Acta Pharm. 64 (2014) 131-138 Original research paper
DOI: 10.2478/acph-2014-0006

The effect of diclofenac on proliferation and production of
growth factors by endothelial cells (HMEC-1) under hypoxia
and inflammatory conditions

ANNA WIKTOROWSKA-OWCZAREK Diclofenac belongs to non-steroidal anti-inflammatory

drugs (NSAIDs) and non-selective COX inhibitors. The

aim of this study was to examine the effect of diclofenac

Chair of Pharmacology and Clinical on endothelial cell proliferation under the influence of

Pharmacology hypoxia or inflammatory conditions. Another goal was

Medical University of Lodz, Poland to check whether diclofenac modulates the secretion of
angiogenic factors such as VEGF and bFGF in human
microvascular endothelial cells (HMEC-1) in the presen-
ce of CoCl, or lipopolysaccharide (LPS), which could in-
fluence the endothelial cells in an autocrine manner or
other cells in a paracrine manner. HMEC-1 cells were tre-
ated with 0.1 and 0.3 mmol L diclofenac in the presence
of 100 ug mL~! LPS or 200 pmol L™ CoCl,. Diclofenac
decreased cell viability under hypoxia and inflammatory
conditions. The stimulation of bFGF secretion by LPS in
microvascular endothelial cells (HMEC-1 cell) was attenu-
ated by diclofenac. Diclofenac increased the secretion of
VEGF induced by LPS and hypoxia.
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Endothelium, which is a dynamic organ, forms a structural barrier between the vas-
cular space and the tissues. Endothelial cells have contact with numerous smooth mus-
cle cells. Many factors such as LDL (low-density lipoproteins), free radicals, infectious
microorganisms, shear stress, hypertension, toxins after smoking and/or others may lead
to endothelial dysfunction, which is characterized by decreased nitric oxide synthesis.
Disturbance in endothelial function is implicated in several diseases, including athero-
sclerosis, hypertension, inflammatory diseases and cancer metastasis (1-4). Destruction
of endothelium by the above-mentioned agents can lead to the release of cytokines and
growth factors such as basic fibroblast growth factor (bFGF), which has mitogenic effects
on smooth muscle cells (5). The inflammatory process is also responsible for endothelial
dysfunction and generation of some growth factors and plays an important role in the
progression of atherosclerotic plaque formation. Hypoxia stimulates vascular endothe-
lial growth factor (VEGF) secretion, which is responsible for the formation of new blood
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vessels and solid tumor progression and metastasis. However, neovascularization need
not always be associated with pathological processes. An example of positive impact may
be effects on the cardiovascular system in the case of ischemic heart disease (1-5).

Diclofenac, a non-selective COX inhibitor, is often used in inflammatory diseases
such as rheumatoid arthritis. However, there is no explicit information about the effects
of non-steroidal anti-inflammatory drugs (NSAIDs) on the secretion of angiogenic growth
factors (VEGF, bFGF) by normal endothelial cells. Many studies have reported antian-
giogenic effects of cyclooxygenase COX-2 inhibitors on cancer cells (6). Among traditio-
nal NSAIDs, diclofenac is the strongest inhibitor of COX-2. This behavior is responsible
for significant cardiovascular toxicity resulting from the use of diclofenac. Cardiovascu-
lar toxicity is connected with two major mechanisms. Firstly, the main mechanism is the
inhibition of prostaglandin generation in the endothelium, which is associated with in-
creased risk of atherothrombotic vascular events. The second mechanism is also medi-
ated by prostaglandin inhibition, which can induce sodium and water retention. This effect
leads to an increase in blood pressure (7). Diclofenac, more often than other traditional
NSAIDs, leads to myocardial infarction and has the highest risk of cardiovascular mor-
bidity and mortality, including fatal or nonfatal stroke and coronary death (7). Meta-
-analysis published in the Lancet in 2013 showed that the cardiovascular risk of diclo-
fenac is similar to rofecoxib (selective COX-2 inhibitor) effect (8).

In turn, in ischemic heart disease, collateral vessel formation plays an important role in
protecting the myocardium from ischemia. Recent studies show that f.e. bFGF can be
responsible for myocardial regeneration and thereby improvement of cardiac function (9,
10). Thus, it seems important to investigate the effect of diclofenac on growth factors (VEGE,
bFGF) and to identify additional factors relevant to the cardiovascular effects of NSAIDs.

