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XononHa BoJa, HU3bKA TemIieparypa, SK i iHIIi
(bakTOpH HABKOJMIIHBOIO CEPEJOBUINA, 3aJIEKHO
Bil TPHUBAJOCTI MOXYTh HaJaBaTH TO3UTHBHOTO,
TaK 1 HEraTMBHOTO BIUIMBY Ha TEIJIOKPOBHUH Op-
raHi3M. 3aHypeHHsI B XOJOJIHY BOIy — II¢ HaJ3BU-
YaiflHO BEIUKUI CTpec Ui OpraHi3My, OCKIJIbKH
ICHye PU3WK INBUJKOI 3aruOeli 4yepe3 XOJOJ0BUMH
ok abo po3BUTOK imepciitnoi rinorepmii (II). He-
3BaKAlOUM Ha ICHYBAaHHS JIOCTAaTHBOI JIOKa30BOi
0a3u 11t OOTPYHTYBaHHS IE€peBar 4Yd HEAOJIKIB
IJTaBaHHS y XOJIOIHINH BOAi a00 BUKOPHCTaHHS Me-
TOMIB KepoBaHOi TimoTepmii [3—7], mociimKeHHs
JaHOi TpoOIeMH MaroTh MPOAOBXKYBATHCS, OCOOIH-
BO Y HampsIMKy pO3MIU(PPOBKH TOHKHX MEXaHI3MIiB,
3aiSTHUX Y peaiizarii BIAMOBIMHUX peakiiii op-
raizmy. Bizomo, 110 nporeiHaszu, akKTUBHICTh SKHX
PETYIOEThC  CeUupiuHUMHE 1 HecnenuiYHuMH
iHri0iTOpamMu, 30KpemMa 0-2-MakporioOymiHoM (o-2-
MI'), GepyThb y4acTh y peanizamii 6aratbox KIiTHH-
HUX TponeciB B opradizmi. Ilporeoni3z koHTpoIro€
PiBEHb OCHOBHHUX OiOpEryJsiTOPiB, aKTUBHICTH SKHX
00yMOBIIIOE KJIIOYOBI Ipouecu MeTtabomizmy. Onun
3 HaWOLTBII OaraTro(pyHKIIOHAIFHUX IMPOTEIHIB —
0-2-MI" — cuHTe3yeThCSI TPAKTUYHO BCiMa KITITH-
HaMM, LIBUJKO BCTYIA€ B PEAKLII0 KOMIUIEKCOYT-
BOpPEHHS 3 IPOTEiHa3aMM 1 CIpHs€ BUBEICHHIO aK-
TUBHUX TMpPOTeiHa3 13 KPOBi uepe3 ME’iHKy Ta HUp-
ku [8]. Po3paxyHOK NMpOTEONITUYHUX KOCPIli€HTIB
(ITK) nmo3Bosisie oniHUTH (PYyHKIIOHATBHY PIBHOBAry
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Cold water, low temperature, as well as other
environmental factors may either positively or
negatively affect homoiotherms, depending on the
duration. Cold-water immersion may be extre-
mely stressful for the body due to a risk of rapid
death caused by cold shock or immersion hypo-
thermia (IH) development. Despite a sufficient
evidence to justify the advantages or disadvantages
of cold-water swimming or controlled hypother-
mia [2, 5-7], further studies are needed to elucidate
the subtle mechanisms involved in body response
implementation. The proteinases, the activity of
which is regulated by specific and non-specific
inhibitors, in particular o-2-macroglobulin (a-2-
MGQG), are known as participating in many cellular
processes in the body. The proteolysis controls
the level of main bioregulators, whose activity
determines the key metabolic processes. One of the
most multifunctional proteins: 0-2-MG is synthe-
sized by almost all the cells, being able to rapidly
enter into a reaction of complex formation with
proteinases and promote the active proteinase re-
moval of blood through liver and kidneys [8].
Calculation of proteolytic coefficients (PCs) allows
the assessment of a proteinase/proteinase inhi-
bitor functional balance. Therefore, we herein aimed
to comparatively explore the proteinase/a-2-macro-
globulin balance in rat tissues under immersion

and craniocerebral hypothermia.
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y cHucTeMi mporteiHaza—iHrioirop mpoteinas. Tomy
METOI po0oTH OyJI0 TOpPIBHSUIBHE JIOCIIHKCHHS
OanaHcy B cucTeMi NpoTeiHa3a—o-2-MaKporIo0yIiH
y TKaHWHaX OIypiB 3a YMOB iMEpCiiHOI Ta KpaHio-
1epe0panbHOi TinoTepmii.

