So far as the surface of talc based sorbent par-
ticle, except the extended surface (of pores), con-
tains the oxygen and magnesium atoms, this allows
for sedimentation of charged and uncharged parti-
cles. The pellets are grown due to the formation of
layers which from the beginning contain nutrients in
suspended particles, which precipitate on the pellet
surface, and various microorganism species that are
capable as to destruct particles, so to produce me-
thane. Moreover, in the process of granulation, oth-
er species, which are not adsorbed on sorbent, are
attached to the pellets due to the formation of pol-
ymeric polysaccharidic or polypeptide matrix that
can be produced by Methanobacterium and other
species [16]. As described in literature sources [6],
[9], [10], [17], methanogenic bacteria that form the
bedded structures, Methanothrix soehngenii (Metha-
nosaeta concilii), Methanosarcina spp., Methanobrevi-
bacter, play a special role in the formation and
functioning of anaerobic sludge pellets.

The sorbent due to the availability of oxygen
atoms on the surface and the bacterial cells with a
negative charge of the surface leads to the for-
mation of hydration shell. The change of a pellet
surface charge and its partial dehydration take
place by means of proton transfer to the membrane
surface upon substrate oxidation with acetogenic
bacteria. The absence of hydration shell results in
hydrophobic interaction between the cells and
pellet compaction. The metabolite transport bet-
ween the cells facilitates this process also [18]—[20].
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A spherical pellet shape is produced under the ef-
fect of hydraulic force of rising biogas bubbles. The
separation of microorganism species in a pellet is
determined by the velocity of nutrients transport
between them.

Therefore, for wastewater with concentration
of volatile fatty acids within 800—2000 mg/dm?, it
is possible to use the granulation centres of
sorbents, which contain proton donors and accep-
tors, to form the anaerobic sludge pellets.

As is seen from Fig. 2, biogas output is higher
by 26 = 2%, if granular anaerobic sludge is used.
At the same time, biogas methane content is in-
creased by 8 + 1%. It means the granulation of
anaerobic sludge provides the possibility to increase
both biogas output and biogas methane content.

As is seen from Table 3, the wastewater
treatment process, with the use of granular activat-
ed sludge, is characterized by a higher removal ef-
ficiency of polluting substances. Recovery rate of
organic substances is increased, and removal de-
gree reaches 89%, which is by 17% higher com-
pared to the use of free-floating sludge.
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Conclusions

It was demonstrated that for highly concen-
trated waste effluents of the distillery (GDSW),
which after co-fermentation with poultry manure
contain volatile fatty acids in concentration 800-
2000 mg/dm?, it is necessary to use sorbents con-
taining both proton donors and acceptors to obtain
microorganism pellets in capacity of granulation
centres. Talc can serve as a basic substance for
such sorbents.

It was established that the use of granular acti-
vated sludge for the distillery wastewater treatment
increases the removal efficiency of COD and BOD
by 15—17%, increases biogas output by 26 + 2%
and biogas methane content — by 8 + 1%.

Further study of the abiotic factors influence
(temperature, pH of the medium, availability of
nutrients) on the formed active sludge granules in
the conditions of our technological process.
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H.B. F'ony6, M.B. MNoTtanoea

TEXHONOTYHE PILEHHA NMNIABULLEHHA BUXOAY BIOrA3Y NPU ®EPMEHTALLIT
3EPHOBOI NICNACNUPTOBOI BAPAU

MNpo6nemartnka. OCHOBHUM BiAXO4OM CMNMPTOBOI MPOMWCIOBOCTI € nicnacnuptoBa 6apaa. BoHa € BMCOKOKOHLIEHTPOBAHOK CTiYHOO
BOAOI0 Ta XapaKTepU3yETbCA BUCOKMMI 3HAYEHHAMM XiIMIYHOTO CrOXMBaHHA KUCHIO (XCK) — go 60—120 r Oy/am® — i HU3bKMMM 3HAYEH-
Hamu pH — go 3,7, wo pobuts ii nepepobky HenpocTum 3aBAaHHAM. OOHUM i3 BUKOPUCTOBYBaHMX METOAIB ii yTunidauii € aHaepobHe
OpoaiHHA 3 ogepxaHHAM biorady. [nst iHTeHcudikauii npouecy aHaepobHOro OYMLLIEHHS CbOTOAHI BUKOPUCTOBYHOTH METOAM MiABULLEHHS
KOHLeHTpaLii Myny, a came — iHepTHi Hocii aAns iMmobinizauii MikpoopraHiamis abo rpaHynsiuito. 3a paxyHOK BULLOI KOHLEHTpaLii aHa-
epobHMX MIKpOOpraHi3miB y rpaHymnax, NopiBHAHO 3 KiMbKICTIO MiKPOOPraHi3miB y BiflbHOMMaBa4oMy akTVUBHOMY MyIi, NpOLEC MeTaHo-
reHesy BifbyBaeTbCs Ginbll iHTEHCUBHO 3 BULLMM BUXOA4OM Giorasy Ta 3HmkeHHsM XCK.

MeTa. BusHauyeHHs1 MOXNMBUX LEHTPIB rpaHynsuii aHaepobHOro Myny y BUCOKOKOHLEHTPOBAHMX CTOKax CNMpPTOBOrO BUPOGHULTBA Ans
niABWLLEHHSI NpOAYKyBaHHS 6iorady B NpoLeci iX OUYNLLEHHS.

MeTopuka peanisauii. [Ins dopmyBaHHS rpaHyn SK LeHTpW akymynsuii MikpoopraHiamMiB BUKOPUCTOBYBanu: akTMBOBaHe BYrinns, Mo-
OudikoBaHe BYrinnsi, Ha NOBEPXHIO SIKOro ocafxeHo ioHu kanbuito, FeCls, copbeHT Ha OCHOBI cunikarento, COpGEHT Ha OCHOBI Tarbky.
PesynbTaTti. 3a BUKOPUCTAHHS aKTMBOBAHOIO BYriNNs; MOANMIKOBAHOrO BYFiNMa 3 WOHaMK Kanblitlo; COpOEeHTY Ha OCHOBI cumikarento
Ta crnonyk depymy He BiabyBanocb yTBOpeHHs rpaHyn. 'paHynun aktuBHoro myny 6ynu ogepxaHi 3a BUKOPUCTaHHA COpOEeHTY Ha OCHOBI
TarnbKy — Ha TpeTto 4oby epmeHTaLlii cnocTepiranu yTBOPEHHS NoYaTKoBOI GionniBKM Ha HOCIT, sika NOTIM po3pocTanach y rpaHynu.
BucHoBku. NokasaHo, WO ANS BUCOKOKOHLIEHTPOBaHMX CTIYHMX BOA cnmpT3aBody (micnscnupTtoBa 6apga), ski nicns kodepmeHTauii 3
NTaWWHWUM MOCIIIAOM MICTATb NETKi XKMPHI KUCIOTW y KOHLeHTpauisix 800—2000 mr/am®, Ans oTpuMaHHs rpaHys MiKpoopraHiamis sik LieH-
Tpy rpaHynsauii Heo6xigHO BUKOPUCTOBYBaTU COPGEHTH, LLIO MICTSITb Y CBOEMY CKNafi sik 4OHOPW, TakK i akLenTopu NpoToHiB. BctaHoBne-
HO, LLO BUKOPWUCTAHHS rpaHynbOBaHOro akTMBHOIO Myny A OYWLLEHHSA CTOKIB CMMpT3aBoay 36inbliye edpeKTUBHICTb BUAANEHHS XiMiy-
HOro Ta 6ioXiMiYHOro CNOXUBAHHSA KUCHIO Ha 15—17 %, niaBuwye Buxig Giorady Ha 26 + 2 %, BMiCT MeTaHy B 6iorasi —Ha 8 £ 1 %.

KniouoBi cnoBa: rpaHynsuis; 6ioras; nicnsacnvuptoBa 6apaa; depmeHTalis; MeTaH.

H.B. F'ony6, M.B. lNoTanosa

TEXHOJNOMMYECKOE PELLEHUE NOBbLILLEHUA BbIXOOA BUOIA3A NMPU ®EPMEHTALIMN
3EPHOBOW MOCNECMNUPTOBOM BAPAbI

Mpo6nematuka. OCHOBHLIM OTXOAOM CMMPTOBOM MPOMbILLIIEHHOCTU ABMSIETCS nocnecnvpToBasi 6apaa. OTo BbICOKOKOHLLEHTPUPOBAHHAs
CTOYHas BOAa, KOTOPas XapaKTepuayeTcs BbICOKUMM 3HAYEHMAMU XMMUYeckoro noTpebneHus kucrnopoga (XMK) — go 60-120 r O./am® — 1
HU3KUMK 3HaYeHusmMu pH — go 3,7, uto genaet ee nepepaboTky HenpocTon 3agadverr. OQHUM M3 METOAOB ee yTUnM3aumm sIBnsieTcs
aHaspobHoe BpoxeHue ¢ nonyvyeHnem Guorasa. [Ans uHTeHcMdUKauMmn npolecca aHaspobHON OUYMNCTKM CErO4HSA UCMOMb3YT MeToAbl
MOBLILLEHNS KOHLIEHTPALUK Una, @ UMEHHO — MHEPTHbIE HOCUTENW ANt UMMOGUNM3aLMM MUKPOOPraHW3MOB UMW rpaHynaumio. 3a cyet
BbICOKOW KOHLEHTPaLUM aHaspOOHbIX MUKPOOPraHM3MOB B rpaHynax, No CPaBHEHUKO C KONMMYECTBOM MUKPOOPraHn3MoB B CBOGOAHO-
nnaearLleM akKTUBHOM Wre, NPoLLeCcC MeTaHoreHe3a NpoxoanT 6oree NMHTEHCUMBHO C BbICOKUM BbIX04oM 6uorasa u cHukeHnem XIK.
Llenb. OnpegeneHne BO3MOXHbIX LEHTPOB rpaHynsuMu aHaapobHOro una B BbICOKOKOHLEHTPUPOBAHHbBIX CTOKaxX CMMPTOBOrO Mpouv3-
BO/ACTBA A1 NOBbILLEHUS BbipaboTkM Grorasa B npouecce Ux O4UCTKU.

MeToauka peanusauuun. [ns oopMMpoBaHMsa rpaHyn Kak LeHTpbl akkyMynsuuM MUKPOOPraHM3MOB UCMONb30Banu: akTUBUPOBAHHbIV
yrosb; MOANMULMPOBAHHBIN Yrofb, Ha MOBEPXHOCTb KOTOPOro OcaxaeHbl MoHbI kanbumst; FeCls; copbeHT Ha ocHoBe cunuvkarens; cop-
OEeHT Ha OCHOBe Tanbka.

