YIK: 612.82:576.54:577.3
Ne neppeectpauii 01210111316
[uB. No

Haunionaasua akagemis nayk Yipainn
IscturyT diszionorii im. O.0. Boromounsus
01024, m. Kuis, Byn. boromonsus, 4; ten/pake (044) 256 24 04

3ATBEPJDKYIO
Hpekrop [neruryty disionorii
13/ ¢, YY) iM. O.0. Boromonbiis
i [ ‘ ,f 2 .: akazemix HAH Ykpainn
\ O A | /AN (Becenoscbkuiit M.C.)
\ . {niansc)
A \:"~~-7__,I-«§;’§.9"ﬁ)'aun 2021 p. MLIL
3AKJIIOYHMM 3BIT
ITPO PE3YJIbTATH PEAJII3ALIIL
[TPOEKTY Ne 2020.01/0266

3a JOrOBOpPaMH
B «23» xoprHs 2020 poky Ne 42/01.2020
Bia «07» tpasus 2021 poky Nel52/01/0266
Ha BUKOHAHHA po0OTH B MEXKaX HAyKOBOrO JOCHIKEHHS | po3po0KH 3a paxyHoK
rpanToBoi niarpumkun HOY:

«BITJIUB TTEPUGEPMYHUX HEMPO®I3IOJIONTYHUX MEXAHI3MIB
JIMXAHHS HA TOCTPHUM PECITIPATOPHUI JIMCTPEC-CUHIPOM: POJIB
PELIENITOPIB TPAH3IEHTHOI'O IOTEHLIIAJIY (TRP), OITIOIIHUX
(MOR) TA KAHABIHOIZIHUX (CA) PELIEITTOPIB»

L |

/7 ) /

/

Hayxoswuii kepisuuk INpoexTy / P -
K.0.H., MPOB. H.C., C.1L. / // A (Icaes J1.C.)
] (wiamc)
| A / I
2021

Pykonuc 3akinyeno 8 rpyaus 2021 p.

Pesynerat poGoti posrasnyto Buenoio panoro Incratyry disionorii iM. O.0. Boromonsis,
npotokon eig 16 rpyaus 2021 poky Ne 2



CIIUCOK ABTOPIB

KepiBuuk HIP, /( , J.C. Icaep
IPOB. H. ¢, \(finn

BCTYII; :
Bizutiny dXBKM (o2 190 x(mc];xyoﬁxi(;smm &
laeturyty disionori;
im. 0.0. Boromonbux,
KaHauaat Gionoriugpy
HAYK, cTapuuii gocoinuuxk

Bukonagug:
Crapumii HayKOBHI1
CHiBPOGiTHUK c)

e

Crapimii HayKOBHH %Hc)

CHiBPOGITHHK 7012 Logy
K.0.H.
Monommmii HayKOBHH & g
7 7 niznuc)
CIIBPOOITHUK e
W
AcnipaHT e
/ (nianuc)
10. 2 200f
Acripadt
(ninnne)
10 (2. 4y
N
AcnipanT
Mononmmuii HayKOBHI
CIiBPOGITHHUK ;




fcAart ¢ou
ls U@GB]65t¢c[f@5H>|4tGsz
B yse ' COMIBELIQ: e tfisted?2 toj M dtesd ldctisteizlzd 2T
dz0 B ' W@igtsy JHYde S © dis § U I9SE teiddz
{BO' Cls HEGMdds) dzdzsc " Wdze L ' Is@itsjgdirgidgalsda
G kzMmdzts ¢ sdzjdg] jicdr'© ds Oz Bso Or " dzH 2z C ts9 Odzets @
H d f) Isfilec) dgr te 5 A3z .

[ 10O tets B s dzts o d Is d L d&zOyJ dzdzv fJted)
By ~Odz" L B 9, hts tojOdz' LEsIls: v L O EyOfls
( TRP) , sf " s  Hdesoadr ( MOR) ypPlst€t®©'daOB k dzis
tesLodlsCk dEfMmistesets to]j M " tcOls ts teidzts s dzts oHdA
ftcdydded Mmd3j telsdatsMmils19. dzs Hj2 Hted COVI D

[ JIstsH (] Hisfpdz' ez ez s W * L " sdzise ' ydzO (
OCIsdo dzsfls’ 9 QFUA MaEHECHEs § dzjuteldO0 ;5 y O dz¢ @zH 6
Mzr O/ ez O dzjcjdzv; M JjClteW SIssd3j Isted
Btotsdzmn tsdzj 6 j dzj o Bz dz09 Oy ' ; sy dz2C 0 o f
ELIS), By dzC O dBsteW sd3j Istcd ydedr L d3' dz Is ¢ O dac