Therefore, in this study it was decided to examine the effect of the non-selective COX
inhibitor — diclofenac on endothelial cell survival under the influence of hypoxia or
inflammatory conditions. The other aim was to check whether diclofenac modulates the
secretion of angiogenic factors such as VEGF and bFGF in human microvascular endothelial
cells (HMEC-1) in the presence of CoCl, or bacterial lipopolysaccharide (LPS), which could
influence endothelial cells in an autocrine manner or other cells in a paracrine manner.

EXPERIMENTAL
Chemicals

The following substances were used: MCDB 131 medium, fetal bovine serum, peni-
cillin-streptomycin solution (5,000 units mL-1 penicillin and 5,000 pg mL-! streptomycin
sulphate in normal saline), phosphate buffered saline (PBS, pH 7.4) and trypsine-EDTA
(0.25 % trypsin, 1 mmol L1 Nay-EDTA). They were purchased from Invitrogen (USA).
Cobalt chloride, diclofenac, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromi-
de (MTT), human epidermal growth factor (EGF), lipopolysaccharides from Salmonella
enteritidis (LPS) and hydrocortisone were purchased from Sigma Chemical Co. (USA).

Cell culture

HMEC-1 (human microvascular endothelial cells) were purchased from ATCC (cells
deposited by the Centers for Disease Control, Atlanta, USA). The cells were used betwe-
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en passages 10-31 and cultured in 25-mL flasks in medium composed of MCDB 131 sup-
plemented with 10 % fetal bovine serum, 10 ng mL-! epidermal growth factor, 1 ng mL-!
hydrocortisone and penicillin-streptomycin solution, in a humidified atmosphere of 95 %
and 5 % CO, at 37 °C. Cells were harvested every third day in a trypsin-EDTA solution
(0.25 % trypsin, 1 mmol L1 EDTA).

MTT conversion

HMEC-1 cell proliferation was measured using the MTT conversion method. Cells
were seeded (50 000 cells per well) into 96-well plates. The treated cells were incubated
for 24 h. After incubation, 50 pL of MTT (1 mg mL-!) was added and the plates were
incubated at 37 °C for 4 h. At the end of the experiment, cells were exposed to 100 uL
dimethyl sulphoxide, which enabled release of the blue reaction product — formazan.
Absorbance at 570 nm was read on a microplate reader and results were expressed as the
percentage of absorbance measured in control cells.

ELISA assays

VEGF and bFGF concentrations in cell culture media were determined by commer-
cially available ELISA kits according to the vendor’s protocols (R&D System, UK).

Data analysis

All data are expressed as the mean + SEM values. For statistical evaluation of the
results, an analysis of variance (ANOVA) was performed, followed by a post-hoc Student-
-Newman-Keuls test.

RESULTS AND DISCUSSION

Endothelial cells produce prostaglandins from arachidonic acid in physiological
processes responsible for vasodilatation and anti-aggregation and in pathophysiological
processes such as inflammation, arthritis and cancer (11, 12). Diclofenac, as a non-
-selective COX inhibitor, inhibits cyclooxygenase-1 and 2; it therefore blocks the forma-
tion of prostaglandins (PGs).

Effect of diclofenac on cell viability in the presence of cobalt chloride or bacterial
LPS in HMEC-1

In these studies, diclofenac, used at a concentration of 0.01-1.0 mmol L1, inhibited
HMEC-1 cell viability (Fig. 1a). The range of concentrations inducing inhibition of cell
survival up to 50 % (ICsg) was estimated from the concentration-response curve obtain-
ed for endothelial cells. ICs for diclofenac was 0.1 mmol L. A statistically significant
decrease of cell viability was observed at diclofenac concentrations of 0.1, 0.3 and 1.0
mmol L-1. These findings are consistent with our previous results (unpublished) and
those of other authors who found that sulindac (13), aspirin (14) (non-selective COX in-
hibitors) and celecoxibe (selective COX-2 inhibitor) (15) are related to antiproliferative
and proapoptotic activities. Flis et al. (13) concluded that antiproliferative effect of sulin-
dac sulfide is due to COX-dependent and COX-independent mechanisms.
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In a subsequent set of experiments, we studied the influence of diclofenac at a con-
centration of 0.01-0.3 mmol L1 on the human microvascular cell viability under hypo-
xia (CoCl,, 200 pmol L-1) and inflammatory (LPS, 100 pg mL-1) conditions (Fig. 1b). LPS
deriving from the Salmonella enteritidis cell wall induces inflammation in endothelial
cells as well as COX-2 and prostaglandins (PGE,), which are responsible for prolifera-
tion of endothelial cells (14, 16). As shown in Fig. 1b, LPS at 100 ng mL-! stimulated
proliferation of HMEC-1 cells by 33 % (p < 0.05). Diclofenac, as a non-selective COX inhi-
bitor, used at concentrations from 0.01 to 0.3 mmol L~ inhibited the proliferative effect
of LPS at 100 pg mL~! by 28, 44 and 46 %, respectively, in comparison with the control
and by 53, 64 and 64.5 %, respectively, in comparison with LPS.

