Cim: Mozgasszervi zavarok mikrokeringési kovetkezményeinek vizsgalata és
befolyasolasa

AZ EREDMENYEK OSSZEFOGLALASA

1. UJ IN VIVO MODSZEREKET DOLGOZTUNK KI A CSONTHARTYA ES
SYNOVIALIS HARTYA MIKROKERINGESI VIZSGALATARA

A synovidlis hartya intravitalis mikrokeringési vizsgalatanak metodikdjat az Eurdpai Trauma
és Siirgbsségi Sebészet Kongresszusan (Budapest 2008) ismertettiik (eldadas absztrakt?).

A periosteum mikrokeringési vizsgalatanak metodikai leirasat magyar nyelvl teljes
kozleményiink tartalmazza®, a metodikai leirds tovabbi részleteit egy angol nyelvi teljes
kézleményben is ismertettiik®.

2. A FOSZFATIDILKOLIN KEZELES HATASANAK VIZSGALATA A VEGTAG
ISCHAEMIA MIKROKERINGESI ES BIOKEMIAI KOVETKEZMENYEIRE

Kisérleteinkben az altalunk bevezetett Uj intravitdlis mikroszkopos technikédval vizsgéltuk a
parenteralisan alkalmazott foszfatidilkolin (PC) hatasat 60 perces teljes végtag ischaemiat
kovetd 180 perc reperfuzid (I-R) soran, patkdnyon. Igazoltuk, hogy az I-R markansan
csOkkentette a vorosvérsejt aramlasi sebességet a kapillarisokban, és a funkcionalis kapillaris
denzitas is jelentdsen csokkent a reperfuzid soran. A mikrokeringési paraméterek a PC
kezelés hatasara a kontroll szinthez kozel stabilizaloédtak. A PC terapia emellett jelentésen
mérsékelte a gordild leukocitdk ardnyat (20,8%-r6l 40,0%-ra) és a kitapado leukocitak
szamanak névekedését (254-r61 872 mm2-ra) a reperfuzid soran. A neutrophil leukocytak
szoveti akkumulaciot jelz6 mieloperoxidaz enzimaktivitds kozel haromszorosara ndvekedett
az I-R csoportban, és szignifikansan alacsonyabb volt a PC-vel kezelt csoportban. Az I-R
jelentds hizosejt degranulaciot (82,5%) okozott az izomban a kisérleti periddus végére, melyet
a PC szinte teljes mértékben kivédett. Kovetkeztetéseink szerint a szisztémas PC kezelés
hatékonyan javitotta a gyulladdsos reakcié fobb komponenseit, koztik a leukocyta-
endothelsejt interakciokat és a hizosejt degranulacidt. Ez arra utalhat, hogy a PC altal
eléidézett hizosejt stabilizacid szerepet jatszhat a csonthartya mikrokeringés javulasaban a
postischaemias iddszakban. Publikaciok: egy angol €s egy magyar nyelvii teljes kézlemény4'5.

3. A FOSZFATIDILKOLIN KEZELES CSOKKENTI A KISERLETES ARTHRITIS
KOVETKEZMENYEIT

Kisérleteinkben a foszfatidilkolin (PC) és a nem-szteroid gyulladasgatld diclofenac hatasat
hasonlitottuk Ossze carrageenan altal kivaltott térd gyulladdsos modellben patkanyon. A
mikrokeringési hatasokat az Ujonnan kidolgozott mddszeriink segitségével vizsgaltuk
intravitalis mikroszkoppal. Az allatok jobb térdében gyulladast indukaltunk carrageenan-
kaolin (C/K) iziileti tokba fecskendezésével, mig a bal térdeket fiziologids sdoldattal kezeltiik.
A C/K expoziciot kovetd 6. draban a tibia proximalis epifizisének medialis condylusan eredd
synovialis hartya mikrokeringését intravitalis mikroszkdpos technikdval vizsgalatuk. A
gyulladas altal okozott szekunder nociceptiv reakciokat (hé és mechanikai hyperalgesia) 24
oraval késobb, a térd atmérd valtozasokat 48 ora mulva vizsgaltuk. Eredményeink szerint a
gyulladast a kitapadt leukocytak szamaénak szignifikans novekedése jellemzi a synovialis
hartya postcapillaris venulaiban, melyet a PC mintegy 40%-kal, mig a diclofenac atlagosan
22%-kal mérsékelt. A perivascularis leukocyta infiltracio és az intercellularis adhézids
molekula-1 (ICAM-1) expresszio is mérséklddott PC hatasara. A termalis hyperalgézia 45%-