lty zdz SO’ 9o ¢ ts5dzQaiixipvic 3 Btalis’ dgtds As B Z@ie t
csfistetsets toj MY tc-Othistebder &)d Mikte] g d3j |
" delstcOlsteOR j Odz! desets totsL f d dzj, dzdevs 1) eftsidle [HstErzdal
f dzj o d3ts’'da’ ¥ ff sSHOdz N 558 G 'dffjjdtgodg amls d davohf' s terd
oL totsB dzj dats ™ dzs3tsHtg fifalz' Hp g dets  elsfORdizas O cOsIdis df
tej yd f EREWBIOR SO w¢ dzO .futcgeg8Oco Py §BMIS' o
‘'L LOMltsMizeo Odzdzv d3 HBMdz' HY ko Odedr toj Yytse
My cOo dzv dzd TRPVISIEDO MIE P dzO B CRIzES GCB2dE ] yJ f Istste
[sSHEZdYYy' W HOdedrR tojyjtilststc’ @ ftodL otsH d dz
dzj @, dzo d3 @ds@dz’ dese s B ' dzCkz Bk Btotsdzn tsdzj G j§
ftetsL Of Odz' dzd & IL1fy  k6s STNEA), oL 10)( . 1 dz20 Y dzd B
f BcOh zo Odzd ! st sdij lddgydz H f © & O Is tzO
TRPVL, CBlls @B2tcj yj f stste’ o . ¢ il Is ta tsiffdns CH® @iz
" Mistslsdzj g Gleafz  BY zZdz Mdas’  OCHs d oNdiEs f
" dedzj tco Iz dzj ¢ j dz' , E o' CHIHCBR'tcj dpP tf Isits 8
stsdzB * dzOYy' v dzO2 jWj Silsdoe dz " dTRPVE s Q@RILCHZ,
tej yiflsstc' 8 dzgj odweddzO f sCtcOh jdadaw ff j to.
[ YO LtiesBdlsd o dmMdztf ots® d L O OdizD Ua[2dzyj W J X
Htsfdz" HY zo Odzd = Isdq "' o tej yd flsstc’ o H ts iy
LOMistsMikzeo Odzadz? . 10 tjLizdz sOOBBd o d¢ tsdzO«
MOl )y O tcsaHdifiptEiiz] 2 Isd dzc so s dzz W O Ady oL tedglz |
fteso jHjdzedr HBMdz' HY J dz@ 1§ tej L J délsgsh Oadz' [dzcC
1 sdz/lI0 vz ¢ O hste' yYdes gz SEN2021.H ' dzj 2 oW

1 9
s dz
CO
9 0O¢G



RESUME
Research Repor®0p., 65pic, 35ref.
Keywords COVID-19, acute respiratory distress syndrome, TRAAnabinoid
receptors, opioid receptors.

Object of researchmorphological and electrophysiological phenomena of the
vagus nerve and lungs in the conditions of induced acute respiratory distres:
syndrome.

The goal of theesearch:To establish the impatce of peripheral neural
mechanisms implemented by transient potential receptors (TRP), morphine (MOR
and cannabinoid (CA) receptors in the mechanisms of acute respiratory distres
syndrome (ARDS) the main cause of death people with COMID.

Methodselectrophysiological registration of vagus nerve activity parameters;
macroscopic assessment of lung condition by dry/wet Ilung index;
spectrophotometric evaluation of the amount of total protein in bronchopulmonary
lavage; evaluation of the content of prithmmatory cytokines by ELISA,
evaluation of morphometric changes in lung tissue.

As a result of the Project, a model of acute respiratory distress syndrome
(ARDS) in rats was developed and tested by intratracimgadtion of Polyl:C
synthetic RNA simudting viral pneumonia, subsequent hyperventilation. Using the
developed model, the effect of agonists and antagonists of TRP, MOR and CA
receptors on the severity ARDS was studied. Assessment of the severiyRDS
with the use of test substances showeat the most significant effect was exerted
by agonists of TRPV1 and cannabinoid CB1 and CB2 receptors. Modulation of these
receptors led to a significant reduction in pulmonary edema, total protein content in
bronchopulmonary lavage, the concentramoh pr oi nf | ammat or vy
IL6, TNF-U, I L10) . Pul monary mor phometr
improved in response to TRPV1, CBl1l, and CB2 receptor agonists.
Electrophysiological studies have shown a significant decrease in the frequency o
pulse activity of the vagus nerve innervating the lungs in response to CB1 and CBz
receptor agonists. The combination of the most effective substances, namely TRPV
and CB1 / CB2 receptor agonists, did not show an improvement in the course o
ARDS in any ofthe indicators. It can be concluded that the greatest anti
inflammatory effect of modulation of the studied types of receptors is achieved in
the conditions of their separate application. Based on the results of the Project, tw
articles were prepared fpublication in aoreign high-ranking professionaksue
the results othe researclwvere presented at conferences in Ukraine (Kyiv, Lviv),
Poland and the USA at the annual congress of neurophysiologists SFN 2021.
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l jdzlsd dzt 9o Odzdz? ©  HBEZOO' Is' Mw L O yd¢dz' ydz
if syOlSCtedltsHisHddz ¢ dzOf Odz IsO f tstch dzgj dF L C
Ctsdzd o " HCtedIsd?2 CdzOf Odz o ddHJ O & tc d 91O dg"
9 HCtdo O’ Is! Mw C &zOY Odz s HdR Iz, ssBIsts H dz
fstehdzgj &3 His dzjejdz . 1" H Yyofy fdcdsHHzf dedzw
Is* dz' €d §° fJHOU aeed- B dolsddz¥ R3¥ H JsBHcOs g
Ctsdzlstetsdzs * Is! qw B 6" O3, sdmMs sO' dzhocHtE
LH' 2fdzs * s v € tsdzls te s dz sdmMSk dOfted <
dzj ¢ J dz' .
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scirea
AT T Do
M HH
Mpumycosa MEFaH' a MeToguHa npruMmycosmx
BEHTMAALIA HOMMBaHD
Bumoria: * Cranpaprraopani wrsIK
1. AWectesia v AMXEHHA
2. TpaxeoTomia *  |Hranauii
3. AnuHoe
2 e aks
rdi ] [} II i 1
| R Mparpama npaTokoay
[ I L
NI