Pe3ynbTaTthl. [pn ncnonb3oBaHWM aKTUBMPOBAHHOIO YINs; MOAMMULMPOBAHHOIO YINs C MOHaMK Karnbuus; copbeHTa Ha OCHOBE CUmu-
Karensi 1 CoeiMHeHW xxene3a o6pa3oBaHWs rpaHyn He Habnoganock. 'paHynbl aKTMBHOMO Mna BbiNu NonyYeHbl NPU UCMONb30BaHWUK
copbeHTa Ha OCHOBE Tarbka — Ha TpeTbU CYTKN pepMeHTauun Habngann obpasoBaHne Ha4YanbHOM BMONNEHKM Ha HocuTene, KoTopas
3aTeM paspacTanach B rpaHyrbl.

BbiBogbl. [1oka3aHo, 4YTO ANS BbICOKOKOHLIEHTPMPOBaHHbBIX CTOYHBIX BOA cnupT3aBoda (nocrnecnupTtoBas 6apga), koTopble nocne Ko-
depMeHTaLMK C NTUYLMM NMOMETOM COAEPXaT NETYYNE KUPHBLIE KNCMOTbI B KOHUEHTpaumsx 800—2000 mr/am®, ans nomnyyeHus rpaHyn
MUWKPOOPraHU3MOB KaK LieHTpbl rpaHynsauum HeobxoaMMo 1CMonb3oBaTb COPOEHThI, coaepallue B CBOeM COocTaBe Kak AOHOpbI, Tak U1
akuenTopbl NPOTOHOB. YCTaAHOBIEHO, YTO UCMONb30BaHWE FPaHyNMPOBaHHOIO aKTUBHOMO UNa Ans OYMCTKU CTOKOB CNMpT3aBoda yBenu-
unBaeT APPEKTUBHOCTL yaaneHUsi XMMMUYECKOro U Buoxummyeckoro notpebneHus kucrnopoaa Ha 15-17 %, noBbiwaeT Bbixoa 6uorasa
Ha 26 + 2 %, cogepxaHue meTaHa B 6uorasze —Ha 8 £ 1 %.

KnioueBble cnoBa: rpaHynsuusi; 6uoras; nocnecnuptoBas 6apaa; epmeHTaums; MeTaH.
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Background. The weight of the best athletes at different distances and in different sports can be very differ-
ent. It is known that rowers, as a rule, are very massive. In order to give a chance to athletes with a small
mass, the rowing federation was introduced a special category with the weight restrictions. These facts are
connected with the peculiarities of the aerobic and un-aerobic activities, drag and propulsion characteristics.
Objective. In this paper, we don’t try to explain the body mass differences. We will only fix them for different
sports: running, swimming (free style), skiing, skating, cycling, and rowing and for different Olympic distances.
Methods. A significant amount of data on the velocity and body mass of the best athletes professionals (both
female and male) in Olympic sports (running, swimming, skiing, skating, cycling and rowing) was collected and
analyzed. Since the weights of the best athletes only are taken into consideration, the expected results can be
treated as the most suitable (optimal) body masses for different sports and distances. In order to check, how the
values of body mass and average speed on the distance fit the linear dependence, the equation of the linear re-
gression was used. The regression coefficient and two parameters of the straight line were calculated. In order
to check that the velocity of skating doesn’t depend on the athlete mass, the Fisher test was used.

Results. The optimal masses of athletes for different distances and sports were calculated. In general, for the
short distances, the large masses of athletes are optimal and they decrease for long distances. Exception is
the results for female swimming and running, where the largest masses of athletes correspond to the medium
distances. For longer distances, results show that the most performing athletes are characterized by a lower
body mass, except for skating. For a fixed distance, the optimal weights of female athletes are 79.5 + 3.1%
of the weight of male athletes, at the same time they develop 89.4 £ 1.8% of the speed of men.

Conclusions. The presented statistical analysis indicates that within one distance there is no significant de-
pendence of speed on the mass (the exception is only rowing). For each distance there are their optimal
masses of athletes, which are different for different sports. The revealed facts can be used in athlete selection
and training. They need also further investigations with the use of the metabolic and propulsion peculiarities.

Keywords: Olympic sports; linear regression; Fisher test; athlete selection.

Introduction

The weight of the best athletes at different
distances and in different sports can be very differ-
ent. E.g., the body mass of 10 000 m runner cham-
pion — Kenenisa Bekele (55 kg), [1] — is only 58.5%
of mass of 100 m one — Usain Bolt (94 kg) [2]. It is
known that rowers, as a rule, are very massive. In
order to give a chance to athletes with a small
mass, the rowing federation was introduced a spe-
cial category with the weight restrictions (72.5 kg
for men) and (59 kg for women) [3, 4].

These facts are connected with the peculiari-
ties of the aerobic and un-aerobic activities. The
allometry and Kleiber's law [5] may be used to ex-
plain the drastic mass differences for sprinters and
stayers. For rowing and swimming (where the
movement is almost neutral buoyant), the substan-

tial part of the energy released in the body is used
to overcome the drag in water, while for human
running the air drag can be neglected, but signifi-
cant energy is used to support the weight [6].

In this paper, we don’t try to explain the body
mass differences. We will only fix them for differ-
ent sports: running, swimming (free style), skiing,
skating, cycling and rowing (individual category
without athlete weight limitations [3, 4]), and for
different Olympic distances. For this purpose, the
statistical information about the best male and fe-
male athletes were collected and analyzed with the
use of linear regression (for every distance) and the
Fisher test (for skating). Since only the weights of
the best athletes will be taken into consideration,
the expected results can be treated as the most ap-
propriate (optimal) body masses for different sports
and distances. For example, many men compete
on a distance of 100 m, but far not all run it for

© The Author(s) 2018. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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less than 10 seconds. One reason might be inap-
propriate weight. Therefore, we specifically use the
data of athletes, who showed the best time to de-
termine the most appropriate (optimal) body
weights. The optimum weight of the body for each
sport and distance is a result of natural selection.
We just fix it.

Materials and Methods

Information collection. The information was
collected on the official sites of sports (associa-
tions): International Association of Athletics Feder-
ations [7], International Swimming Federation [§],
International Ski Federation [9], International Skat-
ing Union [10], International Cycling Union [11],
International Rowing Federation [12], as well as
on other sports sites in 2015—2016. The best sports
achievements of athletes (male and female) over
the past 3—4 years have been analyzed, as well as
some of the best results achieved earlier. In total,
information was collected and analyzed for 6 kinds
of sports: running (8 male + 8 female distances,
692 results), swimming (free style) (5m + 5f dis-
tances, 609 results), skiing (6m + 6f distances,
553 results), skating (5m + 5f distances, 680 re-
sults), cycling (4m + 4f distances, 397 results), row-
ing (individual, no weight limit) (Im + 1f, 616 re-
sults (including intermediate ones)).

Linear regression. In order to check, how the
values of body mass m and average speed U on the
distance (collected for the fixed sport and the dis-
tance) fit the linear dependence, the equation of
the linear regression m on U (the optimal straight
line, minimizing the sum of squared distances be-
tween collected and theoretical points) was used [13].
The regression coefficient and two parameters of
the straight line were calculated with the use of
known formulas [13].

Fisher test for skating. In order to check that
the velocity of skating doesn’t depend on the ath-
lete mass, two groups with smaller and larger mass
were selected for every Olympic skating distance
and for males and females separately. These two
groups have an equal number of persons. For each
group, the average velocities and body masses will
be calculated. Then the Between group variability
and Within group variability will be calculated ac-
cording to the formulas:

(1
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de-
notes the sample mean in the i-th group, n, is the

where B,, is Between group variability, Y;

number of observations in the i-th group, Y de-
notes the overall mean of the data, m =2 denotes
the number of groups;

N

Wo =3y -0 2)

i=1j=1 h—m

where W,, is the Within group variability, ¥, is

the j-th observation in the i-th out of m groups,
n is the overall sample size [14].

We will use the F-test to check the null hy-
pothesis that says that the average speeds do not
differ for light and heavy athletes. The experi-
mental value of the Fisher function can be calcu-
lated with the use of the formula:

B,
F=te 3)

gv
The corresponding values will be compared
with the critical value F.(k,k,), k =m-1=1,

k, =n—m of the Fisher function at a desired sig-
nificance or confidence level a.

Results

Velocity versus weight dependences for fixed
distances. The collected values of body mass and
velocity for every athlete are shown by small
rhombuses in Figs. 1—6 for running, swimming,
skiing, skating, cycling, and rowing respectively.
The boundaries of rhombuses are blue for males
and red for females. The corresponding average
values of the body mass and velocity are shown by
greater rhombuses for every distance. The corre-
sponding linear regression lines and regression
coefficients are also shown in Figs 1—6. In the case
of rowing, there is only one Olympic distance —
2000 meters. For this case, the intermediate
results for 500 m and 1000 m are also represented
in Fig. 6.

Figs. 1—5 demonstrate that within one dis-
tance there is no significant dependence of speed
on the athlete weight. Corresponding correlation
coefficients may be negative and positive but are
close to zero. In the case of rowing, the speed in-
creases with the increase of the body mass; espe-
cially for female athletes (the corresponding values
of the correlation coefficient exceed 0.7).
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Figure 2: Swimming. The values of body mass and velocity. Small rhombuses are values for every athlete. Greater rhombuses are av-
erage values for every distance. The boundaries of rhombuses, corresponding linear regression lines and regression coefficients are
blue for males and red for females
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Figure 4: Skating. The values of body mass and velocity. Small rhombuses are values for every athlete. Greater rhombuses are aver-
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Figure 5: Cycling. The values of body mass and velocity. Small rhombuses are values for every athlete. Greater rhombuses are aver-
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Figure 6: Rowing. The values of body mass and velocity. Small rhombuses are values for every athlete. Greater rhombuses are aver-
age values for every distance. The boundaries of rhombuses, corresponding linear regression lines and regression coefficients are blue
for males and red for females
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Average velocity versus average weight for dif-
ferent distances and sports. In spite of the weak
dependence of speed on the mass at individual dis-
tances, in the case of running, swimming, cycling,
and skiing, we can see an obvious reduction the
average weight of the stayers in comparison with
the sprinters in Figs. 1—3, 5 and in Table 1. E.g.,
for running the body mass of sprinters (100 m dis-
tance) is much larger than for stayers (10 km dis-
tance); the corresponding ratios are 1.25 and 1.39
for females and males respectively. For cycling the
corresponding ratios are 1.08 (females) and 1.2
(males); 1.05(f) and 1.1(m) for swimming; 1.03(f)

Innov Biosyst Bioeng, 2018, vol. 2, no. 3

and 1.07(m) for skiing. For female athletes, the
difference in body mass of sprinters and stayers is
smaller in comparison with males.

For skating the difference in body mass of
sprinters and stayers is practically invisible (see
Figs. 4 and 7). Because the skaters are all-round
(one athlete can develop high speed at different
distances), this result is not surprising. To deter-
mine the dependence of velocity versus mass, a
dispersion analysis for groups of light and heavy
athletes for each of the Olympic skating distances
will be presented in Section "Mass independence
for skating”.

