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ABSTRACT

Nifedipine is the subject of several studies sitiegr introduction into clinical medicine in 197%0me of them
found it as a protective solution against stressease, but others works demonstrate that can beas source.
That's why in this present paper we want to putvidence the effect which has this molecule om@icator stress:
the yeast Saccharomyces cerevisiae. These eflaasbeen studied by measuring the cell prolifergtiespiratory

activity and the levels of some biomarkers (CAT,AY IO he results obtained show a significant infditon cell

proliferation of yeast and respiratory metabolisive noted also a significant/high significant insean all studied
biomarkers following treatment with a dose-respomsaner.

Keywords: Biomarkers, Catalase, Cell growth, Lipid peroxidati Oxidative stress, Respiratory metabolism,
Saccharomyces cerevisiae.

INTRODUCTION

Nifedipine is a calcium channel blocker of the difgpyridine type which is mainly used for the traant of
cardiovascular diseases such as hypertension, angaetoris and coronary artery spasin2]3,4] Thereby
nifedipine has the potential to attenuate the dgraknt of cardiac hypertrophy and Left Ventricugsfunction by
acting directly on the signaling mechanisms in @ardanyocytes$].

Nifedipine can be used as another therapeutic mglie to its inhibitory effects of stress and RQ&éasesd, 7],

as in the case of the protective effect againslrerular toxicity caused by gentamicBi.[Furthermore, nifedipine
has been shown to protect the B-cells against aoptasmic reticulum stress and apoptosis, due ¢ohigh
concentration of glucose, by the inhibitions of’Ceelease §]. Another study showed that nifedipine treatment
ameliorated endothelium injury in patients with t®ysic sclerosis and attenuated oxidative strd€§. [Also
nifedipine GITS and atenodol are effective in prdirgy the development of wall-motion abnormalit@soverall
left ventricular dysfunction in response to merstaéss, though the two therapies display differmathanisms of
action [L1].

All these papers spotlight the protective role pthyy the dihydropyridine calcium channel blockgaiast stress
(hyperosmotic stress, oxidative stress, mentabstrg and its inhibitory effects on superoxide pichn. [12]
Paradoxically others studies found that moleculieiéed a strong and protracted stress respdissd fi]and caused
a sperm antifertility 15].

In this work, we are interested to bring out thfeefof this dihydropyridine -stress preventionstness cause- on an
alternative model to animal testing, a stress biicgtor organismSaccharomyces cerevisiae
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MATERIALS AND METHODS

Biological material

The biological material used is fungus unicellutrkaryotes: the yeagaccharomyces cerevisiaan optimal
eukaryotic model system to study toxic effects ammmalian biological responses upon exposure tgenaus
and endogenous perturbatiod$[17] The choice of this material is due not only fisrarganization highly similar
to higher eukaryotic cells at both macromolecuthes brganelles leveld8,19] but especially for the presence of L-
type calcium channels sensitive to dihydropyrididasys R0,21,22]

Cultivation and treatment:
Saccharomyces cerevisiagas isolated in a culture medium favoring respirat{0.25 g / L glucose, 10 g yeast
extract / L, 25 mL of glycerol and 940ml of distitl water]23] and treated during 4 hours with nifedipine.

Chemical material

The chemical material is a dihydropyridine calciantagonist: nifedipin€C,,H1sN>Og) Which selectively inhibits
the transmembrane calcium by blocking the L-typleioen channels[21,24] Nifedipine was dissolved in acetone
and further diluted in distilled water with 1 % diinconcentration of acetone.

NO,
HCO—G—" —§—OCH,
O O
HiC™ N “CH,

H

Fig. 1: Chemical structure of nifedipine (1,4-dihydro-2,6-dmethyl-4-(2-nitrophenyl)-3,5-pyridine-dicarboxylic acid dimethyl ester)®®

Four concentrations of this xénobiotic were cho€®1mM, 0,05mM, 0,5mM and 1mM. All precautions bdeen
taken to avoid denaturation/ photodegradation efrtiolecule.

Parameters Studies:
Kinetics of Growth: The growth kinetics of yea§taccharomyces cerevisiaglone by measuring the optical density
(OD) at wave length = 660nm. 23]

Calculating the Percentage Response: The percentage of response which assesses reggfoyesest in presence of
xenobiotic, according to the equation:

PR =[(NC - BN) / NC] x 100

The positive values of response percentage indiaaténhibition of growth, while negative values icate a
stimulation of growth.

