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BACKGROUND: Beta-adrenoblockers nebivolol, carvedilol and propranolol are used in clinical cardiology for the
treatment of patients with ischemic heart disease. Pulmonary thromboembolism can develop in such patients. However,
its unknown, what will be the pulmonary microcirculatory changes in case of pulmonary thromboembolism after pre-
treatment with beta-blockers.

AIM: The comparative analysis of the pulmonary microhemodynamics changes following experimental pulmonary
thromboembolism in rabbits after pretreatment with nebovolol, carvedilol and propranolol.

MATERIAL AND METHODS: In 35 isolated perfused rabbit lungs we investigated the changes of pulmonary microcir-
culation in case of experimental pulmonary thromboembolism after pretreatment with 3,-blocker — nebivolol, combined
blocker of a;- and f3, ,-adrenoceptors — carvedilol, and blocker of , ,-adrenoceptors propranolol.

RESULTS: After administration of (3, ,-adrenoceptors blocker — propranolol and f3,-blocker — nebivolol the most of
the pulmonary microcirculatory parameters increased. Combined a,-, 8, ,-blocker carvedilol caused mainly vasodilatory
effects of the pulmonary arterial vessels, however, the pulmonary venous resistance increased. Pulmonary thromboem-
bolism after pretreatment with beta-blockers caused pronounced increase of pulmonary artery pressure, precapillary and
pulmonary vascular resistance. In that case after pretreatment with carvedilol capillary filtration coefficient was increased
two times more than after propranolol administration; after pretreatment with nebivolol capillary filtration coefficient
increased less, than after propranolol administration.

CONCLUSIONS: Acute pulmonary embolism caused less pronounced increasing of capillary filtration coefficient in
case of nebivolol administration, than after pretreatment with carvedilol and propranolol.

Keywords: pulmonary thromboembolism; pulmonary microhemodynamics; capillary filtration coefficient; nebivolol;
carvedilol; propranolol.
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Obocnosanue. bera-610KaTopbl HEOMBOJIOJ, KaApBEAUION U MPOIPAHOJIO TIPUMEHSIIOTCS B KIMHUYECKON KapauoJso-
TUU ISl JIedeHUsT OOJIbHBIX UIEMUYECKON O0JIe3HbIO cepilla. Y TaKuX MalMeHTOB MOXET BO3HUKAaThb TPOMOOSMOOJIUS
JleroyHoi aprepun. OTHAKO HEW3BECTHO, KAKOBBI OyOYT M3MEHEHHUS MUKPOLUPKYISLIUU JIETKUX B Cydae JIETOYHOM
TPOMOO3MOOINY TOCe MPUMEHEHUsST O6eTa-610KaTOPOB.

Ileav — mpoBezeHUE CPaBHUTEIbHOIO aHajlv3a M3MEHEHMI MUKPOTeMOIMHAMUKM JIETKHUX B YCJIOBHUSX SKCIEPU-
MEHTaJIbHOW TPOMOOAMOOIMY JIETOYHOI apTepuM y KPOJMKOB ITOCIe NMPUMEHEHUsT HeOMBOJIONA, KapBeawiojia U Ipo-
MPaHOJIoNA.