Table 1: Average weights and speeds of athletes for different distances and sports

% female/male at % female/male at
Sports Distance, m Mass, kg Speed, m/s fixed distance Duration, s fixed duration
male female male female mass speed mass speed
Ry 88.39 68.64 4.85 4.43
2000 +£12.07 +9.04 +0.13 +0.12 71.7 91.5
86.05 63.43 20.40 18.30
200 +6.11 +5.84 +0.36 +0.32 73.7 89.7 10.93 73.8 90.1
63.05 14.65
500 +6.36 +0.25 34.13 73.2 79.1
86.31 16.44
1000 +7.51 +0.37
Cyelin 63.38 14.11
ycling 3000 +5.41 +0.23 212.66|  80.1 91.1
76.66 15.17
4000 +4.98 +0.22
58.79 11.69
29900 +5.65 +0.44 2557.50 76.1 82.0
77.65 13.71
53500 +5.60 +0.24
Cycling average 75.8 85.6
84.64 65.02 2.30 2.01
50 +8.39 +5.46 +0.06 +0.06 76.8 87.3 24.90 76.9 88.3
83.63 65.43 2.09 1.85
100 +8.67 +5.43 +0.06 +0.05 78.2 88.6 54.05 78.3 89.5
82.94 65.95 1.90 1.71
200 +8.89 +5.39 +0.04 +0.04 79.5 90.0 116.72 79.6 90.5
Swimming 81.73 64.19 1.79 1.63
400 +7.80 +6.32 +0.04 +0.03 78.5 90.7 245.97 78.7 90.9
62.00 1.58
800 +6.78 +0.03 506.53 82.4 90.5
77.18 1.68
1500 +7.56 +0.03
Swimming average 78.3 89.2 79.2 89.9
79.17 63.56 14.30 13.11
500 +5.66 +5.36 +0.29 +0.31 80.3 91.7 38.13 80.3 91.5
79.17 63.55 14.63 13.45
1000 +5.66 +5.55 +0.21 +0.17 80.3 91.9 74.34 80.3 92.5
78.92 63.53 14.07 12.88
Skating 1500 +6.02 +5.23 +0.51 +0.39 80.5 91.5 116.46 80.5 91.9
79.36 63.54 13.41 12.22
3000 +5.66 +5.41 +0.31 +0.38 80.1 91.1 245.47 80.1 91.6
79.44 63.77 12.82 11.74
5000 +5.79 +5.29 +0.70 +0.44 80.3 91.5 389.89 80.2 92.3
Skating average 80.3 91.6 80.3 92.0




Innov Biosyst Bioeng, 2018, vol. 2, no. 3

189

Table continuation

% female/male at % female/male at
Sports Distance, m bibesy L3 Speed, m/s fixed distance Duration, s fixed duration
male female male female mass speed mass speed
77.97 59.00 10.14 9.29
100 +6.09 +4.90 +0.09 +0.06 75.7 91.6 10.76 75.7 91.7
77.1 59.49 10.07 9.15
200 +7.90 +4.44 +0.10 +0.07 77.1 90.9 21.85 77.2 91.6
75.26 60.94 9.10 8.15
400 +7.06 +3.85 +0.06 +0.08 81.0 89.5 49.08 81.9 90.7
65.75 58.09 7.82 6.93
800 +6.27 +4.70 +0.04 +0.04 88.4 88.6 115.50 89.0 89.5
Running 62.06 51.39 7.17 6.33
1500 +6.64 +5.07 +0.04 +0.07 82.8 88.2 237.12 83.3 88.9
58.61 48.31 6.69 5.93
3000 +4.54 +4.86 +0.04 +0.06 82.4 88.6 505.98 82.6 89.0
57.77 46.44 6.49 5.74
5000 +4.58 +4.88 +0.04 +0.05 80.4 88.4 871.45 80.7 88.8
56.10 47.12 6.24 5.49
10000 +3.77 +4.64 +0.04 +0.05 84.0 88.0 1603.74 83.7 88.9
Running average 81.5 89.2 81.8 89.9
76.98 59.54 8.36 7.21
1000 +7.27 +4.06 +0.15 +0.12 77.3 86.2 138.67 76.7 82.8
78.43 58.84| 9.16 7.85
1500 +5.88 +4.67| +0.23 +0.24 75.0 85.7 191.15 75.4 86.5
73.37 7.91
4500 +5.07 +0.12
58.56 6.77
Skiing 5000 +4.89 +0.20 739.03 80.1 87.1
72.06 58.23 7.23 6.35
10000 +3.50 +4.93 +0.15 +0.26 80.8 87.9 1573.92 80.4 88.8
73.53 56.41 6.92 6.12
15000 +5.10 +4.44 +0.11 +0.21 76.7 88.5 2450.73 76.9 89.1
71.75 57.53 6.52 5.72
30000 +4.81 +4.58 +0.21 +0.18 80.2 87.7 4601.59 79.8 89.1
Skiing average 78.0 87.2 78.2 87.2
Average 79.5 89.4 79.4 89.1
+3.13 +1.85 +3.31 +3.16

The average values of speed for different dis-
tances and sports are shown in Fig. 7 versus the
average body mass of athletes. It can be seen that
the optimal body mass is different for different
sports. The heaviest athletes are successful in row-
ing. In sprint cycling, sprint swimming and skating,
the mass of best athletes is rather smaller. The
weight of skiers is usually even smaller. The some-
what chaotic nature of the dependences of the ski-
er average speed versus average mass (see corre-
sponding plots for male and female athletes in
Fig. 7) can be explained by different profiles of
distances and different weather conditions. The
smallest are long distances runners. Their average
weights are only 69% (f) and 63% (m) of the rower
ones.

We analyzed also the ratio of the average
masses of female and male athletes and ratio of av-

erage speeds for identical distances (female/male at
fixed distance), see Table 1. The ratio of the aver-
age weight of female athletes to the average weight
of male athletes (averaged as well for all sports and
distances) is 79.5 * 3.1%, at the same time the
female athletes develop 89.4 + 1.8% of the speed
of male ones.

Average velocity versus average duration of
sports activity. Fig. 8 and Table 1 illustrate the in-
fluence of the duration of a sports activity (the
time spent on a distance) on the average velocity
for different sports. Due to the fatigue, the speeds
usually monotonously decrease with the duration
increasing. Some exceptions occur only for 1 km
and 1.5 km distances in skating and skiing respec-
tively. Smaller speeds at shorter distances can be
explained by the fact that athletes do not have
enough time to reach the maximum speed.
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Table 1 also represents the ratio of the aver-
age speeds of female athletes to male ones at the
fixed time of activity (female/male at fixed dura-
tion). If a value of speed at a fixed value of dura-
tion is unknown, we used linear interpolation of
the results for nearest distances. It can be seen that
female athletes on average develop 89.1 £ 3.2% of
the speed of male ones.

Average body mass versus average time of
activity. Fig. 9 and Table 1 show the average body
mass versus the duration of a sports activity (the
time spent on a distance) for different sports and
distances. For rowers, the average mass is un-
changed, since the Fig. 9 shows the intermediate
results at only one distance of 2 km. As noted ear-
lier, for skaters, the average mass varies very little.
For skiers, the somewhat chaotic nature of the de-
pendencies can be explained by different distance
profiles and different weather conditions that affect
the average duration of the activity. Nevertheless,
for male skiers, it can be seen the tendency of
weight decreasing for longer distances, in compari-
son with the female athletes.

Table 1 also represents the ratio of the aver-
age weight of female athletes to male ones at the
fixed time of activity (female/male at fixed dura-
tion). The ratio of the average weight of female

athletes to the average weight of male athletes
(averaged as well for all sports and distances) is
79.4 £ 3.3%. The ratio of the average weight of
women to men one among adult persons is about
83% [15, 16]), and is rather different for different
countries (e.g., 73—77% for Croatia, Bangladesh,
and Vietnam; 79—83% for Ethiopia, North Korea,
Kuwait, England, Australia, South Korea, Germa-
ny, and Japan; 85—88% for Canada, USA, Brazil,
Chile, and Ukraine; 94.5% for Russia).

Mass independence for skating. Table 2
shows the results of the F-test calculation. We
ranked the results of the skating on the weight
(n is the total number of results for each distance)
and divided them into two groups equal in
number (one group with heavier athletes and the
second group with lighter athletes). Then we
calculated the Between group variability ( By, , see

formula (1)), and Within group variability (ng

see eq. (2)) and the value of Fisher function
(according to (3)). The critical values of Fisher
function (Fc) are also shown in Table 2 for
significance levels o = 0.05 and o = 0.01. The
results indicate that the calculated values of the
Fisher function are smaller than the critical ones
(it is only one exception for male 1500 m distance

Average mass vs average time
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Figure 9: The average body mass versus the duration of a sports activity (the time spent on a distance) for different sports and distances:
triangles — running, rhombuses — swimming, snowflakes — skiing, tilted crosses — skating, circles — cycling, straight crosses — rowing.

Signs are blue for males and red for females
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at the significance level o = 0.05). Thus, we can
conclude that the skaters' speed does not depend
on their weight.

Discussion

Fig. 8 and Table 1 show the speed differences
for different sports. The fasters athletes are cyclists.
Skaters and skiers are slower. These speed differ-
ences can be explained by different friction coeffi-
cients. The runners are the slowest athletes among
moving in air. Their movement is a series of jumps
which is connected with rather high energy loss
[6, 17]. Water sports are the lowest, since the drag
in water is very high [18]. Due to the special
shaped elongated shape of the boat [19], the row-
ers are more than twice faster.

The human running champions are approxi-
mately 3 times slower than cheetah — the fastest
terrestrial animal. To estimate the efficiency of
motion, a special characteristic — capacity-efficiency,
C. — was proposed in [6, 20], which indicates how
much metabolic capacity (energy released in the
body per unit of weight and per unit of time) is

Table 2: The results of F-test for male and female skating
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used to move the center of mass. The estimations
of C. presented in [21] yield the values 0.286 m/s
(Male record, 100 m, Usain Bolt), 0.268 m/s (Fe-
male record, 100m, Florence Griffith-Joyner) and
0.319 m/s (Male record 10 km, Kenenisa Bekele).
In comparison for cheetah C. = 0.277 m/s [21].
Thus, the running effectiveness of our champions
is comparable with one of the fastest terrestrial an-
imal. Nevertheless, the running effectiveness of the
fastest horses (C. = 0.467 m/s) and kangaroos (Ce.
= 0.567 m/s) is higher [21]).