ExkcriepuMeHTH CXBaJIeHI KOMITETOM 3 Oi0CTHKH
[HCTUTYTY Ta Y3royKeHi 3 OCHOBHUMH TIOJIOXKCHHSI-
mu 3akony Ykpainu «IIpo 3axmct TBapuH Bif KOpC-
TOKOTO MMOBOpKEHHs» (Ne3447-1V Binm 21.02.2006)
Ta «EBPONEHCHKOT KOHBEHINT MPO 3aXUCT XpedeT-
HUX TBapuH, 5Ki BHUKOPHCTOBYIOTHCSI JJISI EKCIie-
PUMEHTAJILHUX Ta IHIIMX HaykoBHX wmijei» (Crtpac-
Oypr, 1986). PoboTy mpoBommiam Ha 6—7-MiCSYHHX
camIpsx OiMX Oe3MOPOTHUX MIYPIB.

3niticatoBanu 1" y TecTi «BuMyIleHe IMIaBaHHSDY
MIPOTSTOM 5 XB y XOJIO/HIN Bofi 3a Temneparypu 0°C
[4], 3a mux ymoB Temneparypa tina (Tt) 3HIKYyBa-
nmacst mo (27,5 £ 0,5)°C. Kepopany kpaniorepeo-
panbny Tinorepmiro (KLI') mpoBoammu HapKOTH30-
BaHHUM IIypaM (CyMIIlI TiONEHTaNy HaTPilo Ta OKCH-
OyTupaty HaTpito i3 po3paxyHky 30 i 100 mr/kr macu
BIJIMOBIIHO) HAa YCTAHOBII JJISI MPOIPAMHOTO OXO-
nomxeHHs [1] mpotsrom (60 = 10) XB 10 TOCATHEHHS
Tt 32°C (momipHuii pexxum Timorepwmii). Bumipro-
Baiu TT peKTasbHO 3a JIOTIOMOTOI0 TapOBAHOI MiJlb-
KOHCTaHTAaHOBOI TepMONIApH Ta €JICKTPOHHOTO BOJIBT-
metpa B7-21 («Pamionpunam», Ykpaina) 3 mepepa-
XyHKOM MiKpOBOJIBTIB y rpaxycu Llenbcis.

[ypiB po3mimunm Ha Tpynu (n = 5 y KOXKHIN):
KOHTpOJh (IHTaKTHI TBAapWHM), KOHTPOJb Ha [iI0
HapKO3y, 0J[pa3y Miclisl IOCSATHEHHS CTaHy TinoTepmii
(I" i KUI') Ta uepe3 24 ronuHu. TBapuH BUBOAMIH
3 EKCIIEPUMEHTY IUISIXOM JIeKarliTaiii. Y cupoBarii
kpoBi (CK) ta 6e3’ssnepuux ¢paxuisx 10%-x romo-
reHatriB TKkaHuH kopu Mo3Ky (KM), rimoranamyca,
MO304Ky, cToBOypa Mo3Ky (CM), nerens, cepud,
MEYiHKM Ta HUPOK BU3HAYAIM 3arajbHy aKTHBHICTb
npoteina3 (3AIl), akTUBHICTh HETPHUIICHHOIIONIOHIX
mporeina3 (HTIIII) (ximaza, kamikpein III abo mpo-
cTaTcuenudiYHuil aHTUTeH, YaCTKOBO TOHIH 1 KaJi-
kpeir rK9) Ta ix iHri6iTopa a-2-MI" BHCOKOUYTIH-
Bumu (10°-107"° r) ensuMarnuauMu mMetomamu [2].
OcraHHI TPYHTYIOTHCS Ha PO3MICTUICHHI KOMILUICKCY
MapKepHOTO eH3UMY (IIepOKCHAAa3u XPOHY) Ta Mpo-
TETHOBOTO CYyOCTpaTy, iIMMOO1TI30BaHOTO Ha TIOBEPXHI
noictupony. Hani pozpaxoByBanu [IK — BigHOIICH-
us 3AIl/a-2-MI'" i HTTI/a-2-MI.