Previous reports indicated that LPS was responsible for the induction of cyclooxy-
genase-2 in bovine aortic endothelial cells (BAEC) and intensified cell proliferation (17).
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Fig. 1. Effects of diclofenac on viability of cultured HMEC-1 cells: a) diclofenac (0.01-1.0 mmol L™1);
b) diclofenac (0.01-0.3 mmol L) in the presence of CoCl, (200 pmol L) or LPS (100 pg mL™1). Bars
represent means + SEM of 4-15 experiments. *p < 0.05 vs. control; # p < 0.05 vs. CoCl, (200 pmol L);
§p < 0.05 vs. LPS (100 pg mL™1). Abbreviations: CoCl, 200 — CoCl, 200 pmol L; LPS 100 - LPS 100 pg
mLL; Diclo 0.01 — diclofenac 0.01 mmol Lt; Diclo 100 — diclofenac 0.1 mmol L-; Diclo 0.3 — dic-
lofenac 0.3 mmol L.
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Thus, non-selective COX inhibitors (diclofenac), inhibiting prostaglandin synthesis,
possess antiproliferative activity (13-15). However, it is emphasized in the literature that
COX inhibitors may also enhance apoptosis regardless of the effect on prostaglandin (13,
15). In the present study, diclofenac (non-selective COX-2 inhibitor) reduced the pro-
liferative effect of LPS in dose-dependent manner and in a statistically significant manner.

In contrast, cobalt chloride (CoCl,), a hypoxia mimicking agent, decreased endothe-
lial cell survival in a statistically significant manner (Fig. 1b). Diclofenac, at concentra-
tions of 0.01 and 0.1 mmol L1, did not change cell viability weakened by CoCl, while
increased inhibition of cell viability of HMEC-1 cells at 0.3 mmol L~ was observed. The
strongest effect of diclofenac in the presence of LPS and CoCl, was observed at a con-
centration of 0.3 mmol L-1. NSAIDs can augment inhibition of the survival cell effect of
hypoxia and decrease the proliferative effect of inflammation.

Effect of diclofenac on bFGF secretion evoked by bacterial LPS in HMEC-1

Antiproliferative and antiangiogenic effect of diclofenac may be associated with the
decrease of bFGF after treating HMEC-1 with diclofenac under inflammatory conditions
(Fig. 2). LPS induced secretion of bFGF in HMEC-1 cells by 107 % in a statistically sig-
nificant manner. Diclofenac at concentrations of 0.1 and 0.3 mmol L1 did not influence
the secretion of bFGF in HMEC-1 cells. In the presence of LPS, diclofenac inhibited for-
mation of bFGF stronger at higher concentration (0.3 mmol L-1) than at concentration of
0.1 mmol L-L. This observation was statistically significant (p < 0.05). Other reports
showed that under inflammatory conditions endothelium may secrete bFGF, which may
stimulate proliferation of smooth muscle cells (5, 12). This study showed that diclofenac
may inhibit secretion of bFGF by endothelial cells and the proliferative effect of bFGF on
smooth muscle cells. Effect of diclofenac on bFGF under inflammation conditions is di-
rectly proportional to the concentration.

Effect of diclofenac on VEGEF secretion evoked by cobalt chloride or bacterial LPS in
HMEC-1

According to the previous studies of Namiecinska et al. (18) and Loboda et al. (19,
20), expression of VEGF in human microvascular endothelial cells (HMEC-1 cells), can
be induced by both hypoxia (1 and 3 % O,) and cobalt chloride, a hypoxia mimicking
agent (21) and LPS (22). Similarly, in the present work, the level of VEGF after 24-hour
incubation with CoCl, at 200 pmol L1 was 4.7-fold (p < 0.05) higher than that of the con-
trol (Fig. 3). At a concentration of 100 pg ml-1, LPS stimulated the generation of VEGF by
101 % in comparison with the control (p < 0.05). Increase of VEGF level evoked by hy-
poxia was 2.35-fold higher than under the influence of inflammation in HMEC-1.