os novekedése ¢€s a mechanikai érzékenység mintegy haromszoros fokozdodasa mindkét
kezelés hatasara jelentdsen mérséklodott. Kovetkeztetéseink szerint a PC  jelentds
gyulladascsokkentd hatassal rendelkezik kisérletes arthritisben, a kedvezd hatéas a leukocytak
altal kozvetitett lokalis gyulladasos reakciok mérséklése révén valosul meg.

Kongresszusi eléadésok:

- Magyar Mikrokeringési Tarsasag éves kongresszusa (Balatonkenese, 2007), absztrakt®

- Eurdpai Kisérletes Sebész Kongresszus (Varso, 2008), absztrakt'.

- Eurépai Shock Tarsasag Kongresszusa (Koln, 2008), absztrakt®,

Teljes terjedelmii angol nyelvii kézlemény®.

4. AZ OSTEOPOROSIS ES A KRONIKUS OSZROGEN POTLAS HATASANAK
VIZSGALATA.

A VEGTAG ISCHAEMIA ALTAL OKOZOTT MIRKOKERINGESI GYULLADASOS
REAKCIOK MEGHATAROZASA KIiSERLETES OSTEOPOROSISBAN

Kisérleteinkben az osteoporosis és kronikus 0sztrogén kezelés hatasat vizsgaltuk a végtag
ischaemia-reperfuzido (I-R) gyulladasos kovetkezményeire a posztmenopauzas osteopénia
klinikailag relevans modelljében, patkanyokon. Ovariektomiat kdvetden az allatok kronikus
Osztrogén kezelést kaptak (20 upg/kg/nap), a 60 perces végtag I-R mikrokeringési
kovetkezményeit 11 honappal az ovariektomiat kovetden vizsgaltuk. Eredményeink szerint az
ovariektomia altal okozott (denzitometriaval igazolt) osteoporosist az 0Osztrogén potlas
jelentésen mérsékelte. Intravitdlis mikroszkopos vizsgalattal bizonyitottuk, hogy mind az
ovariektomizalt, mind az almitott allatokban az I-R a leukocytdk mintegy haromszoros
kitapadasat okozta, és kb. 50-60%-kal fokozoddott a kitapadasért felelds CD11b adhézids
molekula expresszidja a leukocytdk felszinén (flow cytometria). A TNF-a. fokozott
felszabadulasat és az ICAM-1 adhézids molekula felszaporodasat igazoltuk az endothelium
felszinén a periostealis erekben. A 17p-estradiol kezelés jelentésen mérsékelte a TNF-a
felszabadulast és a leukocyta-endothelidlis interakciokat a periosteumban, a CD11b és ICAM-
1 expressziok befolyasolasa nélkiil. Kovetkeztetésiink szerint az osteoporosis 6nmagaban nem
befolyasolja a végtag I-R altal kivaltott gyulladdsos reakciokat. A kronikus 0sztrogén potlas
azonban az osteoporosis mérséklésén tal jelentdsen csokkenti a végtag I-R altal kivaltott
mikrokeringési zavart is.

Eldadasok:

- MET Vandorgyiilés (Pécs 2007)™

Angol nyelvi kézirat elbirdlas alatt.

