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Preface�
�
�
This�monography�presents�an�overview�of�our� recent�developments� [1�41],�mainly�
from� the� laboratories� of� Physical� Chemistry� Center,� Department� of� Chemical�
Engineering,� Faculty� of� Chemistry� and� Chemical� Engineering,� Babes�Bolyai�
University�of�Cluj�Napoca,�in�the�field�of�multifunctional�nanostructures�formed�of�
gold� or� silver� nanoparticles� and� different� biomolecules� along� with� their� potential�
medical�applications�in�nanomedicine.�In�addition,�collaborative�research�was�done�
in�various�other�laboratories�of�authors�engaged�in�this�research�as�partners,�and�are�
indicated�in�the�original�research�articles�and�patents,�cited�as�reference.��
�
The�major� objective�of� our�work�was� the�development� of� innovative� strategies� for�
nanostructure� processing� and� characterization� of� biomolecules� [1�12],� in� bulk� of�
aqueous� solutions� and� at� the� interfaces.� Another� important� objective� was� the�
development� of� novel� synthesis� strategies� to� obtain� the� controlled� narrow� size�
distribution�of�gold�nanoparticles,�GNPs,�[13�26]�and�of�silver�nanoparticles,�AgNPs,�
[15,�27�30].�Then,�an�important�objective�was�the�coating�of�GNP�surface�[16�26]�or�of�
AgNP�surface�[27�29]�with�biomolecules�by�adsorption�and�self�assembly.�Thus,�the�
functionalization�of�GNP�surface�with�synthetic�or�natural�organic�molecules,� such�
as� amino� acids� (e.g.,� arginine,� cysteine,� lysine),� anesthetics,� chitosan� and� globular�
protein� as� well� as� tannin,� collagen,� resveratrol� and� doxorubicin,� improved� their�
stability�by�preventing�their�aggregation,�under�suitable�reaction�parameters�[16�26].�
Similar� results� were� obtained� by� functionalization� of� AgNP� surface� with� beta�
cyclodextrin,�alpha�lipoic�acid,�amino�acids�or�globular�protein�[27�29].�
�
Certainly,� the� interaction�between�the�obtained�multifunctional�nanostructures�and�
biological� systems� depends� on� the� properties� of� constituent� nanoparticles,� namely�
size,�shape,�crystallinity,�porosity,�surface�charge,�surface�chemical�functionality�and�
their�chemical�composition,�and�was�thoroughly�investigated�in�two�human�cervical�
tumor� cell� lines� [26]� and� on� microbial� pathogens� [30,� 31]� or� in� healthy� human�
osteoblast�cultures�[32,�33].��
�
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Introduction�
�
�

Nanostructures�of�biomolecules�
�
For� the� beginning,� we� display� our� original� research� articles,� which� describe� the�
strategies� developed� by� us� for� nanostructure� processing� and� characterization� of�
biomolecules�[1�12],�exploring�their�self�assemblies�in�bulk�and�at�interfaces�[1�9]�as�
well� as� their� effect� on� biological� membrane,� for� example� on� human� erythrocyte�
membrane�[10],�or�on�model�membranes,�for�instance�Langmuir�Blodgett�(LB)�lipid�
membranes�[11,�12].��
�
The�biomolecules,�such�as�globular�storage�protein�extracted�from�aleurone�cells�of�
barley,�were� thoroughly�physical,� chemical� and�biochemical� investigated� [1�5]� and�
further�used�in�premiere�to�functionalize�gold�nanoparticles�[20�22]�possessing�high�
potential�for�the�development�of�innovative��drug�delivery�systems.��
�
Among�biomolecules,�collagen�type�1�was�also�used�and�its�supramolecular�organi�
zation�with�anti�cancer�drugs,�e.g.,�5�fluorouracyl�and�doxorubicin,�was�investigated�
[6,� 7].� The� obtained� results� open� a� new� opportunity� for� further� research� and�
applications�of�collagen�fibers�as�carriers�of�anti�cancer�drugs�in�vitro�and�in�vivo.��
�
Another� important� research� was� conducted� using� anti�oxidants,� like� alpha�lipoic�
acid�and�beta�cyclodextrin,�and�their�nanostructures�were�chemically�and�physically�
characterized� [8,� 9].� They�were� further� used� for� the� production� of� gold� and� silver�
nanoparticles�[15,�27]�with�potential�applications�as�adjuvants�in�cancer�therapy.��
�
Furthermore,�we�present�our�results�on�manufacturing�and�nanostructure�processing�
and� on� characterization� of� developed� nanostructures,� which� are� incorporated� in�
original� research� articles,� cited� as� references� [13�35],� and� in� patent� [36].� They� are�
based� on� gold� and� silver� nanoparticles,� functionalized�with� various� biomolecules,�
and� on� ceramic� nanoparticles,� forming� a� multifunctional� platform� for� biomedical�
applications�using�nanoscale�methods�and�advanced�nanotechnology.��
�
Nanotechnology�deals�with�particles�of�size�less�than�100�nm�in�their�diameter,�and�
especially�involves�the�manipulation�of�individual�atoms�and�molecules.�It�is�used�in�
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the�development�of�nanostructured�materials,�and�involves�the�production�and�the�
nanostructure�processing�that�are�decisive�for�the�properties�and�the�characteristics�
of�the�resulting�nanomaterials�as�well�as�for�their�applications.�
�
�

Nanostructures�of�gold�nanoparticles�
�
Our�advanced�nanotechnology�can�control�particle� size,� shape�and�surface�proper�
ties�of�various�inorganic�nanoparticles.�For�instance,�GNPs�are�synthesized�using�the�
reduction�of�HAuCl4�by�citrate,�where�the�citrate�acts�both�as�the�reducing�agent�and�
the� stabilizer� [13].� �The� size�of� the�GNPs� can�be� controlled�by�varying� the� ratio�of�
reaction�precursors.�We�also�applied�methods�of�green�chemistry�for�the�synthesis�of�
GNPs�via�plant�extracts�[14],�or�by�using�beta�cyclodextrin�[15],�or�resveratrol�[26].���
�
Specifically,� GNPs� were� further� used� to� investigate� their� interaction� with� various�
biomolecules,�such�as�amino�acids:�lysine�[16],�arginine�[17],�cysteine�[18,�19],�leading�
to� the� formation� of� GNPs� �� amino� acid� complexes� and� self�assemblies� with� high�
selectivity� for� each� amino� acid.� These� results� support� the� potential� application� of�
GNPs�for�the�purpose�of�sensing�amino�acids�in�vitro.�In�consequence,�GNPs�can�be�
used�as� sensors� to�determine�various� amino�acids� from�different�biological�media.�
The� said� GNPs� �� amino� acid� complexes� are� also� promising� tools� for� in� vivo�
therapeutic�purpose,�such�as�drug�delivery�into�cancer�cells�[26].�Undoubtedly,�due�
to� the�nano�size,� these� tools�are�suitable� for�direct� interaction�with�various�cellular�
subunits�and�are�of�great�further�research�interest.��
�
Another� well�designed� method� for� the� safe� production� of� GNPs� utilizes� an�
improved�Turkevich�method�and�functionalization�of�the�GNP�surface�with�globular�
protein�molecules.�This� synthetic� strategy� [20,� 21]�was�developed�and� reported�by�
us,� for� the� first� time,� in� the� state� of� the� art.� The�multitude� of� binding� sites� on� the�
protein� layer� adsorbed� on� GNPs� offers� many� opportunities� for� further� selective�
modification�of�GNP�surface.�This�aspect�brings�important�benefit�for�drug�delivery�
and�for�their�internalization�into�the�cells.��
�
The�new�concept�of�utilizing�nanoparticles�of�globular�protein,� such�as� the�protein�
extracted�from�aleurone�cells�of�barley�[1�5],�as�a�template�for�the�creation�of�novel�
nanostructures�of�GNPs�was�introduced�by�us�almost�one�decade�ago�[20,�21].�This�
novel� idea�is�based�on�our�previous�innovative�fundamental�concepts� incorporated�
in� patents� [37�40]� and� in� research� article� [41],� designed� for� drug� delivery� using�
peptides�through�the�blood�brain�barrier�to�the�brain.��
�
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Further�GNPs�were�functionalized�with�amino�acids�and�aleurone�globular�protein�
molecules� [22]� as� well� as� with� chitosan� and� aleurone� globular� protein� [23,� 24],�
resulting� important� nanomaterials� with� controlled� optical� properties.� The� GNPs�
were�also�studied� in� the� interaction�with� local�anesthetics:�procaine,� tetracaine�and�
dibucaine� [25]� and� a� selective� effect� was� determined,� showing� that� GNPs� can� be�
used�in�the�detection�process�of�various�anesthetics�in�biological�media.��
�
The� green� synthesis� of� GNPs� and� the� modi�cation� of� the� GNP� surface� with�
biomolecules,�such�as�trans�resveratrol,�Res,�have�provided�an�ef�cient�transport�of�
GNP�Res� complexes� into� the� cervical� cancer� cells,� e.g.�HeLa� and�CaSki� cells,�with�
minimal� cytotoxicity,� for� the� low� concentrations� used� by� us.� The� GNP�Res�
complexes� were� further� functionalized� with� doxorubicin,� Dox,� and� the� resulted�
GNP�Res�Dox�complexes�had�a�substantial�cytotoxic�effect�on�the�two�cervical�cancer�
cells� [26],� even� at� low� and� safe� dose� of� Dox,� usually� recommended� for� in� vivo�
administration.�These�nano�complexes�demonstrated�an�efficient�delivery�of�Dox�to�
the� cancer� cells,� representing�our�premier�discovery� in� the� field�of� cervical� cancer.�
Also,� it� is� rational� to�disclose� that� these� complexes� escaped�endosomes� ensuring�a�
speci�c�Dox�targeting�to� the�cellular�nuclei�without�an�additional� functionalization�
with�extra�moieties,�such�as�cell�penetrating�peptides,�known�to�be�useful�for�cellular�
internalization.� Moreover,� the� apoptosis� induction� in� HeLa� and� CaSki� cells� was�
strongly� evidenced� for� GNPs�Res�Dox� complexes� by� flow� cytometry,� leading� to�
cellular�mitochondrial�dysfunction.�This�remarkable�effect�will�be�explored�in�future�
studies�at�different�concentrations�in�complexes�and�also�on�various�types�of�cancers.�
Furthermore,� as� evidenced� by�MTT� cell� viability� assay,� GNPs�Res�Dox� complexes�
inhibit�proliferation�of�HeLa�and�CaSki�cells�in�dose�dependent�of�GNPs�and�these�
studies�will�be�also�advanced�in�future�studies.��
�
Additionally,�our�preliminary�data�indicate�no�cytotoxicity�of�GNPs�in�bone�marrow�
mesenchymal�stem�cell� (BMSCs)�culture�opening�a�new�assumption� that�GNPs�are�
promising�particles� to�be�added�to�hydroxyapatite� in�a�controlled�manner�for�bone�
regeneration.� We� intend� to� further� investigate� their� effect� on� osteogenic� differ�
rentiation�of�human�stem�cells.�In�this�context,�it�appears�reasonable�to�emphasize�an�
open� remark,� on� our� discoveries� related� to� a� possible� major� breakthrough� in�
nanomaterials,� particularly� in� multifunctional� nano� hydroxyapatites� enriched� in�
gold�nanoparticles,�which�might�enhance�osteogenic�differentiation�of�human�stem�
cells.��
�
�
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Nanostructures�of�silver�nanoparticles�
�
Furthermore,�AgNPs�were�generated�by�reduction�of�silver�nitrate�in�the�presence�of�
alpha�lipoic�acid,�which�is�a�compound�covering�a�key�role� in�cellular�metabolism,�
having� remarkable� antioxidant� properties� [27].� The�AgNPs�were� also� obtained� by�
green� synthesis� [15]� by� using� beta�cyclodextrin.� Both� alpha�lipoic� acid� and� beta�
cyclodextrin�had�a�remarkable�stabilizing�effect�on�AgNPs�dispersions.��
�
The�investigation�of�self�assembled�arrangements�of�AgNPs�in�the�presence�of�amino�
acids�and�protein�[28]�disclosed�a�strong�functionalization�of�AgNPs�with�potential�
applicability� in� biomedical� research.� Finally,� a� new� procedure� was� developed� to�
synthesize�AgNPs�of�controlled�size�by�using�glucose�in�alkaline�media�[29].�These�
AgNPs�showed�a�strong� interaction�with� local�anesthetics:�procaine,� tetracaine�and�
dibucaine.�Even�more,� the� selective� interaction�of�AgNPs�and�anesthetics�was�also�
determined�[29],�which�can�be�exploited�to�evaluate�the�concentration�of�anesthetics�
in�various�media.��
�
The�AgNPs,�obtained�by�reduction�of�silver�nitrate�via�glucose�procedure�[29],�were�
also� used� to� determine� their� antimicrobial� effect� in� composites� made� with� multi�
substituted� hydroxyapatite,� containing� low� concentrations� in� Ag,� Au,� and� Zn,�
embedded�in�a�polymer�matrix�realized�with�bis�GMA�and�TEG�DMA�[30].�A�strong�
antimicrobial�effect�was�determined�and�correlated�with�the�Ag+�ions�release�profile�
for� various� concentrations� of� AgNPs� in� said� composites� [30].� � The� antimicrobial�
effect�was�also�studied�on�Ag+�ions�along�with�the�antibiotic�nitroxoline,�adsorbed�on�
hydroxyapatite� disks� [31].� Pure� hydroxyapatite� and� triple�substituted�
hydroxyapatite,� used� in� systems�with�AgNPs,�were� obtained� by�wet� precipitation�
method�[30�36].�
�
�

Methods�used�for�nanostructures�characterization�
�
The�globular�storage�protein�extracted�from�aleurone�cells�of�barley�was�investigated�
by� different� physico�chemical� methods:� FTIR,� NMR,� Raman� spectroscopy,�
fluorescence� spectroscopy,� in� order� to� clarify� its� structure,� as�well� as� by�TEM�and�
AFM� to� identify� its� nanostructures� realized� by� its� adsorption� from� aqueous�
dispersions�on�solid�surface�[1�5].��
�
The�supramolecular�organization�and�the�formation�of�collagen�nanostructures�with�
anti�cancer� drugs� were� also� studied� by� AFM� and� STM� [6,7].� The� structure� of� the�
inclusion�complex�of���lipoic�acid�with���cyclodextrin�was�elucidated�by�XRD,�DSC,�
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FTIR,�Raman�and�NMR�[8,9].�The�interaction�of�anesthetics�and�human�erythrocyte�
membranes�was�explored�by�AFM,�cross�section�profiles�in�2D�AFM�images�as�well�
as�by�roughness�measurements�[10].��
�
The� effect� of� procaine� on� lipid� domains,� realized� in� model� membranes,� such� as�
Langmuir� spread� monolayers� at� water/air� interfaces,� was� determined� by� using�
compression�isotherms,�e.g.�lateral�surface�pressure�versus�mean�molecular�area.�At�
a� constant� surface� pressure� the� mixed� procaine�lipid� layers� were� transferred,� by�
Langmuir�Blodgett�(LB)�technique,�on�glass�support�and�visualized�by�AFM�imaging�
in� contact� mode� [11].� � Results� showed� a� strong� effect� of� anesthetics� on� lipid�
membranes� and� a� substantial� expanding� effect� was� recorded� and� correlated� with�
interfacial�phenomena�occurring�during�anesthesia.�The�phase�transition�from�liquid�
expanded� to� liquid� condensed� in� phospholipid� monolayers� was� also� studied� by�
AFM�and�LB�technique�and�rheological�properties�were�evaluated�[12].��

GNPs�or�AgNPs�in�the�absence�or�the�presence�of�various�biomolecules�in�aqueous�
dispersions� were� investigated� by� UV�Vis� spectroscopy,� AFM� and� TEM,� Also,� on�
solid�GNPs� or�AgNPs� powders,� FTIR,� Raman� and�XRD�were� used� to� explore� the�
characteristics�of�GNPs�and�AgNPs�[13�29].��

The� antimicrobial� inhibitory� effect� of� AgNPs� and� of� Ag+� ions�was� determined� by�
Kirby�Bauer�technique�[30,�31].�The�Ag+�ions�release�profile�was�determined�[30]�by�
inductively� coupled� plasma�optical� emission� spectrometry� (ICP�OES).�
Hydroxyapatite� nanopowders�were� investigated� by�XRD,�TG,�DTA,� FTIR,�Raman,�
TEM,�SEM,�AFM,�BET�analysis�and�zeta�potential�measurements�[30�36].���

This� monography� shows� our� results� on� the� interactions� of� the� developed� nano�
structured�materials�with� different� biological� systems,� in� vitro,� using� two� lines� of�
cervical� cancer� (HeLa� and� CaSki)� [26]� as� well� as� against� different� microbial�
pathogens� [30,� 31]� or� in� human� healthy� osteoblast� cultures� [32,� 33].� Through� the�
efforts� of� innovative� development,� an� optimal� composition� of� these� nanomaterials�
might�be�determined,�and�in�consequence,�our�strategies�might�hold�potential�appli�
cations� for� cancer� therapy,� antimicrobial� coatings� and� engineered� bone� scaffolds.�
Finally,� this� monography� provides� a� perspective� on� the� effects� of� these� obtained�
results.�The�future�research�in�this�outlined�field�will�bring�new�possible�challenges�
for�advanced�nanomaterials�with�medical�applicability�in�nanomedicine�research.��
�
�

9



14

Chapter 1: Biomolecules 

Article 1. M. Tomoaia‐Cotisel, “The nanostructure formation of the globular seed 

storage protein on different solid surfaces studied by atomic force microscopy” ............. 15 

Article 2. M. Tomoaia‐Cotisel, A. Tomoaia‐Cotisel, T. Yupsanis, Gh. Tomoaia, I. Balea, 

A. Mocanu, Cs. Racz, “Coating layers of major storage protein from aleurone cells          

of barley studied by atomic force microscopy” ....................................................................... 27 

Article 3. I. Bratu, M. Tomoaia–Cotisel, G. Damian, A. Mocanu, “Secondary structure 

analysis of barley aleurone holoprotein by FTIR spectroscopy” .......................................... 34 

Article 4. M. Tomoaia‐Cotisel, A. Mocanu, N. Leopold, M. Vasilescu, V. Chiş, O. Cozar, 

“FT‐Raman and NMR investigation of the protein extracted from barley aleurone cells” ..... 37 

Article 5. H. Banciu, F. Olaru, V. Hengst, M. Banciu, I. Petrescu, A. Mocanu, C. Tarba,         

T. Yupsanis, M. Tomoaia‐Cotisel, “Partial biochemical characterization of storage 

protein from aleurone cells of barley (Hordeum Vulgare L.)” .............................................. 41 

Article 6. Gh. Tomoaia, M. Tomoaia‐Cotisel, A. Mocanu, O. Horovitz, L.‐D. Bobos,            

M. Crisan, I. Petean, “Supramolecular organization of collagen and anti‐cancer drugs” ........ 50 

Article 7. Gh. Tomoaia, C. Borzan, M. Crisan, A. Mocanu, O. Horovitz, L.‐D. Bobos,         

M. Tomoaia‐Cotisel, “Nanostructure formation of collagen and anti‐cancer drugs 

investigated by atomic force microscopy” ............................................................................... 54 

Article 8. C.P. Racz, S. Santa, M. Tomoaia‐Cotisel, G. Borodi, I. Kacso, A. Pirnau,                  

I. Bratu, “Inclusion of α‐lipoic acid in β‐cyclodextrin.                                                         

Physical–chemical and structural characterization” ............................................................... 64 

Article 9. C.P. Racz, G. Borodi, M.M. Pop, I. Kacso, S. Santa, M. Tomoaia‐Cotisel, 

“Structure of the inclusion complex of β‐cyclodextrin with lipoic acid                                 

from laboratory powder diffraction data” ............................................................................... 71 

Article 10. U.V. Zdrenghea, Gh. Tomoaia, D.V. Pop‐Toader, A. Mocanu, O. Horovitz,      

M. Tomoaia‐Cotisel, “Procaine effect on human erythrocyte membrane                       

explored by atomic force microscopy” ..................................................................................... 78 

Article 11. P.T. Frangopol, D.A. Cadenhead, Gh. Tomoaia, A. Mocanu,                                  

M. Tomoaia‐Cotisel, “The effect of procaine on lipid domains                                    

investigated by contact mode atomic force microscopy”....................................................... 89 

Article 12. M. Tomoaia‐Cotisel, A. Mocanu, “Phase transitions in phospholipid 

monolayers studied by atomic force microscopy and Langmuir‐Blodgett technique” ..... 98 



102

Chapter 2: Gold Nanoparticles 

Article 13. O. Horovitz, A. Mocanu, Gh. Tomoaia, L. Olenic, G. Mihăilescu,                         

O. Borostean, A. Popoviciu, C. Crăciun, T. Yupsanis, M. Tomoaia‐Cotisel,                 

“Synthesis, characterization and properties of gold nanoparticles in colloidal         

aqueous solutions in the absence and in the presence of globular proteins.                 

