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Abstract

Introduction: The aim of this study was to investigate the effects of plasma and tissue angiotensin-converting enzyme
inhibitors (ACE-Is) against propofol-induced endothelial dysfunction and to elucidate the involved mechanisms in vitro.
Materials and methods: We examined the effects of propofol (50 puM), quinaprilat and enalaprilat (10> M) on
fibrinolysis (t-PA, PAI-I, TAFI antigen levels), oxidative stress parameters (H,O, and MDA antigen levels and SOD and
NADPH oxidase mRNA levels) and nitric oxide bioavailability (NO,/NO; concentration and NOS expression at the level
of mRNA) in human umbilical vein endothelial cells (HUVECs:).

Results: We found that both ACE-Is promoted similar endothelial fibrinolytic properties and decreased oxidative stress
in vitro. Propofol alone increased the release of antifibrinolytic and pro-oxidative factors from the endothelium and
increased mRNA iNOS expression. We also found that the incubation of HUVECs in the presence of propofol following
ACE-Is pre-incubation caused weakness of the antifibrinolytic and pro-oxidative potential of propofol and this effect was
similar after both ACE-Is.

Conclusions: This observation suggests that the studied ACE-Is exerted protective effects against endothelial cell
dysfunction caused by propofol, independently of hemodynamics.
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Introduction

Angiotensin-converting enzyme inhibitors (ACE-Is) are
called plasma or tissue according to their affinity for angio-
tensin-converting enzyme (ACE) circulating in plasma or
localized in particular organs like vascular endothelium. It
was established that tissue ACE-Is may influence hemostasis
more significantly than plasma ACE-Is in normotensive rats.'
This assumption is not clearly obvious because an influence
on thrombotic processes was also seen in captopril and enal-

Moreover, both groups of ACE-Is significantly inhib-
ited platelet and erythrocyte aggregation, and decreased
glycoprotein IIb/I1la expression on the platelet surface.+¢
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april-treated animals, which are considered to be plasma
ACE-Is.? This antithrombotic effect observed in normoten-
sive rats was accompanied by Ang-(1-7), prostacyclin (PGl,)
and nitric oxide (NO) concentration increase.>? Ang-(1-7),
activating its own G-protein coupled receptors, Mass, -,
increases the production of NO and PGI, in the endothelium.
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Tissue ACE-Is, both in normotensive and renovascular
hypertensive (2K-1C) rats, activated significantly hemo-
stasis, which was manifested as the extension of prothrom-
bin time (PT), prolongation of activated partial
thromboplastin time (APTT), and shortening of euglobulin
clot lysis time (ECLT).! Also, an increase in tissue plasmi-
nogen activator (t-PA) and decrease in tissue plasminogen
activator inhibitor (PAI-1) concentration were observed.’

Analysis of the antithrombotic activity of ACE-Is in
2K-1C rats showed the involvement of different endothe-
lial mechanisms. According to the literature data, endothe-
lial dysfunction during hypertension was related to reduced
NO bioavailability. Indeed, we have shown that quinapril
decreased thrombosis and restored endothelium function
in 2K-1C rats via reduction of platelet aggregation,
decrease in iNOS expression, and fibrinolysis potentiation.
Interestingly, eNOS expression in this model of hyperten-
sion was unchanged, thus it can be assumed that NO did
not seem to be the leading vasorelaxant factor during
chronic quinapril treatment in hypertension.” It was shown
in individuals with hypercholesterolemia that under the
influence of bradykinin not only NO but also endothelium-
derived hyperpolarizing factor (EDHF) was released,
which, in case of decreased NO bioavailability, compen-
sates vasodilating activity via activation of calcium-
dependent potassium channels.® Furthermore, literature
data confirm the involvement of EDHF-dependent platelet
inhibition during ACE-Is treatment.”-!! All the above-men-
tioned mechanisms occur in the presence of hemodynamic
conditions such as vascular flow and vessel diameter.
Therefore, the question arises if tissue or plasma ACE-Is
differ in their influence on endothelium cells after elimina-
tion of the hemodynamic component.

In the case of propofol, there is a lack of studies evalu-
ating its direct influence on the hemostatic potency of
endothelium in vitro. However, its anti-inflammatory and
antioxidative properties were described in human umbili-
cal vein endothelial cells (HUVECs) as well as patients
undergoing hepatectomy under propofol anesthesia.!>-14
On the contrary, we demonstrated in 2K-1C rats the antifi-
brinolytic influence of propofol on the endothelium by
lowering t-PA and increasing PAI-1 concentrations, which
was accompanied by oxidative stress potentiation and
hypotensive effect.” The above discrepancies may be a
result of different experimental protocols (species, condi-
tions, propofol dosage). Therefore, some further experi-
ments should be conducted to better learn the mechanism
of propofol action.