5. AZ OSTEOPOROSIS BEFOLYASOLASA LOKALIS Ca?*/PO, IONTOFOREZISSEL

A fenti (3. pont alatt részletezett) vizsgalataink folytatasaképpen kooperacidban végzett
(DTE, Kémia Tanszék) kisérleteink soran megvizsgaltuk az osteoporosis kdvetkezményeit
patkanyokon (3 honapos korban végzett ovariektomidval osteoporosist indukaltunk), majd a
partnerek altal kidolgozott 0 eljaras segitségével megvizsgéaltuk a szervetlen anyagot
bevitelének lehetdségét a tibidkba. A csontdenzitas valtozasokat ultrahangos denzitometriaval
ellendriztiik az iontoforetikus kezelések utan az allatok 14 honapos kordig. Azt tapasztaltuk,
hogy szignifikans és tartés csontdenzitas novekedés érhetd el az eljarassal, mely 1)
Intravitalis mikroszképos eredményeink azt is igazoltdk, hogy a kezelésnek nincs
mikrokeringési mellékhatasa a csonthartyaban.

Eléadasok:

- Eurdpai Kisérletes Sebész Kongresszus (Rostock 2006), absztrakt™



- K6z¢&p-Eurdpai Reumatologus Kongresszus (Praga 2008), absztrakt™
Egy elfogadott angol nyelvi teljes k('izlemény13 ¢s egy angol nyelvl kozlemény elkészités
alatt.

6. VEGTAG ISCHAEMIAS PREKONDICIONALAS HATASANAK VIZSGALATA
LOKALIS ES SZISZTEMAS GYULLADASOS MECHANIZMUSOKBAN.

Kisérleteinkben az ischaemias prekondicionalas (IPC) hatasat (2x10 / 10 perc I-R protokoll)
vizsgaltuk egy késobbi I-R inzultus (60/180 perc) altal kivaltott lokalis és szisztémads
gyulladasos reakciok vonatkozasaban. A neutrophil leukocyta-endothelsejt interakciokat
intravitalis videomikroszkoppal végeztiik; tovabbi paraméterek: intravascularis neutrophil
aktivacio: CD11b expresszio (FACS analizis, B&D Pharmingen); szolubilis ICAM-1 (ELISA,
R&D Systems) és szoveti ICAM-1 (immunohisztokémia, B&D Pharmingen, SABC technika)
adhézids molekula expresszid mérés.

Eredményeink szerint az [-R hatdsara leukocita kitapadas mintegy kétszeresére, a CDI11b
expresszié mintegy 80% ¢és 72%-kal, a SICAM-1 szint kb. 30% és 45%-kal emelkedett a
reperfuzid 2. és 3. orajara. Az IPC kivédte az I-R indukalt leukocita kitapadas novekedést és a
fokozott CD11b expressziot a SICAM-1 szintek befolyasolasa nélkiil. Az IPC 6nmagaban
nem befolyasolta a vizsgalt paramétercket. Immunohisztokémiaval az ICAM-1 specifikus
festddés csak fokalisan, féleg a csonthartya ereiben volt megfigyelhetd. Az IPC nem
befolyasolta ezt a valtozast. Kovetkeztetések: az IPC mérsékelte az I-R altal kivaltott lokalis
leukocita aktivaciot és szoveti akkumuléciot, és csokkenti a szisztémas gyulladasos aktivaciot
IS.

Eldadasok:

- Eurdpai Kisérletes Sebész Kongresszus (Rotterdam 2007), absztrakt™*

- MET Véndorgyiilés (Pécs 2007)"

- Kisérletes Sebész Kongresszus (Pécs 2007), absztrakt™®

Megjelent egy angol nyelvii teljes kézleményﬂ.