Mamepuaavt u memoodst. Ha 35 mzonmpoBaHHBIX Tepdy3UpPYeMbIX JIETKMX KPOJWKOB MBI M3yYald M3MEHEHMS Jie-
TOYHOI MMKPOUMPKYJSILMU B CiIydyae 3KCIEPUMEHTAJIbHOM TPOMOOSMOOJIMHU JIETOYHOUM apTepuu TOcje TPUMEHEHUS
B,-6ioxkaTopa HebGUBOMONA, KOMOMHUPOBAHHOIO 6JI0KaTopa - U [, ,-aIpeHOPELENTOPOB KapBeauIoia u 6aokatopa
B, ;-aIPEHOPELIENTOPOB MPOMNPaHOJIOJIA.
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Pesyavmamer. Tlocne npumeHeHust 610kartopa P ,-aIpeHOPELENTOPOB — MponpaHosona u f,-6iokaropa — He-
OuBOJI0Ja OOJBLIIMHCTBO IApaMETPOB JIETOYHONH MMKPOLUMPKYJSLMU Bo3pacTtajo. KoMOMHUpPOBaHHBIN Oy0KaTOp
a,- 1 B ,-aIpeHOPELENTOPOB — KaPBENMJION OKa3blBajl Ba30oAM/IATaTOPHbIe S(M(EKTH B OCHOBHOM Ha JIETOYHbIE apTe-
pUaJIbHBIE COCYABI, TOINAa KaK COIMPOTHMBIEHUE BEHO3HBIX COCYHOB JIETKMX IOBBIIIAIOCH. TpOMOOIMOOJIMS JIETOYHOM
apTepuu Iocie IpuMeHeHus1 6eTa-010KATOPOB MPUBOAMIA K BhIPAXXEHHOMY BO3pPacTaHMIO JABJIEHMS B JIETOYHOM apTe-
pYH, MPEKAMWUIIPHOIO M JIETOYHOIO COCYIMCTOIO COIPOTHMBICHUIA. B yKa3aHHBIX YCIOBUSIX IPUPOCT KOddhduIimeHTa
KaIUIIPHON (MIBTpaIliy TOCIe MPUMEHEeHUsT KapBenuiioja OblT B IBa pa3a GOJIbIIe, YeM ITocie MPUMEHEHMS Mpo-
npaHojona. [lociie BBemeHUsT HEOMBOJIONMA KOI(POUIMEHT KaMWUIAPHON (MIBTpalldM BO3pacTall MEHbIIE, YeM TI0CIe
MPUMEHEHMSI MTPOIIPAHOJIOIA.
3axarouenue. Octpass TpoMOOIMOOJIUS JIETOYHOM apTepuM BhI3bIBaja MEHee BbIpaXXeHHOE MOBBbILIEHUE KOo3GhdUIIM-
eHTa KamWUISIPHOM (UIbTpaIluy Tocie TPUMEeHEeHUsT HeOMBOJIOIA TI0 CPAaBHEHUIO C KapBEIWJIOJIOM M IPOIPAHOIOIOM.

KimoueBsbie ciioBa: TpoMO0IMOOIMS JIETOYHON apTEPUN; JIETOYHAS] MUKPOTEMOIMHAMUKA; KOA(DGHUIIMEHT KamIIsIpHOM

uapTpaluy; HeOMBOJIOJ; KapBeAWION; MPOMPAHOJION.

Introduction

Beta-blockers are widely used in modern clini-
cal cardiology for the treatment of ischemic heart
disease [1]. The novel generations of such drugs
as combined a,-, P, ,-blocker carvedilol and selec-
tive PB,-blocker nebivolol, which can also stimu-
late PB;-adrenoceptors, had been shown to promote
beneficial effects in such patients [2]. In the review
article O. Kamp et al. noted, that nebivolol has
beneficial effects on pulmonary artery pressure, pul-
monary wedge pressure, exercise capacity and left
ventricular ejection fraction [3]. There are literature
data confirming the effectiveness of selective beta-
blockers in patients with chronic heart failure and
chronic obstructive pulmonary disease [1]. H. Fujio
et al. [4] showed that carvedilol could inhibit prolif-
eration of cultured pulmonary artery smooth muscle
cells of patients with idiopathic pulmonary arterial
hypertension. In the experimental study E.A. Pankey
et al. [5] established, that nebivolol treatment atten-
uated pulmonary hypertension, reduced right ven-
tricular hypertrophy and improved pulmonary artery
remodeling in monocrotaline-induced pulmonary
hypertension in rats. The authors suggested, that
nebivolol stimulates P;-adrenoceptors and induces
vasodilatation by increasing NO production [5].
However, it is unknown what will be the effects of
these drugs on pulmonary microhemodynamics, in
particular, capillary filtration coefficient. Especially,
it should be stressed, that pulmonary thrombo-
embolism can develop in patients with ischemic
heart disease which are treated with beta-blockers.
In comparative study A. Al-Ogaili et al. [6] showed,
that the rate of venous thromboembolism occurrence
in patients with ST-segment elevation myocardial in-
farction was 10 per 1000 admissions. However, there
are no data concerning the pulmonary microcircula-
tory changes in cases of pulmonary embolism after
pretreatment with nebivolol and carvedilol. For this
reason, our research project was undertaken to com-
pare pulmonary microcirculatory changes in case of
experimental pulmonary thromboembolism in iso-
lated rabbits’ lungs after pretreatment with nebivolol,
carvedilol and propranolol.

Materials and methods

The study was carried out according to ethical
standards, approved of legal acts of the Russian
Federation, principles of Basel declaration and rec-
ommendations of the Local Ethic Committee of
the Institute of the Experimental Medicine (proto-
col 3/19 dated 25.04.2019).