Thus, the present study is an attempt to answer the
question that appeared in our previous work whether the
antifibrinolytic effect of propofol is the result of the direct
impact of propofol on the endothelium or whether hemo-
dynamic factors are of some significance. In order to elim-
inate the hemodynamic effect, we evaluated the influence
of plasma (enalaprilat) and tissue (quinaprilat) ACE-Is and

propofol on some hemostatic parameters in HUVECs.
Furthermore, we evaluated the relationship between the
fibrinolytic activity of the endothelium, NO bioavailabil-
ity, and oxidative stress mechanism. At the same time, we
answered the question whether an exclusion of the antihy-
pertensive effect (vasodilatation), as an important factor
reducing oxidative stress, is still associated with an influ-
ence of the tested drugs on the endothelium.

Materials and methods

Chemicals and drugs

Propofol (Plofed 1%, Polfa, Poland), quinaprilat (Pfizer,
Germany), enalaprilat (Sigma, Poland), lipofundin (MCT/
LCT 10%, Braun, Germany), aqua pro injection (Baxter,
Poland), sodium hydroxide (Sigma, Poland), ethylenedi-
aminetetraacetic acid (EDTA) (Sigma, Poland), low-serum
growth supplement (LSGS, Cascade Biologics, UK),
Medium 200 (M200, Cascade Biologics, UK), penicillin
(Sigma, Poland), streptomycin (Sigma, Poland), trypsin
(Sigma, Poland), trypan blue (Sigma, Poland), Oligotex
Kit (Qiagen, USA), qPCRTM Mastermix, SYBR Green
I (Eurogentec Seraing, Belgium), TagMan Reverse
Transcription Reagents Kit (Applied Biosystems, USA),
Tris Buffer (Polish Chemical Reagents, Poland) and Trizol
(Invitrogen Life Technologies, USA) were used in the
study.

Cell culture

The cryopreserved human umbilical vein endothelial cells
(HUVECSs) were purchased from Cascade Biologics Inc
(Mansfield, Nottinghamshire, UK). The cells were grown
in Medium 200 supplemented with penicillin/streptomycin
(100 units/ml penicillin and 100 mg/ml streptomycin) and
low-serum growth supplement at 37°C in a 95% humidi-
fied atmosphere of 5% CO,. The medium was replaced
every two to three days. At confluence, the cells were sub-
cultured by trypsinization (0.025% trypsin — 0.01% EDTA),
after which the cells were seeded with a split ratio of 1:3.
Cellular viability was determined with the application of
the trypan blue staining method.!> Cultures at four to five
passages were used in the experiments.

The HUVECs were divided into experimental groups,
cultured at 37°C for 24 hours in the presence of a drug or
its vehiculum in the medium. The study protocol is pre-
sented in Table 1. Enalaprilat (Ena) and quinaprilat (Quin)
were added to the medium at similar molar concentrations
(1073 M) according to their molar mass, pharmacokinetics,
and in vitro data.!®!7 Propofol (Pro) was added to the
medium at a concentration of 50 M and the time of incu-
bation was 30 minutes, which corresponds with concentra-
tions of propofol observed in the blood of patients during
short anesthesia and time of premedication.!8
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Table I. The study protocol.
Group ACE-Is Propofol ACE-Is + propofol
I Il 11l v \% \ \ Vil IX X

Drug/ Enalaprilat  Aqua Quinaprilat NaOH Propofol Lipofundin Enalaprilat Quinaprilat Aqua pro NaOH
vehiculum 10°M pro 10-M 0.IM 50uM 1075 M, 105 M, inj., 0.I' M,
added to inj. Propofol  Propofol Lipofundin Lipofundin
medium 50 uM 50 uM
Abbreviation Ena Veh  Quin Veh Pro Lipo Ena + Pro Quin + Pro Veh Ena+ Veh Quin

Ena Quin Lipo + Lipo
Time of 24 h 24h 24h 24h  30min 30 min 24 h/30 24h/30min 24 h/30 24 h/30
incubation min min min

ACE-Is: angiotensin-converting enzyme inhibitors; h: hours; min: minutes.

The human umbilical vein endothelial cells (HUVECs) were divided into experimental groups, cultured at 37°C for 24 h in the presence of a drug
or its vehiculum in the medium. Active metabolites of ACE-IS: enalaprilat (Ena) or quinaprilat (Quin) were added to the medium at similar molar
concentration (10-°M) and volume. In the control group the vehiculum of Ena (Aqua pro inj.) or vehiculum of Quin (0. M NaOH) were added to
the medium in the same manner as ACE-Is. Propofol (Pro) was added to the medium at a concentration of 50 uM and the time of incubation was
30 min. In the control group the vehiculum of Pro, lipofundin (Lipo) was added to the medium in the same manner as Pro. In the HUVECs treated
both with ACE-Il and Pro, Pro was added to the medium 30 minutes before the end of a 24-hour incubation with ACE-Il. The conditions of HUVECs
incubation (temperature, humidity, medium molarity, pH) were the same in all experimental groups.