Incubation of HMEC-1 cells with diclofenac, at 0.1 and 0.3 mmol L-!, increased the
level of VEGF by 152 and 166 %, respectively, in comparison with the control. In the sub-
sequent set of experiments, the influence of diclofenac (0.1 and 0.3 mmol L-1) on the
VEGEF secretion under hypoxia and inflammatory conditions was studied. 24-hour incu-
bation with diclofenac (0.1 and 0.3 mmol L-1) under hypoxia conditions further inten-
sified the production of VEGF by 10.5 and 16 %, respectively (p < 0.05). Diclofenac (0.1
and 0.3 mmol L) when applied with LPS potentiated the secretion of VEGF by 125 and
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Fig. 2. Effects of diclofenac (0.1 and 0.3 mmol L-1) on bFGF levels in HMEC-1 cells in the presence of
LPS (100 pg mL™). Bars represent means + SEM of 3-5 experiments. * p < 0.05 vs. control; # p < 0.05
vs. LPS (100 pg mL™); $p < 0.05 vs. LPS (100 pg mL!) and diclofenac (0.1 mmol L-!). Abbreviations:
LPS 100 — LPS 100 pg mL-; Diclo 0.1 - diclofenac 0.1 mmol L-1; Diclo 0.3 - diclofenac 0.3 mmol L.
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Fig. 3. Effects of diclofenac (0.1 and 0.3 mmol L-!) on VEGF levels in HMEC-1 cells in the presence
of CoCl, (200 pmol L) or LPS (100 pg mL-1). Bars represent mean + SEM of 3-5 experiments. * p < 0.05
vs. control; #p < 0.05 vs. CoCl, (200 umol L); §p < 0.05 vs. LPS (100 pg mL™); $p < 0.05 vs. LPS (100
pg mL™1) and diclofenac (0.1 mmol L™). Abbreviations: CoCl, 200 — CoCl, 200 pmol L; LPS 100 -
LPS 100 pg mL-%; Diclo 0.1 - diclofenac 0.1 mmol L-%; Diclo 0.3 - diclofenac 0.3 mmol L.
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60 %, respectively (p < 0.05), in comparison with LPS alone. In the presence of LPS, diclo-
fenac at a concentration of 0.3 mmol L~ stimulated secretion of VEGF to a lower extent
than 0.1 mmol L1 diclofenac (by 29 %). This observation was statistically significant. In
summary, diclofenac simulated secretion of VEGF in a manner opposite to the dose, the
higher dose of diclofenac (0.3 mmol L-1) induced VEGF secretion less than the lower
dose (0.1 mmol L) under inflammatory conditions.

CONCLUSIONS

The obtained findings demonstrate that LPS could induce HMEC-1 proliferation
through a COX-signaling mechanism. The classical NSAID — diclofenac could inhibit this
step of HMEC-1 proliferation. This non-selective COX inhibitor potentiated the secretion
of VEGF under hypoxia and inflammatory conditions. Diclofenac inhibits LPS-induced
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secretion of bFGF in a dose-dependence manner. The observed inhibition of bFGF se-
cretion by diclofenac under inflammatory conditions can play an important role in car-
diac function deterioration in coronary diseases. Further studies are required to deter-
mine the mechanism of VEGF and bFGF generation under inflammatory conditions and
in the presence of diclofenac.
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Acronymes: BAEC — bovine aortic endothelial cells, bFGF — basic fibroblast growth factor, COX
— cyclooxygenase, EGF — epidermal growth factor, FGF — fibroblast growth factor, HMEC-1 — hum-
an microvascular endothelial cells-1, IC5, — half maximal inhibitory concentrations, LPS — bacterial
lipopolysaccharide, NSAID — nonsteroidal antiinflammatory drug, PG — prostaglandin, VEGF - vas-
cular endothelial growth factor.