1) 3ynuska seHTHAALT

2] 3acToCYSaHHA NDOTPAM KONHEEH

3] BumiplosaHHa dizionorivHore
Bigrymy

i
i NI NSNS NSNS
] 1 1 i 1

{df. ] pazBddzvy' v dzjcjdd o O &jlssHdS O ft

sOCdds BUdEBsY dj dzf Is@CE stz ONdq D s§
Y stefyls ¢ fls kO j dzOMmisdydz fls: , ¢ fMlsj to,
tetsL lsWy dz fls! . 1 OtcO®jIsted toj ‘ Mistckzo Odzd H o

23[ Yy dz€ O Mk jdz o903 CtsMmis™ Jtr1 4

1 0BteW S dzjcejdz o sHdddB L o@steW sd3jls
ftesyj Mz, wed?2 MmMkzftesotsHyZz® tetsL o dlIlsts€
fMd dzH ot 3z igIs H dodzd dzj ¢ j dgV = , fso' WL Odd?2 L
odd3 s 9 Odzd, odSCtstedmilstse z¥ yd Jjipyj da'e ' Hslzsh
[ 9" dedydz © " HH' dzd dzjecjdz@ LoOykZoOdzd ¢

Ldzsolz Lo OYkeoOdzd " Mmdzw MmEh ' dadgv o HE
(MR © &BOMO, dry) . gff " 99  Hdztsh j dzdz? 9 Oc
o' Hdetsh | dzdzg Og tf dzteidsts Mk n B° 9 06 d. s O0Cdds
ZzOBtWClz dzjejdzr, yddz B ' dzr hj yj2 0L C
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24) L 2Oy j dedz? o i3 Miskz L O Odz' dgsets B " dz§
Il tesder B80dz! 9 j sV tedzy Htosd3do Odedzy ff tetso s
WL Bdzse 't ydetsets tetsL yd dzlz. [ sted 3Odzlz  t&" H
fiotsswaetsds 10 me (ftwd 4Au), B O0dzOM i) @AHSES
Il dd3" o 9 Odzgdz? L OG Odz! dztiz’s tc & tizllzeg Pdzks & O 1§ dzV tc @
Bzt fteso jHjdzs dzO fted dzOH® Nanodrop 1C

25] d 3" tc8 9 Odzdz" " o dzt yYdlstsS ' dz o

[ dzv o d g tos o O tatipeta, 96, I O sN@' I TPNFa o d § tste d fi
B IssH Hovdsets ' dBBzdtsW | tcdizisdfdes d 5] dd dz® @&
fted  Hdzz* Is! W Hts § &zOMIsd ydzets® 186 e’ j Ish
ftcsdsd o Odedz Odalsdcjdz oadwoedzw' Is! MW hdzv Rt

Odzlsd Is* dzO, O ks’ &3 olbtstedddsets Odidsd
W tod3 dals thdizw "' d2C 2B OYd OdzdzWs © o { teffsdgh € Iz
N ®RsEj d/ Mz MistOls, LOOHWEd yYysdkkz 0¢ls
Csdz! sz Btetsoa O tojOCY' W LiEzfddwlils: iqw  yJ t
Ctsdz stelz Lydlsk' Is! v dzAA)Mf jSlstetW Blssdj Ist
Direct ELISA
chramogen
abeled fsubstrate
antibody AD ,0‘\
Antigen i ol Enzyme ». Signal
solid plate
1. Antigen is coated 2. Antibody conjugated 3. Substrate
onto wells by with enzyme is added chromophore is added
passive adsroption and incubated with and colour develops,

antigen.and incubation.