It must be noted that real maximum metab-
olic rate of human athletes is approximately
2.9 m/s (28 W/kg), [22]. It means that only 1/10
part of the capacity released in body is used to
move the center of running body. In the case
of swimming this part is much smaller. E.g.,
C. = 0.0097 m/s [20] for fastest underwater human
swimming style (dolphin kick, speed 2.7 m/s). The
best fish swimmers are more than 10 times faster.
E.g. the Atlantic sailfish, Istiophorus albicans is able
to achieve the speed 30.6 m/s [20]. The highest
value of C. = 8.4 m/s was calculated for the juve-
nile Blue shark, Prionace glauca in [20]. Thus

. Mass, kg Velocity, Average
Gender DlStance, . m/s (av— mass speed F BgV ng n _F(C)' 05 _Fg()l
m min | max |average | eraoe) kg’ m /s’ a=u. a=u.
Male | soo | 0 | 80 | 7497 1 1435 | a0l 1430 | 158 | 012 | 008 | 74 | 40 7.1
80 | 90 | 83.62 | 1427
Male | 1000 | 05 [ 80 | 7444 1461 o 0l 1463 (307 | 003 ] 004 | 72 | 40 7.1
80 | 90 | 8342 | 14.69
Male | 1500 | 60 | 80 | 74201 1396 | 2o 05 | 1407 | 409 | 1.09 | 026 | 92 | 4.0 7.1
80 | 97 | 8337 | 1418
Male | 3000 | 60 [ 80 | 7325 | 1344 o a0 1 1341 (027 | 002009 | 56| 41 73
80 | 97 | 8332 | 1340
Male | soo0 | 60 | 80 | 738 1 1298 ) oo 04| 1080 | 186 | 0.82 | 044 | 68 | 4.0 7.1
80 | 97 | 8356 | 1276
Female | s00 | S0 | 63 | 59191 1309 st sy | 093] 0.08 ] 0.09 | 64 | 4.0 7.1
63 | 73 | 6766 | 13.16
Female | 1000 | S0 | 63 | 39041 1341 aso | 1345 | 264 | 0.08 ] 003 ] 52| 41 73
63 | 73 | 67.81 | 13.49
Female | 1500 | S0 | 63 | 5929 1 1286 | ot hes | 001 | 0.02] 005 ] 76 | 4.0 7.1
63 | 74 | 6761 | 12.89
Female | 3000 | S0 | 63 | 5913 1 1207\ su o0 | 171 | 024 | 014 | 60 | 4.0 7.1
63 | 74 | 6773 | 12.30
Female | 5000 | 52 | 03 | 942 | W82 1ol 1174 | 108|009 ] 017 ] 52| 41 73
63 | 74 | 6805 | 11.70
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compared with the fast aquatic animals, both the
speed and effectiveness of human swimming is
much lower. The low drag elongated shape of the
rowing boat (and may be higher propulsion coeffi-
cient) allows more than 5 times increase the effi-
ciency of movement in water. E.g., C, ~ 0.051 m/s

for rowing Lightweight Men Single, best time [6].

The sprinter running speed does not substan-
tially depend on the body mass, but increases with
the increasing of the stride length [21]. The statis-
tical analysis of fit male and female sprint run-
ners [23] demonstrate the linear increasing of the
speed versus stride length. Since the taller and
heavier athletes have larger stride length, we can
expect that they have the highest speed. The opti-
mal weight of 100m male runners (approx. 78 kg,
see Table 1) is larger than the average weight of
adult men (74 kg). Nevertheless, the optimal
weight of 100m female runners (approx. 59 kg, see
Table 1) is smaller than the average weight of adult
women (61 kg).

For male cycling, running and swimming the
optimal body mass decreases with the increasing
the duration of activity (the only exception is the
cycling distance of 1km). In comparison, for fe-
male cycling, running and swimming dependence
of the optimal body mass versus the duration of
activity is not monotonous. This peculiarity of fe-
male sports needs further investigations.

Conclusions

A significant amount of data on the velocity
and body mass of both female and male athletes
professionals in Olympic sports (running, swim-
ming, skiing, skating, cycling, and rowing) was
collected.
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The average values for different distances were
calculated and the linear regression analysis was
applied to find the relationships between the body
mass and the velocity for every distance.

Within one distance there is no significant
dependence of speed on the mass (except for row-
ing). For each distance, there are their optimal
masses of athletes, which are different for different
sports. This result needs further investigations and
analysis.

The large masses of athletes are optimal for
the short distances. For longer distances they usu-
ally decrease, but not for the female swimming and
running (where the largest masses of athletes corre-
spond to the medium distances) and not for the
male and female skating (where speed is practically
independent from the body mass). These facts need
to be studied and explained.

For a fixed distance, the optimal masses of fe-
male athletes are 79.5 £ 3.1% of the weight of male
athletes, at the same time they develop 89.4 + 1.8%
of the speed of men.

The obtained results can be also useful for se-
lection of athletes for different sports and distanc-
es. The differences in optimal weights for different
sport and distances need further investigations.
They can be very complicated, since the metabolic
and propulsion peculiarities, drag in water or/and
air, energy waste to support the body on the
ground, wheels friction drag etc. must be taken in-
to account.
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I.6. Kyamnbun, I.I. Hectepyk, C.B. MNepeBepses, A. Pegaenni, b.[. WeneTiok, O.P. YepTos
ONTUMAIBbHI MACU TIIIA 0N PI3BHUX ONIMMNIACLKUX BUAIB CMOPTY

Mpobnemartuka. Bara kpawmx cnopTCMeHiB Ha Pi3HUX BIACTaHSAX i B Pi3HWMX BMAax Cnopty Moxe OyTu Ayxe pisHow. Bigomo, wo
Becnspi, K NpaBuno, Ayxe mMacusHi. [insg Toro wob Aatu WaHC atnetaMm 3 MeHLUOK Macolo Tina, degepauis 3 BecrnyBaHHSA BBena
cnevjanbHy kaTeropito 3 BaroBUMMun obmMexeHHsMU. Lli dhakTi nos’sizaHi 3 ocobnmMBocTsiMM aepoBHOT Ta HeaepoBHOI akTUBHOCTI, Xapak-
TEepUCTMKamu OMopy Ta pyxy.

MerTa. Y Ui cTaTTi MM He HaMaraemocsi MOSICHUTYM Pi3HMLI0 MK Macamu Tina cnopTcMeHiB. My nuwe 3adikcyeMo ix Ans pisHuX BUAIB
cnopty (6ir, nNaBaHHs, NWXKHI NeperoHn, KOB3aHSAPCbKUI CNOPT, BENOCNOPT, BECNYBAHHSA) i ANs Pi3HUX ONiMAINCHKUX ANCTaHUIN.
MeTopuka peanisauii. My 3i6panu Ta npoaHanisyBanu 3HayHy KiflbKiCTb AaHMX NPO LUBWMAKICTb Ta Macy Tina Kpawux CropTCMEHIB-
npodpecioHaniB (XiHOK Ta YOmoBikiB) y oniMnincbkMx BuAax cnopty (Bir, nnaBaHHSA, NMWXKHI NEPeroHn, KOB3aHAPCLKWUIA CNOPT, BENOCMOopPT,
BecnyBaHHs). Ockinbku Mn 6epemo o yBarM macy Tina TiNbkv HaKpalimMx CNOPTCMEHIB, TO OTpUMaHi pe3ynbTaTu MOXYTb po3rnsaa-
TUCb SK HaWbINbLL CNpUATNMBI (ONTMMAanbHI) Macu Tina ANs pisHUX BUAIB COPTY i BiacTaHel. [ina Toro wob nepesipuTu, HACKiNbKN 3Ha-
YEHHS Macu Tina i cepeaHbOi LBUAKOCTI B Mexax oAHiel AnCTaHUiil BianoBiaaoTb NiHiNHIA 3aneXHOCTi, MU BUKOPUCTanM PiBHAHHSA MiHil-
Hoi perpecii. Po3paxoBaHo koedilieHT kopensuii Ta napameTpu npsmoi perpecii. Ans Toro Wwob nepesipuTy NPUMYLLEHHS, WO LWBUA-
KiCTb KOB3aHSPIB HE 3aneXWTb Bif Macu CropTCMeHa, My BukopucTanu Tect diwepa.

PesynbTaTtn. Po3paxoBaHo onTMManbHi Macu CnopTCMeHIB Ans Pi3HUX BiACTaHeN y pisHUX BuAax cropTy. 3aranoM Ha KOpPOTKMX Bifc-
TaHsAX BEMUKi Macu CNOpTCMEHIB € ONTUMAanbHUMK, | BOHW 3MEHLLYIOTLCA ANS BENUKMX BiAcTaHen. BuHaTkom € pesynbTat Ans nna-
BaHHs Ta biry cepep xiHOK, e HambinbLli Macyu CNOpTCMEHIB BiANOBigaloTb cepeHiM AncTaHuiaM. [na Ginblw JOBrvx BigctaHen pe-
3ynbTaT NOKa3yloThb, WO HaNBINbLL YCRiLLHi CNOPTCMEHN XapaKTepr3yoTbCA MEHLLOK MAacolo Tina, 3a BUHATKOM KOB3aHAPCLKOro crnop-
Ty. [Ins chikcoBaHMX BigcTaHen onTUMarnbHi Macu Tina aTneTiB-XiHOK cTaHoBNATb 79,5 £ 3,1 % Big Macu Tina aTneTiB-4OMOBIKIiB, y TOW
)K€ Yac XiHKM-CMOPTCMEHN PO3BUBAIOTL LUBUAKICTb, sika cTaHOBUTL 89,4 + 1,8 % Bif, LWBWMAKOCTI YONOBIKIB-CMIOPTCMEHIB.

BucHoBku. MpoBeaeHuin CTaTUCTUYHWUIA aHani3 CBIAYUTDb, L0 B MeXax OAHIel AUCTaHUil HeMae 3HaYHOI 3aneXHOCTi MK LWBMAKICTIO Ta
Macolo Tifla CnopTCMeHa (3a BUHATKOM BecryBaHHs). [Insi KOXHOI BiACTaHi iCHYOTb ONTUMarbHi Macu Tina CNOPTCMEHIB, SKi € Pi3HUMMU
Ons pi3HNX BUAIB crnopTy. BcTaHoBneHi hakt MoxyTb ByTn BUKOpUCTaHi y Niabopi CnopTCMeEHIB Ta ix Mmigrotosui. BoHn notpebytots Ta-
KOX nodanbLumx AoChimKeHb 3 ypaxyBaHHAM ocobnunsocTert meTaboniamy Ta pyxy.

KnroyoBi crnioBa: onimMnificbkuin CnopT; MiHiHa perpecis; Tect ®iwepa; niabip cnopTcmeHis.
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W.B. KyablbuH, W.T'. Hectepyk, C.B. Mepesep3es, A. Pegaennu, B.[. LeneTiok, O.P. YepTtoB
ONTUMAIBbHbIE MACChI TENA ANSA PA3HbIX ONTMMMUAUCKUX BUOOB CMOPTA

MNpo6nemartnka. Bec nyymx cnopTCMEHOB Ha pasHbIX AUCTAHLUMSX U B pasHbIX BUAAX crnopTa MOXET CUMbHO oTnuyatcs. M3BecTHo,
41O rpebubl, Hanpumep, AOBOMbHO MaccuBHbIe. [ns Toro 4Tobbl AaTh LWAHC atneTam ¢ MeHbLUei Maccol Tena, deaepaumns rpebuos
BBEMNa crneunarnbHyo KaTeropuio ¢ BECOBbIMU OrpaHnyeHMaMn. 3Tn akTbl CBSA3aHbl 3 0COBEHHOCTAMM adpOo6HON 1 HeaspoBHON akTuB-
HOCTW, XapaKTepUCTUKaMn CONPOTUBIEHUS U ABWDKEHUS.