Real-time quantitative reverse transcription-
polymerase chain reaction (QRT-PCR)

To evaluate the effect of the tested drugs on nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase, super-
oxide dismutase (SOD), endothelial and inducible nitric
oxide synthase (eNOS and iNOS) expression at the level
of messenger RNA (mRNA), HUVECs were grown on
24-well microplates. mRNA levels were determined by
real-time qPCR as previously described.!*2% Briefly, total
RNA was extracted from the cells using Trizol reagent
and was processed directly to complementary DNA
(cDNA) synthesis using the TagMan Reverse Transcription
Reagents kit according to the manufacturer’s protocol.
cDNA was subsequently amplified by MasterAmp Pfl
DNA polymerase using the ABI Prism 7000 detection sys-
tem (Applied Biosystems, USA). Specific primer
sequences were designed based on primary mRNA
sequences from GenBank. B-actin was used as an active
and endogenous reference to correct for differences in the
amount of total RNA added to the reaction and to compen-
sate for different levels of inhibition during RT of RNA
and during PCR. To compensate for variations in input
RNA amounts and efficiency of RT, B-actin mRNA was
quantified and the results were normalized to these val-
ues. Relative mRNA expression was calculated using the
formula: 2 2ACt (2—(Cttarget gene — Ctreference gene))’ where Ct is a
copy threshold.

Determination of fibrinolysis

To determine the influence of ACE-Is and propofol on
fibrinolytic parameters in HUVECs, tissue plasminogen

activator (t-PA), plasminogen activator inhibitor (PAI-I),
and thrombin activatable fibrinolysis inhibitor (TAFI)
antigen levels were measured in culture supernatants using
commercial enzyme-linked immunosorbent assay (ELISA)
test kits (Innovative Research, USA; ImmunoKontact
AMS Biotechnology, Germany).

Determination of plasma NO level

Since NO is an extremely labile molecule and decomposes
rapidly in biological solutions into nitrite (NO,”) and
nitrate (NO;"), these stable metabolites of NO were ana-
lyzed in culture supernatants as indirect markers for NO
plasma bioavailability.?!

In our study, the NO level was measured colorimetri-
cally as NO,/NO;~ concentration with a commercially
available kit (Correlate Assay Nitric Oxide NO-2/NO-3
Kit, Assay Designs, USA).

Determination of NOS mRNA level

To determine the influence of ACE-Is and Pro administra-
tion on NOS activity, eNOS and iNOS mRNA levels were
measured in the supernatant using the real-time PCR
technique.!??° The following PCR primers were designed:
5’-CATCGGCGTGCTGCGGGATCAG-3’ and 5’-GGG
CTGTTGGTGTCTGAGCCGG-3’, 5’-CCAACAATGGC
AACATCAGG-3’ and 5’-TCGTGCTTGCCATCACTCC-
3’, specific for the mRNA of eNOS and iNOS, respec-
tively. The reaction for each probe was conducted in the
same conditions as a multiplex PCR with two pairs of
primers (eNOS and iNOS) at the same time. The amount
of eNOS and iNOS mRNA was quantified.
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Table 2. Hemostatic parameters and nitric oxide bioavailability in supernatant of HUVECs after incubation with different control

substances.

t-PA PAI-I TAFI eNOS iNOS NO,/NO,

(ng/ml) (ng/ml) (ng/ml) (2784€T) (2784€T) (HM/))
Veh Ena 2.54+0.11 5.11£0.9 2.20+0.09 0.25+0.03 0.48+0.02 9.02+0.9
Veh Quin 2.63%0.19 5.05+0.7 2.12%0.11 0.24+0.06 0.45+0.01 8.89+0.8
Lipo 2.58+0.05 4.99+1.03 2.14+0.07 0.27+0.04 0.43+0.01 8.79+0.3
Veh Ena + Lipo 2.48+0.11 5.17£0.9 2.1510.11 0.24+0.03 0.46£0.01 8.97+0.4
Veh Quin + Lipo 2.53+0.25 5.09+0.4 2.13+0.03 0.25+0.05 0.46+0.04 9.01+0.6

p = NS for all control groups.

HUVECs: human umbilical vein endothelial cells; t-PA: tissue plasminogen activator; PAI-|: tissue plasminogen activator inhibitor; TAFI: thrombin
activatable fibrinolysis inhibitor; eNOS: endothelial nitric oxide synthase; iNOS: inducible nitric oxide synthase; NO,/NO;: nitrite/nitrate; Veh Ena:
Aqua pro injection; Veh Quin: NaOH 0.1 M; Lipo: Lipofundin; Veh Ena + Lipo: Aqua pro injection, Lipofundin; Veh Quin + Lipo: NaOH 0.1 M,

Lipofundin.