{dfph 280 BO v Bscts ShEOdOW] ©ikj ds s dzts ¢

26[ dzj CltesW ' L Sdzsc' ydzO toj MOy v OF
v 9 Oted dzd
VS MY tid diyp dzlkd@nd € tstc'd fy ks @ QY | d &P bigs
Il Mis@OEdd kst digik@didcls dzdm Zdkse OF o' o C
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3. [ . ]. 1 BBetd@sd yv 161 uvStO ded ftod
Isj i3 j tcOls Iz tc dats A3z ¢ sdzls to ts dz' fted d3’ M j dzdzv .
LBOXZzOdMses Odz" 2 H' "Is' IO BOdzd dzj 5B d3d Y J ¢

[ dzj SWs'tels' s dzs @ " W .

L wetsfls' Odzj Mlsj L '~ ftod ftetse j HJ dz
odzzlstc’ h dz! 'sdgQ ‘i Y'dez EtojlsOdzz © HGBL' 2 ¢/
Iso Oted dzO f so dz' Mist oltcOYUOZO yYklsdzde ® fMmis:
MdedzOdz' 9, (teso SH a2’ H 'o OitsABdsdiz] v ddOO te
H' dzv dzg€ d g dzs'c dz¢ d B diDWOs ijcde dfj]tdc
BOSC Md BOdz! dats . Mo jsiipils tc D fidets f tets 0 S H d dzO - |
s jtcOy' 2 dets’ H'  dwdzeCd L B dzz € O ydsdic jdrjfred
t ' dzej 60O dOMduyujdesets LO HBfSRSEsE Of tol
dZoflszf dzd?2 MSkOH (o mM): NacCl 118; K
NaHCO3 25; CacCl 2 1. 9; Gz CsL O 11. 1; [

zodHC " Mis! ftoslssCz tetsL yd dzlz MlsOdzts o
9" HInldidlseo OdzOM! L O Hfth@sess - tlkztce' yYdzsa

[ dzd SlstetsW ' L ' Bdzsd syt pPp'dhlbtc@y ™ W

s syoOlsCkz, CORZHO dd? &' dzgjy' dzjteol
20 MmMfjy' Odz dg' 2 f izOIsW tstc di' ftod  HdzOdz 2
B CtesmMCmfcizBe O®ss csMmistedn " dyjls’' 8 1O
(df dzgitco' v IO Hjteddzjteo W) ' fpdzw yYtset
LEGBHEBA o HtsCtoj d3dzt 9 Odzd f sStsH d dats€ dzj tc
e ' MsteOyYy' v fwlsjdzy Odz' © HEBCtsde' HH ( Bfpdeda
Hist tsd3ts @ s &fr) to ' rBddistas ts Mm¢ dzv dzts G ts B Ctosj dzj
HdW Jtcjdgy 2deddz j dzi CIstesW ' L -MtSykisrds, Ingdmtpdgl {f

3000, Sequi m, WA, USA) . [ " Ctetsj dzj CIste
ftedMistess HdzVv o dIlskisie Oazdz97, Btief laskemen)j CO.,
USA) , ‘ dzOff so dz¥ & ©dzd M Cdzlstetsdz! dgd d3 |

fsdk "Oofmw b kteddkOy jdj ClstesHl L 6 H dzO dac



17

la" Hdz2d?2 MdedzOdz 9" H OCIsdodztsects jdzj CIs
H' Of OL sdz' KkHz. 1A dsWOtc Do Bdzdzy M de dzOdzlz ff to
OO Wt so sets fjtojlsotstes 9 OY® (0A1) Di
Union City, CA, USA) L Yyomlssls® HIME
9 HBSBKOYOoaMmw SO LBJjt' 609 MW dzO {tftsjoddshiptdsoz
ftoesetcORBdese s L OB J L j yj dadaw Wi nEDR v 3.
(University of Strathcl yde, Gl asgow,
Wi nEDR odStstcdmistso zo Odzts ! H dzw {6 jtcy
MdedzOdzz *° tetsL f " L dzOo Odgdzy 1 1 .

1 Jtcotse " JOWsjkAafzls ¢ dzOM' W' Cso Odets L O ¢
nOtcOCIsjtotsds OCIsdo detsfls* Wistedsd § tsisj dzy'
ykzdzde * mlse Hts COYfMO yddzz. 1" dz2h L OGOz
ctozf d: otdtsCdzO L twjceclkzdzvwicdess OFC Isdf'o ddf fnl
ozt &z, wW¢' HBOrIs! tjydtfltsted L lsW e dz
Hd - Odz! dats b OCIsdoe dz' Mislss ) ‘ o Bz s 2O - L
ykzlsdzd o ° Btsdz! so9 t- s @ '-odiB dais: dfOts s oW CH' dz' d3@hl
OCIsdoedz’ Mis! dzy Md dBAztc dsdgizlzo dLH & Sizly © A3t J oL Hzdd
fsCOL Odzd , hts d3tsHj dz6 9 Odzdzy 4 tre od¢ dzd ¢
OCIsdodesmils’ Ek tBBn ISdf Or ottdzsitdz L toj C