Llenb. B atoln cTaTbe Mbl He MbiTaeMcsi OO6BbACHUTL pasHULYy Mexay maccamu Tena cnopTcMeHoB. Mbl Tonbko onpegenum ux Ans
pasHbix BMAOB cnopTa (ber, nnaBaHune, fMbKHbIE TOHKU, KOHbKOGEXHbIN CMOPT, BEMOCMNOPT, rpebns) n Ans pasHbiX ONUMMIMNCKUX AM-
CTaHuun.

MeToauka peanusauun. Mbl cobpanu 1 npoaHanuavpoBanu G0OMbLLOe KOMUMYECTBO AaHHbIX O CKOPOCTW M Macce Temna fyylmx npo-
eccrmoHanbHbIX CMOPTCMEHOB (KEHLUMH U MYXXYMH) B ONMUMMUACKMX Bupax cnopta (ber, nnaBaHue, MbKHblE FOHKU, KOHbKODOEXHbIN
cnopT, BenocnopT, rpe6ns). Tak kak Mbl NPUHUMaeM BO BHYMaHWe Macchl Terna TOMNbKO NyYLLUX CMOPTCMEHOB, TO MOSyYEHHbIE pe3yrb-
TaTbl MOTYT paccMaTpuBaTbCs Kak Hanbonee nogxoasiume (onTumarbHble) Macchl Tena Ans pasHbiX BUAOB crnopTa U AucTaHumi. Ons
TOro 4YTOObl MPOBEPUTL, HACKOMNBKO 3HAYEHUsI Macchl Tena n cpegHen CKOpoCTU B pamMKax OAHON ANCTaHLMM COOTBETCTBYIOT MMHENHOW
3aBUCKMMOCTU, Mbl UCMONb30BanNu ypaBHEHVS NMMHENHOW perpeccun. PaccumTaHbl KoadhdULMEHT KOppensaumm u ABa napaMeTpa npsiMon
perpeccun. [inst Toro 4Tobbl NPOBEPUTL NPEANONIOXEHNE, YTO CKOPOCTb KOHBbKOOEXLIEB HE 3aBUCUT OT Macchl Tena CrnopTCMeHa, Mbl UC-
nonb3oBanu Tect ®uwepa.

PesynbTaTtbl. PaccuntaHbl onTuMarnbHble Macchbl CMIOPTCMEHOB AJ1S1 pasHbIX ANCTaHLUMIA B pasHblX BUAax cnopta. B obliem, Ha kopoT-
KMX AMCTaHLUMSIX ONTUManbHbIMK SIBNSIOTCS BorbLlUMe Macchl Tena CnopTCMEHOB, M OHW YMeHbLUaloTCs Ans 6onee ANMHHBIX ANCTaHLMIA.
MckntoveHne coctaBnsatoT pesynbTaTbl ANS NnaeaHusa n 6era cpean XeHLWuH, rae camble 6onblune Macchbl COPTCMEHOB COOTBETCTBY-
10T cpeaHuUM aucTaHumam. [na 6onee ANMWHHBIX AUCTaHLMIA pe3ynbTaThl NOKa3biBaloT, YTO Hanboree ycnellHble cnopTcMeHbl obnaaa-
10T MeHbLUEN Maccol Tena, 3a UCKI0YEHMEM KOHbKOGEXHOro cnopTa. [nsi oukcupoBaHHbIX AUCTaHUMIA ONTUMaribHble Macchl Tena aT-
NEeTOB-XeHLMH cocTaBnsioT 79,5 £ 3,1 % OT Maccbl Tena aTneToB-My>X4MH, B TO X€ BPEMS XKEHLLMHbI-CMOPTCMEHbI Pa3BMBAKOT CKO-
pocTb, koTopasi coctaBnseT 89,4 + 1,8 % OT CKOPOCTU MY)XYNH-CMOPTCMEHOB.

BbiBoabl. [poBeAeHHbIN CTaTUCTUYECKUI aHann3 nokasan, YTo B pamkax OAHOW AMCTaHUMW HET 3HAYUTENbHOM 3aBUCUMOCTU MEXAy
CKOPOCTbIO M Maccoi Tena CrnopTcMeHa (3a vcknoveHnem rpebnu). [ina kaxagow ANMCTaHUMM CYLLECTBYIOT ONTUMarnbHble Macchl Tena
CMOPTCMEHOB, KOTOPbIe OKa3anucb pa3HbIMK AN pa3HbiX BUAOB cropTa. lNonyyeHHble pesynbTaTbl MOryT ObiTb MCMONb30BaHbl B NOA-
6ope cnopTcMeHOB 1 nx noarotoske. OHU HYXAAIOTCA TaKKe B AOMOMHUTENbHBIX NCCNEA0BaHUSX C y4eToM ocobeHHocTeln meTabonums-
Ma 1 ABWXEHUS.

KnioueBble crnoBa: ofiMMNUIACKUI CMOpT; NHEHasn perpeccus; Tect duliepa; nog6op CropTCMEHOB.
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IIpoonemaTtuka. HayuHble OCHOBBI (POTOPETYISIIUNA OGUMOCUHTETUYECKON aKTMBHOCTH CheHOOHBIX U JeKapCT-
BEHHBIX MAKPOMMIIETOB.

Heab. OnpeneneHue BAUSIHUSI crioco0a KyJbTHUBUPOBAHUSI MAaKPOMUIIETOB, KOHIEHTPALIMU yIJIepoaa U a3o-
Ta Ha peaju3alio ux ¢GOTOMHIYLIMPOBAHHON pPOCTOBON aKTMBHOCTH.

Metomuka peamusanuu. [ToceBHoit munienuii C. militaris, F. velutipes, H. erinaceus, L. edodes n P. ostreatus,
00JTy4eHHBII HU3KOMHTEHCUBHBIM JIa3epHBIM CBETOM B Pa3HbIX AMANa3oHax UTMH BOJH IIPW SHEpreThyec-
KO# m03e obmydenus 230 mJIx/cM?, KyJbTMBUPOBAIMA IIOBEPXHOCTHO HA XMAKOM Cpele, a TaKXkKe ITyOMH-
HBIM cItocoboM. B kKauecTBe MCTOYHMKA YIJepoja MCIOJb30BAIM TIOKO3Yy, a30Ta — MENTOH B Pa3IMUHBIX
KOHILIeHTpaLusiX. Onpenesuid HakoIUleHue 0roMacchl U 3((EKTUBHOCTh MOTPeOIeHUS TII0OKO3bI.
PesynbTaThl. JloKazaHo, YTO CTereHb peanu3aliuy (OTOMHIYKIIMU 3aBUCUT OT COCTaBa NMMUTATEJILHONM CpPeIbl
U Crocoba KyJbTUBUPOBAHMSI MAaKPOMUIIETOB. YCTaHOBJIEHO, YTO [UISI TIOJYYEHUST MaKCUMaJIbHOTO CTHMY-
qupytoniero adhdeKra mnocjie HU3KOMHTEHCHBHOTO JIa3€pHOTO M3JIyYEHUS CleAyeT MPOBOAUThL TIyOMHHOE
KyJBTUBUPOBaHKE (hOTOAKTMBUPOBAHHOIO MOCEBHOro Muleaus. KparkoBpeMeHHOe HU3KOMHTEHCUBHOE Jla-
3epHOE U3JIyYeHUE TIPUBOIUT K U3MEHEHUIO TPODUKN MaKPOMMUIIETOB M BhIPAXKAETCS B YBEJIMYEHUU CKOPOC-
TH HaKOIUIEHMsI OMoMacchl 1 3¢ (GEeKTUBHOCTUA MOTPeOIeHUS INII0K03bl. CHIDKEHNE KOHIIEHTPALMU TIIOKO3bI
B cpele IMOBbIIAeT (DOTOMHAYLIMPOBAHHYIO aKTMBHOCTb noceBHoro wmuuenust C. militaris, G. lucidum,
L. edodes, H. erinaceus v P. ostreatus. JJOCTOBEpHOTO BJMSIHWSI KOHUEHTPAIIMU a30Ta Ha (POTOCTUMYJISILIUIO
pocTa MaKpOMULIETOB HE YCTAHOBJIEHO.

BoiBonpl. [ToyueHHBIE pe3ysbTaThl SIBISIIOTCSI OCHOBaHWEM IUTS JaJbHEWIINX WCCIIEAOBAHUIN BIUSIHUS pas3-
JINYHBIX (PaKTOpPOB Ha (HOTOMHAYKLINIO OMOCUHTETUUECKOM aKTUBHOCTU CheIOOHBIX M JIEKAPCTBEHHBIX I'pU-

0OB C LIEJIBbIO I/IHTCHCI/I(I)I/IKaL[I/II/I TEXHOJIOTUYECKHNX 5TAIlOB U3 KYJIbTUBUPOBAHUSA.
Keywords: MaKpOMMIETHI; HU3KOWHTEHCUBHBIN CBCT, O6JTy‘-IeHI/IC; (l)OTOI/IHZ[yKHI/Iﬂ; pocToBasd aKTUBHOCTbD.

BBenenne

MakpoMULIETBI SBISIOTCS WMCTOYHUKOM aK-
TUBHBIX KOMITOHEHTOB, KOTOpBIE COJEpXKaTcs B
TUIOJAOBBIX TejlaX, TJIYOUHHO KyJbTUBUPYEMOM MMU-
LeJIMM W KyJIbTypajnbHOi xuukoctu [1]. Cset
Hapsily C JPYTMMM 3KOJIOTMYECKUMU (haKTopamu,
TaKMMM KaK TemIleparypa M BJIaXHOCTb, BJIUSET
Ha XU3HEAEATEJbHOCTb MPAaKTUYECKM BCEX BUJOB
rpuboB. MexaHu3Mbl UX (POTOpELeNUU HE U3y-
YeHbI MOJIHOCTHIO, U MMO3TOMY MPU pa3pabOTKe Me-
TOJOB CBETOBBIX BO3ACKMCTBUI Ha I'puUOHOI opra-
HU3M 4acTo MpeobjagaloT SMIUPUYECKHE TMOIXO0-
abl. OnHaKO MCIOJIb30BaHKWE CBETa B OMOTEXHOJIO-
TMU BO3MOXHO Jaxe IMpU OTCYTCTBUM WHMOpMma-
1IMM O Me€XaHu3Max ero JeUCTBMS. YKe M3BECTHO,
YTO HU3KOMHTEHCUBHBI KOTE€pEeHTHBIN (J1a3ep-

HbI) U1 HEKOTePEHTHBII CBET MOXET OBbITh 3¢ deK-
TUBHO HCIIOJIB30BaH IJISI PETYJISIIUM OMOCHMHTETH-
YECKO aKTUBHOCTU ChEIOOHBIX M JIEKAPCTBEHHBIX
rpu6os [2].