Assay of Catalase Activity (CAT): The method used for determination of catalaseviact{CAT) in yeast is the
method of Regoli and Principatd]

Measurement of Respiratory Activity: The respiratory activity of yeast is measured lwy inethod of Djebar and
Djebar. p7]

Measurement of malondialdehyde: The proportionnig of malondialdehyde is carried aatording to method of
Draper and Hadley2B]by using the colorimetric method, based on theti@aof thiobarbituric acid with MDA.

Statistical Analysis. Statistical evaluations were performed by Minitarsion 15. The analysis of variance with
two controlled factors is used to estimate theedéhces reported for the different studied pararag28]. The data
are represented by the mean more or less the sthddaiation (m + s). Differences were considerigghificant
when *p < 0.05; very significant when **p < 0.0Ihdavery high significant when ***p < 0.001
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RESULTS

Kinetics of Growth:
We found a significantly inhibitory/disruptive effedose-dependent of the calcium antagonist onpeeliferation

of Saccharomyces cerevisjatis respectively 40%, 52%, 64% and 60% in tteatied concentrations of 0.01mM,
0.05mM, 0.5mM and 1mM nifedipine.
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Fig. 2: Effect of Nifédipine on Saccharomyces cereiae cell growth
Response percentage:

The percentage of response is a parameter for atuajuthe effect of the calcium antagonist at défe
concentrations confirms the results obtained camiegrthe kinetics of growth of the studied microamgm.

Figure (3) shows that the response percentaggaotharomyces cereviside dose-dependent and proportional to
increasing concentrations of the Nif, it is respady 56%, 68%, 72% and 68% for the concentrat®®.01mM,
0.05mM, 0.5mM and 1mM Nifedipine.
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Fig. 3: Evolution of the response percentage of 8sharomyces cerevisiae in presence of different coentrations of nifédipine

Respiratory activity:

The results in figure 4 reveal disturbances reabrde the respiratory metabolism and shown an itibibiof
respiratory activity for the yeast treated withfeliént doses of Nifedipine. This inhibition is sifigantly for the
concentration of 0,01mM (p = 0,047) and 1mM (p 64®) (with respectively an oxygen consumption &f ¢tinder
of 186nmoles/min/ml, 124nmoles/mn/ml and an inidbitof about 58% and 39%) by contribution to cohtro
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Fig. 4: Evolution of respiratory activity of Saccharomycescerevisiae depending on the different concentratianof nifedipine

Catalase Activity assays:
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Fig. 5: Evolution of catalase activity as a function of dierent nifédipine concentrations in Saccharomycesecevisiae

The measurements of catalase enzyme activity shawedcrease in the Yeast treated with differentscentrations
of Nifedipine.

Indeed, after 4 hours Nifedipine treatment, theeleof catalase increased from 5.06 nmol/min/mg pratontrols
(4.76 to acetone controls) to 19.26 nmol/min/mg praells treated by 1mM concentration of Nifédipi

Measurement of malondialdehyde level:

The results obtained show a significant (0.002 <@3042) elevated in the Malondialdehyde levels easy treated
with differentes concentrations of Nif.

Calcium antagonist causes significant oxidativesstiin yeast with increased malondialdehyde level.
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Fig. 6: Evolution of MDA level as a function of different Nfédipine concentrations in Saccharomyces cereviga
DISCUSSION

In this present study we have showed that nifedipintreased lipoperoxidation as well as antioxidamtyme
activities, with a decrease of a cell overgrowth agspiratory activity. These results point to gadé an occurrence
of oxidative stress oBaccharomyces cerevisiae.

This toxicity is initialy pronounced by the inhilwih of yeast cells proliferation with a concentatidependently
manner. A similar finding has been reported inungltl cardiac nonmyocytes of neonatal r8@] [ SHR and WKY
fibroblasts B1] and in vascular smooth muscle cells(VSMCGH]I.

