Ztrata agresivity u makaka po nasalni aplikaci kombinace ketamin - midazolam - remifentanil - hyaza.
The loss of agressivity in macaque after ketamin — midazolam - remifentanil combination applied nasally.
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Hyaluronidéza (zkracené také hyaza) je hydrolyticky enzym, ktery plsobi v intersticidlni mezibunééné
substanci, kde $tépi kyselinu hyaluronovou. Ta je jedna z hlavnich soucasti mezibunécné substance
a soucasnosti ma rozsahlé pouziti v kosmetologii. Hyaza redukuje viskozni interceluldrni cement a zvy-
Suje permeabilitu bunécnych membrén a stény cév. Optimalni pH je 3,7-4,0. Podévé se intravendzné,
subkutanné nebo intramuskularné. Polocas vylu¢ovani je 1 - 2 hod. Enzymaticka aktivita v tkénich viak
pietrvava nejméné 12 hodin (FARR A SPOL. 1997).

Ve veterindrni anesteziologii je velmi dllezité, aby pfi pouZiti distancnich systému byl i¢inek anes-
tetik co nejrychlejsi. Proto je soucésti anestetickych smésii hyaluronidaza. Rychlost ndstupu Gcinku se
zkrati az 0 50 %, dochazi k redukci davkovani farmak a k prohloubeni Gcinku. Je s vyhodou pouzivana
pfiimobilizaci zvitat v pfirodnich rezervacich, farméch, oborach i v zoologickych zahradach (WIESNER,
VON HEGEL 1985).

Stale Castéji se setkavame v humanni i veterinarni anesteziologii s netradi¢nimi zptsoby aplikace
farmak napf. nazalné, bukalné nebo transdermalné (FARNSWORTH a spol. 1998, KEARNS A SPOL. 1999,
KEARNS A SPOL. 2000). Nasalni aplikace farmak se mize uplatnit k prodlouzeni imobilizace nebo cel-
kové anestézie v pribéhu vykonu. Proto nas zajimalo, zda hyaza i pi nasalnim zplisobu aplikace urych-
luje nastup Ucinku podanych farmak.

K pokustm jsme vybrali 40 kralikd, kterym jsme aplikovali midazolam naséIné a s pfidanim s hyazy,
déle jsme testovali S+ketamin a opét s pfidanim hyazy. Na 20 primétech - makacich rhesus jsme sta-
novili rychlost nastupu tcinku a jeho hloubku pfi kombinaci midazolam-remifentanil-ketamin nazalné
a s pfidanim hyazy.

Pri studii jsme pouZili celkem 40 kralikdi plemene cincila Sedad hmotnosti 2,5 - 4,5 kg obojiho pohlavi.
Kralici byli chovani individudIné v klecich v mistnosti s teplotou 20 - 22°C a vlhkosti 40 - 65 %. Dosta-
vali standardni dietu a méli volny pfistup k vodé. Experimenty na krélicich byly povoleny Etickou ko-
misi pro pokusy na zvifatech pfi MZ CR a Etickou komisi v IKEM.

173



Po 15 minutéch klidu k adaptaci na laboratorni prostiedi jsme u kazdého kralika zméfili zékladni
kardiorespiracni parametry - stupen saturace hemoglobinu kyslikem a tepovou frekvenci. Sonda puls-
niho oximetru byla umisténa v zatylku zvitete, kde byla mald plocha srsti vyholena. Krevni tlak jsme mé-
fili oscilometricky neinvazivné manzetou na predni koncetiné zvifete pfistrojem Memoprint (Medvet
- Némecko).

Vychozi vysetieni bylo provedeno pred podanim farmak a déle v 1 minutovych intervalech az do
20. minuty. Hodnotili jsme zmény chovani. Zaznamenali jsme prvni znamky sedace, které se projevily
snizenim pohybu vibrisd, snizenim tonu svalstva a zménénym drzenim téla. Jako kritérium imobilizace
jsme zvolili ztratu reflexu polohy. Tu jsme testovali pokusy o obraceni zvifete do polohy na zadech
v 1 minutovych intervalech.

Farmaka jsme aplikovali po fixaci zvifete kovovou sondou s kulovitym zakonéenim, aby nedoslo
k poranéni nosni sliznice. V kazdé pokusné skupiné jsme statisticky hodnotili vyvoj kardiorespiracnich
parametrt - vychozi hodnoty versus 1., 10., 20. min. od aplikace. Mezi skupinami jsme pak srovnavali
rychlost nastupu ztraty reflexu polohy a rovnéz kardiorespiracni parametry - vychozi hodnoty versus
1.,10., 20. min. od aplikace.

K statistickému zhodnoceni jsme pouzili ANOVA test.

Testovani tcinku kombinace farmak midazolam-remifentanil-ketamin bez hyézy a s hydzou jsme pro-
vadéli na makacich rhesus (Macaca mulatta) obojiho pohlavi, stafi 2-5 let, hmotnosti 3 - 5,5 kg chova-
nych ve firmé Biotox s.r.o. v Konarovicich u Kolina. Kolonie asi 250 makaku je zde chovana ve velkych
klecich s venkovnimi vyhledy. Po povoleni etickou komisi pro pokusy na zvifatech v IKEM jsme testovali
kombinaci farmak vzdy na 10 zvifatech v 21 dennich intervalech. To ndm umoznilo vzajemné srovnani
Ucinku farmak u téhoz jedince.