7. A C-AFFERENS INNERVACIO SZEREPE A VEGTAG ISCHAEMIAS
PREKONDICIONALAS MIKROKERINGESI HATASAIBAN.

A tovabbiakban altatott patkanyokon 60 perc teljes végtag ischaemiat hoztunk létre, melyet
180 perc reperfuzio kovetett (I-R). Kisérleteinkben az I-R inzultust megelézve CGRP
agonista hCGRP kezelést (0,3 pg/kg iv.) vagy ischaemids prekondicionalast (IPC) (2x10°
ischaemia/10’ reperfuzid) alkalmaztunk. Az IPC-t 3 tovabbi alcsoportban (n=6-8) a CGRP
antagonista CGRPg.37 (30 pg/kg), a TRPV-1 pozitiv neuronokat inaktivalo resiniferatoxin
(RTX, sc. 3x15 pg/kg/3 nap) vagy hordozdanyag jelenlétében valositottuk meg. A tibia
csonthartya mikrokeringését intravitalis fluoreszcens videdmikroszkdppal —vizsgaltuk.
Eredményeink szerint az ischaemia el6tt alkalmazott IPC és hCGRP egyarant mérsékelte az I-
R altal kivaltott leukocyta-endotelsejt interakciokat a reperfuzid soran, mig a CGRPg37 €s
RTX kezelések az IPC kedvezd hatasat kivédték. Kovetkeztetés: a C-afferens neuronok
kozvetlen stimulacidja és az IPC egyarant mérsékelheti a tourniquet ischaemia mikrokeringési
kovetkezményeit a végtag periosteumaban.

Eldadas:

- Eurdpai Kisérletes Sebész Kongresszus (Nimes 2009), absztrakt 18

Egy angol nyelvii kdzlemény all elbiralas alatt.

8. KOLLOID OLDATOK ELTERO HATASA A VEGTAG ISCHAEMIA-REPERFUZIO
ALTAL KIVALTOTT GYULLADASOS REAKCIOKRA



Az altalunk alkalmazott intravitalis mikroszkopos modszerrel harom kolloid oldat (4%
zselatin, 6% dextran, és 6% hydroxyethyl-keményité 130/0.4 /HES/) mikrohemodinamikai és
gyulladasgatld hatasat hasonlitottuk Ossze végtag ischaemia-reperfuzioés (I-R) modellben
patkanyon. Eredményeink szerint a végtag I-R utdn a csonthartyaban a leukocyta gordiilés
mintegy 2,6-, a kitapadas 7,1-szeres novekedést okoz, a funkcionalis kapillaris denzitas és a
vOrosvértest aramlasi sebesség jelentdsen csokkent, a neutrophil leukocytdk felszinén a
CD11b adhézios molekula fokozott expresszioja mellett. A HES mérsékelte a leukocytak
emellett mérséklete a perfuzios zavart is a reperfiiziés soran. Ezzel szemben a dextran és a
zselatin kezelés nem mutatott jelentds hatast ezekben a paraméterekben. Kovetkeztetésiink
szerint a HES oldat a dextrannal és a zselatinnal sokkal kedvezdbben befolyasolja a kisérletes
végtag [-R altal kivaltott periostedlis mikrokeringési zavart és a neutrophil-endothelialis
interakcidkat. Megjelent egy angol nyelvii teljes kézlemény3.