Table 3. Oxidative stress parameters in supernatant of HUVECs after incubation with different control substances.

H,0, MDA SOD NADPH oxidase
(ng/ml) (pM/mg protein) (2-04CT) (2-24CT)

Veh Ena 11743 0.187+0.07 0.931+0.04 1.078+0.07

Veh Quin 128+0.1 0.179+0.05 1.09+0.04 1.11240.04

Lipo 10940.9 0.178+0.08 0.996+0.04 1.101£0.06

Veh Ena + Lipo 119£1.2 0.189+0.08 0.914+0.04 1.101+0.03

Veh Quin + Lipo 125+0.7 0.199+0.02 0.923+0.05 1.09140.02

p = NS for all of the control groups.

HUVECs: human umbilical vein endothelial cells; H,O,: hydrogen peroxide; MDA: malondialdehyde; SOD: superoxide dismutase; NADPH: nicotin-
amide adenine dinucleotide phosphate; Veh Ena: Aqua pro injection; Veh Quin: NaOH 0.1 M; Lipo: Lipofundin; Veh Ena + Lipo: Aqua pro injection,

Lipofundin; Veh Quin + Lipo: NaOH 0.1 M, Lipofundin.

Oxidative stress parameters

To determine the influence of ACE-Is and Pro on oxidative
stress parameters, the concentrations of hydrogen peroxide
(H,0,) and malondialdehyde (MDA) were measured in cul-
ture supernatant with commercially available kits (Hydrogen
Peroxide Colorimetric Detection Kit, Assay Designs, USA;
MDA Adducts ELISA Kit, Cell Biolabs, USA). Moreover,
the amounts of mRNA of NADPH oxidase and SOD were
measured in supernatant using the real-time PCR
technique.'®?° The following PCR primers were designed:
NADPH oxidase (5’-CATCCAGCTGTACCTCAGTC-3’
and 5’-GAAAGACTCTTTATTGTATTG-3’) and SOD
(5’-GGAAACGCTGGAAGTCGTTTG-3and 5°-CTCACTA
CAGGTACTTTAAAG-3").

Statistical analysis

The data were shown as mean = SEM. All multiple com-
parison data were analyzed using analysis of variance
(ANOVA) with post-hoc Dunn’s multiple comparisons
test, and direct group-group comparisons were carried out
using the Mann-Whitney test. gqRT-PCR results were ana-
lyzed using ANOVA, followed by multiple comparisons
with the Newman-Keuls post hoc test. A p value of <0.05

was considered statistically significant. Statistical analyses
were performed with SPSS 16.0 (SPSS, Chicago, IL,
USA).

Results

Assessment of endothelial activity exposed to
different vehiculum

Different substances (vehiculum (Veh)) dedicated to the
examined drugs were used as the control in the present
study (Table 1). There were no differences in the concen-
tration of hemostatic and oxidative stress parameters in
supernatant of HUVECs after incubation with different
control substances (vehiculum) (Tables 2 and 3).

Fibrinolytic activity of endothelial cells after
ACE-Is or/and Pro incubation

Pro alone decreased the t-PA antigen level in supernatant
(1.0840.09 ng/ml vs 2.58+0.05 ng/ml, 42%, p < 0.001)
when compared with Veh (Lipo), while ACE-Is increased it
significantly (Ena 3.084+0.09 ng/ml vs 2.54+0.11 ng/ml,
121%, p <0.01; Quin 3.14+0.15 ng/ml vs 2.63+0.19 ng/ml,
120%, p <0.01) in comparison with their Veh, respectively.
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Figure |. The effect of propofol and angiotensin-converting
enzyme inhibitors (ACE-Is) on tissue plasminogen activator
(t-PA) antigen level in supernatant of human umbilical vein
endothelial cells (HUVECsS). The results are presented as
percentage of control (Con: adequate vehiculum). Pro: propofol;
Ena: enalaprilat; Quin: quinaprilat; Ena+Pro: enalaprilat and
propofol; Quin+Pro: quinaprilat and propofol. Ap < 0.01, AMp
< 0.001 vs adequate vehiculum for each substance; #p < 0.05 vs
Pro; ¥*p < 0.001 vs Ena; $¥%p < 0.001 vs Quin.

Apparently, the co-incubation with Pro and Ena or Quin
significantly reduced t-PA concentration in supernatant
when compared with Ena or Quin alone (p < 0.001).
Although, the t-PA level after Pro in supernatant of
HUVECs pretreated with ACE-Is was still higher than
after Pro alone (p < 0.05) (Figure 1).