Posledni pfijem potravy byl vecer pied pokusnym dnem, voda byla k dispozici ad libitum aZ do za-
¢atku experimentu. Pfed zacatkem experimentu jsme zkontrolovali funkénost pouzivanych pfistrojd
(pulsni oximetr, pistroj na méfeni krevniho tlaku) a pokusna zvifata zvézili. Pfed imobilizaci jsme podle
zpUsobu chovéni sledovali, zda je klidné, neklidné nebo velmi neklidné a zaznamenali jsme hodnostni
poradi zvifete ve skupiné, zaznamenali jsme vék a pohlavi. Nasledné jsme vypocitali davkovani farmaka
nebo jeho kombinace pro urcité zvife a pfipravili injekeni stfikacku s roztokem anestetika.

Po odchyceni do podbéraku a manualni fixaci jsme jim nasalné aplikovali kombinaci farmak. K netra-
di¢nimu zpdsobu aplikace jsme pouZivali kovovou sondu s tupym zakonéenim. lhned po aplikaci jsme
zapojili stopky, abychom mohli cely priibéh pokusu ¢asové protokolovat. Zvite jsme vypustili do malé
klece, a sledovali zmény chovani. Zaznamenali jsme prvni zndmky sedace, které se projevily poklesem
ocnich vicek a poklesem hlavy, urcili jsme ¢as prvnich znamek ztraty koordinace pohybu - ataxie.

Zaznamenali jsme imobilizacni ¢as (¢as od aplikace k ztraté reflexu polohy) a ¢as ztraty tchopového
reflexu, ktery Casto pretrvava pii imobilizaci. Déle jsme sledovali pfipadné zmény svalového tonu, vy-
skyt nechténych pohybd, velikost zornice, vyraz oci. Sledovali jsme vyskyt nezadoucich Gcink( dechové
deprese, zmény srdecniho rytmu, zvraceni, vyskyt svédéni.

Jakmile jsme zvite vyjmuli z klece, pFipojili jsme méFici pfistroje a zacali monitorovat srdecni frek-
venci a stupen saturace hemoglobinu kyslikem, pulsnim oximetrem a méfit nekrvavym oscilometrickym
zpUsobem krevni tlak v 5 min. intervalech. Cidlo pulsniho oximetru bylo umisténo na prstech nebo na
hornim rtu bukalni sliznice pokusnych zvifat.

Jednotliva zvifata jsme nechali spontanné zotavit a zaznamenali prvni znamky probouzeni (napf.
mrkani ocnimi vicky), zaujmuti prsni polohy, posazeni a Uiplné obnoveni kognitivnich schopnosti (zvife
pfi védomi, které reaguje na pfiblizeni ke kleci agresivnim chovénim).

Ke zjisténi statistickych rozdil(i zvifat a mezi skupinami makaku jsme pouzili ANOVA test.
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Midazolam 0,2 mg/kg

Vliv na CNS: Ztrata reflexu polohy nastala ve vsech pfipadech za 106,0 + 15,0 sekund. Ve tfech pfipa-
dech trvala vice nez 20 minut, nejméné trvala 10 minut.

Srdecni frekvence: Stoupla z vychozich 235,6 + 34,0 tept/min na 250,8 + 29,4 tep(i/min v 5. minuté
a déle stoupala na 255,8 + 30,3 tepd/min v 10. minuté a na 258,8 + 31,3 tepd/min v 15. minuté. Mezi
15.a 20. minutou o néco klesla, takze byla 244,4+29,2 tep(i/min ve 20. minuté.

Saturace hemoglobinu kyslikem: Klesla z vychozich 98,2 + 0,4 % na 97,2+1,5% v 5. minuté a déle stou-
pala, takze v 10. minuté byla 98,4+0,5% a 98,2+1,5% v 15. minuté a 98,2+1,2% ve 20. minuté.

Systolicky krevni tlak: Kles| z vychozich 112,2 £ 16,5 torrli na 109,6 + 12,7 torrd v 5. minuté, aby dale
stoupnul na 122,2 £ 12,0 torrG v 15. minuté. Ve 20. minuté nasledoval pokles na 108,8+8,9 torru. Dia-
stolicky a stfedni arterialni tlak se chovaly podobné.

Midazolam 0,2 mg/kg - hyaza 150 m.j.

Vliv na CNS: Ztrata reflexu polohy nastala ve viech pfipadech za 66,0 + 25,2 sekund. Ve viech pfipa-
dech trvala vice nez 20 minut.

Srdecni frekvence: Klesla z vychozich 257,3 + 16,5 tepi/min na 212,2 + 28,2 tep(i/min v 1. minuté,
aby v dalsich minutéch déle stoupala na 242,2 + 18,5 tepd/min v 5. minuté a dale se podstatné nemé-
nila, takze byla v 10. minuté 244,1 £ 19,6 tep(/min na 244,7 + 21,6 tepd/min v 15. minuté a 244,4 +
16,0 tepl/min ve 20. minuté.

Saturace hemoglobinu kyslikem: Klesla z vychozich 99,0 + 1,0 % na 98,0+1,3% v 5. minuté aby se
v dalsim pribéhu podstatné neménila, takze v 10. minuté byla 97,9+1,2% a 98,4+1,1% v 15. minuté
a 98,5+1,4% ve 20. minuté.