The experiments were carried out on 35 male rab-
bits 3.0—4.0 kg body weight, which were anesthe-
tized with warmed mixture of urethane and alpha-
chloralose (Sigma Chemical Co., USA) 500 and
50 mg/kg, respectively, dissolved in 20 ml of saline
solution, intraperitoneally), with sternotomy and
mechanical ventilation, performed with “Faza-9”
respirator (Russia). Rabbits were ventilated with
tidal volume of 12—15 ml/kg and respiratory rate
30—40 breaths/min. The parameters of the mechani-
cal ventilation were corrected to prevent hypoxic and
acid-base balance disorders in animals. The blood
gases values were controlled with ABL-50 blood-gas
analyzer (Radiometer, Denmark).

After anesthesia rabbits were placed in a supine
position and fixed on a heating table, and 1 ml of
blood was taken from left jugular vein into syringe
and catheter (15 cm long with an approximately
0.8 mm inner diameter). 10—15 cylindrical emboli
(diameter 0.8 mm, length 1—1.5 mm) were made
within 1 hr. after the removal of the blood clots
from the syringe and catheter. This method of pre-
paring blood clots was modified from the study of
H.M. Chen et al. [7]. Then heparin (1000 U/kg)
was injected into left jugular vein, left carotid ar-
tery was catheterized, and blood was removed from
this artery into the heating reservoir, and as much
blood as possible was collected. To fill completely
the perfusion system 100—150 ml of dextran solu-
tion was added, and the total volume of perfusion
system was nearly 300 ml. Sternum was removed,
pericardium dissected, aorta, cranial and caudal
veins were ligated to prevent retrograde blood flow.
Pulmonary artery and left atrium were cannulated
with plastic tubes diameter 4—5 mm, which were
connected to the pump and then the lungs were
perfused.
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For estimation of capillary filtration coeffi-
cient (K;) in the lungs gravimetric methods are
used by many investigators: R.O. Dull et al. [8],
F. Ketabchi et al. [9], C.C. Bravo-Reyna et al. [10].
To perform K, calculation it is necessary to have
a perfusion system that allows the acquisition of lung
weight in real time, pulmonary arterial pressure, pul-
monary venous pressure and capillary pressure, which
is obtained by the double occlusion method from
an isogravimetric state [10]. As authors stated, the
lungs were not respired during the first 18—20 min
of the weight transients. Following this time period,
during which lung weight was measured, the lungs
were again respired, and the lung weight was fol-
lowed until the lungs attained a new isogravimetric
state [10]. However, the cessation of lungs ventila-
tion for 20 min can lead to pronounced changes
of pulmonary microcirculation due to possible de-
velopment of hypoxic pulmonary vasoconstriction.
Especially, in case of acute pulmonary embolism
determination of K; within 18—20 min does not
reflect exact picture of the pulmonary microcircu-
latory changes. For all these reasons, in our study
mean capillary hydrostatic pressure and capillary
filtration coefficient were estimated with method
of the extracorporeal circulating blood volumo-

Emboli
injection

into /(';/ G

1t pump

chamber

metry, which was proposed and described earlier by
D.P. Dvoretsky [11]. We modified that approach to
determine capillary hydrostatic pressure and K in
the whole lungs, using dual-chambers membranous
piston pump of constant flow rate (136 ml/min),
which was designed and manufactured in Institute
of Experimental Medicine [12]. The schematic rep-
resentation of lungs perfusion is presented on Figure.

The first pump (1% Pump chamber) forced the
blood from the heating reservoir into the pulmo-
nary artery (PA). From the left atrium, the blood
flowed into the additional cylindrical glass extracor-
poreal reservoir (diameter 1.5 cm, length 25 cm),
and the second pump (2"¢ Pump chamber) re-
turned it into the heating reservoir. Therefore, in
experiments the pulmonary artery (PA) pressure,
left atrial (LA) pressure and extracorporeal reser-
voir (ECR) pressure were measured with MLT 0699
(AD Instruments, Australia) pressure transduc-
ers. The pre- and postcapillary resistance, pul-
monary vascular resistance were calculated using
Poiseuille’s formula as: R, = (PAP — P,)/PAF;
R, = (P, — LAP)/PAF; PVR = (PAP — LAP)/PAF,
or, logically, PVR = R, + R, where R, — precapillary
resistance, R, — postcapillary resistance, PVR — pul-
monary vascular resistance, PAP — pulmonary artery

4 / To respirator

L-783

ECR
pressure

Heater

[ —

Figure. Schematic representation of methods of the isolated lungs perfusion with twin pump. PA — pulmonary artery; LA — left
atrial; ECR — extracorporeal reservoir. Some parts of the figure were taken from the article: Catravas J.D. Removal of adeno-
sine from the rabbit pulmonary circulation in vivo and in vitro. Circ. Res. 1984;54(5):603—611. DOI: 10.1161/01.res.54.5.603
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perfusion pressure, P, — mean capillary hydrostatic
pressure, LAP — left atrial pressure, PAF — baseline
value of the pulmonary artery flow (136 ml/min).
Then pre-/postcapillary resistance ratio (R,/R,) was
also calculated.