Auto‐assembled gold nanostructures in thin films” ............................................................. 103 

Article 14. R.D. Pasca, A. Mocanu, S.C. Cobzac, I. Petean, O. Horovitz,                                

M. Tomoaia‐Cotisel, “Biogenic syntheses of gold nanoparticles using plant extracts” ... 115 

Article 15. A. Mocanu, O. Horovitz, C. P. Racz, M. Tomoaia‐Cotisel,                              

“Green synthesis and characterization of gold and silver nanoparticles” ............................... 122 

Article 16. O. Horovitz, A. Mocanu, Gh. Tomoaia, L. Boboş, D. Dubert, I. Dăian,                 

T. Yupsanis, M. Tomoaia‐Cotisel, “Lysine mediated assembly of gold nanoparticles” .. 128 

Article 17. Gh. Tomoaia, P.T. Frangopol, O. Horovitz, L.D. Boboş, A. Mocanu,               

M. Tomoaia‐Cotisel, “The effect of arginine on gold nanoparticles                                            

in colloidal solutions and in thin films” ................................................................................. 140 

Article 18. A. Mocanu, I. Cernica, Gh. Tomoaia, L.D. Bobos, O. Horovitz,                                 

M. Tomoaia‐Cotisel, “Self‐assembly characteristics                                                                        

of gold nanoparticles in the presence of cysteine” ................................................................ 149 

Article 19. O. Horovitz, A. Mocanu, Gh. Tomoaia, M. Crisan, L.‐D. Bobos, Cs. Racz,        

M. Tomoaia‐Cotisel, “Amino acids binding to gold nanoparticles” .................................. 161 

Article 20. O. Horovitz, Gh. Tomoaia, A. Mocanu, T. Yupsanis, M. Tomoaia‐Cotisel, 

“Protein binding to gold colloids” ........................................................................................... 180 

Article 21. O. Horovitz, Gh. Tomoaia, A. Mocanu, T. Yupsanis, M. Tomoaia‐Cotisel, 

“Protein binding to gold auto‐assembled films” ................................................................... 186 

Article 22. M. Tomoaia‐Cotisel, A. Mocanu, O. Horovitz, E. Indrea, Gh. Tomoaia,                  

I. Bratu, “Self‐assembly of gold nanoparticles functionalized                                                   

with amino acids and aleurone globular protein” ................................................................ 196 

Article 23. E. Indrea, S. Dreve, I. Bratu, G. Mihailescu, L. Olenic, Gh. Tomoaia,                   

A. Mocanu, O. Horovitz, M. Tomoaia‐Cotisel, “Multifunctional materials                             

based on chitosan, globular protein and gold nanoparticles” ............................................. 203 

Article 24. M. Tomoaia‐Cotisel, Gh. Tomoaia, E. Indrea, L.D. Boboş, O. Horovitz,                

A. Mocanu, “Interfacial nanomaterials based                                                                                  

on gold nanoparticles, protein and chitosan” ........................................................................ 207 

Article 25. A. Mocanu, R.D. Pasca, Gh. Tomoaia, A. Avranas, O. Horovitz,                               

M. Tomoaia‐Cotisel, “Selective effect of procaine, tetracaine                                                 

and dibucaine on gold nanoparticles” .................................................................................... 213



218

Chapter 3: Gold Nanoparticles and Cervical Cancer 

Article 26.  Gh. Tomoaia, O. Horovitz, A. Mocanu, A. Nita, A. Avram, C.P. Racz,                

O. Soritau, M. Cenariu, M. Tomoaia‐Cotisel, “Effects of doxorubicin mediated                        

by gold nanoparticles and resveratrol in two human cervical tumor cell lines” .............. 219 



228

Chapter 4: Silver Nanoparticles 

Article 27. O. Horovitz, M. Tomoaia‐Cotisel, C. Racz, Gh. Tomoaia, L.D. Boboş,                   

A. Mocanu, “The interaction of silver nanoparticles with lipoic acid” .............................. 229 

Article 28. O. Horovitz, M. Tomoaia‐Cotisel, Gh. Tomoaia, L.D. Bobos, O. Cozar,                   

L. Barbu‐Tudoran, A. Mocanu, “Investigation on the self‐assembled arrangement                

of silver nanoparticles in the presence of protein and aminoacids” ................................... 237 

Article 29. A. Mocanu, R.D. Pasca, Gh. Tomoaia, C. Garbo, P.T. Frangopol, O. Horovitz, 

M. Tomoaia‐Cotisel, “New procedure to synthesize silver nanoparticles                             

and their interaction with local anesthetics” .......................................................................... 241



249

Chapter 5: Silver Nanoparticles, Silver Ions                            

and Antimicrobial Effect   

Article 30. A. Mocanu, G. Furtos, S. Răpuntean, O. Horovitz, F. Chirila, C. Garbo,               

A. Dănişteanu, G. Răpuntean, C. Prejmerean, M. Tomoaia‐Cotisel,                             

“Synthesis, characterization and antimicrobial effects of composites                                    

based on multi‐substituted hydroxyapatite and silver nanoparticles” .............................. 250 