4lsOIlsdMmisd ydzd 2 0OdzOdz" L

dIsOIsdmMisd ydzO©O tsBtetsBC O HOdzd r { tadfdattscH]
LOBJ LY Jyjdedzv Origin pro 8,5 (Originl
dzj tco tso 5° OCIsdo detsmlis* odiBtedmlssoazo Oo MW
(Oneway ANOVA) SO HAdsYOOCIststcdzed?2 HIMY J
odd3 tor 9 Odz (RepeateflL mazals@ls & s & NIOWIAD ¢
MdtejHdg S5 L dz2OyJ dedz? Y sCOLAdCO SO MisOc
SEM) ftd p<0.05.
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Scheme of experiment

<«— atube to the mechanical ventilator

recording electrode

to amplifie\

right external jugular vein

to suction pump

right internal jugular vein

catheter

recording electrode Krebs-Ringer bicarbonate solution feeder

recording area

Vagus nerve
subdiaphragmatic vagotomy

Vagus nerve (caudal end)

t M5 1 Oc0Odz? d&z0 fmnj BQ NS j & s dalstizdz’ ¢
Bdzlz ¢ O yd dagudzgetwed (2O Mt j y' Odz'Lde '2dz tfzgz@dd W
5B s dzts dzts € L tej j Mstelz ydd3 MmMCdzw ded s j dzj ¢
OCIsdodesfls’® fHtotsotsHddzOM! o' Hcaubdlenpdedsjdidse .
1 " mMdzv  d2OtSsL Ez ° Mk B H suBdiaph@gniBiedgotdaty’ [ C
hlskz ydzts o j dzls diclef ds' o O ffizfc & o tdespisdad@Of) v td jr " H
OWJjtcjdals' @ dzjcejdg . JlojHJjdadzw IsjMmlstso Odzad
COjlsjte k fttOs" ' 2 L s oright findzhal jugwlams yeiljdz' 2
BjLYBMjtojHdy 5 £ ftcOoj HjtjHMmjteHw Lk d3C

27. | steWsd3j stedydzed?2 OdzOdz' L dzj ¢ j dz
[dzv &3 CtesMEs ' ydts® By dSd O Bt !

"dW e OC OteH " Odzt dzO sO COEHOd dZO0 Htd
CsdElstetsdz dats” ctekzf d (sf jteseo Odz N Ekzted,
o Jdalsddzv y' adzj clzisdz'tc d 2 dzv Isid@t Ots B B3dz/dZsts s ¢

' st OlKOrn j Od detsets 99 jHjdedw W' L' Bdsd
jCMmifjteddsj desOdz dets’ ctwbkfd, "t §jtejBlo O
W s dz ' Bt Ol OF PO (datsos) o olg G | hddaiay' o ,
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ey dd3 ¢ fitcoj dzsdadzv y*°’ Is O Polyldglsde@ Is & @ dz
odzzIstc’ h dz' 59 j dzdetsc s (@ 9 §)HCBREAY =C @) fij O(h pFCdk
6) IO dOdsEz¥' ' dziz (n = 6). uvSOddded dzj
WstcdzgOdz' dz L fsHOdOBEdLIOEZd Btst L Dstf Of
ssoh Jqdess 7 BECd3. 1 OtcOW ' datso L-JtetS L dff dzts d3¥
9doyodzdmw dz0 d CtesmMEtst "’ Ni kon Ecl i p:
Hsf S3se 58 COMRjFBdL . NifkoteW sB$ Istcd ydzd 2 Oz
L Ofmis s Mk & @&dzdztcd® d3d | mageld. ) Cey dz 2 .
Bt sdBB sted ydesdzgz OdzOdz' L 2 " Hdzw e Odzd 9 ' +
HtS m200 Coydetsets LteOLSCO dzjegjdgjoats™ IsCC

[ dzv B0 Clsdo datsc ts 9 dL dzOyJ dzdzV tintsdd dal
o' Ldzdr o dzdo Or Bldzd o€ dz yj dz L Oc¢ Odz
Gl stedydzd s f OtcOd3j Istc’ o .