Antifibrinolytic activity of endothelial cells after
ACE-Is and/or Pro incubation

Incubation of HUVECs with Pro resulted in increased
TAFI and PAI-1 concentration in supernatant when com-
pared with Veh: 3.89+0.12 ng/ml vs 2.14+£0.07 ng/ml,
(182%, p <0.001) and 8.11£0.9 ng/ml vs 4.99+1.03 ng/ml
(162%, p < 0.001), respectively. Exposure of HUVECsS to
24-hour incubation with Ena increased TAFI antigen level
in comparison with its Veh (3.42+0.05 ng/ml vs 2.34+0.09
ng/ml, 146%, p <0.01). Quin did not remarkably influence
TAFTI level. Both ACE-Is similarly decreased PAI-1 con-
centration; Ena: 4.77+1.1 ng/ml vs 5.11+0.9 ng/ml, (93%,
p <0.05); Quin: 4.64+1.0 ng/ml vs 5.05+0.7 ng/ml (92%,
p<0.05), when compared with their Veh, respectively. Pro
addition to Ena or Quin did not change TAFI and PAI-1
levels when compared with Ena and Quin alone. However,
TAFI and PAI-1 levels remainded lower than in the group
treated with Pro alone (Figure 2(a), (b)).

NO bioavailability (expression of eNOS and
iNOS and NO,/NO; concentration)

Incubation of HUVECs with Pro increased iNOS mRNA
expression remarkably when compared with Veh (0.6140.08
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Figure 2. The effect of propofol and angiotensin-converting
enzyme inhibitors (ACE-Is) on (a) tissue activatable fibrinolysis
inhibitor (TAFI) and (b) plasminogen activator inhibitor (PAI-I)
antigen levels in supernatant of human umbilical vein endothelial
cells (HUVECs). The results are presented as percentage

of control (Con: adequate vehiculum). Pro: propofol; Ena:
enalaprilat; Quin: quinaprilat; Ena+Pro: enalaprilat and propofol;
Quin+Pro: quinaprilat and propofol. p < 0.05, Ap < 0.01, AM*p
< 0.00! vs adequate vehiculum for each substance; #p < 0.05,
##p < 0.001 vs Pro; *p < 0.05 vs Ena.

27AAct yvg 0.43+0.01 2724t 142%, p < 0.01), but we did not
observe a significant rise in eNOS mRNA level and NO,/
NO; concentration in supernatant. ACE-Is reduced iNOS
mRNA expression (Ena 0.31+£0.01 2724¢t ys 0.48+0.005
2784t 64%:; Quin 0.31+0.02 2744¢t yg 0.45+0.01 2744
69%, p < 0.01 both), when compared with their Veh.
ACE-Is did not influence the mRNA of eNOS significantly.
Among ACE-Is, only Ena decreased NO,/NO; levels
(7.21£0.5 pM/L vs 9.02+0.9 uM/1, 80%, p < 0.05 vs Veh).
Only Quin prevented an increase in iNOS expression after
Pro (»p < 0.05 vs Pro). There were no changes in eNOS
mRNA expression and NO,/NO; level after Pro and ACE-Is
co-incubation (Figure 3(a), (b)).

Oxidative stress in endothelial cells after ACE-Is
and/or Pro incubation
H,0, concentration was increased in supernatant of

HUVECS stimulated with Pro when compared with Veh
(213+£1.0 ng/ml vs 109+0.9 ng/ml, 195%, p < 0.001).
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Figure 3. The effect of propofol and angiotensin-converting
enzyme inhibitors (ACE-Is) on (a) the messenger RNA (mRNA)
level of nitric oxide synthase (eNOS and iNOS) and (b) nitric
oxide metabolites concentration (NO,/NO;) in supernatant

of human umbilical vein endothelial cells (HUVECs). The
results are presented as percentage of control (Con: adequate
vehiculum). Pro: propofol; Ena: enalaprilat; Quin: quinaprilat;
Ena+Pro: enalaprilat and propofol; Quin+Pro: quinaprilat and
propofol. Ap < 0.05, Mp < 0.01 vs adequate vehiculum for each
substance; #p < 0.05 vs Pro.

Moreover, H,0, concentration was the highest in Pro
among all the studied groups. Among ACE-Is, only
Quin significantly reduced the concentration of H,O,
(9842 ng/ml vs 128+0.1 ng/ml, 76%, p < 0.01). The
effect of Pro on H,0O, concentration was reduced in
supernatant of HUVECs pretreated with Ena or Quin
when compared with Pro alone (p < 0.001), although it
was still higher when compared with ACE-Is (p <0.01)
(Figure 4(a)).