The baseline value of the pulmonary artery per-
fusion pressure was 23 £ 3 mm Hg, the left atrial
pressure — 4.8 0.3 mm Hg, i.e., approximate-
ly the same as in animals with intact circulation.
The initial pressure in extracorporeal reservoir was
10 £ 2 mm Hg. The changes of the ECR pressure by
I mm Hg reflected the changes of ECR blood vol-
ume by 2.38 ml, i.e. this method was very sensitive.

Folin—Ciocalteu method was used for determi-
nation of the total catecholamines concentration
in the blood flowed from the lungs. Because this
method is a convenient and simple, it widely applied
for determination of the total phenolic contents in
natural products [13]. The Folin—Ciocalteu reagent,
trichloroacetic acid and sodium carbonate were
purchased from LenReactive (Russia). To separate
plasma 3 ml of the heparinized blood was centri-
fuged (centrifuge LMC-3000, Latvia) 1000 rpm for
10 min. To precipitate the proteins 0.1 ml plasma
was added to 1 ml 5% solution of trichloroacetic
acid, and samples were centrifuged again 2000 rpm
for 20 min. The supernatants were collected. Then
4 ml 10% solution of sodium carbonate was added
to samples and 0.5 ml of the Folin—Ciocalteu re-
agent was added. After 5 min the concentration of
the catecholamines in the samples were measured
at 650 nm with the photometer KFK-3-01 (Russia).
Initially, the photometer was calibrated with stan-
dard 0.1% solution of adrenaline (Russia).

Five series of the experiments were carried out
on perfused isolated lungs in situ. In the first series
of experiments (7 rabbits, control) the acute pul-
monary thromboembolism was modelled by injec-
tion from syringe of 10—15 autologous cylindrical
emboli, suspended in 5 ml of saline solution, into
the pulmonary artery through the T-shape triplex
catheter, connected with the perfusion pump. In the
next (2—5) series of experiments the acute pulmo-
nary thromboembolism was modelled after pretreat-
ment (as it was indicated above) with adrenoblockers
dissolved in 5 ml of saline solution. The drugs were
injected into pulmonary artery as it was described
above.

In the second and third series of experiments (8 and
7 rabbits, respectively) we used propranolol (Obsidan,
ISIS Pharma, Germany) (2—2.5 mg/kg) [14] and
nebivolol (Nebilet, Berlin-Chemie AG, Germany)
(0.1—0.2 mg/kg) [15], respectively. In the fourth and
fifth series of experiments (6 and 7 rabbits, respec-
tively) we used carvedilol (Carvedilol, Zentiva k.s.,
Chesh Republic) (0.2—0.5 mg/kg) [4] and non-
selective  alpha-blocker phentolamine (Russia)
(2.5—-5.0 mg/kg) [16]. The tablet forms of nebivo-

lol, carvedilol and phentolamine were preliminarily
dissolved in 10 ml of saline solution and then the
drugs were diluted to necessary doses.

The measured pulmonary microcirculation pa-
rameters were digitized and sampled on hard drive
of IBM PC Pentium, used L-Card L-783 analog-
to-digital converter. The calculated parameters were
estimated and analyzed with ACTest computer pro-
gram (v.1.6.59, Laboratory of Automated Systems,
Russia). The changes of investigated hemodynamic
parameters were compared during 5 minutes after
drugs and emboli injection, when pulmonary ar-
tery pressure changes were maximal. The statistical
analysis was performed with Axum 5.0 (Math Soft
Inc., USA) program. Student’s ¢-test was used to
verify the 0-hypothetis. The results were expressed
in mean =* standard error of the mean; P-values less
than 0.05 were considered as statistically significant.
A Kolmogorov—Smirnov criterion was used for veri-
fication of experimental data for normal distribution.

Results

The base level values of pulmonary microcircula-
tion parameters in rabbits of all series of experiments
are summarized in Table 1.