Craructnany o0poOKy pe3yabTaTiB IPOBOIMIIN 3a
METOIOM HemapaMmeTpuuHoi craructuku Kpyckasna-
Bonneca 3 BuUKOpUCTaHHSIM HporpamHoro 3abesrie-
geHHs «Statistica 6.0» (MatStat Inc., CILIA).

lNimoTtepmis, sika pO3BHBAETHCS BHACIHIIOK 3aHY-
peHHS Y XOJoaHy Bomy, ToOTO II, € omHUM 13 HaifHe-
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The experiments were approved by the Bio-
ethics Committee of the Institute for Problems of
Cryobiology and Cryomedicine of the NAS of
Ukraine and agreed with the main provisions
of the Law of Ukraine ‘On the Protection of Ani-
mals against Cruelty’ (No. 3447-IV of February 21,
2006) and the ‘European Convention for the Pro-
tection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes’ (Strasbourg, 1986).
The research was carried out in 6—7-month-old
white outbred male rats.

The IH was conducted in the forced swim test
for 5 min in cold water at 0°C [1], under these condi-
tions the body temperature (Tb) decreased down
to (27.5 + 0.5)°C. Controlled craniocerebral hypo-
thermia (CCH) was performed in anaesthetized rats
(sodium thiopental and sodium oxybutyrate mix-
ture, assumed as 30 and 100 mg/kg of body weight,
respectively) using the device for programmable
cooling [3] for (60 = 10) min until reaching Tb of
32°C (moderate hypothermia). The Tb was mea-
sured rectally with calibrated copper-constantan
thermocouple and B7-21 electronic voltmeter (Ra-
dioprylad, Ukraine) by converting microvolts to
degrees Celsius.

The rats were divided into groups (n = 5 each):
control (intact animals), control for anaesthesia
effect, immediately after reaching hypothermic
state (IH and CCH) and after 24 hrs. Animals
were sacrificed by decapitation. The total protei-
nase activity (TPA), activity of non-trypsin-like
proteinases (NTLP) (chymase, kallikrein III or pro-
state-specific antigen, partly tonin and kallikrein
rK9) and their inhibitor 0-2-MG were assessed
in blood serum (BS) and denucleated fractions
of 10% tissue homogenates of brain cortex (BC),
hypothalamus, cerebellum, brainstem, lungs, heart,
liver and kidneys, using highly sensitive (10°-
107'% g) enzymatic methods [4]. The latter is based
on splitting the marker enzyme (horseradish pe-
roxidase) complex and protein substrate, immo-
bilized on polystyrene surface. Next, the PCs, ratio
of TPA/a-2-MG and NTLP/a-2-MG, were calculated.

Results were statistically processed with the
non-parametric Kruskal-Wallis test using the Statis-
tica 6.0 software (MatStat Inc., USA).

The hypothermia, caused by cold-water immer-
sion, 7. e. IH is one of the most dangerous types of
natural hypothermia, since the Tb drops very rapidly
due to the high heat capacity of water. Under arti-
ficial CCH, the Tb decrease is controlled and pro-
ceeds gradually against the blockade of thermo-
regulatory centres by anaesthesia, and furthermore
CCH is referred to therapeutic hypothermia [4, 6].
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Oe3MeuHimrX BUAIB NPUPOJHOI TiHOTEpMii, OCKiIb-
K1 3HWKEeHHS TT BinOyBaeTbes QyXe LIBHIKO, IO
O0OYMOBIIIOETbCS BHCOKOIO TEINIOEMHICTIO BOIM. 3a
ymoB mtydHoi KII' 3amkenns Tt kepoBane, BinO-
YBa€ThCS TIOCTYIIOBO, HA TJi ONIOKaaW IEHTPIB Tep-
Moperyrsiii Hapko3om, 1o Toro x KILI' BigHOCATH
JI0O METO/IIB TePaneBTUIHOI TinoTepmii [2, 4].