1z dzd ftesOdzOdz' L 59 Odg' ZzOMmiskzf dz d3ts
sy’ dz¥ 9 Odzdzy toj M " tcOlststedzgsets 9" HH' dzz dzj «
ftesMiststclz IsO daif-y Qdg'teojjodpvda 5C 5 o " Hdats
HsMdz' HY k9o OdzOM! 2 o HMtslsC On. [ &zv sy
fsfJtej ydzd n Lte' L On Btotsdzm ' t5dz, o dL dzOYyO
BOL Odz! dgtss 3] d3B tc O dztst Btotsdern " Odz desets j ff
( Abm), L Sods N dz 55 BB 4" ¢ zOH ¢ 5~ Bz 1
OHoO jdzsdy' Odz' dzts® 3 1 d 8 ( Ao) : 1 Ofhis z 4
BOLE®Y ydqfm: dz0 wlticdBOdd~ £k tjLbkzd SOIs’
Btotsdzrn ' tsdzd , L O od¢dzs yg dzdzv o5 -tfAdats’) ', Y teldis
odzzlstc’ hdz' s5° B d&ZOMI® Mils' dz¢ d Blotsdzn ' 5
f dzsh ' fHtosmo sk BtoBAZBMpdzd sOQWAIkZEE OAMEB o |
fmls ' dz€ d Btotsdzrn " sdzd (f ' HMdzi] A QP . g tsdzE
fsCOLddCd, o Moyt pjdte O ytlsude tsdfddztsh &t
Btotsder ' sdzd WwWC o' HMBIssEC o' H L OGCOdz dzse s
sB dzOMIs® Mls' dzg€d 9" H L OCOdz dets’™  cdztsh - Bt
%u ¢ " ; fdzsh 2 Ltseode hde 57 sB dzOfiyls * f drydsh* |
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Btotsdzn " tsdzd, o C dzt yOs ydovthtstsmo ' lds tsiIstd dzo ‘dalr
Btesdzrn ' sdzd (MdzdL s9 O SO " HiMdzdL 59 O B B
Btotsden " tsdzd, o ¢ dz8y @ ud IfALdpo © st HMBSIssC
sB dzOMIs® Mmis' deSd o tst dzAs Btisddrfs d4SfiJdz © " H L O¢G
BJL kZtcOrnlkzo OdzdzWi WWlats " 'Is Of tc fjon fiddds s € ff dztsh
fMls' dz2¢ d Btotsden ' tsdzd ' H LOcCOd dets’ f dztsh'®
i tc ts o %\Vikalz (Bai et al. 1985; Palmanset al. 2000) Q &L dzd & %Wa
Hy ddsdzMistelz® HJdz2Od3 Sk L d3 dz f dzsh® ftesmo
Ltc' L Btosdzn Sz L. H® O3 stetsds HEs 0, 5 A,
B' dz "sSBEeBs H' O3 stz dzj G Jjtejodhkzeo Odzts L da
Btotsdzn ' tsiad i Y dzdf )Y .

v OC Y BsteW sd3d sted ydets B lzdzd 1 tetsOdzOdz
fjtcj cteHSS SO BO' o3 o' IsteWw dzsets ff totsf

[ dzv odwedzj dagdgw o' adz" @8 ' dgW ' dz' stcOyY"
Iso Otc d dz, LOH " Wdzgdrmn E JSMYfJjteddij dals’ L Ofl
fsHo ' 2 detsGE s d3" ud dzdav . Il dwe dzw dzd fip! 1T 3Ot
B dzst | tcsC fiy@a @ntilkddy (8%k4) tNovus Cat/N NBPA 1 14 8) )
Yydlstelzdz' dzts o O dzd 2 -HistohemHB8t(clirullide R1A rantibodybcam
(ab219407) . ] " fdzv Hj f OteOW " dz' L Oy
" dzC B lzo Odzd o Y ¢pHb & O G Hzts Wi  BfBRddsjlde ¢ sS(d3 4
HJ B3O0MEC 2o Odzdayd Igtdf O ldsdstdfdaiEl 6BoD Y | to'Is O( B dzts € k2 &
3% o BBEMSB 1 0% SCtsLwys' MdoesteslsS d f tots
dzj M j ydw ' ® ydetsé s Lo OWL zo Odadz™ f j oo d dzdzd
tetsL 9 sH d dzd ! o BLkWBRBAISO "0 1dBKI1ffisOdi ot Gomolz B2/
Ltc' L' 9 o twtsLydd odhjLcOHOdr fjtco dda
Isd B J Okt ftoslswetsds 2 CGfSH. rdzv o' L kz
Odzlsdls" &z "L o' HYiBBeo ' Hdedd3 B' dzS tsds o dC tsted
Al exa 596 HA& Ji'Is0lztAfl jetxt=ad AJHEOL Hdzv  yd
(1 30t M2.6, 2.7).f Olsjtc' Odz OOz’ L o OoaMmMw L O H
B3’ ¢ tc ts RELEOPEX61WI (Olimpus Japa
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ydlstelzdz' dztse @ a3’ " dztsff j o5 ¢ Cd3f L dIs
1 3

{ dMB. wBz dzs ' MIss R ' o5 ydzj o dwWe dzj dgdg”  dzj 2
heEj 2y ' &, W' & Mwis! &OLS j ©ded?2
5O ydltekd dtso Oded2 ¢ flstsds 13 (L jdzj dzq 2
Bj 2oy & ddr L OCd ksddazds § OMisES .

t diR7. 1 jlsOdz' L s Oda mMH " dew dzSdj 2 stesW ' dzd , \
fsLOCdz sddzdz’  OfMmiIsC (.