MDA concentration increased significantly in the Pro-
treated group (0.41£0.11 pmol/mg vs 0.18+0.08 pmol/
mg, 227%, p < 0.001 vs Veh). Conversely, ACE-Is
decreased MDA concentration (Ena 0.16+0.07 pmol/mg
vs 0.19+0.07 pmol/mg, 84% and Quin 0.14+0.04 pmol/
mg vs 0.18+0.05 pmol/mg, 77%, p < 0.05) when com-
pared with their Veh. The effect of Pro on MDA concen-
tration was reduced in supernatant of HUVECs pretreated
with Ena or Quin when compared with Pro alone (p <
0.001), although it was still higher when compared with
ACE-Is (p <0.05) (Figure 4(b)).

Figure 4. The effect of propofol and angiotensin-converting
enzyme inhibitors (ACE-Is) on (a) hydrogen peroxide (H,O,)
and (b) malondialdehyde concentrations (MDA) in supernatant
of human umbilical vein endothelial cells (HUVECs). The
results are presented as percentage of control (Con: adequate
vehiculum). Pro: propofol; Ena: enalaprilat; Quin: quinaprilat;
Ena+Pro: enalaprilat and propofol; Quin+Pro: quinaprilat and
propofol. Ap < 0.05, Mp < 0.01, MAp < 0.001 vs adequate
vehiculum for each substance; ##p < 0.001 vs Pro; *p < 0.05,
*p < 0.0l vs Ena; ¥¥p < 0.0 vs Quin.

An increase in SOD mRNA expression was observed in
supernatant of HUVECs treated with Pro (1.2240.04 2-AA¢t
vs 0.99+0.04 2724¢t 123%, p <0.01 vs Veh). Twenty-four-
hour treatment of HUVECs with ACE-Is decreased SOD
mRNA expression (Ena 0.55+0.05 2742t ys 0.93+0.04
27AAet 58%, p < 0.001 and Quin 0.5340.03 2724t yg
1.0940.04 2724¢t 47%, p < 0.001) when compared with
their Veh. Co-incubation with Pro and Quin evoked the
highest increase in SOD expression when compared with
Pro alone (p < 0.001) (Figure 5(a)).

NADPH oxidase expression was increased in the Pro
group (1.43£0.3 2724t yvg 1.1£0.06 2724t 130%, p < 0.01
vs Veh). In contrast, ACE-Is reduced this pro-oxidative
enzyme expression (Ena 0.80+0.03 2724¢t ys 1.08+0.07
272t and Quin 0.8240.03 2744¢t yg 1.1240.04 2744t 74%,
p < 0.01 for both). In the supernatant of HUVECs pre-
treated with both Pro and ACE-I, decreased NADPH oxi-
dase expression was observed when compared with Pro
alone (p < 0.05), although it was still higher when com-
pared with ACE-Is (p < 0.01) (Figure 5(b)).
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Figure 5. The effect of propofol and angiotensin-converting
enzyme inhibitors (ACE-Is) on the messenger RNA

(mRNA) levels of (a) superoxide dismutase (SOD) and (b)
nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase in supernatant of human umbilical vein endothelial cells
(HUVECG:S). The results are presented as percentage of control
(Con: adequate vehiculum). Pro: propofol; Ena: enalaprilat;
Quin: quinaprilat; Ena+Pro: enalaprilat and propofol; Quin+Pro:
quinaprilat and propofol. Ap < 0.01, Ap < 0.001 vs adequate
vehiculum for each substance; #p < 0.05, ##p < 0.001 vs Pro;
*p < 0.0l vs Ena; ¥¥p < 0.01 vs Quin.

Discussion

The present in vitro study is an attempt to find out the role
of endothelium in the antifibrinolytic and pro-oxidative
effect of propofol and the influence of ACE-Is on its action.
We evaluated the same parameters of fibrinolysis (t-PA,
PAI-1, TAFI), NO bioavailability (NO,/NO,, NOS) and
oxidative stress (H,O,, MDA, NADPH oxidase, SOD) as
previously in our in vivo study.” There are crucial correla-
tions between those parameters of oxidative stress and
fibrinolysis. It was shown that H,O,-induced oxidative
stress in HUVECs caused an increase in PAI-1, urokinase
plasminogen activator receptor (u-PAR), t-PA and uroki-
nase-type plasminogen activator (u-PA) expression at the
levels of mRNA, protein and promoter activity.”? It was
also observed in HUVECs that NADPH oxidase is a major
source of reactive oxygen species (ROS) in endothelial
cells responsible for PAI-1 upregulation.??> Moreover, in
vivo studies confirm the role of oxidative stress in hemo-
static disorders and endothelial dysfunction leading to

thrombosis. SOD administration inhibited platelet aggre-
gation and improved endothelial function in the coronary
arteries of dogs.?* Furthermore, SOD diminished venous
thrombosis in rats, while reduction in NO bioavailability
augmented this process.?® In our study we decided also to
evaluate NO, since its bioavailability strictly depends on
oxidative balance, thus NO could be considered as another
oxidative stress marker.?®