Systolicky krevni tlak: Klesl z vychozich 116,7 + 13,4 torrd na 100,7 £ 14,3 torrG v 5. minuté, aby déle

stoupnulna 113,9 £ 12,8 torrG v 15. minuté a ve 20. minuté na 118,5+16,4 torrd. Diastolicky a stfedni
arteridIni tlak se chovaly podobné.

Rozdily ve ztraté reflexu polohy byly mezi obéma skupinami statisticky vyznamné.

S+ketamin (pravotocivy izomer ketaminu) 2,5 mg/kg

Vliv na CNS: Ke ztraté reflexu polohy doslo v 8 pfipadech z 10 za 381,3 £ 151,3 sekund. Ztréta reflexu
polohy byla delsi nez 20 minut ve 4 pfipadech, v ostatnich pfipadech trvala od 13. do 16. minuty.

Srdecni frekvence: Klesla z vychozich 254,7 + 32,8 tepd/min na 206,8 + 35,4 v 1. minuté ana 199,5 +
39,5 ve 2. minuté, aby v dalsich minutach nastal vzestup na 228,1 + 40,4 tep(’/min v 5. minuté a na 226,3
+39,0 tepl/min v 10. minuté.V dalsich minutach se srde¢ni frekvence drzela na pfiblizné stejné drovni,
takze v 15. minuté byla 226,4 + 34,6 tepU/min a ve 20. minuté byla 229,3 £ 34,4 tepd/min.

Saturace hemoglobinu kyslikem: Klesla z vychozich 98,9 + 0,7% na 96,6 2,4 % v 1. minuté, aby ddle
stoupla v 5. minuté na 97,4 + 1,7 % a dale stoupala na 98,0 + 1,2 % v 10. minuté.V dalSich minutach se
v podstaté neménila, takze byla v 15. minuté 97,8 + 1,5 % a ve 20. minuté 97,9 £ 0,9 %.

Systolicky krevni tlak: Z vychozich 122,3 + 13,5 torrt klesl na 107,0 + 11,5 torrd v 5. minuté, aby v dal-
Sich minutach mirné stoupl na 112,8 £ 15,0 torrG v 10.minuté a 110,4 £ 12,2 torr( ve 20. minuté.

Diastolicky a stredni arteridlni tlak se chovaly podobné.

S+ketamin (pravotocivy izomer ketaminu) 2,5 mg/kg - hyaza 150 m.j.

Vliv na CNS: Ke ztraté reflexu polohy doslo ve vsech pfipadech za 83,8 + 16,4 sekund. Ztrata reflexu
polohy byla v 9 pfipadech delsi nez 20 minut, pouze v 1 pfipadé trvala do 7 minut.

Srdecni frekvence: Klesla z vychozich 256,3 £ 24,7 tept/min na 201,9 + 38,6 tepl/min v 1. minuté, aby
v dalsich minutéch stoupla na 232,5 £ 27,4 tep0/min ve 2. minuté. V dalSich minutéch se pohybovala
pfiblizné na této Urovni,takze v 5.minuté byla 224,8 + 24,0 tepi/min v 10. minuté 226,7 + 19,0 tepd/
min, v 15.minuté 224,8 + 18,5 tepl/min a ve 20. minuté 227,8 + 13,6 tepl/min.
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Saturace hemoglobinu kyslikem: Klesla z vychozich 98,5 + 0,8% na 94,9+ 2,7 %v 1. minuté, aby v dal-
Sich minutach opét stoupla, takze byla 96,6 + 1,4 % v 5. minuté a 96,5 £ 1,4 % v 10. minuté. V dalsich
minutéch doslo k mirnému vzestupu a v 15. minuté byla 97,5 + 0,8 % a ve 20.minuté 98,3 £ 0,9 %.

Systolicky krevni tlak: Z vychozich 112,1 £ 15,3 torr( klesl na 110,6 + 19,6 torr(i ve 3. minuté, v 5. mi-
nuté by 117,71 £ 15,5 torrG a v dalsich minutach se drzel pfiblizné na této Grovni, takze byl v 10.minuté
113,0 £ 8,8 torrQi, v 15.minuté 115,9 + 7,9 a ve 20.minuté 116,1 + 9,2 torrd.

Diastolicky a stfedni arteridlni tlak se chovaly podobné.

Rozdily ve ztraté reflexu polohy mezi obéma skupinami jsou vysoce statisticky vyznamné.

Ketamin 2,5mg/kg - midazolam 0,25 mg/kg - remifentanil 10 ug/kg

Nastup Ucinku byl za 152,0 + 35,2 sec. Imobilizace byla dosazena v 5 pfipadech za 630,0 + 172,3 v ostat-
nich pfipadech byla dosaZena silnd sedace a makak mohl byt pouze lehce pfidrZzovan na stole z bez-
pecnostnich divod. Ke ztraté tchopového reflexu doslo za 270,0 + 113,8 sekund.

Saturace hemoglobinu kyslikem byla ve 3. minuté 96,7 + 3,3 % a v dal3ich minutéch se udrZovala pfi-
blizné na stejné Urovni, takze byla v 5.minuté 96,9 + 2,7 %, v 10.minuté 97,0 + 2,4, v 15.minuté 96,9 +
3,1% a ve 20.minuté 97,5 £ 2,5%.