[opiBasmpaM anamiz BBy 1IN 1 KT ma TIK
y TKaHWHAaX [IypiB 1okazas (Tabmuis), mo 3AIl/a-2-
MI" 3MiHIOBAJIOCS OJHOCHPSIMOBAHO 32 000X PEXH-
MiB rimotepmii, miaBumytouucs (y 2—130 pasiB) y
BCiX BUBUCHHX TKaHMHaX (okpiM CM, y sikomy 3MiH
He Bif3Ha4eHo). MakcumaibHe migsuiieHns 3AIT/ o-
2-MI npu II" 6yno y meviHi Ta HUPKAX MOPIBHIHO
3 koHTpoiem Ta y KM, rimoramamyci, nediHmi Tta
Hupkax 3a ymoB KII. Yepes 24 romunu IIK Oymn
mie BuIe (OKPIM TEYiHKH 1 JIeTeHb), TAKOXK IiJIBH-
mryBamucst 'y CM micns KUI, ane micns 17 3HH-
JKYBATHCS, 3QJIHINAIOYNCH 30UTHIIEHIMH BiTHOCHO
xoHTpoito 'y KM, rimoramamyci, cepii, IediHIi
Ta HUpKax 1 3MeHmennMu y CM i jerensix, y CK
1 MO30YKY — BIiJITIOBi1aJI KOHTPOJIBHUM 3HAYCHHSIM.

Junamika HTIIIT/a-2-MI" mana pi3Hy crpsiMo-
BaHicTh: ojpasy micis KII y OiiabinocTi TKaHWH
Big3Havyanu 30inbieHHs (y 2—6 pasiB), okpim CM
1 cepus, B SIKMX 3MiH He Oyno, Ta 3HmkeHHs y CK.
3a ymos II" Biganomenns HTTII/a-2-MI" nigBuiyBa-
nocst Tinmbkn y CK, mediHIi Ta HEpKax Ha TIIi 3MEH-
IIeHHA Yy PemTi TKaHWH (y MO30YKY 1 JIETEHAX 3MiH
He BusBieHO). Yepe3 24 rogwam micis KT Bix-
vomenast HTII/a-2-MI' 6yno 30imemene y CM
(y 4 pasm), CK, MO304YKy i HUpKax MOPIBHIHO 3 KOH-
TpousieM; 3mMeHnene y KM 1 nedinii; y rinoranamyci,
cepili 1 JIereHsAX 3aJiMINajoch Ha PiBHI KOHTPOJIIO,
a yepe3 24 roxunu micis 7 3HWKyBanocs npakTHy-
HO JI0 HYJbOBUX 3Hau€Hb y BCIX BHBYCHUX TKaHU-
Hax.

Hapko3, na i sikoro nposoxwiu ceancu KT
[2], mpu3BOaMB Takox jo0 migBuineHHs 3AIl/a-2-MIT
y BCiX BUB4EHUX 3pa3kax (MeHmI Hix rpu KT, okpim
CM, nerenb i HupoK), 30inpmenHs HTII/o-2-MI"
tineku y CK 1 mo30uky (6impmn Hixk 32 ymo KLI')
Ta 3HIWKEHHS y TeviHMi (Tadmuis). 30imsmenns 11K
yKazye Ha iHTEHCHQIKAIIO MPOIECiB JIMITOBAHOTO
MPOTEONi3y y BII3HAYEHUX TKAHWHAX, IO BiJo0Opa-
JKa€e 3CYB PIBHOBaru B CHUCTeMi mporeinaza—o-2-MIT
1 CBIIYMTH MPO MOXKIIMBICTH TIPUCKOPEHHS MPOIIECiB
YTBOPEHHSI aKTHBHUX ()OPM EH3UMIB 1 TOPMOHIB.
UYepes 24 roqunau micins KU edekr akrupanii He
TiNBbKK 30epiraeTscs, ane i migcuiIroeTses (ocolmu-
Bo B cuctemi 3All-0-2-MI") nHa Bimminy Bin II, 3a
sxoi 3HaueHHs 11K 3HMXKyIOTbCS, mpHUUOMy y pasi
HTIII/a-2-MI" HabnmxaroTbest A0 HYNIA y BCIiX TKa-
HHUHAX, [0 MOXe CBimuuTH mpo BuBeneHHs HTIIIT
3 opranisMy. BincyTaicts 3miH IIK y gacTuHmM TKa-
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A comparative analysis of IH and CCH impacts
on PCs in rat tissues showed (Table) a unidirec-
tional change in TPA/a-2-MG under both hypo-
thermic regimens, by increasing (2—130 times) in
all the studied tissues (except brainstem, where no
changes were found). The maximum increase in
TPA/0-2-MG under IH was seen in the liver and
kidneys vs. the control, and in BC, hypothalamus,
liver and kidneys under CCH. After 24 hrs, the
PCs were even higher (excepting liver and lungs),
they were also elevated in brainstem after CCH,
but reduced after IH, remaining augmented relative
to the control in BC, hypothalamus, heart, liver
and kidneys and decreased in brainstem and
lungs, and in BS and cerebellum they corresponded
to the control values.