We found that propofol alone increased the release of
antifibrinolytic and pro-oxidative factors from endothe-
lium. We also found that 30-minute incubation of HUVECs
in the presence of propofol following ACE-Is pre-incuba-
tion caused weakness in the antifibrinolytic and pro-oxida-
tive potential of the propofol, and this effect was similar
after both ACE-Is. We also confirmed that both ACE-Is
increased endothelial fibrinolytic activity and decreased
oxidative stress in HUVECs.

ACE-Is

The profibrinolytic activity of ACE-Is, including increase
of t-PA, and decrease of PAI-1 and TAFI concentrations,
was proved in our previous studies in normotensive and
2K-1C rats.’>»7 Now we have proved that ACE-Is stimu-
lated an increase of t-PA release from the endothelium,
which suggests their effect on tissue ACE.

We observed that ACE-Is enhanced the fibrinolytic
activity of the endothelium but did not influence eNOS
and NO levels. Correspondingly, we showed that the hypo-
tensive and profibrinolytic effect of ACE-Is was not con-
nected with increased eNOS expression and NO level in
hypertensive rats.” Our in vitro results indicate the
NO-independent activity of ACE-Is. Similar conclusions
came from an in vivo study with ACE-Is-induced brady-
kinin-dependent thrombolysis in rats, which was mediated
mainly by PGI,, and NO played a minor role.?’

Therefore, it may be assumed that the release of t-PA
from endothelial cells is not correlated with an increase of
NO but is mediated by other factors. According to others,
bradykinin-dependent t-PA release from the endothelium
was solely mediated by EDHF signaling pathways, through
a calcium and G protein-dependent way.?8 The authors
emphasized the lack of contribution of NO to bradykinin-
stimulated t-PA release. The in vitro results confirmed data
in vivo that the dominant mechanism of profibrinolitic
activity of ACE-Is is increasing t-PA concentration by
bradykinin-EDHF stimulation and decreasing its degrada-
tion through PAI-1.2831 We also observed that ACE-Is
reduced TAFI concentration in HUVECs. There are very
few and contradictory studies reporting the expression of
TAFI in HUVECs.323 Although we found quinaprilat
reduced TAFI concentration, the mechanism is still unclear
and seems to be independent of PAI-1.34

In our study, a significant decrease of iINOS mRNA was
observed, which may suggest the anti-inflammatory effect
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of ACE-Is. It was suggested that the mechanism of ACE-
Is-attenuated iNOS expression may be associated with a
reduction of superoxide production.? Similarly, quinapril
downregulated iNOS with a possible tumor necrosis factor
alpha (TNF-o)-mediated mechanism in normotensive
rats.>¢ The present study allowed us to highlight the sig-
nificant participation of endothelium in decreasing SOD,
NADPH oxidase, H,0,, and MDA concentrations after
ACE-Is. It seems that the antioxidant function of quinap-
rilat and enalaprilat is modified through lowering Ang II
formation or promoting Ang-(1-7) production, which
reduces the increase in ROS and phosphorylation of c-Src
kinase by Ang II in intact human endothelial cells.?’

Propofol

The effect of propofol on hemostasis in HUVECs has not
been evaluated so far. We observed that propofol increased
PAI-1 and TAFI and decreased t-PA concentration, with
simultaneous growth of iNOS expression and increased lev-
els of oxidative stress parameters. These results are similar to
those obtained in our previous study in 2K-1C rats infused
with propofol at a dose of 15 mg/kg.” Propofol given in doses
of 10-15 mg/kg achieved a concentration in rat plasma of 3
pg/ml, lasting up to 30 minutes, which enables achieving
effective anesthesia.® The concentration of propofol (50
uM) used in this study and time of incubation (30 minutes)
corresponded also with the concentration of propofol in the
blood of patients (3—6 pg/ml) during short anesthesia.>

We suggest a multiple mechanism of propofol antifi-
brinolytic action. It is known that propofol, as a lipophilic
agent, may disturb the continuity of cell membranes
mechanically and reduce the glycocalyx barrier on
endothelial cells.#? Thus the direct effect of propofol on
endothelial cells, depending strictly on its physicochemi-
cal properties, may further disturb the release of the
endothelial mechanism of t-PA, PAI-1 and other factors.
Moreover, there are some studies indicating a direct effect
of propofol on shape and viscoelasticity of erythrocytes
and platelets related to intercalation of propofol in the cell
membrane.*! We also cannot exclude a simple direct effect
of propofol on t-PA synthesis, since there are some data
indicating that short incubation with propofol (30, 60 min-
utes) may change the expression of different endothelial
factors at a protein level.*># Finally, the antifibrinolytic
effect of propofol may be a result of t-PA and PAI-1 inter-
action, leading to inactive complex* formulation. A simi-
lar conclusion was reached by others in a study with
cultured rat astrocytes incubated with propofol.#