Tepova frekvence byla 203,1 + 34,6 tept/min ve 3. minuté, dale se nezménila a byla v 5.minuté 203,8 +
31,2 tepl/min, dale klesala, takze byla v 10.minuté 197,2 + 29,7 tepi/min, 187,5 +£25,0 tept/min v 15.
minutéa 181,7 £ 24,2 tepl/min ve 20.minuté.

Systolicky krevni tlak klesl na 120,9 £ 6,0 ve 3. minuté na 115,9 £ 9,7 torrli v 5 minuté, aby v dalSich
minutach mirné stoupl, takze byl v 10.minuté 116,7 + 8,1 torrd a ve 20 minuté 115,7 + 12,1 torrd. Po-
dobné se choval i diastolicky a stfedni arterialni tlak.

Ketamin 2,5mg/kg - midazolam 0,25 mg/kg - remifentanil 10 ug/kg - hyaza 150 m.j.

Nastup ucinku byl za 97,0 + 27,6 sec. Imobilizace byla dosaZzena v 9 pfipadech z 10 za 330,0 + 164,3
sec.V 1 pfipadé byla dosazena pouze silna sedace s lehkym pfidrzovanim makaka na podlozce z bez-
pecnostnich divod. Ke ztraté tchopového reflexu doslo za 255,0 + 152,2 sekund.

Saturace hemoglobinu kyslikem byla ve 3. minuté 92,3 £ 4,6 %, v 5.minuté 90,5 + 2,1 %, v 10.minuté
93,7+ 2,1 %, v 15.minuté 94,0 £+ 1,6% a ve 20.minuté 93,8 £ 1,5%.

Tepova frekvence klesla z vychozich 200,1 + 22,4 tepG/min ve 3. minuté na 186,9 £ 16,3 tepl/min
v 5.minuté a déle klesala, takZe byla v 10.minuté 181,7 + 17,4 tep(i/min a ve 20.minuté 179,2 + 19,6
tepd/min.

Systolicky krevni tlak klesl z vychozich 120,8 + 5,7 ve 3. minuté na 109,5 + 12,7 torr(iv 5 minuté a dale
stoupl, takZe byl v 15.minuté 115,9 £ 14,3 torr( a ve 20 minuté 117,9 + 9,1 torr(i. Podobné se choval i
diastolicky a stfedni arteridIni tlak.

Rozdily v poctu imobilizaci a v rychlosti imobilizace jsou mezi obéma skupinami vysoce statisticky
vyznamné.

Vysledky jasné prokazaly, Ze hyaluroniddza i pfi nasalni aplikaci ovliviiuje rychlost vstfebavani aneste-
tika a hloubku ucinku jak u kralika, tak u makaka rhesus. Optimalni ¢innost glykoproteinG na nosni sliz-
nici je zachovana pfi pH 4,5 - 5,5, optimalni pH pro ¢innost hyazy je 3,7-4,0. Vstrebavani farmak nosni
sliznici zavisi na celé fadé faktorl na pH farmaka, jeho disocia¢ni konstanté, velikosti molekuly i neio-
nizovaném podilu (FARR A SPOL. 1997). Hyaza ma molekularni hmotnost 60 000 a je proteinem, pfesto
dochézi k jejimu vstrebavani. Patrné rozvolnénim mezibunécné substance nosni sliznice je usnadnén
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prinik. Aplikace hyazy byla nebolestiva. | ve veterinarni literatufe se stale ¢astéji setkdvame s netradic-
nimi zpGsoby aplikace farmak - nazalné, bukalné nebo transdermélné (FARNSWORTH A SPOL. 1998,
KEARNS A SPOL. 1999, KEARNS A SPOL. 2000). Nékdy jsou farmaka touto cestou aplikovéna v akutnich
situacich k rychlému néstupu ucinku. Proto nas zajimalo, zda hyaza i po nazélni aplikaci urychli nastup
Ucinku nazélné aplikovanych farmak.

Ketamin pfedstavuje jedno z nejastéji pouzivanych farmak ve veterinérni anesteziologii. Je proto
vyhodné urychlit nastup ucinku jak pfi intramuskularni aplikaci tak i pfi nazalni aplikaci v pfipadech,
kdy potfebujeme prodlouzit imobilizaci. V dalsich pokusech na kralicich jsme prokazali, Ze kromé S+-
ketaminu, midazolamu, opioid(i remifentanilu a sufentanilu také specificti antagonisté rozvijeji po na-
salni aplikaci svdj Ucinek rychleji (dosud nepublikovano). To by mohlo mit zasadni vyznam v akutnich
situacich, kdy nejsme schopni rychle zajistit intravenoézni pfistup.