9. ENDOMEDULLARIS IMPLANTATUMOK HATASANAK VIZSGALATA A
PERIOSTEALIS EREK DENZITASARA

Mikrokeringési vizsgéalatainkat az endomedulldris implantatumok hatasainak objektiv
vel6lirbe polietilén vagy titdnium implantatumokat helyeztiink be. A mutétet kovetd 12. héten
OPS intravitdlis mikroszkop segitségével vizsgaltuk a periostedlis érdenzitast az
anteromedialis €s anterolateralis felszineken. Eredményeink szerint az endomedulléris felfuras
onmagaban nem befolyasolta a periostedlis erek denzitasat (teljes érhossz/vizsgalt teriilet). A
polietilénnel implantalt tibidkban magasabb érdenzitas volt megfigyelheté az anteromedialis
¢és anterolateralis periosteumban (40% és 70%), mint az ellenoldali felfurt tibiakban. A
titanium implantatumok esetén az érdenzitas csak mintegy 20%-kal nétt a periosteumban. A
titdnium implantadtumok hatdsara a nagy erek aranya mintegy 20%-kal nétt, mig a polietilén
esetében hasonld mértékii csokkenést figyeltiink meg, azaz ebben az esetben a kis erek aranya
fokozddott. Eredményeink szerint az endomedullaris implantatumok fokozzak az érképzddést
a periosteum ereiben, a reakciok azonban fiiggnek a behelyezett implantatum anyagatol. A
polietilén noveli az érdenzitast a periosteumben €s a képzodott uj erek zomét kis erek teszik
ki. Ezzel szemben a biologiailag inert endomedullaris titanium kevesebb kompenzatorikus
reakciot indukal, mint a polietilén, amely vélhetden mérsékli az endostedlis erek
regeneraciojat, ami végs0 soron a periostedlis erek szdmanak kompenzatdrikus
emelkedéséhez vezethet.

Eldadas:

- Osteoarthritis Vilagkongresszus (Quebec 2009), absztrakt™®.

Egy angol nyelvii kdzlemény all elkészités alatt.
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Title: Assessment and modification of the microcirculatory consequences of locomotor
disorders

SUMMARY OF FINDINGS

1. DEVELOPMENT OF NOVEL METHODS FOR THE EXAMINATION OF
MICROCIRCULATION OF THE PERIOSTEUM AND THE SYNOVIAL MEMBRANE

Description of the methodological background for in vivo examination of the synovial
microcirculation was given at the 9" European Congress of Trauma and Emergency Surgery
(Budapest 2008 - meeting abstract’). Description of the methodological background of the
examination of the periosteal microcirculation: full paper in Hungarian®. The methodological
background is also detailed in a full-length English paper®.

2. EXAMINATION OF THE EFFECTS OF PHOSPHATIDYLCHOLINE ON THE
MICROCIRCULATORY AND BIOCHEMICAL CONSEQUENCES OF LIMB ISCHEMIA

In these experiments, the consequences of a 60 min of complete hindlimb ischemia followed
by a 180-min reperfusion (I-R) with or without phosphatidylcholine (PC) treatment were
examined. The periosteal capillary RBC velocity (RBCV) and the functional capillary density
(FCD) were decreased after reperfusion, while the primary and secondary leukocyte-
endothelial cell interactions were increased by the end of reperfusion (rolling: from 20.8 to
40.0%, firm adherence: from 254 to 872 mm™). I-R significantly increased the muscle
myeloperoxidase (MPO) activity (from 14.94 to 63.45 mU/mg) and the proportion of
degranulated mast cells (to 82.5%). PC treatment decreased the leukocyte rolling and sticking,
preserved the FCD and improved the RBCV. The MC degranulation and MPO activity
diminished significantly in the muscle layer. Conclusions: PC administration improves I-R-
induced periosteal microcirculatory dysfunctions and ameliorates secondary inflammatory
reactions. Systemic PC treatment could offer a potential treatment modality during
hypoperfusion or inflammatory conditions of the bones and periosteum. Publications: full
papers in English and Hungarian®*®.