OmHako B HacTogllee BpeMsl KaKue-JM0o
CBelleHMs O (pakTopax, BAMSIONIMX HA MPOSIBJICHHE
(GOTOMHAYLIMPOBAHHBIX U3MEHEHU Y MaKpOMMUIIE-
TOB, TIPAKTUYECKU OTCYTCTBYIOT. TeM He MeHee MX
3HaHUWe HeoOXoaumo WISl 3¢p(GHEKTUBHOTO UCIOIb-
30BaHMSI MCKYCCTBEHHOTO CBeTa CO CTPOTO KOH-
TPOJMPYEMBIMU MapaMeTpaMyu B OUOTEXHOJIOTHUSIX
KyJbTUBUPOBAHUS MAaKpPOMMIIETOB.

ABTOpBI, TPOBOIMBIIME WCCIACAOBAHUS C
MUKpPOMUILIETAMU, MOKa3aju, UYTO XapakTep cpe-
IbI, Ha KOTOPOM BhIpalllMBaeTcsl I'pub, U CIIOCOO
KyJIbTUBMPOBAHUS OINpEneasaioT, OyneT v CBeT
CTUMYJIMPOBATh WM yMEHbIlIaTh CKOPOCTh pOCTa

© The Author(s) 2018. Published by Igor Sikorsky Kyiv Polytechnic Institute.
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rpu6oB [3—9]. Beuta ycTaHoBi€Ha B3aMMOCBSI3b
(oTOMHOYIMPOBAHHON AKTUBHOCTH (hepMEHTOB
Trichoderma reesei E.G. Simmons, y4acTBYIOLINX
B JCCTPYKUMU KICTOYHON CTEHKM pacTeHUN u
ucrouyHukoB nmtaHus [9]. Ilpu paccmoTpeHuu
BOTIPOCOB (hOTOpEECNIINM M 3KcIpeccuu dep-
MEHTOB M TEHOB y TIpuOOB 0O0JIbIIOE 3HAYEHUE
yIenseTcs yIIeBOmMHOMY oO0MeHy. M3BecTHO, 4TO
CBET MOXET 3HAUYMTEIHbHO WHTMOMPOBATH ITOTJIO-
LlIeHUe TJIOKO3bl Aspergillus ornatus Raper, Fen-
nell & Tresner [10], a rmoko30aMuaa3Hasi aKTUB-
HocTh Muuenust Aspergillus niger Tiegh. mox Bo3-
JIEeMCTBHEM TOJIYOOTO CBETa YBEIMYMBAETCsT Ooiee
yeM B 2,5 pa3a II0 CpaBHEHHMIO C MUIIEJINEM, BBI-
pameHHBIM B TeMHOTe [11]. POTOYYBCTBUTEIH-
HOCTb MeTabosiM3Ma a30Ta y TpUOOB M3ydeHa I0-
BOJIBHO He3HAuMTeNbHO. TeM He MeHee HEKOTO-
pble MCCIIeIOBAaTeNI CUYMTAIOT, YTO CBSI3b MEXKIY
CBETOM M a30THBIM OOMEHOM cyluecTByeT [12,
13]. OOHapykeHO, 4YTO Cpeau T'€HOB, KOHTPOJMU-
PYIOIINX IUPKATHBIE Yachl, €CTb HECKOJBKO Te-
HOB, Yy4yacTBYyIOLIMX B MeTaboiu3Mme aszoTta [14].
CUHUMIA CBeT WHAOYNUPYET CHWXCHUE HUTPAT-
peayKTa3HOM aKTWUBHOCTU Yy Neurospora crassa
Shear & O.B.Dodge. D10 naetr ocHOBaHUS TIpe-
MOJIOKUTh, YTO TOCKOJBKY CBET BJIWSET Ha MeTa-
6oJIM3M a30Ta M yriepoja y TpuboB, TO, COOTBET-
CTBEHHO, M KOHIICHTpPAIlMM MCTOYHUKOB a30Ta U
yIJIepola MOTYT BIUSTH Ha WX YyBCTBUTEIHLHOCTH
K CBeTy.

Takum 06pa3oM, MCXOIs U3 CKa3aHHOTO BHI-
1IIe, IeJIbI0 pabOThI SBJISIETCS OMpPEIeICHUE BIIHS-
HUSA crocoba KyJETUBUPOBAHUSI, KOHIICHTPAILIUU
yriaepoa M a3oTa Ha pean3alnuio (pOTOMHIYIIN-
pPOBAHHOM pPOCTOBOM AKTUBHOCTU CBHEHOOHBIX U
JIEKapCTBEHHBIX MaKPOMMUIIETOB.

Marepuajbl 1 METOAbI

OObekTaMu MCCAeAOBaHUM ObUIM  UYMCThIE
KyJbTypbl MakpomuueToB Cordyceps militaris (L.)
Link 2029, Flammulina velutipes (Curtis) Singer
1883, Hericium erinaceus (Bull.) Pers 963, Lentinu-
la edodes (Berk.) Pegler 711, Pleurotus ostreatus
(Jacq.) P. Kumm. 1688, m3BecTHBIE KaK MPOIY-
LICHTHI MUILEBON OMOMAacChl U OMOJOTMYECKU aK-
TUBHBIX BellecTB, U3 Kostekuuu KyabTyp LLIsI-
MOYHbIX TI'puboB WMHCTUTYTA OOTAaHUKM WMEHU
H.T'. Xonognoro HAH Ykpauns (IBK) [15].

HMccnenoBaHust BAMSHUS crnocoba KyJbTH-
BUpOBaHUS Ha (OTOMHIYIIMPOBAHHYIO POCTOBYIO
aKTMBHOCTb MaKpPOMUIIETOB MPOBOIMIN HA XKUI-
KoM muBHOM cycie (8° mo bamnunry). Beipa-
IIEeHHBIII MOBEPXHOCTHO HA CycCJO-arape B dalll-
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kax [letpu mpu temnepatype 25—26 °C Muueani
nonBeprajim obnaydyeHuro. Cpasy mocjie 3TOro
BbIp€3aJiu AUCKU (5 MM B JUaMETpEe) C MULIEIU-
eM. B konbsl Opaenmeiiepa ¢ 150 ma nuTaTesb-
HOI cpeabl TOMEIIaand 110 5 MUILEINAIbHBIX JIUC-
KOB M KyJbTUBUPOBAIM B CTAIMOHAPHOM WJIN -
HaMMYeCKOM pexuMe Ha Kavajke (180 00/MuH)
IIpU TOW ke TemmepaTtype. JIMTEeTbHOCTh KYJb-
TUBUPOBaHMSI 3aBucena OT BUIOBOW MpUHAI-
JIEXKHOCTH IITAMMOB M WX POCTOBBIX XapaKTepUC-
TuK (7—14 cyt). KoHleHTpauuo abCOIIOTHO Cy-
X0l Owmomaccel (a.c.0.) ompenesii BECOBBIM
MeTomoM. WM3MeHeHHe pPOCTOBBIX ITOoKa3zaTesaei
rmocje o0JIydeHUsT CBETOM HU3KOM MHTEHCUBHOC-
TH OIpPENeNISIIA B TIPOIEHTaX IO OTHOIIECHUIO K
KOHTPOJIIO.

I[pn w3ydyeHUM BAUSHUS KOHIEHTpALIWi
[JIIOKO3BI Ha  (POTOMHAYIMPOBAHHYIO POCTOBYIO
aKTMBHOCTb MaKpOMMUIIETOB MCITOJIb30Bal TJIIOKO-
30-TIENTOHHYIO CPely C pa3HBIMM KOHIICHTpALIWSI-
mu rmoko3bl (10, 30 1 50 r/n u 3 r/n menrtoHa).
BiusgHne KoHIIEHTpamuii a3oTa — Ha TJIIOKO30-
nmenToHHoi cpeae (30 T/1 TAIOKO3BI U pa3HbIe
KOHLEHTpauuu nentoHa — 1, 3 u 4 r/mn).

HMcToyHmKkaMn KOTEPEHTHOTO BUIMMOTO HU3-
KOUHTEHCUBHOTro JiazepHoro uanydyenuss (HUJIN)
CJIY>KWJIM Ta30BbI€ JIa3epbl: T'eJIUMA-HEOHOBBIN Jia-
zep JITH-215 ¢ wmsnydeHmeM Ha JJIMHE BOJIHBI
632,8 HM (KpacHBIN 1BeT), mpowmsBoacTBa HIIO
“ITonsspon”, JIbBOB, YKpanHa, U aprOHOBBLII MOH-
HbIl Jasep (MommduuupoBaHHas wmoxenb JITH-
106M1 mpoussoactea HITO “Ilmasma”, Poccus),
U3JyYeHWEe Ha JJIMHE BOJIHBI 514,5 HM (3eJieHblit
cBeT) U 488,0 (cuHUil cBeT) HM. JlasepHBIil 1y4
pacdoKycupoBajcs JUH30M 10 pa3mepa oOJIacTu
yaiku Iletpu.

I11I0THOCTh MOIITHOCTH M3ITyYeHUS U3MEPSIIH,
HUCTIONB3YS HU(PPOBON ONTUYECKUI H3MEPUTETh
MouiHoctT U 3Heprum PM-100D, Thorlabs Inc.,
CO CTaHAAPTHBIM (POTOAMOMTHBIM JATYMKOM MOII-
Hoctu S120C, paboumii guamnazon 400—1100 Hwm.
DHepreTuueckas 103a OOJydyeHUs], OMNpeneIeHHAast
KakK Mpou3BeJAeHME TJIOTHOCTM MOIIHOCTU U Bpe-
MeHU 00ayueHus, cocrasisia 230 mJIx/cm>. Cae-
TOBYIO 00pabOTKY MOCEBHOIO Marepuajnga MpoBO-
IWJIA TIPU TIOJTHOM OTCYTCTBUM APYTUX MCTOYHM-
KOB CBeTa.

st oOpaboTKM IIOJYyYEHHBIX pPe3YyJIbTaTOB
ucrojb3oBaiu mporpammy Excel 2007. IToBtop-
HOCTb 9KCIIEpUMEHTOB — 5-KparHas. CraTucTuyec-
KA TOCTOBEPHBIMU CUUTAIMCH PE3YJbTaThl MUCCIIE-
JIOBaHU, B COOTBETCTBUU C t-Kputepuem CThiO-
JIeHTa, IIpu ypoBHE 3HauumocTu p < 0,05.
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Pe3yabTaTsl

PesynbTaThl, npeacTaBaeHHbIe B Tabd. 1, mom-
TBEPKIAOT BHIIBUHYTYIO HaMU paHee TUTIOTE3y O
BIUSIHUU cIoco0a KyJbTUBUPOBAHUSI Ha IMpollec-
Cbl, KOTOpPBIE OIMNPEESIIOT M3MEHEHUsI POCTOBBIX
XapaKTEePUCTUK, BBI3BAHHBIC CBETOBBIMHM BO3MICH-
CTBUSIMU.