[ steW sd3j Istcd ydzj sy’ dz¥ 9 Odzdz" ftotso SHC
ftosctcORdtses magelj L § j uj dzdzv |
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3. trrvfjuvouvr vo wum JaypflLtrn

310 SL G j tod d3j dzs Oz dzts® BSHJ &2 & 5
HdMisfpd dgn s & Mkt o

311.[y' dZ€ O W' L' sdsc' ydkdh §O0kOdkjlst' o

WlkdS Yy . dzj ¢ dg
I HOd 2 Mmjt'’ HeMd H'e (o sHddd
©j MYy cOldgtcdasl s WkdSy' ~ dzjejdg N odzw

dzj s BjIstsHdSCd HftwodddzmMsadr SCwdzdoe Odz L
BtsH j dz¥ 9 O dzdz™ csfmMstetsd s -igd dzy fc BBESHd dts ¢'ts
CsteslsCdds (0. 72 M Hdzvw hEte' o), dztey i@ YO
LOM@so yeo Odzdz" d@s 9 dBtcOdzO® YyOMlstslsO® ¢ tsdzd e
mMze' ' CO. c¢ -8 ¢ &zOH L B EFSjadpd®'hdg t Yy OMmlis ts
odStedMmMissoalz’ Is! Mw H dzw f stc’ o dzv dzdzv h g
HdrRrOdz' /| readdzddzz. ¢ dzOdztsc ' yddzfse, O dP d3tf bz dstdzHH
HdROdz' dgdds tsB' ' diIsdz MEkze' * ClIsO (- Pt tdeBCOHAZC
Cjttseo Odz fjtelskzteB Oy LOftctsctcOgs 9 Odz'
ftso Istew. 1" H yoOf odd3 to¥ o Odmg'inSLQ Y dGn 2eols
fslstsCkz oasdaydmdle'Oigad L [ dzv OdzOdz' L &z Mmde d
f" " HRtSHWIs! His € d&zOfmd ydats” s H j dzf SHdzs G 15
tj Gle) B 'L.Odtso ylzo Odzdz" d3 o dBtcOdZO YOMIstsis:
o jdalsddzvy*® Mmke' * ClsO®0 (¢ ¢ Lpidldm@ts’y Shafp
odCtstedmistsalz’ Is! fw H dzw f stc' o dzv dzdzw h g
HdmOdz' /| nroaddzdadzz. ¢ dzOdztse ' ydets, O dz' ISz H (
HdR Odz' dgdds tsB' ' diI3sds Mikze' * ClsO (- dpPtf taxBCHAZC
Cjtotse Odz fJtclskztea®dg' ~ ,Hdzt O sty tc Caftslzdzv

fseo ' Istew. 1" H YyOfm oadd3 tcs 8 Odzdz" L Off d Mizs Is
feslstsClkz oadetsHdIls: Mw L ydr HOdMzd R . [ dzw @
f' ' HatsHYIS! HB Cd&ZOMmMdydes' BsHj &z GHEESGE TS
tcjcteJ g 'odtsCted MIBmsaozDhoodktd HAzv o dd3 tot 8 OO
Hdnr Odz! ded Etclf figw 3 @)
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Selected Dataset il |

ol [mL]
i - o ¢

tdm. ]l dedzvH JeslssCttkzz ftsctcO®H Jlskzis

1 j too d dzdz' L Blztcj dzdzV -8 ( dzQiotc JO@elA® H-D,u IPBKH m
' &3d 2 Misea sd3 ¢ twdyfsdePUA] ded & tsWiad 0 Odzr . | sdzd
sy dzCkz HJR Odz dats’ mMdMmlsj i3d dzO© ¢ sdzd 9 O dz
Yyofmbstslsd ojdisdazvy® "-2MkzBJ PYE @ ¢ dzO@3ts g &z C
yomkstsisd, yv sy O oditdE-bHipEcE Ols H
md ¢ dzO dzlz , wed?2 odedzwHO' we odfOHCBBO d?2
¢ Jtese Odzd d3d Ctsdzd o Ozt dz' L B ztej dzdzv . Y j &
ORYf dz' IsEHO dzOSC dzZOH j dese 5 Ctsdzdo Odz! descts M
sBfwe, wWed2, AvwS dfjtedg d dztxlz’ ylstatOc Odzt dzd 2
l oslstsCsdz ftosetc@dzd ISQaudiocCk Pr o meff so ' H dafs
odd3 tos o Odzdz?" MdcEdzOczd ©BO Bz O IsdMS
ofdHdIs' M L MdecdOdzz sBO6' 2 £ YOM' (ted
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4 ] 8 2 b .6 8 P 4 B
uency [hz] Time [s]

tdMm. )l BsQ@OBO jshyf GE@ls ot dzts® W 2 dz8 y*

J tejLEzdz sOIs' fesojHjdzdmr HEMdz HY J d E
WEdeC y® * hdzjied pdz'. BBt r v o ¢ tstc’ SHEMdzdz L |
U dz' ¢ Istsdz’ o Mi'LCed 2dz' W {flZ ot & MW ;

U IsC Odzd dzO Yits teff) Ist& 'h fipl® O dzO MW ;
J dZzOMmls diyddsjfpE 'z o © dzO W
HJ B ° dze1 Lisd§jCddadias ©o MW ;