The changes of pulmonary microcirculation pa-
rameters after propranolol and nebivolol admin-
istration were approximately the same (Table 1).
Pulmonary artery pressure and capillary hydrostatic
pressure increased; left atrial pressure did not change
significantly. In both cases the calculated parameters
of precapillary resistance (R,), postcapillary (venous)
resistance (R,), pulmonary vascular resistance in-
creased by 30—35% above baseline level, and for this
reason pre/postcapillary resistance ratio (R,/R,) did
not change. Capillary filtration coefficient in both
cases increased to the same level, which could be
explained by elevating of capillary hydrostatic pres-
sure and postcapillary resistance (Table 1). Hence,
after blockade of B3, ,-adrenoceptors by propranolol
and f,-adrenoceptors by nebivolol the most of the
pulmonary microcirculatory parameters increased as
a result of activation of a, ,-adrenoceptors of pul-
monary arterial and venous vessels, caused by neu-
rogenic sympathetic adrenergic influences.

After carvedilol administration pulmonary artery
pressure, pulmonary vascular resistance and precapil-
lary resistance decreased. However, capillary hydro-
static pressure and postcapillary resistance elevated
and capillary filtration coefficient did not change.
The relatively constant level of capillary filtration
coefficient in case of elevating of capillary hydro-
static pressure and postcapillary (venous) resistance
could be explained by decreasing of the pulmonary
artery pressure and, especially, the precapillary re-
sistance (Table 1). Therefore, carvedilol caused
mainly vasodilatory effects of pulmonary arterial
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Table 1

The changes of the pulmonary microcirculation parameters in the perfused rabbit’s lungs
with adrenoblockers pretreatment

The changes of parameters (%) vs. baseline values
; after blockade of adrenoceptors with:
S ' I_\/Bo.ms_ehnefvalues_ ,
(el 1R S8 T O F N B propranolol nebivolol carvedilol phentolamine

n=8 n=7 n=6 n=7
Pulmonary artery 23 3 mm Hg 30 £ 6** 27 & 4** —10 £ 3* —-21 £ 6*
pressure
Left atrial pressure 4.8 £ 0.3 mm Hg 63 —-5+3 7+3 —20 £ 4**
Pulmonary artery flow 136 ml/min 0 0 0 0
Capillary hydrostatic 7.5+ 0.6 mm Hg 16 & 4%* 11 £ 3** 19 £ 4** —-7+4
pressure (P,)
Pulmonary vascular 178 £ 14 dynxsxcm™ 34 £+ 7* 36 &+ 8** —16 £ 5% —17 £ 6*
resistance
Precapillary 152 £ 22 dynxsxcm™ 34 £ 6%* 36 £ 7** —29 £ 6** —24 + 5¥*
resistance (R,)
Postcapillary 26 + 4 dynxsxcm™ 30 £ 5%* 35 £ 6%* 38 £ 7** 8+£5
resistance (R,)
Pre/postcapillary 58+0.8 4+3 01 —48 £ 8** —24 £ 6**
resistance ratio (R,/R,)
Capillary filtration 0.04 + 0.008 25 £ 7** 25 + 6%* 0x2 0+2
coefficient (K) ml/min/100 gr/mm Hg

N o te: The baseline values of parameters and their changes are expressed as mean * standard error of mean. The digits
with (=) symbol — the decreasing of parameter. *p < 0.05; **p < 0.01. The absence of asterisk — insignificant changes

of parameter. » — number of animals.

vessels, meanwhile, the pulmonary venous resistance
increased. We suggested, that carvedilol blocked
mainly a,-adrenoceptors of pulmonary arterial ves-
sels. To test our hypothesis, concerning the possible
role of a,-adrenoceptors in the constrictor reactions
of pulmonary veins, the additional experiments were
carried out with non-selective o, ,-blocker phentol-
amine.

After phentolamine administration pulmonary
artery pressure, pulmonary vascular resistance, pre-
capillary resistance and left atrial pressure decreased.
Although postcapillary resistance did not change
significantly as a result of decreasing of left atrial
pressure, it should be stressed, however, that after
pretreatment with carvedilol postcapillary resistance
increased. In case of blockade both of «, ,-adre-
noceptors by phentolamine capillary hydrostatic
pressure had tendency to decrease (statistically not
significant), capillary filtration coefficient did not
change, which could be explained by decreasing of
precapillary resistance approximately to the same ex-
tent as in case of carvedilol administration (Table 1).
Therefore, our suggestion concerning the role of ac-
tivation of a,-adrenoceptors in the constriction of
pulmonary veins after pretreatment with carvedilol
was proved in experiments with phentolamine ad-
ministration.