REFERENCES

1. S. John, M. Schlaich, M. Langenfeld, H. Weihprecht, G. Schmitz, G. Weidinger and R. E. Schmie-
der, Increased bioavailability of nitric oxide after lipid-lowering therapy in hypercholesterole-
mic patients: a randomized, placebo-controlled, double-blind study, Circulation 98 (1998) 211-216;
DOI: org/10.1161/01.CIR.98.3.211.

2. C. Golias, A. Batistattou, G. Bablekos, A. Charalabopoulos, D. Peschos, P. Mitsopoulos and K.
Charalabopoulos, Physiology and pathophysiology of selectins, integrins, and IgSF cell adhesion
molecules focusing on inflammation. A paradigm model on infectious endocarditis, Cell. Com-
mun. Adhes. 18 (2011) 19-32; DOI: org/10.3109/15419061.2011.606381.

3. O. Ciftci, M. Caliskan, H. Gullu, D. Erdogan, S. Topcu, O. Guler, A. Yildirir and A. H. Muderri-
soglu, Acute effects of smoking light cigarettes on coronary microvascular functions, Clin.
Cardiol. 32 (2009) 210-214; DOI: org/10.1002/clc.20343.

4. S. Kosaka, N. Pelisch, M. Rahman, D. Nakano, H. Hitomi, H. Kobori, N. Fukuoka, H. Kobara,
H. Mori, T. Masaki, L. Cervenka, Y. Matsumura, H. Houchi and A. Nishivama, Effects of angio-
tensin II AT(1)-receptor blockade on high fat diet-induced vascular oxidative stress and endo-
thelial dysfunction in Dahl salt-sensitive rats, J. Pharmacol. Sci. 121 (2013) 95-102.

5. G. Y. Belgore, H. Lip and A. D. Blann, Basic fibroblast growth factor induces the secretion of
vascular endothelial growth factor by human aortic smooth muscle cells but not by endothelial
cells, Eur. J. Clin. Invest. 33 (2003) 833-839; DOI: 10.1046/j.1365-2362.2003.01223.x.

6. C. Muraki, N. Ohga, Y. Hida, H. Nishihara, Y. Kato, K. Tsuchiya, K. Matsuda, Y. Totsuka, M.
Shindoh and K. Hida, Cyclooxygenase-2 inhibition causes antiangiogenic effects on tumor endo-
thelial and vascular progenitor cells, Int. J. Cancer 130 (2012): 59-70; DOI: org/10.1002/ijc.25976.

7. A. M. Olsen, E. L. Fosbgl, J. Lindhardsen, C. Andersson, F. Folke, M. B. Nielsen, L. Keber, P. R.
Hansen, C. Torp-Pedersen, G. H. Gislason; Cause-specific cardiovascular risk associated with
nonsteroidal anti-inflammatory drugs among myocardial infarction patients — a nationwide stu-
dy, PLoS One 8 (2013):e54309; DOI: 10.1371/journal.pone.0054309.

8. N. Bhala, J. Emberson, A. Merhi, S. Abramson, N. Arber, J. A. Baron, C. Bombardier, C. Cannon,
M. E. Farkouh, G. A. FitzGerald, P. Goss, H. Halls, E. Hawk, C. Hawkey, C. Hennekens, M. Hoch-
berg, L. E. Holland, P. M. Kearney, L. Laine, A. Lanas, P. Lance, A. Laupacis, J. Oates, C. Pa-
trono, T. J. Schnitzer, S. Solomon, P. Tugwell, K. Wilson, J. Wittes and C. Baigent, Vascular and
upper gastrointestinal effects of non-steroidal anti-inflammatory drugs: meta-analyses of indi-
vidual participant data from randomised trials, Lancet 31 (2013) 769-779; DOIL: 10.1016/
S0140-6736(13) 60900-9.

137



A. Wiktorowska-Owczarek: The effect of diclofenac on proliferation and production of growth factors by endothelial cells (HMEC-1)
under hypoxia and inflammatory conditions, Acta Pharm. 64 (2014) 131-138.

9. H. C. Yao, T. Liu, X. Y. Meng, Q. F. Han, M. Zhang and L. X. Wang, Effect of basic fibroblast
growth factor on the myocardial expression of hypoxia-inducible factor-lo. and vascular endo-
thelial growth factor following acute myocardial infarction, Heart Lung Circ. (in press); DOI:
10.1016/j.hlc.2013.04.111.