This antiproliferative action of dihydropyridinesicium channel blocker was due to different mechasi as an
alteration of the cell cycle and a reduce of DNAtagsis caused by 483, arrest® (Nifedipine affected the
transition of cells from gG; to S phase).31]

The suppress role playing by our molecule can bésmediated by the activation of p21 (Wafl/Cipl) geiethe
action of the glucocorticoid receptor GR and thanscription factors C/EBR-[32] or/and via the activation of
LKB1-AMPK pathway (as upstream, a kinase LKB1 iquieed for nifedipine induced a phosphorylationAdP-
activated protein kinase (AMPK) in a dose-and tile@endent manner, and inhibited VSMCs proliferati@$]

Concerning theatalase an essential enzyme in the detoxification medrasj catalyses the conversion gk to
molecular water and oxygeB4], the increase in the catalase activity observaziimwork is an indicator of cellular
lesions and can be explained by the activationnoérati-oxidant mechanism to prevent the accumuiabbROS.
These significant increasep & 0.05) in the catalase enzyme activities of dregted yeast with nifedipine
compared with controls is due to disrupt of theefimalance between the production and scavengiiRQ8 by
calcium antagonistslf].

In the other hand, the treatment $&ccharomyces cerevisidgy the different concentrations of the calcium
antagonist increase the Malondialdehyde (MDA) Isyah organic compound formed during the lipid pietation

of cell membrane caused by ROS and free radi¢at marker of oxidative stress can affected andadpsd the
macromolecules as proteins, lipoproteins and DNA.

The augmentation of MDA levels noted in presentegpapas at the same wavelength with other workghen
nifedipine antifertility effect on sperrfil4] was caused by an inhibition of acrosomal reactioch modify the
sperm and by the loss in motility and lipid damaiipe, factors responsible for causing aging andlfinafertility.
[35]

Lastly, the measure of cellular respiratory, usedaamitochondrial system dysfonctionary and a tfoh level

toxicity evaluation[36], show an inhibition of respiratory activity on saaobmyces cerevisiae treated with
Nifedipine. Thus this dihydropyridine had an effect on mitoathdal metabolism by reducing the oxidative ATP
synthesis rat§37]. This suggests that nifedipine has a direct effactnitochondrial function. It is possible that this
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effect is brought about by nifedipine influenceintracellular calcium. More investigations will lbequired to put
in evidence the mechanisms of this effect.

Moreover, Nif can caused a macrovasculor steatasisiciderate like a consequence of a mitochondrial
dysfonctionnement, bring about an accumulatiorrigfyicerides on cell, by activating transcripticacfor involved
in hepatic lipogenesis such as PX87 [38]

To concluate this work, it seems obviously that diteydropyridine calcium channel blocker exercis@axc effect

on Saccharomyces cerevisiand through that all the biochemical parameterasumed. By the way our results
highlight an important oxidative stress translabgdhe inhibition of yeast growth and respirationaddition to a
lipoperoxydation (MDA), along with the outburst detoxification system by the stimulation of cataleand
peroxidise, and finally showed that the ye&atcharomyces cerevisiaan be used as an exemplary model drug to
animal testing.

REFERENCES

[1] B. Abrahamsson, M. Alpsten, B. Bake, U.E. Jonsso,Bvlksson-Lepkowska and A. Larssah.Controlled
Release1998 52, 301-310.

[2] Takanori Matsui , Sho-ichi Yamagishi, Masayoshi dadhi , Seiji Ueda , Kei Fukami , Seiya OkuB@ochem.
Biophys. Res. Commu201Q 398, 326-330.

[3] Qing-Ri Caoa, Jing-HaoCui, JunBomPark, Hyo-KyungHaaehwiLee, Kyung TaekOh, InchoonPark, Beom-
JinLee.Int. J. Pharm201Q 396, 39-44.

[4] E.M. Sorkin,; S.P Clissold,; R.N. BrogdeDrugs 1985 30, 182-274.

[5] Tetsuro Ago, Yanfei Yang, Peiyong Zhai and Jun&iloshimal Cardiovasc Transl Re201Q 3(4), 304-313.
[6]J. Mamczarz, B. A. Budziszewska, L. Antkiewicz-kaduk and J. Vetulanil998 20, 248-254.

[7] D. Rojas-Rivera, J. Diaz-Elizondo, V. Parra, D.a8SalA. Contreras, B. Toro, M. Chiong, C. Olea-Aaad S.
LavanderoFEBS Letters2009 583, 3485-3492.

[8] Li J, Li QX, Xie XF, Ao, Tie CR and Song. RAur. J. Pharmacol2009 620, 97-104.

[9]Y. Wang, L. Gao, Y. Li, H. Chen and Z. Sunt. J. Mol. Sci2011, 12, 7569-7580.