In our study propofol increased iNOS expression with-
out affecting NO metabolites level and eNOS expression.
It was shown in HUVECs that propofol (50 uM) up-regu-
lated eNOS expression by increasing phosphorylation of
eNOS at Ser!'”7, which is responsible for endothelial-
derived NO production.*® It was proved that propofol

stimulated NO production in a concentration-dependent
manner (0.03—1 mM) in cultured porcine aortic endothelial
cells.#” However, in our study the changes in NO concen-
tration were not observed, probably because of a longer
time of incubation with propofol (30 minutes vs 10 min-
utes) and possible increased degradation of NO.
Furthermore, in the face of an increase in NADPH oxidase
activity observed in the propofol group, NO may be con-
verted into superoxide anions, €.g. peroxynitrite (ONOO™).
The upregulation of iNOS expression after incubation with
propofol may be a source of ROS, which is in line with the
H,0, and MDA concentration increase observed here.
Similarly, in 2K-1C rats, we observed an increase of iNOS
expression and oxidative stress parameters, but also
increased NO level, after propofol administration.” Thus,
we suggest that NO release from the endothelium was
shear stress dependent.

Interestingly, propofol also increased SOD activity in
HUVECs, which remains in line with our previous results.
Higher SOD activity catalyzed dismutation of the strongly
toxic superoxide anion to less toxic hydrogen peroxidase.
Moreover, the antioxidative effects of propofol in the ischemic
liver tissue of rats, as a decreased MDA level and increased
SOD level, was detected.*® The authors assumed that a low
concentration of NO may serve to promote cell survival and
protect the liver against ischemia/reperfusion injury. Also
in HUVECs, the protective effect of propofol against heat
stress-induced cell injury is associated with the induction of
manganese (Mn)SOD expression.** This more pronounced
antioxidant effect of propofol seems to be dose and time
dependent, because in both studies the dose (two- to three-
fold higher) and time of incubation (six hours vs 30 minutes)
were higher than in our study. A possible explanation of the
partial antioxidant properties of propofol is its structural simi-
larity to alfa-tocoferol, which increases SOD activity.*

ACE-Is and propofol

We found that ACE-Is caused weakness of the antifibrino-
lytic potential of propofol, since we observed an increase
of t-PA and decrease of TAFI and PAI-1 levels. Moreover,
co-incubation with quinaprilat and propofol reduced
propofol-induced iNOS expression. This may be a result
of the antioxidative effect of ACE-Is, since in the propofol
group pre-incubated with ACE-Is we observed a signifi-
cant reduction in H,0, and MDA levels and NADPH oxi-
dase expression. Interestingly, quinaprilat potentiated
propofol-induced SOD expression, which together with a
reduced iNOS expression may suggest a catalyzed dismu-
tation of ROS. Similarly, in our previous study in 2K-1C
rats, quinapril decreased the unfavorable effects of propo-
fol in fibrinolysis and its pro-oxidative potential.”

Our observation suggests that the studied ACE-Is
exerted at least partial protective effects against endothe-
lial cell dysfunction caused by propofol, independently of
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hemodynamics. The above effect of ACE-Is on propofol
activity did not depend on NO bioavailability.

On the other hand, bearing in mind our in vivo and in
vitro results, the replacement of propofol by another intra-
venous anesthetic in patients treated with ACE-Is may be
essential to maintain the pleiotropic (profibrinolytic and
antioxidative) effects of ACE-Is in hemostasis. However,
there are very few studies evaluating the effect of other
intravenous anesthetics (ketamine, etomidate) on oxida-
tive balance and hemostasis. What is more, the results of
these studies are inconsistent (pro-oxidative and antioxida-
tive effects as well), which may be a result of different
experimental protocols used (species, doses, time of treat-
ment, concomitant pathological state, tissue where oxida-
tive stress parameters are measured). Nevertheless, further
studies regarding the effects of anesthetics and ACE-Is co-
treatment may have important clinical implications.

Conclusion

In the present study in HUVECs, we showed for the first
time that propofol diminished profibrinolytic and antioxi-
dative activity of endothelial cells. ACE-Is exerts partial
protective effects against endothelial dysfunction caused
by propofol, in the NO-independent mechanism. The com-
plexity of the endothelial activity of both studied groups of
drugs, which are commonly used in patients undergoing
surgery, requires further exploration.
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