3. ANTI-INFLAMMATORY EFFECTS OF PHOSPHATIDYLCHOLINE IN
NEUTROPHIL LEUKOCYTE-DEPENDENT ACUTE ARTHRITIS

We investigated the effects of exogenous phosphatidylcholine (PC) and non-steroidal
diclofenac supplementation on polymorphonuclear cell influx in carrageenan-induced arthritis
in rats. The microcirculatory consequences were evaluated by a novel method developed for
direct intravital microscopic observation of the synovial membrane. Arthritis was induced by
injection of a mixture of A-carrageenan and kaolin into the knee joints and the animals were
treated orally with PC (150 mg/kg twice daily), sodium diclofenac (0.5 mg/kg twice daily) or
saline vehicle. Intravital videomicroscopy was used to investigate the leukocyte-endothelial
interactions directly in the synovial membrane at 6 h after the challenge. The inflammation—
induced thermal and mechanical secondary hyperalgesic reactions were assessed at 24 h, and
the knee volume changes at 48 h after the insult. We have shown that the development of
arthritis was accompanied by a significant increase in the number of adherent leukocytes in
the synovial postcapillary venules, but this increase was reduced significantly (by approx.
40%) by PC, and slightly (by 22%) by diclofenac treatment. The perivascular infiltration of
the neutrophil leukocytes and the intercellular adhesion molecule- 1 (ICAM-1) expressions
were reduced only by PC treatment. The significant decrease (45%) in the thermal nociceptive



latency, the 3-fold increase in the mechanical touch sensitivity and the knee cross-sectional
area (which was increased by 35% by the arthritis induction) were significantly ameliorated
by both treatments. This study demonstrated the anti-inflammatory effects of PC in
experimental arthritis. The therapeutic potential may be linked to the reduction of neutrophil
leukocyte-mediated microcirculatory inflammatory reactions.

Lectures:

- Congress of the Hungarian Microcirculation Society (Balatonkenese, 2007), abstract®

- Congress of the European Society for Surgical Research (Warsow, 2008), abstract’

- Congress of the European Shock Society (Cologne, 2008), abstract®

Full-length paper in English®.

4. EXAMINATION THE EFFECT OF OSTEOPOROSIS AND CHRONIC ESTROGEN
SUPPLEMENTATION.

LIMB ISCHEMIA-INDUCED MICROCIRCULATORY INFLAMMATORY
COMPLICATIONS IN EXPERIMENTAL OSTEOPOROSIS

In this study, we examined how osteoporosis and chronic estrogen supplementation influence
the microcirculatory complications of limb ischemia-reperfusion (I-R) in a clinically relevant
time frame in ovariectomized rats, an experimental model of postmenopausal bone loss.
Bilateral ovariectomy or sham operation was performed in 3-months-old rats, five months
later, estrogen replacement therapy with 17B-estradiol (20 pg/kg/day) or vehicle treatment
was initiated. The microcirculatory inflammatory consequences of 60-min total hindlimb
ischemia followed by 180-min reperfusion were examined 11 months after ovariectomy.

We have shown that the osteoporosis that developed 5 months after ovariectomy was
significantly ameliorated by estrogen replacement therapy. Both in ovariectomized and in
non-ovariectomized animals, ischemia-reperfusion elevated the neutrophil adherence ~3-fold
in the postcapillary venules of the periosteum (intravital microscopy), with an ~50-60%
increase in intravascular neutrophil activation (CD11b; FACS analysis), an enhanced TNF-a,
release (ELISA) and periosteal expression of ICAM-1 (the endothelial ligand of CD11b;
immunohistochemistry). Exogenous 17p-estradiol considerably reduced TNF-o release and
the number of neutrophil-endothelial interactions in the periosteum, without affecting the
CD11b and ICAM-1 expression changes. We concluded that osteoporosis itself does not
increase the magnitude of the limb ischemia-reperfusion-associated periosteal inflammatory
reaction. Chronic estrogen supplementation, however, reverses osteoporosis and significantly
ameliorates the microcirculatory consequences of transient ischemia.

Lectures:

- Meeting of the Hungarian Society of Physiology (Pécs 2007)™°

A full-length paper in English was submitted for publication.