Hyaluronidaza (hyéza) je hydrolyticky enzym s molekuldrni hmotnosti 60 000, ktery byl poprvé izo-
lovén v roce 1928.V interceluldrni bunécné substanci $tépi kyselinu hyaluronovou, kterd je vedle chon-
drointin sulfatu jeji hlavni soucasti. Dochazi k redukci viskozity intercelularniho cementu a zvyseni per-
meability bunécnych membran a stény cév (FARR A SPOL. 1997). Ve veterinarni anesteziologii je hyaza
béZnou soucésti imobilizacnich smési k urychleni nastupu ucinku anestetik pfi pouZziti distan¢nich
systéma. Rychlost nastupu Ucinku se zvysi az 0 50 % a dojde k prohloubeni Gcinku zvysenim plazma-
tickych hladin podanych anestetik (WIESNER, VON HEGEL 1985). Stéle Castéji se setkdvdme s netradic-
nimi zpUsoby aplikace farmak v huménni, ale i ve veterindrni mediciné napf. nazalné, bukélné nebo
transdermalné. Imobilizaci nebo anestézii Ize prodlouzit nazalni aplikaci anestetik. Proto nas zajimalo,
zda hyaza urychli nastup a hloubku Ucinku i po nasalni aplikaci. Ke studii jsme vybrali celkem 40 kra-
likd, které jsme rozdélili do skupin po 10 jedincich. Prvni skupiné jsme aplikovali nazélné midazolam
v davce 0,1 mg/kg, druhé skupiné jsme pfidali hydzu v ddvce 150 m.j., u tfeti skupiny jsme podali S+-
ketamin v dévce 2,5 mg/kg a ve Ctvrté skupiné jsme k nému opét pfidali hydzu. Zaznamenali jsme
rychlost ndstupu Ucinku a ztratu reflexu polohy. Zméfili jsme zékladni kardiorespiracni parametry. Ve
skupiné 20 makaku rhesus jsme u prvni skupiny 10 jedincl aplikovali nazalné kombinaci midazolam-
-remifentanil-ketamin a ve druhé skupiné 10 zvitat jsme pfidali hyazu. Po odchytu do odbéraku a fixaci
jsme kovovou sondou zakoncenou olivkou aplikovali farmaka. Zaznamenali jsme prvni zndmky sedace
a imobilizaci, kdy zvite lezelo bez fyzického drzeni na stole. Saturaci hemoglobinu kyslikem a tepovou
frekvenci jsme méFili pulsnim oximetrem na prstech nebo bukalni sliznici makaka. Ciselné tdaje jsme
statisticky mezi jednotlivymi skupinami hodnotili ANOVA testem. Vysledky jak u kralika, tak i u makakd
jasné prokazali, Ze hyaza urychluje vstiebavani farmak nosni sliznici. Zatimco pfi aplikaci midazolamu
bez hyazy doslo u krélika ke ztraté reflexu polohy za 1 min 45 sec., pfi kombinaci s hydzou za 1 min 6
sec. Jesté zfetelngjsi vysledky byly u S+ketaminu. Ve skupiné krélik(i bez hyézy doslo ke ztraté reflexu
polohy v priméru za 6 min 20 sec., ve skupiné s hyazou za 1 min 25 sec ! Také u makakd rhesus doslo
v 9 pfipadech z 10 k imobilizaci v priiméru za 5 minut 30 sec., ve skupiné bez hyazy pouze ve 4 pfi-
padech z 10 za 10,5 min! U makaka rhesuse jsme tedy prokézali nejen urychleni nastupu Gcinku, ale
i jeho prohloubeni, které bylo prokazano poctem imobilizovanych zvifat. Kromé uvedenych farmak
jsme testovali nazalné s hyazou také dalsi opioidy napf. sufentanil a specifické antagonisty opioid
naloxon a naltrexon. | v téchto pfipadech doslo k urychleni nastupu tcinku. To by mohlo mit prakticky
vyznam v akutnich situacich pfi imobilizaci zvitat, kdy je nutna aplikace specifickych antagonist(, ale
nemuzeme rychle zajistit Zilu.
Prace vznikla s podporou grantu VG 20102015014 a VG 20102015041
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Imobilizace makaka kombinaci ketamin — midazolam- remifentanil - hyaza. K imobilizaci s hyazou dochazi v priméru za
5,5 minut, bez hyazy za 10,5 minut ale jen u 5 zvitatz 10.

Immobilistion in macaque by using ketamin midazolam- remifentanil - hyase combination. Mean time to total immobi-
lisation is 5,5 min.,without hyase is it 10,5 min., but only 5 animals from 10. Foto/Photo by Ladislav Hess
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SUMMARY

Hyaluronidase (also abbreviated as hyase) is a hydrolytic enzyme that acts in the interstitial intercellular
substance, where it breaks down hyaluronic acid. This is one of the main components of the intercellular
substance and is currently used extensively in cosmetology. Hyase reduces the viscosity of the intercel-
lular cement and increases the permeability of cell membranes and blood vessel walls. The optimum pH
is 3.7 -4.0. It is administered intravenously, subcutaneously or intramuscularly. The elimination half-life
is 1- 2 hours. Enzymatic activity in the tissues, however, persists for at least 12 hours.

The nasal application of pharmaceuticals can be used to extend immobilisation or general anaes-
thesia during an operation. It was therefore hypothesised that hyase applied nasally would accelerate
the onset of a pharmaceutical’s effect.

40 rabbits were used for the experiments; midazolam was applied nasally and with the addition of
hyase, S + ketamine was also tested, once again with the addition of hyase. A combination of midazo-
lam-remifentanil-ketamine and with the addition of hyase was administered nasally to 20 Rhesus ma-
caques and the speed of the effect’s onset and its depth were determined.