The dynamics of NTLP/a-2-MG had a different
orientation, i. e. immediately after CCH, it was in-
creased (by 2—6 times) in most tissues, excepting
brainstem and heart, where no changes were found,
and decreased in BS. Under IH, the NTLP/a-2-MG
ratio augmented only in BS, liver, and kidneys to-
gether with a reduction in other tissues (in cere-
bellum and lungs no changes were seen). In 24 hrs
after CCH, the NTLP/a-2-MG ratio was increased
in brainstem (by 4 times), BS, cerebellum and
kidneys vs. the control; decreased in BC and liver;
remained at the control level in hypothalamus, heart
and lungs, but in 24 hrs after IH it diminished to
almost zero values in all the studied tissues.

The anaesthesia, against which the CCH ses-
sions were performed [4], also augmented the TPA/a-
2-MG in all the studied samples (less than at CCH,
excepting brainstem, lungs and kidneys), elevated
the NTLP/0-2-MG in BS and cerebellum only (more
than at CCH) and reduced it in the liver (Table).
The increased PCs indicated the intensification of
limited proteolysis in the mentioned tissues, thus
reflecting a shift in the proteinase/a-2-MG balance
and testifying to the possibility of accelerating
the formation of enzyme and hormone active forms.
In 24 hrs after CCH, the activation effect was not
only preserved, but even intensified (especially in
TPA/0-2-MG balance) in contrast to IH, where the
PCs decreased, moreover in case of NTLP/a-2-
MG they approached zero in all the tissues, likely
testifying to the NTLP removal from the body.
The absence of changes in PCs in some tissues,
particularly in brainstem, may be due to a high local
level of inhibitory potential.

Thus, under CCH in the proteinase—a-2-MG
and NTLP-a-2-MG systems, there was a powerful
activation of proteolytic processes, which persisted
even after 24 hrs; the immersion hypothermia
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MpoTeoniTnyHi koedilieHTn 3a yMOB iMepCiiHOT Ta KpaHioLuepebpanbHOi rinotepmii y TkaHnHax wypis (M £ SE)
Proteolytic coefficients under immersion and craniocerebral hypothermias in rat tissues (M + SE)