10. S. Wu, X. Wu, W. Zhu, W. J. Cai, J. Schaper and W. Schaper, Immunohistochemical study of the
growth factors, aFGF, bFGF, PDGF-AB, VEGF-A and its receptor (Flk-1) during arteriogenesis,
Mol. Cell. Biochem. 343 (2010) 223-229; DOI: 10.1007/s11010-010-0517-3.

11. J. A. Paramo, J. A. Rodriguez, O. Beloqui and J. Orbe, Monocyte cyclooxygenase-2 activity: a
new therapeutic target for atherosclerosis? Current Drug Targets-Cardiovasc. Haemat. Dis. 5 (2005)
303-311; DOI: org/10.2174/1568006054553381.

12. A. Cucina, V. Borrelli, B. Randone, P. Coluccia, P. Sapienza and A. Cavallaro, Vascular endo-
thelial growth factor increases the migration and proliferation of smooth muscle cells through
the mediation of growth factors released by endothelial cells, J. Surg. Res. 109 (2003) 16-23; DOI:
org/10.1016/50022-4804(02)00042-2.

13. S. Flis, D. Soltysiak-Pawluczuk, A. Jedrych, Z. Jastrzebski, M. Remiszewska and J. Splawinski,
Antiangiogenic effect of sulindac sulfide could be secondary to induction of apoptosis and cell
cycle arrest, Anticancer Res. 26 (2006) 3033-3042.

14. Q. Chen, W. L. Liu, X. Guo, Y. J. Li and Z. G. Guo, Biphasic effect of aspirin on apoptosis of
bovine vascular endothelial cells and its molecular mechanism, Acta Pharmacol. Sin. 28 (2007)
353-358; DOI: org/10.1111/j.1745-7254.2007.00518.x.

15. E. Niederburger, C. Manderscheid, S. Grosch, H. Schmidt, C. Ehnert and G. Geisslinger, Effects
of selective COX-2 inhibitors celecoxib and rofecoxib on human vascular cells, Biochem. Phar-
macol. 68 (2004) 341-350; DOI: org/10.1016/j.bcp.2004.03.029.

16. S. Boonmasawai, P. Akarasereenont, K. Techatraisak, A. Thaworn, S. Chotewuttakorn and T. Palo,
Effects of selective COX-inhibitors and classical NSAIDs on endothelial cell proliferation and
migration induced by human cholangiocarcinoma cell culture, ]. Med. Assoc. Thai 92 (2009)
1508-1515.

17. P. Akarasereenont, Y. S. Bakhle, C. Thiemermann and J. R. Vane, Cytokine-mediated induction
of cyclo-oxygenase-2 by activation of tyrosine kinase in bovine endothelial cells stimulated by
bacterial lipopolysaccharide, Br. . Pharmacol. 115 (1995) 401-408; DOI: 10.1111/j.1476-5381.1995.
tb16347 x.

18. M. Namiecinska, A. Wiktorowska-Owczarek, A. Loboda, J. Dulak and J. Z. Nowak, Cyclic AMP
generating system in human microvascular endothelium is highly responsive to adrenaline,

Pharmacol. Rep. 58 (2006) 884-889.

19. A. Loboda, A. Jazwa, B. Wegiel, A. Jozkowicz and ]J. Dulak, Heme oxygenase-1-dependent and
-independent regulation of angiogenic expression: effect of cobalt protoporphyrin and cobalt
chloride on VEGF and IL-8 synthesis in human microvascular endothelial cells, Cell. Mol. Biol.
51 (2005) 347-355.

20. A. Loboda, A. Jazwa, A. Jozkowicz, G. Molema and J. Dulak, Angiogenic transcriptome of
human microvascular endothelial cells: effect of hypoxia, modulation by atorvastatin, Vascul.
Pharmacol. 44 (2006) 206-214; DOI: org/10.1016/j.vph.2005.11.007.

21. F. Grasselli, G. Basini, S. Bussolati and F. Bianco, Cobalt chloride, a hypoxia-mimicking agent,
modulates redox status and functional parameters of cultured swine granulose cells, Reprod.
Fer. Dev. 17 (2005) 715-720.

22. A. Wiktorowska-Owczarek, M. J6zwiak-Bebenista and ]J. Z. Nowak, Effects of hypoxia on cyclic
AMP signaling and VEGF/bFGF generation in different types of cultured cells, Pharmacol. Rep.
63 (2011) 574-575.

138