The changes of the pulmonary microcirculation
parameters in case of pulmonary embolism after
pretreatment with adrenoblockers are summarized
in Table 2. After beta-blockers administration the
pulmonary thromboembolism characterized by “mo-
saic picture” of the microcirculatory changes with
expressed elevating of the pulmonary artery pressure,
precapillary and pulmonary vascular resistance.

Therefore, in those conditions, the constrictors
neurogenic and humoral influences on the pulmo-
nary arterial vessels prevailed (Table 2). The ele-
vating catecholamines level was determined in per-
formed experiments. Baseline catecholamines con-
centration was 342 + 12 mkg/l. After pulmonary
embolism it increased by 14 £3 % (p < 0.05) above
baseline values.

For better analysis of the pulmonary micro-
circulatory changes, pairs of adrenoblockers were
compared, when the changes of capillary hydro-
static pressure were approximately to the same ex-
tent, i.e. propranolol and carvedilol; nebivolol and
phentolamine (Table 2). As noted above, in case
of pulmonary thromboembolism after pretreatment
with propranolol and carvedilol capillary hydrostatic
pressure and precapillary resistance increased ap-
proximately to the same extent. However, postcap-
illary resistance after pretreatment with propranolol
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Table 2

The changes of the pulmonary microcirculation parameters of perfused rabbit’s lungs in case of pulmonary
thromboembolism after pretreatment with adrenoblockers

The changes (%) of parameters during
pulmonary thromboembolism
Parameter After blockade of adrenoceptors with:
In control animals
n=7 propranolol nebivolol carvedilol phentolamine

n=38 n=7 n=6 n=7
Pulmonary artery pressure 90 + 10** 153 &+ 12%* 178 £ 16** 111 £ 25%* 42 + 14*
Left atrial pressure —4+2 413 4+3 15 & 4%* 6L3
Pulmonary artery flow 0 0 0 0 0
Capillary hydrostatic 17 + 4** 22 &+ 5%* 7 £ 2% 17 £ 5* 7+3
pressure (P,)
Pulmonary vascular 111 £ 18** 186 & 15%* 209 £ 15%* 146 + 23** 50 + 17*
resistance
Precapillary resistance (R)) 120 £ 22%* 209 + 61%* 255 £ 27** 207 £ 28** 62 + 18%*
Postcapillary resistance (R,) 53 + 6** 51+ 16* 212 15 £ 4** 13 £ 4*
Pre/postcapillary resistance 43 + 7** 103 £ 14** 247 + 28** 164 + 18%* 44 £ 10**
ratio (R,/R,)
Capillary filtration 25 & 4% 60 £ 14** 20 + 6* 125 + 23** 50 £ 12%*
coefficient (Ky,)

N ote: The changes of parameters to baseline values (in control animals) or to the level after pretreatment with adre-
noblockers are expressed as mean * standard error of mean. The digits with (—) symbol — the decreasing of parameter.
*p <0.05; **p <0.01. The absence of asterisk — insignificant changes of parameter. » — number of animals.

increased more, than after carvedilol administration,
which could be explained by adrenergic activation of
both a, ,-adrenoceptors of pulmonary veins. After
pretreatment with carvedilol postcapillary resistance
increased three times less, than in control animals.
That could be the result of that carvedilol caused the
elevating of pulmonary venous resistance and thus it
decreased the reserve of their constrictor reactions
in case of pulmonary thromboembolism.

Especially, it should be stressed, that after pul-
monary thromboembolism followed carvedilol ad-
ministration capillary filtration coefficient was in-
creased two times more than after pretreatment
with propranolol (Table 2). The excessive elevating
of this parameter could be result not only of the
increasing of the precapillary resistance and the
pre/postcapillary resistance ratio, but it could be
caused also by the elevating of the permeability of
endothelium of pulmonary vessels. It was noted,
that in case of pulmonary thromboembolism after
blockade of a, ,-adrenoceptors with phentolamine
capillary filtration coefficient was increased less, than
after blockade of a;- and B, ,-adrenoceptors with
carvedilol (Table 2). Therefore, we suggested, that
the catecholamines stimulation of the endothelial
a,-adrenoceptors in the conditions of the blockade
of B, ,-adrenoceptors could promote the increasing
of the permeability of pulmonary vessels.