Ztrata agresivity makaka po nazalni aplikaci ketamin — midazolam- remifentanil - hydza. Stav za 2 minuty po aplikaci.
The loss of agresivity in macaque after ketamin — midazolam- remifentanil combination applied nasally - 2 minutes
after application. Foto/Photo by Ladislav Hess
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Ztrata reflexu polohy po kombinaci S+ ketamin 2,5mg/kg - hyaza 150 m.j. nasélné. K ztraté reflexu polohy dochazi s hy-
azou v prdmeéru za 1 minutu 20 sec., bez hyazy za 4,5 minuty.

Loss of the righting position reflex after S+ ketamin 2,5mg/kg - hydza 150 m.j. combination applied nasally. With hyasa
adding comes the effect in 1 minute 20 sec. in, without 4 minutes and 20 second average. Foto/Photo by Ladislav Hess

Material and methods

Atotal of 40 rabbits weighing 2.5 - 4.5 kg of both sexes were used for this study. The rabbits were kept
in individual cages in a room with a temperature of 20 - 22 °C and a humidity of 40 - 65 %. They rece-
ived a standard diet and had free access to water. After 15 minutes of quiet to adapt to the lab environ-
ment, each rabbit’s basic cardiorespiratory parameters were measured - the degree of haemoglobin
saturation with oxygen and heart rate. A pulse oximeter was placed on the animal’s nape, which had
been shaven for this. The oscillometric measurement of blood pressure was non-invasive on the ani-
mal’s front paw using a Memoprint device (Medvet - Germany).

An initial examination was carried out before administering the pharmaceuticals then at 1-minute
intervals up to 20 minutes. Changes in behaviour were noted, the first signs of sedation, the reduc-
tion in muscle tone and the change posture were recorded. The criterion for immobilisation was loss
of the righting reflex The animals were tested for returning from a position on their back in 1-minute
intervals.

After fixating the animal the pharmaceuticals were applied with a metal probe with spherical ends
to avoid injury to the nasal mucosa.

The development of the cardiorespiratory parameters were statistically assessed in each experi-
mental group - the initial values versus those at 1, 10, 20 minutes from application.

The speed of the loss of the righting reflex and cardiorespiratory parameters were compared among
the groups - the default values versus those at 1, 10, 20 min from application.

Rhesus macaque

The effect of a combination of pharmaceuticals, midazolam-remifentanil-ketamine without hyase and
with hyase was tested on Rhesus macaques (Macaca mulatta) of both sexes, aged 2 - 5 years, weight
3.0- 5.5 kg reared at Biotox s.r.0. in Konarovice near Kolin.
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The last food intake was in the evening of the day before the trial, water was available ad libitum
until the start of the experiment. The equipment used was checked before the experiment (pulse oxi-
meter, a device for measuring blood pressure) and the experimental animals were weighed. Prior to
immobilisation, the animals’behaviour was observed to ascertain whether they were quiet, restless or
very restless and the animal’s ranking in the group was recorded. Age and gender were also recorded.
The dosage of the pharmaceutical or its combination was then calculated for a particular animal and
a syringe was then prepared with a solution of the anaesthetic.

After being caught in a scoop net and manual fixation, the pharmaceutical combination was ap-
plied nasally. A metal probe with a blunt end was used for this unconventional application method.
The animals were released into a small cage to monitor changes in behaviour. The first signs of seda-
tion were recorded, which is indicated by drooping eyelids and a drooping head, the time of the first
signs of loss of motor-coordination - ataxia - was determined.

The immobilisation time was recorded (time from application to loss of the righting reflex) and the
time the grip reflex was lost, which often remains during immobilisation. Furthermore any changes
in muscle tone were recorded, as were the presence of inadvertent movements, pupil size, eye ex-
pression. The presence of undesirable effects were monitored - breathing depression, cardiac rhythm
changes, vomiting, itching.

An ANOVA test was used to detect statistical differences between animals and groups of ma-
caques.

Midazolam 0.2 mg/kg

Effect on the CNS: Loss of righting reflex occurred in all cases after 106.0 + 15.0 seconds. In three cases
it lasted more than 20 minutes, the least lasted 10 minutes.

Heart rate: Increased from the initial 235.6 + 34.0 beats/min to 250.8 + 29.4 beats/min after 5 minutes
and further rose to 255.8 + 30.3 beats/min after 10 minutes and to 258.8 + 31.3 beats/min after 15 mi-
nutes. Between 15 and 20 minutes it fell slightly to 244.4 + 29.2 beats/min after 20 minutes.

Saturation of haemoglobin with oxygen: Dropped from the initial 98.2 + 0.4% to 97.2 + 1.5% after
5 minutes and further increased, after 10 minutes it was 98.4 + 0.5% and 98.2 + 1.5% after 15 minutes
and 98.2 + 1.2% after 20 minutes.

Systolic blood pressure: Dropped from the initial 112.2 £ 16.5 Torr to 109.6 + 12.7 Torr after 5 minutes
but then rose to 122.2 + 12.0 Torr after 15 minutes. After 20 minutes there was a drop to 108.8 + 8.9
Torr. Diastolic and mean arterial pressure behaved similarly.

Midazolam 0.2 mg/kg - hyase 150 I.U.

Effect on the CNS: Loss of righting reflex occurred in all cases after 66.0 + 25.2 seconds. In all cases it
lasted more than 20 minutes.

Heart rate: Dropped from the initial 257.3 £ 16.5 beats/min to 212.2 + 28.2 beats/min after 1 minute, it
then rose to 242.2 + 18.5 beats/min after 5 minutes and did not change substantially afterwards, thus
after 10 minutes it was 244.1 + 19.6 beats/min after 15 minutes it was 244.7 + 21.6 beats/min and after
20 minutes it was 244.4 + 16.0 beats/min.