3pasok TKaHWHU

EkcnepumeHTanbHi rpynu
Experimental groups

Tissue sample KoHTpon Ha gito
KoHTponb HapKosy Kur 24 ropuuu nicna KU Ir 24 ropunu nicna Il
Control Control to CCH 24 hrs after CCH IH 24 hrs after IH
anaesthesia effect
[MpoTeoniTnyHi koedilieHTn
Proteolytic coefficients
3AMN/0-2-MI
TPA/a-2-MG
Cvposatka Kposi | 658 1 0,015 | 0,216 + 0,077* | 0,246 + 0,077* | 2,499 + 0,899* | 0,876 + 0,213* | 0,053 + 0,008
Blood serum
g°‘?a MO3KY 0,014 + 0,002 | 0,949 + 0,292* | 1,201 + 0,542* 1,585 + 0,445* 0,261 + 0,054 | 0,073 + 0,013*
rain cortex
finotanamyc 0,009 + 0,004 | 0,481 + 0,175* | 0,619 + 0,288* | 1,053 = 0,343* | 0,353 + 0,046* | 0,123 + 0,039*
Hypothalamus
Mo3o4ok * * % *
0,098 + 0,035 | 0,442 % 0,240 0,206 + 0,023 1,028 + 0,415 0,333 + 0,099 0,114 + 0,034
Cerebellum
CT%‘:Z%‘;;:;“V 0,477 + 0,044 0,514 + 0,225 0,861 + 0,396 2,087 + 0,677* 0,518 + 0,101 | 0,086 + 0,029*
%‘Z‘;Lr‘f 0,025 + 0,010 | 0,450 + 0,087* | 0,555 + 0,216* | 1,209 + 0,403* | 0,439 + 0,089* | 0,166 + 0,096*
’Eﬁ;%*: 0,132 + 0,052 0,218 + 0,039 0,992 + 0,271* | 0,457 = 0,079* | 0,490 + 0,117* | 0,056 + 0,018*
”E:j::‘a 0,012 + 0,004 | 0,360 + 0,147* | 0,604 + 0,168* | 0,641 = 0,204* | 0,765 + 0,129* | 0,135 + 0,047*
Kﬁ':ﬁ:;‘g 0,005 + 0,001 0,455 + 0,122* | 0,457 + 0,117* | 1,135 + 0,456* | 1,321 + 0,488* | 0,156 + 0,031*
HTMM/a-2-MT
NTLP/a-2-MG
Cvposatka Kposi | 169 1 0,020 | 1,185 + 0,222* | 0,079 + 0,026* | 0,350 + 0,061* | 0,671 + 0,282* | 0,004 + 0,001*
Blood serum
g°‘?a MO3Ky 0,316 + 0,089 0,311 + 0,042 1,996 + 0,783* | 0,201 + 0,029* | 0,071 + 0,018* | 0,004 + 0,001*
rain cortex
linoTtanamyc «
Hypothalamus | 0:391 * 0,035 0,411 + 0,183 0,917 + 0,430* 0,367 + 0,091 0,135 + 0,036* | 0,003 + 0,001*
Mo3souok * * % *
0,081 + 0,006 | 1,154 + 0,002 0,460 + 0,078 0,614 + 0,207 0,072 + 0,025 | 0,004 + 0,001
Cerebellum
CT%‘?gmt";?:“V 0,578 + 0,149 0,485 + 0,143 0,698 + 0,212 2,186 + 0,649* | 0,181 + 0,056* | 0,004 + 0,001*
%Z‘;Lr‘f 0,435 + 0,142 0,709 + 0,145 0,732 + 0,156 0,671 + 0,287 0,152 + 0,049* | 0,004 + 0,001*
’Eﬁrrg: 0,482 + 0,138 0,592 + 0,075 1,131 + 0,231* 0,624 + 0,252 0,212 + 0,073 | 0,003 + 0,001*
”E:j::‘a 0,391 + 0,087 | 0,219 + 0,049* | 0,909 + 0,182* | 0,130 + 0,011* | 0,847 + 0,327* | 0,004 + 0,001*
[':‘r‘]’g: 0,139 + 0,048 0,170 + 0,062 0,641 + 0,181* | 0,663 = 0,189* | 1,120 + 0,397* | 0,005 + 0,002*

MpumiTka: * — BIAMIHHOCTI 3Ha4yLLi MOPIBHSHO 3 KOHTporem, p < 0,05.
Note: * — differences are significant as compared with the control group, p < 0.05.
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HuH, 30kpema CM, Moxke 00yMOBIIOBAaTHCS BH-
COKHMM JIOKQJIbHUM PiBHEM 1HriOITOpPHOTrO MOTEHIia-

y.

Takum ymHoMm, 3a ymoB KHI' y cucremax mpo-
teinaza—a-2-MI' 1 HTIII-0-2-MI" BinOyBaeThcs
MTOTYKHA aKTUBAIlisI TPOTEOTITHIHHUX IPOIIECIB, SKa
30epiraeTbest 1 yepe3 24 TomWHU; iMepciiiHa Timo-
TepMist (0COOIMBO uepe3 24 TOIUHK) PUBOAUTH JI0
suBenenns HTIII 3 opranizmy, 1o crpusie BpiBHO-
Ba)KCHHIO Ba30KOHCTPUKTOPHUX MPOIIECIB 3a YUACTIO
xiMa3H, TOHIHY 1 Kanikpeiny rK9.

NMiTepaTypa

1. Kopones BB, babuitiyk A, BeryHos BI, Muknsies U0, Yctu-
meHko BB, wusobpetatenu; WIMNKuK HAH YCCP, nateHTo-
obrnagatens. AnnapaT AN OXMaXAeHUs U CorpeBaHusi ronoBs-
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(especially after 24 hrs) resulted in NTLP removal
from the body, which promoted the balancing of
vasoconstrictor processes involving chymase, tonin
and kallikrein rK9.
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