Pulmonary thromboembolism after pretreatment
with nebivolol caused more elevating of precapillary
resistance, than after phentolamine administration,
but postcapillary resistance increased less, than in
the last case. For this reason, in case of pulmonary
embolism after pretreatment with nebivolol capil-
lary filtration coefficient increased less, than after
phentolamine administration. However, after pre-
treatment with nebivolol the elevating of capillary
filtration coefficient had no statistically significant
difference from that one in control animals, although
in the last case the postcapillary resistance increased
more expressively (Table 2). Hence, we suggest-
ed, that PB,;-adrenoceptors activation by nebivolol
could increase the endothelial permeability. In case
of pulmonary thromboembolism after the block-
ade of a, ,-adrenoceptors by phentolamine, capil-
lary filtration coefficient increased approximately
2 times more, than in control animals (Table 2).
As pre/postcapillary resistance ratio (Ra/Rv) were
practically the same in both cases, we suggested, that
the increasing of capillary filtration coefficient was the
consequence of mainly elevating of the permeability
of the pulmonary vessels. Possibly, the increasing of
permeability of the pulmonary vessels could be the
result of catecholamines activation of the endothe-
lium B,-adrenoceptors, which was increased after the
blockade of a, ,-adrenoceptors.
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Discussion

Acute pulmonary embolism is characterized by
activation of the sympathetic nervous system and
enhanced catecholamines level. The elevated cat-
echolamines concentration can hyperactivate plate-
lets and accelerate their turnover [17]. In the experi-
mental study of Y. Wang et al. it was shown, that
upregulation of the sympathetic medium transmitters
tyrosine hydroxylase and neuropeptide Y in whole
lung tissues serves one of the pathological features
of massive pulmonary embolism model associated
with shock in rabbits [18]. In our study the blood
plasma catecholamines level was also increased after
modelling of acute pulmonary embolism in isolated
perfused rabbits’ lungs.

The current physiological literature data indicated,
that activation of o, ,-adrenoceptors of both pulmo-
nary arterial and venous vessels smooth muscles cells
evokes vasoconstriction [19]. Meanwhile, the activa-
tion of B, ,-adrenoceptors causes vasodilatation [20].
In our study after the blockade of §, ,-adrenoceptors
by propranolol and 3,-adrenoceptors by nebivolol the
most of the pulmonary microcirculatory parameters
increased as a result of activation of a; ,-adrenocep-
tors of pulmonary arterial and venous vessels, caused
by neurogenic sympathetic adrenergic influences.
Combined a,-, B, ,-blocker carvedilol caused mainly
vasodilatory effects of pulmonary arterial vessels, but
pulmonary venous resistance increased due to activa-
tion of a,-adrenoceptors of pulmonary veins.

In our study for the first time the comparative
analysis of the pulmonary microcirculatory changes
in case of experimental acute pulmonary thrombo-
embolism after adrenoblockers administration was
performed. The current study showed, that pul-
monary thromboembolism after pretreatment with
propranolol, nebivolol and carvedilol caused more
elevating of pulmonary artery pressure, precapillary
and pulmonary vascular resistance than in control
animals. Therefore, the constrictors neurogenic and
humoral influences on the pulmonary arterial ves-
sels prevailed. However, the significant differences
were expressed in the changes of the capillary hy-
drostatic pressure, postcapillary resistance and cap-
illary filtration coefficient (K;). The K, is defined
as the product of the hydraulic conductivity and
filtration surface area, and essentially measures the
endothelial barrier permeability to convective water
transport [21].

In case of pulmonary thromboembolism after
pretreatment with carvedilol capillary filtration co-
efficient was increased two times more than after
propranolol administration. The excessive elevating
of this parameter could be the result not only of
the increasing of the precapillary resistance, the
pre/postcapillary resistance ratio, but also the in-
creasing of the permeability of the endothelium of

)

the pulmonary vessels. The different subtypes of
a- and B-adrenoceptors are localized on the endo-
thelial cells, where their activation can influence on
the contractility of smooth muscles cells of the pul-
monary vessels, and regulate the endothelial perme-
ability through the release of nitric oxide [22]. In our
experiments with modelling of the acute pulmonary
thromboembolism the endothelial permeability could
be increased after the blockade with carvedilol of
a,- and B, ,-adrenoceptors and the catecholamines
activation of endothelial o,-adrenoceptors.