Hawubonpiuii ctumyavpymomuit aggekr, no-
JIyaeHHBIN npy ucnonb3oBanun HWUJIW mns akTi-
BallMM pOCTa M3YYEHHBIX BHUIOB MaKPOMUIIETOB,
MOJIydeH TIpW TIYOMHHOM KyJbTUBUPOBAHWU.
Haxkormnenne 6nomMaccsl Ipu KyJIBTUBUPOBAHUU B
JUHAMMYECKOM peXKMMe YBeJIUYMBajoCh, B 3aBU-
CUMOCTU OT IlTaMMa M pexuma oOJlyueHMs, Ha
13 n mo 6omnee yem 150 % mo cpaBHEHUIO C KYJIb-
TUBUPOBAHUEM B CTallMOHAPHOM PEXUME.

I[lpn w3yyeHMM BIUSHUS KOHIEHTpALIWIA
[JIIOKO3bl Ha (DOTOMHAYLIMPOBAHHYIO POCTOBYIO
AKTUBHOCTb MaKPOMUIIETOB HAMOOJBIINNA CTUMY-
Jupyloluii 3peKT mnociae obaydeHUs IS Bcex
WUCCIeAOBAaHHBIX IITAMMOB OTMeYaJlu Ha cpele,
conepxaueir 10 r/a raokos3sl (Tadu. 2). Iosbiiie-
HU€ KOHLIEHTpALlMK TJIOKO3bl B MUTATEJILHOU Cpe-
Jle TIPUBOJAMJIO K CHUXXKEHWIO MPOLIeHTa YBeanuue-
HUSI HAKOIUIEHMWSI OMOMAcCChl II0 OTHOLUIEHUIO K

Innov Biosyst Bioeng, 2018, vol. 2, no. 3

koHTpoto (10 r/n rmoko3wl) y C. militaris — Ha
7,6 %,y F. velutipes —na 9,3 %, y L. edodes — na
24,4 % Ha cpene ¢ 30 r/n rmoko3sl 1 Ha 47 % Ha
cpene ¢ 50 r/m.

Takast ke 3aKOHOMEPHOCTb HabJIomajaach 1 B
aKcnepuMeHTax ¢ H. erinaceus w P. ostreatus, y
KOTOPBIX CHIXeHUe (OTOMHAYLIMPOBAHHOM aK-
THUBHOCTUA COCTaBIsUI0 Ha cpemax ¢ 30 m 50 r/n
[IIOKO3bI y P. ostreatus — 10,2 u 23,1 % uy H. er-
inaceus — 19,3 u 31,3 % W COOTBETCTBEHHO.

KputepueM oOIleHKM TOTpeOJIeHUs TIIOKO3HI,
MIpY KyJBTUBUPOBAHUN OOJIydeHHBIX M KOHTPOJb-
HBIX IIITAMMOB Ha TUTATEIbHBIX Cpelax C Pa3HOM
e¢ KOHIICHTpALMeil, CIyXia BeIMYMHA S5KOHOMMU-
yeckoro Ko3¢p@GUIUUEHTa. YCTaHOBIEHO, 4TO 3(¢-
(beKTUBHOCTH ITOTPEOICHUST TJIIOKO3BI BO BCEX Ba-
pHMaHTaxX OIBITA M B KOHTPOJIC BHIIIE Ha cpele C
10 r/m Tmoko3sl (puc. 1). C 3KOJIOTMIeCKOM TOYKHU
3pEeHUs, 3TO MOXHO OOBSICHUTH amalTalliOHHON
peakiueil opraHu3ma rpuba K CTPeCCOBBIM (hbakK-
TOpaM OKpyxXamolieir cpefabl. OIHAKO IOTyYEeHHbBIC
HaMM JaHHbIC ITO3BOJISIIOT YTBEPXKIATh, 4YTO IIO-
BBILIICHNE 3KOHOMHUYECKOTO 3((eKTa y IITaMMOB
nociae BoaaeiictBuss HWJIW 3HauuTenbHO Oosee
BbIpaxkeHo. DPPHEeKTUBHOCTh OCBOEHUS cybcTpaTa

Tabmmma 1: (DOTOI/IHI[yI_[I/IpOBaHHLIC U3MCHCHUSA PpOCTa MAKPOMULIETOB IPpU CTALMOHAPHOM U FJ'IYGI/IHHOM crocobax KYJIbTUBUPO-

BaHUs Ha XUIKo# cpene (% yBeanmdeHUs: OMOMAacChl)

Bux JITMHA BOJIHBI, HM
632,8 HM (KpacHBIii) | 514,5 HM (3eJIeHblit) | 488,0 HM (cuHUIA)
CTanMoHapHBIN PeXKUM
C miliari 6,2 0,4 | 1,5+0,2 | 15,5 £ 0,3
- mitarts I'myGuHHOE KynbTHBUPOBAHUE
19,6 £ 0,6 | 7,7 +0,2" | 25,8 + 1,2*
CTalnMoHapHBIN PeXUM
¥ velutipes 25,4 +0,3" | 1,1 £0,1 | 34,4 + 1,8
[ myOuHHOE KyJIbTUBUPOBAHUE
56,3 £ 1,7* | -11,5 £ 1,0 | 78,2 + 1,2
CTalMoHapHBIN PeXKUM
. erinaceus 39,4 £ 1,8 | 325+ 1,3 | 45,6 £ 5,1°
I'myOorHHOE KyIbTHBUpPOBAHUE
51,8 + 3,4 | 43,6 + 1,8 | 68,8 + 2,6
CTalMoHapHBIN PeXUM
L. edodes 75,1 £ 1,6* | 66,7 + 2,1° | 76.9 £ 1,8
I'myOuHHOE KyJIbTUBUpPOBaHUE
139,8 + 2,4 | 117,6 + 2,2* | 153,8 + 3,1
CTalMoHapHBIN PeXUM
41,9 £ 1,4 | 34,6 0.4 | 20,4 £ 0,17
P. ostreatus I'myOuHHOE KyIbTHBUpPOBaHUE
57,4 £ 1,0* | 46,0 + 1,5 \ 29,2 + 0,17

*CTaTMCTUYECKM JOCTOBEPHBIE Pa3IMuMs M0 OTHOLIEHUIO K KOHTposo (p < 0,05), pe3ynbraThl NpeacTaBieHbl Kak M + n, n = 5.
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Tatauna 2: oToMHAYKLIMS POCTOBOI aKTMBHOCTH MaKpPOMMIIETOB Ha CpeAax ¢ pa3HOil KOHLEHTpaluel oKo3bl (a.c.0, /1)

Konuentpauns Kontpos, 632,8 HM % yBean4eHus a.c.0
[JIIOKO3bI, T/J1 0e3 obsyyeHus
C. militaris
10 4,6 + 0,1 5,8 £ 0,2 31,0
30 6,1 £0,2 7,5+ 0,3* 23,4
50 6,4+ 0,3 7,9 £ 0,1* 23,7
F. velutipes
10 52+0,3 7,0 £0,1* 39,0
30 9,7+ 0,4 12,4 £ 0,3* 30,1
50 10,1 £0,3 13,2 £ 0,4 30,0
H. erinaceus
10 4,4 +£0,2 7,9 +0,1* 73,1
30 6,3 £0,3 9,6 +0,2* 54,0
50 8,4 +0,2 12,2 £ 0,2* 42,1
L. edodes
10 4,0 £ 0,1 7,9 £0,2* 97,6
30 8,3+0,2 14,3 £ 0,3* 73,4
50 11,1 £0,4 16,7 £ 0,2* 50,1
P. ostreatus
10 5,4£0,2 8,5+ 0,2 64,2
30 12,0 £ 0,1 18,0 £ 0,4 54,6
50 13,8 £ 0,3 19,0 £ 0,3* 41,1

“JIOCTOBEPHBIE PA3JIMYMS [0 OTHOUIEHHMIO K KOHTPOJIO (p < 0,05), pe3ynbrarsl MpeacrabieHsl Kak M + n, n =35
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C. militaris  F. velutipes H. erinaceus P. ostreatus

Pucynok 1: BiausiHMe KOHIIEHTpallMM MCTOYHMKA yrjiepona (mmoko3a) Ha 3()¢eKTUBHOCTb €ro MoTpedJIeHUs MaKpOMHULIETAMM:
(a) 0GTydeHHBIN TOCEBHOI MULIEIHiA, (6) KOHTPOJIb, MoceBHOM Mmutieanii 6e3 obmydeHus: M — 10 r/n, O — 30 r/x, @ — 50 r/x

HeoOJIyJeHHBIMM IITaMMaMM Ha cpeae ¢ 10 r/n
II0KO3bl Bhillle Ha 10 % MO CpaBHEHMIO C KYJib-
TUBUpOBaHUEM Ha cpene ¢ 30 r/71 IIIOKO3bI, a B
OIIBITE IIOCJIE CBETOBOM 00paboTrkm Ha 30—45 %
1o cpaBHEHUIO co cpenoil ¢ 30 /1 TIoKO3bl U Ha
35—56 % c 50 r/1 TIOKO3HI.

KynbTBUpOBaHUE MOCEBHOTO MMIIENUS, 00-
nmydyeHHoro HWMJIM Ttakoil e JIMHBI BOJIHHI,
632,8 HM, 4uTO M B mpeabiaylieM omnbite, Ha I'TIC

C pa3HbIMM KOHIEHTpauusMu nentoHa (1, 3 u
4 1/1) He MoKaszaau HOCTOBEPHOIO BIWSIHUS KOH-
LICHTpallMd HWCTOYHMKA a3oTa Ha (HOTOUHAY-
LIMPOBAHHYIO CTUMYJISILMIO POCTa MaKpOMMIETOB
(puc.2). VYBenuueHue HaKOIUIEHUSI OHUOMacCCh
($OTOAKTUBUPOBAHHBIM MMIIEIUEM, II0 CpaBHE-
HUIO C HEOOJYYEHHbBIM, ObLIO MPaKTUYECKU OIM-
HaKOBBIM B TIpejesiax Buia rpuba BO BCEX Bapu-
aHTax OIbITa.
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C. militaris G. lucidum L. edodes H. erinaceus P. ostreatus
Pucynok 2: PoctoBasi aKTHBHOCTb MaKpOMMILIETOB Ha cpeax ¢ pasHoil konuentpauueii menrona: M — 1 r/n, O — 3 r/n, W — 4 t/n
POCTOBOM aKTUBHOCTBIO [16—20]. DTO MOXET ObITH
Oo6cyxnenne

M3yyeHue HaxkoruieHMs1 OMoMacchl Ha KU-
KHUX cpefax MpHU HUCIOJb30BAaHMM ITOCEBHOTO MMU-
Heausi, 00Jy4deHHOrO0 HU3KOWHTEHCUBHBIM Jia3ep-
HBIM CBETOM B pa3HbIX Juana3oHax MJIMH BOJIH,
MO3BOJIWJIO TIOJYYUTh OObEKTUBHYIO KapTUHY BJIM-
SIHUSI CIToco0a KyJIbTMBHUPOBAaHUS Ha pealu3alivio
dorouHayuupymouero agdexkra. Takum obdbpazom,
HalllM JaHHbIe W Pe3yabTaThl MCCAEAOBAaHUIA, TO-
JIyYEHHbIE IPYTMMU UCCIEAOBATEIsIMUA IIPU padoTe
¢ MuUKpomuineTaMu [5, 9], CBUIETEIBECTBYIOT O TOM,
YTO TpaHchopMalvsl SHEPTruY CBeTa, MOIoLAaeMO
TPMOHBIMU KJIETKAMM, OIIPEAC/ISICTCS TIOCIEHyIO-
IIAMU YCIIOBUSIMU KYJTbTUBUPOBAHUS TPUOOB.