U MsOlsdyudz® W BEwW tizllOLZzOMW .
vOC' LR ded M cOlststcdats’ 1O d3j n Odz ydz
ftse’ teh jdedz?" HJr Odz! dets™ WEkdzCy' ' Bk "z’ o
HdMisfledidgH tcts a3z *  2MeE &1 ypd@ € Hf teitsts tc 3z .
312. [y dz€ O d&OBtWwWllEkZ d&icjd hkte' o "L
1 OB tewWw € dizlJse j dzd 2 , LOctotsL dzdo d2 Hdzw X
oddzed € O o dzOMdz' HsC odmatsHEZ ' HE® Yo
Odz' 9 j sSlidOficdalsy tcdzz Mis' dz2C & E tHfote dis tf S dat® figfdzlz
sdmMSEz Ctso 2 dzjejdzjodm ojdzOr IO €@
ftosded € desfls ' -C @dz" alz) twdidtc dzdtsEld d2¢ dH sfydz" H Y J
ZOBteWw Sz dzjegjdzr BBy dzF 9o Odzd L O HBYf BBESEEE

c:

c:
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Bzt S dmMOdas 30 (IsLcHtc 1l Cdzlstcts dz! dzd m
Histe' o dzg¥ 9 093)4, 3 (tdm. 3.

KO M 0.4
m W(j‘

Q&Z{D
;

ﬂ,/ﬂ? g

t dmM31 B8 ¢ dzOH o dMmkh jdets’ dzj 6§ dz@ € ts5dzls tets dz

V Gk fkt' s 'L BsH] d so Odadfhgs dHsdEsdEs
CjW' y' ' ds ¢ Mz b skdc ©dkiE] €5 2w do o O

P 1R DC 7
mwet/=

——

t dM4.1 B8d S ZOH odfjindz) dpdetsld o Oteddzd ‘L BSH | dz
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313. 1 dLdzOyj dedz? o 5 Mk L-@F O jriziks s Gk B e
hzte' @ L ssHj d2 50 Oded B & 15 1) s i af digr tis Js fasts 'dsts O k

s'dzr €' MdzO tsy' dz€ O -ezghG Hzlr o 5 BC 2Ok O t
LB dz' h jdedg? 22tsets Ctsdgy dzlstceOy® ° E 4 ©OLC
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o' Hito Hdzs) ftoseotsHddzOM! o9 jH  dedzgW WL O
SH dats YO dzt€BDipz df 8 dzy j dzste Oy ° 100 &Cc/ €@

BECNHBGOLE ' Mdzv L OC " dzgy dedzv yd&edzze 6 ¢ |
L d3' dzd dzO M ykzlsdazdoe * fmis dzj cosodr OWjtejd
dzj 64 dzr L detstedzOdz! By c F e O3] 5 ® @ dzd ozl
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—@— Statistics on rows; Mean+SEAM; capsaicin-sensetive fibers; n=16. \
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I ANOVA Plots |

Spike frequency(imp/sec)

control first hour of last hour of control
hyperventilation  hyperventilation after

tdB40 1 ddzOd3’ SO L A3 dz yomilstslsd MY sdzls O«
dzj o © " H YO ftoslssStsdzkz ¢ ] tchoylddls d &z®
CBD t©OLtsdy L ISoQifHnjOEded dzeistss. z o Odzdz 100
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RBsH J dz¥ 9 Odgolz' Q n=G&@&OngWay ANOVA for Repeatedeasures

l st odgvdzgdzy H' ' ks jfilsse Odzd R 8] yse dc
fjtco ddedzed m Ol GOUsEESs dzj o O, Nh s ° dzdzj tso

rdzv sy ' dSd Ld dzd OCIsdo dztsfls’ f Jjtcoc
BsHjdzb 9 Odedzy Jtre, By dd H' '  Ofd Ctso
OWjtjdzls'" @9, O IsOCtsy MisOIsdMmisdydesets ff stc
Blzdzts tealdids®des f s5C OL dzd € L3 dzd ftdtesmls
9" Hdztsh jdzdz? Hts o dzOMmdesets € tsdzlstetsdzs | o dt
eBLtcOntsoaOdzd?2 L O Witodzlz dzts

2 [ s 2
3 ~ Ik Y (v oy~ SN 4 y ~ u 7 3 1y ] A N v

s ; “— zpTmWh

~ u 7 3 " ] A W v




65
rimftedte’ s OCkds@®@EBMs' bk sy d
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Aj2 sCOLddS Hdzw fjto' SHEzZ tsMisOdzde ts°
dzj g jdz MsOdksedes: 375,4 N 157, 6 30,2% dzw
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CdeW t dzr syt T dzj 2 S yYydlsOdzd, o (EBEOH " W ¢

1 J2tesW " dzd , wW¢ H5C0L0O0dzd ' @Bzdsc' fMis
ydlstclz dz' dztso Hldas dzis 1 3, ) B' dz' h sfyls" |
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NETs) . 1d2tetsW " dz2 d2 5L OCdz" Isddzdz § O
LOftetsctcOBtso Odzts ', " Isdz'  Issd@itadsC Is j frpedg jL tdzls “Is 4- iy w
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