There are controversial literature data concerning
the possible role of these adrenoceptors’ subtypes in
the regulation of the smooth muscles cell contrac-
tility and endothelial permeability. A.M. Pimentel
et al. demonstrated the involvement of endothe-
lial a,-adrenoceptors in the clonidine-induced va-
sodilatation of the rat isolated mesenteric arterial
bed due to increasing of nitric oxide release [23].
Later, F.Jantschak and H.H. Pertz showed, that
a,-adrenoceptors agonist UK14304 elicited only
a slight contraction in pulmonary arteries com-
pared to veins. Endothelium denudation failed to
affect the UK14304 response. Authors concluded
that postjunctional a,--adrenoceptors predominantly
mediate contraction in porcine pulmonary arteries
and a,--adrenoceptors antagonists may be beneficial
in the treatment of pulmonary edema [24]. However,
Q. Chen et al. demonstrated, that dexmedetomidine,
a,-adrenoreceptor agonist, was able to ameliorate re-
mote pulmonary microvascular hyper-permeability
induced by renal ischemia-reperfusion [25].

In our study in case of pulmonary thromboem-
bolism after blockade of «; ,-adrenoceptors with
phentolamine the capillary filtration coefficient
was increased less, than after blockade of a,- and
B, ,-adrenoceptors with carvedilol, in spite that in
both cases postcapillary resistance increased approxi-
mately to the same extent. Therefore, we suggested,
that in case of acute pulmonary embolism after pre-
treatment with carvedilol catecholamines stimulation
of the endothelial a,-adrenoceptors could promote
the increasing of the permeability of pulmonary
microvessels. However, in case of acute pulmonary
embolism after pretreatment with carvedilol the pul-
monary precapillary resistance increased more, than
after phentolamine pretreatment, which could also
be reason of the excessive increasing of capillary fil-
tration coefficient.

In the case of acute pulmonary thromboembo-
lism after pretreatment with nebivolol capillary hy-
drostatic pressure and capillary filtration coefficient
increased to a lesser extent, than after propranolol
administration and postcapillary resistance practi-
cally did not change. It could be caused by nebivo-
lol activation of the endothelial ;-adrenoceptors of
the pulmonary venous vessels and increased nitric
oxide synthesis [26]. M. Back et al. showed that
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after leukotriene C4 and noradrenaline applications
the constrictor reactions of the pulmonary veins are
less expressed, compared with the pulmonary arte-
ries, due to greater production of nitric oxide [27].
However, in case of pulmonary thromboembolism
after pretreatment with nebivolol the increase of
capillary filtration coefficient had no statistically
significant difference from that one in control ani-
mals although in the last case the postcapillary re-
sistance was elevated. For this reason, we suggest-
ed, that f;-adrenoceptors activation could increase
the endothelial permeability. In the review article
W.N. Durian et al. stated, that the intensification of
the nitric oxide production by endothelium promotes
increasing of its permeability [28]. In our study in
case of acute pulmonary thromboembolism after
blockade of a, ,-adrenoceptors by phentolamine,
capillary filtration coefficient was increased ap-
proximately two times more, than in control ani-
mals. As pre/postcapillary resistance ratio (R,/R,)
were practically the same in both cases, we sug-
gested, that the increasing of the capillary filtration
coefficient was the consequence of mainly elevating
of permeability of the pulmonary vessels. The last
one could be the result of catecholamines activa-
tion of the endothelium f;-adrenoceptors, which
was increased after the blockade of a, ,-adrenocep-
tors. V. Spindler and J. Waschke demonstrated that
inhibition of (-adrenergic receptors by propranolol
increased hydraulic conductivity of rat postcapillary
venules [29]. J. Yang et al. showed that the activa-
tion of B,-adrenoceptors was able to protect the lung
microvascular endothelial cells permeability from
lipopolysaccharide injury [30]. However, as noted
above, activation of the endothelial 3;-adrenoceptors
of pulmonary vessels can increase nitric oxide syn-
thesis and endothelial permeability [26].

Conclusions

1) After blockade of B3, ,-adrenoceptors by propran-
olol and f3,-adrenoceptors by nebivolol the most
of the pulmonary microcirculatory parameters
increased as a result of activation of «, ,-adre-
noceptors of pulmonary arterial and venous ves-
sels, caused by neurogenic sympathetic adrenergic
influences.

2) Combined a;-, B, ,-blocker carvedilol caused
mainly vasodilatory effects of the pulmonary
arterial vessels, however, the pulmonary ve-
nous resistance increased due to activation of
a,-adrenoceptors of the pulmonary veins.

3) Pulmonary thromboembolism after pretreatment
with beta-blockers caused pronounced increase of
the pulmonary artery pressure, precapillary and
pulmonary vascular resistance.

4) In case of pulmonary thromboembolism after
pretreatment with carvedilol capillary filtration

coefficient was increased two times more than
after propranolol administration; after pretreat-
ment with nebivolol capillary filtration coefficient
increased less, than after carvedilol and proprano-
lol administration.
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