YcTaHoBIeHHAss HaMU 3aBUCHUMOCTh CTEIIEHU
(boToakTMBAIIMM pPOCTa MUIICIHST W3YYCHHBIX BU-
OB TpUOOB OT KOHILIEHTpaLUMU Yrjaepoja najga oc-
HOBaHue mnpenrojoxuTtb, yto HWUJIW npuBogut K
M3MEHEHMIO UX TPO(MUKU U BbIpaxkaeTcsl B YBEJM-
yeHUn 3¢GGEKTUBHOCTU ITOTPEOJEHUsS MCTOYHUKA
yrjepoaa Ha cpeiax ¢ MOHWXXEHHBIM COJep>KaHU-
eM DIoko3bl. [lomydyeHHbIE MaHHBIC MOATBEPIMIN
Halle npearnojoxeHue (cM. puc. 1).

OTCYTCTBUE AOCTOBEPHOTO BAMUSHUSI KOHLIEH-
TpallM¥ a3oTa Ha (HOTOUHAYLIMPOBAHHYIO CTHUMY-
JIIIUI0 POCTa MaKpOMMIIETOB TEM HE MEHee I103-
BOJIIET TIPEIIOJOXUTh, YTO €ro KOHIIEHTpaIlus
MOXeT BAuATh Ha uHaykuuio HWUIIW npyrux us-
MEHEHUIl MX OMOJIOTMYECKON aKTUBHOCTH, TaKMX
KaK cHUHTe3 (hepMEHTOB, MOJMCaxapujaoB, Meja-
HUHOB U TIp., YTO HE BCeraa KOppeJupyeT ¢ MX

OCHOBaHUEM JId TIPOBCACHUA WUCCJIENOBAHUN,
HampaBJI€HHbBIX Ha M3YYCHUE BJINAHMA KOHUCH-
Tpaluil a3ora Ha MeTaboJU3M MaKpOMMUIICTOB.

BpiBoabI

Hoka3zaHo, 4YTO CTemneHb peanuszauuu ¢oTo-
WHAYKIMM 3aBUCUT OT COCTaBa IMMTATEJbHOM cpe-
bl U crocoba KyJbTHBUPOBAHMSI MaKpOMMUIIETOB.
YCTaHOBJIEHO, YTO ISl TOJYyYEeHUsT MaKCUMaJbHO-
ro crtumyaupyouero agdexkra nocie HUJIHN cne-
JyeT MPOBOIUTH MIyOWHHOE KYJIbTUBUpPOBaHUE (hO-
TOAKTUBUPOBAHHOTO MOCEBHOI'O MULICJIUS.

KpatkoBpemennoe HWJIM npuBoguT K u3-
MEHEHUIO TPODUKU MAKPOMMIETOB U BbIpakaeTcs
B YBEJIMUEHUU CKOPOCTH HAKOIUIEHUSI OMOMAcChl U
3 PEKTUBHOCTU MOTpebaeHUs [NIIOKO3bl. CHUXKe-
HUE KOHUEHTpalMU IJIIOKO3bl B Cpele IMOBbIILIAET
(oTOMHAYLIMPOBAHHYIO AKTMBHOCTb MOCEBHOIO MU-
uenusa C. militaris, F. velutipes, L. edodes, H. erina-
ceus u P. ostreatus, 4TO TIPOSIBISIETCSI B JOIOJIHM-
TEJbHOM YBEJIMYEHUM HAKOILJIEHUs] OMOMAacChl pu
[JIYOMHHOM KYJbTUBUPOBAHUU.

He ycTaHOBIE€HO JOCTOBEPHOTO BIMSHUS
KOHIICHTpallMM a30Ta Ha (POTOMHAYLHPOBAHHYIO
CTUMYJISILIMIO pOCTa MAaKPOMMUIIETOB.

IMosyyeHHBbIE pe3yabTaThl SIBISIOTCS OCHOBA-
HUEM [UISl AaJIbHEHIIUX MCCIACIOBAHUN BIUSIHUS
pa3IMYHBIX (HaKTOPOB Ha (POTOMHAYKIIMIO OUO-
CUHTETUYECKON aKTUBHOCTH ChEIOOHBIX U JeKap-
CTBEHHBIX TpUOOB C LEJbl0 HHTEHCU(PUKaLIUK
TEXHOJIOTMYECKMX ITAMOB UX KYJbTUBUPOBAHMSI.
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H.J. NMoegwnHok, O.B. Muxainosa, H.M. Cepriituyk, A.M. Herpiiko

PEANI3ALIS ®OTOIHAYKOBAHOI POCTOBOI AKTUBHOCTI MAKPOMILIETIB: BIMJIMB CNOCOBY KYNIbTUBYBAHHS
TA KOHUEHTPAUIT BYTTNELIIO | A30TY

Mpo6nemaTtuka. Haykosi ocHoBU choToperynsuii 6ioCUHTETUYHOT aKTUBHOCTI iICTIBHWX i NiKapCbKNX MakpoMiLeTiB.

Merta. BctaHoBneHHs BNnmBy cnocoby KynbTUBYBaHHSA MakpOMILLETIB, KOHLIEHTPpaLii ByrmeLo i a3oTy Ha peanisauito ix poToiHayKoBaHoi
POCTOBOI @aKTUBHOCTI.

MeToauka peanisadii. [NocisHun miuenin C. militaris, F. velutipes, H. erinaceus, L. edodes i P. ostreatus, skuin onpoMmiHioBanu HU3bKo-
iHTEHCMBHVM Na3epHUM CBITIOM 3a Pi3HMX Aiana3oHiB JOBXUHI XBUITi MPU eHEepreTUYHin 4o3i onpomiHeHHs 230 mIx/cm?, kynbTuByBanm
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NOBEPXHEBO Ha PiAKOMY XVBUIbHOMY CEpefoBULLi, a TaKoX MUOMHHUM MeToAoM. AK [Kepeno BYrfeLio BUKOPUCTOBYBanM KO3y,
a30Ty — NeNTOH Y Pi3HMX KOHUEHTpauisix. BusHayanu HakonnyeHHs Giomacu i eheKTUBHICTb BUKOPUCTAHHS FIHOKO3M.

PesynbTaTtn. BusHaveHo, WO CTyniHb peanisauii oToiHAYKUIT 3anexuTb BiA CKnaay XMBUIIbHOTO CepefoBuLla Ta crnocoby KynbTuy-
BaHHA MakpoMileTiB. BctaHoBneHo, Lo ANS OTPYMaHHSA MakCUMarnbHOro CTUMYOYOro epekTy NiCns HU3bKOIHTEHCUBHOIO N1a3epHOro
BUMPOMIHIOBaHHS Cif NPOBOAUTY FMUOMHHE KyrbTUBYBaHHS hOTOAKTMBOBAHOIO MOCIBHOrO Miuenito. KopoTkovacHe HU3bKOIHTEHCUBHE
nasepHe BUMPOMIHIOBaHHS NPU3BOANTL A0 3MiHN TPOMIKM MAKPOMILIETIB i BUPaXAETbCA B 30iNbLUEHHI LUBMAKOCTI HAKOMUYEHHS Giomacu
Ta eeKTUBHOCTI CMOXUBAHHS TTHOKO3W. 3HWKEHHS KOHLIEHTpaLi rMoKOo3W Yy XUBUINbHOMY cepeoBuLLi NiaBuLLye pOTOIHAYKOBaHy ak-
TUBHICTb nociBHoro miuenito C. militaris, G. lucidum, L. edodes, H. erinaceus i P. ostreatus. [JoCTOBIpHOro BNNvBY KOHLEHTpaLii a3oTy
Ha POTOCTMMYNALII0 POCTY MAKpOMILIETiB HE BCTAHOBIIEHO.

BucHoBku. OTpumaHi pe3ynbTaTtu € nigcTaBoo AN NoAanbLIOro AOCMIAKEHHS BNMUBY Pi3HNX YMHHUKIB HA DOTOIHAYKUiO BioCMHTETNY-
HOI aKTMBHOCTI ICTIBHUX i NikapCbkunx rpmbiB 3 MeTo iHTeHcUiKaLii TEXHOMOrMYHMX eTaniB X KyNbTUBYBaHHS.

Knio4yoBi cnoBa: MakpoMiLEeTW; HU3bKOIHTEHCUBHE CBITN0; ONPOMIHEHHS; (DOTOIHAYKLLS; POCTOBA aKTUBHICTb.

N.L. Poyedinok, O.B. Mykhaylova, N.N. Sergiichuk, A.M. Negriyko

REALIZATION OF MACROMYCETE PHOTOINDUCED GROWTH ACTIVITY: INFLUENCE OF CULTIVATION WAYS
AND THE CONCENTRATION OF CARBON AND NITROGEN

Background. Scientific principles of the biosynthetic activity photoregulation of edible and medicinal macromycetes.

Objective. The aim of the paper is to determine the influence of macromycete cultivation method, carbon and nitrogen concentration on
the realization of their photoinduced growth activity.

Methods. Seed mycelium C. militaris, F. velutipes, H. erinaceus, L. edodes, and P. ostreatus irradiated with low-intensity laser light in
different wavelength ranges at an energy dose of 230 mJ/cm?, was cultivated superficially on a liquid medium, and also by the deep cul-
tivation method. As carbon source glucose was used, nitrogen — peptone at various concentrations. The biomass accumulation and glu-
cose consumption efficiency were determined.

Results. It is proved that the realization degree of the photoinduction depends on the composition of the nutrient medium and the meth-
od of macromycete cultivation. It is established that in order to obtain the maximum stimulating effect after low-intensity laser radiation, a
deep cultivation of the photoactivated seed mycelium should be carried out. A short-term low-intensity laser radiation results in a change
in the trophism of macromycetes and is expressed in an increase in the biomass accumulation rate and in the efficiency of glucose con-
sumption. Reducing the glucose concentration in the medium increases the photoinduced activity of the seed mycelium C. militaris,
G. lucidum, L. edodes, H. erinaceus, and P. ostreatus. There was no significant effect of nitrogen concentration on photoinduced stimu-
lation of macromycete growth.

Conclusions. The results of the research are the basis for further studies of the influence of various factors on the photoinduction of the
biosynthetic activity of edible and medicinal mushrooms to intensify the technological stages of their cultivation.

Keywords: macromycetes; low-intensity light; irradiation; photoinduction; growth activity.
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