5. LOCAL TREATMENT OF OSTEOPOROSIS WITH Ca*/PO; IONTOPHORESIS

In these studies osteoporosis was induced in 3-month-old rats and local osteoporosis
(developed at the tibia within 21 weeks) was treated with a special method using Ca?*/PO,
iontophoresis (invention of our partners at the University of Debrecen). Bone density changes
were determined using an ultrasonic device and the effectiveness of the iontophoretic
treatment was checked until the age of 14 months. We could demonstrate a significant and
long-lasting increase in the bone density in response to this treatment which may provide
potential therapeutic benefit in local osteopenic diseases (such as Sudeck atrophy). Our
intravital microscopic examinations also demonstrate that this treatment modality has no
microcirculatory side effects in the periosteum.



Lectures:

- Congress of the European Society for Surgical Research (Rostock 2006), abstract*

“Central European Congress of Rheumatology (Prague 2008), abstract™

A full-length publication in English is accepted for publication (in press)'® and another one is
under preparation.

6. EXAMINATION OF THE EFFECT OF LIMB ISCHEMIC PRECONDITIOING ON THE
LOCAL AND SYSTEMIC FORMS OF INFLAMMATORY ACTIVATION

In these experiments, the effects of ischemic preconditioining (IPC) induction (2 cycles of 10
min of complete limb ischemia and 10 min of reperfusion) followed by 60 min of ischemia /
180 min of reperfusion (I-R) were examined. Neutrophil leukocyte-endothelial cell
interactions (intravital videomicroscopy), intravascular neutrophil activation (CD11b
expression changes by flow cytometry), and soluble and tissue intercellular adhesion
molecule-1 (ICAM-1; ELISA and immunohistochemistry, respectively) expressions were
assessed.

Results: I-R induced enhanced leukocyte rolling and adherence in the periosteal postcapillary
venules after 120 and 180 min of reperfusion. This was associated with a significantly

enhanced CD11b expression (by ~80% and 72%, respectively) and moderately increased
soluble and periosteal ICAM-1 expressions. IPC prevented the I-R—induced increases in
leukocyte adherence and CD11b expression without influencing the soluble and tissue ICAM-
1 levels. The results show that limb IPC exerts not only local, but distant anti-inflammatory
effects through significant modulation of neutrophil recruitment.

Lectures:

- Congress of the European Society for Surgical Research (Rotterdam, 2007), abstract™*

- Congress of the Hungarian Physiological Society (Pécs 2007)15

- Congress of the Hungarian Society of Experimental Surgery (Pécs 2007), abstract™®
Full-length paper in English*”.

7. C-AFFERENT INNERVATION MEDIATES THE ANTI-INFLAMMATORY
MICROCIRCULATORY EFFECTS OF LIMB ISCHEMIC PRECONDITIONING IN RATS

In these experiments 60-min complete limb ischemia was followed by 180 min of reperfusion
(I-R). In further rat experiments, the CGRP agonist hCCGRP (0.3 pg/kg iv.) or ischemic
preconditioning (IPC) (2x10’ischemia/10’ reperfusion) was applied prior to the I-R insult.
IPC was performed in 3 subgroups where the CGRP antagonist CGRPg.37 (30 ng/kg/h), the
TRPV-1 positive neuron inactivator resiniferatoxin (RTX, sc. 3x15 ug/kg/3 days) or vehicle
was administered (n=6-8). The effects of CGRPg.3; and RTX in the presence of I-R without
IPC were also evaluated (n=6-7). Neutrophil-endothelial interactions in the tibial periosteum
were investigated with intravital fluorescence microscopy.

Results: IPC or hCGRP administration prior to ischemia attenuated the leukocyte-endothelial
interactions (rolling and adherence in the postcapillary venules) evoked by I-R during the
reperfusion phase. CGRP receptor antagonism by CGRPg.3; or C-afferent depletion by RTX
did not influence the periosteal microcirculatory consequences of I-R, but reversed the
microcirculatory inflammatory effects of limb IPC. Conclusions: direct stimulation of C-
afferent neurons or IPC both may exert therapeutic benefits by ameliorating the periosteal
microcirculatory consequences of tourniguet ischemia.