Saturation of haemoglobin with oxygen: Dropped from the initial value of 99.0 + 1.0% to 98.0 +
1.3% after 5 minutes and did not change substantially afterwards, so after 10 minutes it was 97.9 +
1.2% and 98.4 + 1.1% after 15 minutes and 98.5 + 1.4% after 20 minutes.
Systolic blood pressure: Decreased from the initial 116.7 + 13.4 Torr to 100.7 + 14.3 Torr after 5 mi-
nutes and then rose to 113.9 + 12.8 Torr after 15 minutes and after 20 minutes it was 118.5 + 16.4 Torr.
Diastolic and mean arterial pressure behaved similarly.

Differences in the loss of the righting reflex were statistically significant between the two groups.
S + ketamine (dextroisomer) 2.5 mg/kg
Effect on the CNS: Righting reflex lost in 8 cases out of 10 after 381.3 + 151.3 seconds. Loss of righ-

ting reflex was longer than 20 minutes in 4 cases, in the other cases it lasted from the 13" to the 16%"
minute.
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Heart rate: Dropped from the initial 254.7 + 32.8 beats/min to 206.8 + 35.4 after 1 minute and 199.5
+ 39.5 after 2 minutes; in the following minutes it rose to 228.1 + 40.4 beats/min after 5 minutes and
226.3 + 39.0 beats/min after 10 minutes. In the following minutes the heart rate stayed at about the
same level, so after 15 minutes it was 226.4 + 34.6 beats/min and after 20 minutes it was 229.3 + 34.4
beats/min.

Saturation of haemoglobin with oxygen: Dropped from the initial 98.9 + 0.7% to 96.6 + 2.4% after
1 minute then increased after 5 minutes to 97.4 + 1.7 % then rose further to 98.0 + 1.2% after 10 mi-
nutes. In the subsequent minutes it did not change in essence, thus it was 97.8 + 1.5 % after 15 minutes
and 97.9 £ 0.9 % after 20 minutes.

Systolic blood pressure: From the initial value of 122.3 £ 13.5 Torr it fell to 107.0 + 11.5 Torr after
5 minutes, it then rose slightly to 112.8 + 15.0 Torr after 10 minutes and 110.4 + 12.2 Torr after 20 mi-
nutes.

Diastolic and mean arterial pressure behaved similarly.

S + ketamine (dextroisomer of ketamine ) 2.5 mg/kg - hyase 150 I.U.

Effect on the CNS: Righting reflex lost in all cases after 83.8 + 16.4 seconds. Loss of righting reflex was
longer than 20 minutes in 9 cases, in just one case it lasted until the 7" minute.

Heart rate: Dropped from the initial 256.3 + 24.7 beats/min to 201.9 + 38.6 beats/min after 1 minute,
it then rose to 232.5 + 27.4 beats/min after 2 minutes. In the following minutes it stayed at around this
level, thus after 5 minutes it was 224.8 + 24.0 beats/min after 10 minutes 226.7 + 19.0 beats/min, after
15 minutes 224.8 + 18.5 beats/min and after 20 minutes 227.8 + 13.6 beats/min.

Saturation of haemoglobin with oxygen: Dropped from the initial 98.5 + 0.8 % to 94.9 + 2.7 % after
1 minute, it then rose again in the following minutes, thus it was 96.6 + 1.4 % after 5 minutes and 96.5
+ 1.4 % after 10 minutes. There was then a slight rise and after 15 minutes it was 97.5 + 0.8 %, and
after 20 minutes 98.3 + 0.9%.

Systolic blood pressure: From the initial 112.1 + 15.3 Torr it fell to 110.6 £ 19.6 Torr after 3 minutes, after
5 minutes it was 117.1 = 15.5 Torr and it then stayed at approximately this level, thus after 10 minutes
it was 113.0 + 8.8 Torr, after 15 minutes 115.9 + 7.9 and after 20 minutes 116.1 + 9.2 Torr.

Differences in the loss of the righting reflex were highly statistically significant between the two
groups.

Ketamine 2.5 mg/kg - midazolam 0.25 mg/kg - remifentanil 10 ug/kg

The onset was after 152.0 + 35.2 sec. In 5 cases immobilisation was achieved after 630.0 + 172.3,in the
other cases strong sedation was achieved and the macaque could be held only lightly on the table for
safety reasons. Loss of grip reflex after 270.0 £ 113.8 seconds.

The saturation of haemoglobin with oxygen after 3 minutes was 96.7 + 3.3 % and for the rest of the
time it remained at approximately the same level, thus after 5 minutes it was 96.9 + 2.7 %, after 10 mi-
nutes 97.0 + 2.4 %, after 15 minutes 96.9 + 3.1 % and after 20 minutes 97.5 + 2.5 %.

Heart rate was 203.1 + 34.6 beats/min after 3 minutes, it did not change and was 203.8 + 31.2 beats/
min after 5 minutes, then fell, so after 10 minutes it was 197.2 + 29.7 beats/min, after 15 minutes 187.5
+ 25.0 beats/min and after 20 minutes 181.7 + 24.2 beats/min.