[10]Y. Allanore, D. Borderie, H. Lemaréchal, O.G. EKiad and A. KahanArthritis Res Ther2004 6, 309-314.
[11]T.C. Andrews, J.D. Parker, S. Jacobs, R. FriediNagummings, G. Maccallum, F. Mannting, G.H. Tof\f.
Carlson, J.E. Muller and P.H. StodeAm Coll Cardiol 1998 32 (6),1680—1686.

[12]Y. Allanore, D. Borderie, A. Périanin, H. Lemarégha.G. Ekindjian and A. Kaharrthritis Res Ther2004 7,
93-100.

[13]R. Waltereit, S. Mannhardt, S. Nescholta, C. M&leth and D. Bartsch_earning and Memory2008 15,
348-356.

[14]A. Morakinyo, B. Iranloye and O. Adegok&rch Med Sci2011, 7 (4), 613-618.

[15]A. Waghmare, M. Kanyalkar, L. Panicker, S. Srivaata2011,523, 232— 236.

[16]D. Braconi, M. Sotgiu, L. Millucci , A. Paffetti,.Hasso, C. Alisi, S .martini, R. Rappuoli, A.R.r&gati, C.
Rossi, and A. Santucdint J Ecodyn2006 1(3), 266283.

[17]1D. Braconi, G. Bernardini, L. Millucci, G. JacomiglV. Micheli and A. Santucci2011 In Herbicides and
Environment, Ed Kortekamp A, 494-495. InTech Putdis

[18]F. EstruchFEMS Microbiol Rev200Q 24, 469-486.

[19]D. Guiffant.2008 Utilisation de la levure en tant que model etlouDe la compréhension de la cytokinése a
I'étude de séletivité d’'une molécule a potenti@rétpeutique. Thése de doctorat. Université de Refin€rance.
Pp:15

[20]R.S. PereiraMol Cell Biochem2001, 228, 1-7.

[21]R.S. Pereira, M.l1. Nogueira Da Silva and M. Aloi@&mtta.FEBS Letters2003 552, 155-159.

[22] G. Walker.1998 Yeast Physiology and Biotechnology. Chichestdt; Il Wiley & Sons.

[23]D. Pol.1996 Travaux pratique de biologie des levures. Guigléathoratoire. Paris : Ellipses Edition marketing
S.A.

[24]M.D. Kalant and W.H.E. Roshchla®998 Principles of Medical Pharmacology, 6th Ed, Newrky Oxford
University Press.

[25]J .Hecq, M. Deleers, D. Fanara, H. Vranckx, K. Amignter. J. Phar 2005 299, 167-177.

[26]F. Regoli and G.PrincipatoAquatic Toxicology199531,143-164.

[27]H. Djebar and M.R. Djebar200Q Bioénergétique, Les mitochondries végétales. Redlas sciences et
technologie, Synthése, Publication de I'Universi#nnaba. EditioriVégarol

[28]H.H. Draper and M. Hadlefeth. Enzymol1990186,241-431.

[29]P. Dagnelie, Statistiques théoriques et appliqu@éfrences statistiques a une et a deux dimen®onselles.
Univ De boeck et Larcied,999,pp 659.

45
Scholars Research Library



Cherait Asmaet al Annals of Biological Research, 2013, 4 (10):40-46

[30]H.X. Wang, L. Tao, M.R. Rad\cta Pharmacologica Sinicd997, 18 (2): 136-139.

[31]T. Herembert and A. BriBr J Pharmacal1995114, 1703-1709.

[32]R. Ziesche, V. Petkov, C. Lambers, P. Erne and Blbick. FASEB J200418,1516-1523.

[33]J.Y. Sung and H.C. Chdiasc Pharmacol012 56, 1-8.

[34]1. Zeriri, A. Tadjine, N. Grara, N. Belhaouchet, Berrebbah and M.R. Djebar Mohaméghnals of Biological
Research2012 3(11), 5367-5373.

[35]A. Waghmare, M.Kanyalkar, M.Joshi and S.Srivast&a. J. Med. Chen2011,10(1016), 5-22.

[36]M.E. Haubenstricker, P.G. Meier, K.H. Mancy andgalll. Environm. Contam. Toxical99Q 44, 669 - 674.
[37] C. Thompson, V. Macaulay, K. O'Byrne, G.J. KempVW8Inerl, D. Talbot, A. Harris and G. Raddar J
Cancer.199673, 1161-1165.

[38]K. Begriche, J. Massart, M.A. Robin, A. Borgne-Saerwand B. Fromenty Hepatol 201154, 773-794.

46
Scholars Research Library