Lecture:

- Congress of the European Society for Surgical Research (Nimes 2009), abstract'®,

A full-length paper in English is submitted.



8. THE EFFECTS OF DIFFERENT COLLOID SOLUTIONS ON THE INFLAMMATORY
RESPONSE CAUSED BY LIMB ISCHEMIA-REPERFUSION

We have compared the microhemodynamics and anti-inflammatory reactions of colloid
resuscitation with 4% gelatin, 6% dextran, or 6% hydroxyethyl starch (HES) 130/0.4 solutions
in a limb ischemia-reperfusion (1-R) model in rats.

Results: reperfusion significantly increased the leukocyte rolling and firm adhesion (by 2.6
and 7.1-fold, respectively), evoked marked decreases in periosteal functional capillary density
and red blood cell velocity (56% and 39%, respectively), and increased the CD11b expression
on the circulating leukocytes (by 85%). HES, but not gelatin or dextran pretreatment,
significantly inhibited the firm adherence of the leukocytes and reduced the elevated CD11b
expression. HES pretreatment also effectively attenuated the decreases in functional capillary
density and red blood cell velocity, whereas gelatin and dextran did not improve the
microhemodynamics. Finally, ischemia had no direct effect on the soluble intercellular
adhesion molecule-1 levels, whereas gelatin treatment increased significantly this parameter.
Conclusions: when compared with gelatin or dextran solutions, hydroxyethyl starch provided
a therapeutic advantage in this setting by exerting an inhibitory effect on the ischemia-
reperfusion-induced local and systemic leukocyte reactions and the postischemic periosteal
microvascular dysfunction. Publication: full-length paper in English®.

9. THE EFFECTS OF DIFFERENT ENDOMEDULLAR IMPLANTS ON THE
PERIOSTEAL VESSEL STRUCTURE IN THE RAT TIBIA

Medullary cavities of tibias were drilled out with a series of microdrills (after opening the
proximal metaphyseal cortices of the shin bones) and implants (polyethylene or titanium)
were infixed tightly into the moulded cavity. After a 3-month-long follow up period, the
anteromedial and anterolateral surfaces of tibial periosteum were exposed and the periosteal
microarchitecture examined under a Cytoscan A/R-type intravital microscope. Vessel density
of the anteromedial and anterolateral surfaces of tibial periosteum was evaluated using a
computer software.

Results: endomedullary drilling (without implants) did not induce changes in the periosteal
vascular density (total vessel length/examined area). In bones with polyethylene
endomedullary implants, higher vascular density was observed in the anteromedial and
anterolateral periosteum (by 40% and 70%, respectively) as compared to those of the
intramedullarily drilled contralateral tibias. With titanium implants, however, the vascular
density in the periosteum was higher only by 20%. A moderate, albeit not significant increase
in the ratio of high diameter vessels in the periosteum was seen in response to endomedullar
drilling and titanium infixing. In polyethylene implants opposite changes were observed; the
ratio of larger vessels decreased by ~20% suggesting the predominance of small-diameter
vessels in the periosteum. In conclusion, surgical damage of the endosteal vessels itself does
not induce significant changes in the vascular structure of the rat periosteum. Endomedullar
implants, however, induce an enhanced vessel formation in the periosteal compartment. The
quality of the implant has a strong impact on these structural changes. Specifically,
polyethylene brings about a marked increase in periosteal vasular density with a
concomitantly increased rate of small vessels. Our results demonstrate that the biologically
inert endomedullar titanium causes less pronounced, but the less bio-inert polyethylene
induces more intense compensatory vessel hypertrophy in the periosteum. These results can
be explained by the lesser degree of osteo-integrative features of polyethylene. Such a
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material may inhibit the regeneration of the endosteal vessels which can be compensated by
vascular neogenesis reactions of the periosteum.

Lecture:
- World Congress on Osteoarthritis (Quebec 2009), abstract*®

A full-length paper in English is under preparation.
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