Systolic blood pressure fell to 120.9 + 6.0 after 3 minutes to 115.9 £ 9.7 Torr after 5 minutes, it then in-
creased slightly, so after 10 minutes it was 116.7 £ 8.1 Torr and after 20 minutes 115.7 + 12.1 Torr. Dia-
stolic and mean arterial pressure behaved similarly.

Ketamine 2.5 mg/kg - midazolam 0.25 mg/kg - remifentanil 10 ug/kg - hydase 150 I.U.

The onset was after 97.0 + 27.6 sec. Immobilisation was achieved in 9 cases out of 10 after 330.0 + 164.3
sec.In 1 case, only strong sedation was achieved with lightly holding the macaque down on the mat
for safety reasons. Loss of grip reflex after 255.0 + 152.2 seconds.

Saturation of haemoglobin with oxygen after 3 minutes was 92.3 + 4.6 %, after 5 minutes 90.5 + 2.1 %,
after 10 minutes 93.7 + 2.1 %, after 15 minutes 94.0 + 1.6 %, and after 20 minutes 93.8 + 1.5 %.
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Heart rate fell from the initial 200.1 + 22.4 beats/min after 3 minutes to 186.9 + 16.3 beats/min after 5
minutes and then fell further to 181.7 + 17.4 beats/min after 10 minutes and 179.2 + 19.6 beats/min
after 20 minutes.

Systolic blood pressure fell to 120.8 + 5.7 after 3 minutes, to 109.5 + 12.7 Torr after 5 minutes, it then
increased slightly, so after 15 minutes it was 115.9 + 14.3 Torr and after 20 minutes 117.9 + 9.1 Torr. Di-
astolic and mean arterial pressure behaved similarly.

Differences in the number of immobilisations and the immobilisation rate between the two groups
are highly statistically significant.

The results clearly show that hyaluronidase, even during nasal application, affects the speed of ab-
sorption of anaesthetics and the depth of the effect in both the rabbit and the rhesus macaque. The
optimal activity of glycoproteins on the nasal mucosa is maintained at a pH of 4.5 - 5.5, the optimum
pH for hyase activity is 3.7 - 4.0. Absorption of pharmaceuticals by the nasal mucosa depends on
a number of factors; on the pharmaceutical’s pH, its dissociation constant, the size of the molecules
and the non-ionised portion (FARR et al. 1997). Hyase has a molecular weight of 60,000 and is a pro-
tein, despite this it is absorbed. Evidently the loosening of the intercellular substance of the nasal mu-
cosa facilitates absorption.

Hyaluronidase (hyase) is a hydrolytic enzyme with a molecular weight of 60,000, which was first isolated
in 1928. In veterinary anaesthesiology hyase is a common part of immobilisation mixtures to speed up
the anaesthetic’s onset when using distance systems. The onset of the effect increases by up to 50 %,
and there is a deepening of the effect with an increase in the plasma levels of the anaesthetics admi-
nistered (WIESNER, VON HEGEL 1985). More and more frequently unconventional means of applying
pharmaceuticals are being used in both human and in veterinary medicine, for example nasally, buc-
cally or transdermally. Immobilisation or anaesthesia can be extended by the nasal application of the
anaesthetic. Therefore, it was postulated that hyase will speed up the onset and depth of the effect even
after nasal application. 40 rabbits were chosen for the experiment and were divided into groups of 10
individuals. The first group, were given midazolam nasally at a dose of 0.1 mg/kg, the second group
had hyase added at a dose of 150 IU, the third group had S + ketamine at a dose of 2.5 mg/kg and the
fourth group again had hyase added. The speed of the onset of the effect and the loss of the righting
reflex were recorded. The basic cardiorespiratory parameters were measured. In a group of 20 rhesus
monkeys the first group of 10 individuals had a combination of midazolam-remifentanil-ketamine ap-
plied nasally and 10 animals in the second group had hyase added. After being caught in a scoop net
and fixated the pharmaceutical was applied using a metal probe with a rounded end. The first signs
of sedation and immobilisation were recorded when the animal lay on the table without being phy-
sically held. Haemoglobin oxygen saturation and heart rate were measured with a pulse oximeter on
the macaques’ digits or buccal mucosa. The data between the groups were statistically assessed using
the ANOVA test. The results for both rabbits and macaques clearly demonstrated that hyase speeds
up absorption of pharmaceuticals by the nasal mucosa. While the application of midazolam without
hyase led to the rabbit losing its righting reflex in 1 min 45 sec., when combined with hyase it was 1 min
6 sec. The results were even more pronounced for S + ketamine. Rabbits in the group without hyase
lost the righting reflex on average after 6 min. 20 sec., in the group with hyase it was 1 min. 25 sec! In 9
cases out of 10 the rhesus macaque monkeys were also immobilised on average after 5 min 30 sec, in
the group without hyase it was only 4 cases out of 10 after 10.5 min! Thus it was demonstrated that for
the rhesus macaque not only does it speed up the onset of the effect, but also deepens it, which was
proven by the number of immobilised animals. Apart from the pharmaceuticals mentioned here, two
other opioids e.g. sufentanil and the specific opioid antagonists naloxone and naltrexone, were tested
nasally with hyase. In these cases too, the onset of the effect was accelerated. This could have practical
significance in acute situations when immobilising animals, when it is necessary to apply specific an-
tagonists, but a vein for injection cannot be obtained.
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