Article 31. A. Danistean, M. Gorea, A. Avram, S. Rapuntean, Gh. Tomoaia,                             

A. Mocanu, C. Garbo, O. Horovitz, M. Tomoaia‐Cotisel, “Antimicrobial activity                      

of ceramic disks loaded with silver ions and nitroxoline” ................................................... 272 



281

Chapter 6:   Hydroxyapatite Nanoparticles 

Article 32. Gh. Tomoaia, A. Mocanu, I. Vida‐Simiti, N. Jumate, L.D. Bobos, O. Soritau, 

M. Tomoaia‐Cotisel, “Silicon effect on the composition and structure of nanocalcium 

phosphates. In vitro biocompatibility to human osteoblasts” ............................................. 282 

Article 33. Gh. Tomoaia, O. Soritau, M. Tomoaia‐Cotisel, L.‐B. Pop, A. Pop,                            

A. Mocanu, O. Horovitz, L.D. Bobos, “Scaffolds made of nanostructured phosphates, 

collagen and chitosan for cell culture” .................................................................................... 293 

Article 34. Gh. Tomoaia, L.B. Pop, I. Petean, M. Tomoaia‐Cotisel,                                 

“Significance of surface structure on orthopedic materials” ............................................... 302 

Article 35. Gh. Tomoaia, M. Tomoaia‐Cotisel, L.B. Pop, A. Pop, O. Horovitz,                          

A. Mocanu, N. Jumate and L.D. Bobos, “Synthesis and characterization                                  

of some composites based on nanostructured phosphates, collagen and chitosan” ....... 309 



�

�
�
�

Perspective�and�concluding�remarks�
�
�
This�monography�shows�an�important�evidence�that�biomolecules,�such�as�globular�
and� fibrous� proteins,� amino� acids,� lipids,� carbohydrates,� anti�oxidant� compounds�
and�therapeutic�agents,�can�be�used�in�nanostructures�[1�12]�to�functionalize�and�in�
consequence,� to� increase� the� stability� of� inorganic� nanoparticles,� like� metallic�
nanoparticles� or� ceramic� nanoparticles.� They� can� also� bring� the� biomolecular�
signalling�when� the� resulting�nanostructured�biomaterials� are�used� as� scaffolds� or�
can� convey� advantages� of� molecular� recognition� when� are� used� as� tools� in� drug�
delivery�investigations�in�cell�culture�or�in�animals.���
�
Metallic�nanoparticles� can�be� extensively�used� in�various� applications�due� to� their�
nano� size� and� extensive� thermal� stability� [13�30].� Among� these� particles,� gold�
nanoparticles�appear�to�be�preferred�in�therapeutic�applications�because�they�absorb�
strongly� the� light� and� can� generate� thermal� energy� which� induces� photothermal�
destruction�of�malignant�tissue.�
�
Particularly,�gold�nanoparticles�are�a�clear�choice�for�therapeutic�applications�due�to�
their� easy� synthesis� and� functionalization,� and� because� are� less� toxic� in� vivo� than�
AgNPs� and� ease� of� detection.� Certainly,� functionalization� facilitates� for� targeted�
delivery�of�these�nanoparticles�to�various�cell�types,�lead�to�drug�delivery�and�tissue�
imaging,� and� in� consequence,� they� possess� various� therapeutic� and� diagnostic�
applications.�

Regarding� the� GNPs� applications,� a� fundamental� question� appears� related� to� the�
possible� toxic� effect� of� GNPs� on� human� healthy� cells.� Actually,� in� the� state� of�
knowledge�many�studies�on�GNPs�cytotoxicity�are�inconsistent�so�far.�Depending�on�
the� size� of� gold� particles� as� well� as� on� the� biomolecules� adsorbed� on� them,� the�
binding�strength�of�biomolecules�to�the�gold�surface�and�the�surface�functionalities�
on�their�outermost�layer�adsorbed�on�GNPs�might�play�a�critical�role�in�the�cellular�
uptake�and�in�possible�intracellular�changes�and�thus,�on�their�cytotoxicity.��
�
Nowadays,�it�is�not�possible�to�give�a�general�statement�about�the�toxicity�of�GNPs,�
because�more�systematic�studies�are�needed.� Important�research�effort� is�necessary�
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�

to�define� the�different�parameters,�which�are�playing�a� critical� role� in� the�complex�
interaction�between�nanoparticles�and�cells.��
�
Our� results� from� this� monography� cover� several� broad� categories� of� GNPs�
functionalized�with�organic�molecules,�such�as�amino�acids,�like�lysine,�arginine�and�
cysteine�[16�19],�globular�storage�protein�extracted�from�aleurone�cells�of�barley�[20�
22],� chitosan� and� globular� protein� [23,� 24],� anesthetics� [25],� as� well� as� antioxidants�
(resveratrol)� and� anti�cancer� drugs� (doxorubicin)� [26]� by� chemical� adsorption� or� by�
self�assembly.�Consequently,� there� is�convincing�evidence�for�a�potential�application�
of�GNPs�to�cancer�therapy�but�further�development�is�required�prior�to�cancer�clinical�
trials.�
�
The�AgNPs�are�also�functionalized�with�beta�cyclodextrin�[15],�alpha�lipoic�acid�[27],�
amino� acids� and� globular� protein� [28],� anesthetics� [29],� and� show� high� thermal�
stability�and�strong�antibacterial�effects�under�suitable�conditions.��
�
Another� generation� of� nanostructured� composites� are� developed� and� made� of�
ceramic�nanoparticles,�primarily�nano�hydroxyapatite:�HAP�and�AgNPs,�embedded�
into�polymeric�matrix� [30].�They�show�a�strong�antimicrobial�effect�against� several�
different�pathogenic�species:�Escherichia�coli,�Staphylococcus�aureus,�Staphylococcus�spp.,�
Bacillus� cereus,� and� Candida� albicans,� using� the� Kirby�Bauer� disk�diffusion� method�
[30].� These� composites� can� be� considered� as� promising� antimicrobial�materials� for�
coating� of� orthopedic� and� dental� implants� or� used� as� bone� cements� in� surgical�
applications.��
�
The�antimicrobial�effect�of�ceramic�disks�loaded�with�silver�ions�in�the�presence�of�an�
antibiotic:� nitroxoline� (5�nitro,� 8�hydroxy� quinoline:� NHQ)� is� also� determined�
against�Staphylococcus�aureus� [31].�Results�demonstrate,� for� the� first� time� in� state�of�
the� art,� the� ability� of�NHQ� and� of�Ag+� to� exert� their� antimicrobial� effect� by� using�
HAP� disks.� This� technique� offers� another� approach� for� delivering� antimicrobial�
agents,� such�as�NHQ�and�silver� ions,�within�ceramics�disks� for� their� local�delivery�
with�potential�applications�to�prevent�or�treat�infections.�Further�studies�are�needed�
to� evaluate� the� efficacy� of� NHQ� and� silver� ions� impregnated� HAP� disks� against�
microbial� pathogens.� This� investigation� can� be� extended� to� various� pathogens� to�
address�the�susceptibility�of�microbial�biofilms�to�NHQ�and�Ag+�ions,� incorporated�
in� ceramic�disks.�The�nanostructure�processing�of� ceramics,� such�as� calcium�nano�
phosphates� and� pure� hydroxyapatite� (HAP)� or� multi�substituted� HAP,� used� in�
formulations�with�AgNPs,� is� shown� in�articles� [30�35].�The�synthesis�of�HAP,�with�
controlled�size�of�particles,�is�realized�by�wet�precipitation�method�[36].��

318



�

�
�
�

References�
1.�M.�Tomoaia�Cotisel,�“The�nanostructure�formation�of� the�globular�seed�storage�protein�
on�different�solid�surfaces�studied�by�atomic�force�microscopy”.�In�Convergence�of�Micro�
Nano�Biotechnologies,�Series�in�Micro�and�Nanoengineering,�Volume�9,�Editors:�M.�Zaharescu,�
E.� Burzo,� L.� Dumitru,� I.� Kleps� and�D.� Dascalu,� Romanian� Academy� Press,� Bucharest,�
2006,�pp.�147�161.�ISBN:�(10)�973�27�1422�0;�ISBN:�(13)�978�973�27�1422�5.��

2.�M.�Tomoaia�Cotisel,�A.�Tomoaia�Cotisel,�T.�Yupsanis,�Gh.�Tomoaia,�I.�Balea,�A.�Mocanu,�
Cs.�Racz,�“Coating�layers�of�major�storage�protein�from�aleurone�cells�of�barley�studied�
by�atomic�force�microscopy”,�Rev.�Roum.�Chim.,�51�(12),1181�1185�(2006).��

3.� I.�Bratu,�M.�Tomoaia–Cotisel,�G.�Damian,�A.�Mocanu,�“Secondary�structure�analysis�of�
barley�aleurone�holoprotein�by�FTIR�spectroscopy”,�J.�Optoelectron.�Adv.Mat.,�9�(3),�672�
674�(2007).��

4.�M.� Tomoaia�Cotisel,� A.� Mocanu,� N.� Leopold,� M.� Vasilescu,� V.� Chi�,� O.� Cozar,� “FT�
Raman� and�NMR� investigation� of� the� protein� extracted� from� barley� aleurone� cells”,� J.�
Optoelectron.�Adv.Mat.,�9�(3),�637�640�(2007).��

5.�H.�Banciu,�F.�Olaru,�V.�Hengst,�M.�Banciu,�I.�Petrescu,�A.�Mocanu,�C.�Tarba,�T.�Yupsanis,�
M.� Tomoaia�Cotisel,� “Partial� biochemical� characterization� of� storage� protein� from�
aleurone�cells�of�barley�(Hordeum�Vulgare�L.)”,�Studia�Univ.�Babes�Bolyai,�Biologia,�52�(1),�
37�45�(2007).��

6.�Gh.�Tomoaia,�M.�Tomoaia�Cotisel,�A.�Mocanu,�O.�Horovitz,� L.�D.�Bobos,�M.�Crisan,� I.�
Petean,�“Supramolecular�organization�of�collagen�and�anti�cancer�drugs”,�J.�Optoelectron.�
Adv.Mat.,�10�(4),�961�964�(2008).��

7.�Gh.�Tomoaia,�C.�Borzan,�M.�Crisan,�A.�Mocanu,�O.�Horovitz,�L.�D.�Bobos,�M.�Tomoaia�
Cotisel,� “Nanostructure� formation� of� collagen� and� anti�cancer� drugs� investigated� by�
atomic�force�microscopy”,�Rev.�Roum.�Chim.,�54(5),�365�374�(2009).��

8.� C.P.� Racz,� S.� Santa,� M.� Tomoaia�Cotisel,� G.� Borodi,� I.� Kacso,� A.� Pirnau,� I.� Bratu,�
“Inclusion� of� ��lipoic� acid� in� ��cyclodextrin.� Physical–chemical� and� structural�
characterization”,�J.�Incl�Phenom�Macrocycl�Chem,�2012,�DOI�10.1007/s10847�012�0191�z.�

9.�C.P.�Racz,�G.�Borodi,�M.M.�Pop,�I.�Kacso,�S.�Santa,�M.�Tomoaia�Cotisel,�“Structure�of�the�
inclusion�complex�of���cyclodextrin�with�lipoic�acid�from�laboratory�powder�diffraction�
data”,�Acta�Cryst.,�B,�68,�164�170�(2012).�

10.�U.�V.�Zdrenghea,�Gh.�Tomoaia,�D.�V.�Pop�Toader,�A.�Mocanu,�O.�Horovitz,�M.�Tomoaia�
Cotisel,� “Procaine� effect� on� human� erythrocyte� membrane� explored� by� atomic� force�
microscopy”,�Combinatorial�Chemistry�&�High�Throughput�Screening,�14�(4),�237�247�(2011).�

11.�P.T.� Frangopol,�D.A.�Cadenhead,�Gh.� Tomoaia,�A.�Mocanu,�M.� Tomoaia�Cotisel,� “The�
effect� of� procaine� on� lipid� domains� investigated� by� contact� mode� atomic� force�
microscopy”,�Rev.�Roum.�Chim.,�60(2�3),�265�273�(2015).�

319



�

12.�M.�Tomoaia�Cotisel,�A.�Mocanu,�“Phase�transitions�in�phospholipid�monolayers�studied�
by� atomic� force�microscopy� and�Langmuir�Blodgett� technique”,�Rev.� Chim.� (Bucharest),�
59(11),�1230�1233�(2008).�

13.� O.� Horovitz,� A.� Mocanu,� Gh.� Tomoaia,� L.� Olenic,� G.� Mih�ilescu,� O.� Borostean,� A.�
Popoviciu,�C.�Cr�ciun,�T.�Yupsanis,�M.�Tomoaia�Cotisel,�“Synthesis,�characterization�and�
properties�of�gold�nanoparticles�in�colloidal�aqueous�solutions�in�the�absence�and�in�the�
presence� of� globular� proteins.� Auto�assembled� gold� nanostructures� in� thin� films”.� In�
Convergence�of�Micro�Nano�Biotechnologies,�Series� in�Micro�and�Nanoengineering,�Volume�9,�
Editors:� M.� Zaharescu,� E.� Burzo,� L.� Dumitru,� I.� Kleps� and� D.� Dascalu,� Romanian�
Academy�Press,�Bucharest,�2006,�pp.�132�146.� � ISBN:� (10)�973�27�1422�0;� ISBN:� (13)�978�
973�27�1422�5.��

14.� R.D.� Pasca,� A.� Mocanu,� S.C.� Cobzac,� I.� Petean,� O.� Horovitz,� M.� Tomoaia�Cotisel,�
“Biogenic� syntheses� of� gold� nanoparticles� using� plant� extracts”,�Particulate� Science� and�
Technology,�32�(2),�131�137�(2014).��

15.�A.�Mocanu,�O.�Horovitz,�C.�P.�Racz,�M.�Tomoaia�Cotisel,�“Green�synthesis�and�charac�
terization�of�gold�and�silver�nanoparticles”,�Rev.�Roum.�Chim.,�60(7�8),�721�726�(2015).��

16.�O.�Horovitz,�A.�Mocanu,�Gh.�Tomoaia,� L.�Bobo�,�D.�Dubert,� I.�D�ian,�T.�Yupsanis,�M.�
Tomoaia�Cotisel,� “Lysine�mediated� assembly� of� gold� nanoparticles”�Studia�Univ.Babes�
Bolyai,�Chemia,�52�(1),�97�108�(2007).�

17.�Gh.�Tomoaia,�P.T.�Frangopol,�O.�Horovitz,�L.D.�Bobo�,�A.�Mocanu,�M.�Tomoaia�Cotisel,�
“The�effect�of�arginine�on�gold�nanoparticles�in�colloidal�solutions�and�in�thin�films”,�J.�
Nanosci.�Nanotechnol.�11�(9),�7762�7770�(2011).�

18.�A.�Mocanu,�I.�Cernica,�Gh.�Tomoaia,�L.D.�Bobos,�O.�Horovitz,�M.�Tomoaia�Cotisel,�“Self�
assembly� characteristics�of�gold�nanoparticles� in� the�presence�of� cysteine”,�Colloids� and�
Surfaces�A,�Physicochemical�and�Engineering�Aspects,�338�(1�3),�93�101�(2009).��

19.�O.�Horovitz,�A.�Mocanu,�Gh.�Tomoaia,�M.�Crisan,�L.�D.�Bobos,�Cs.�Racz,�M.�Tomoaia�
Cotisel,�“Amino�acids�binding�to�gold�nanoparticles”,�Studia�Univ.�Babes�Bolyai,�Chemia,�
52�(3),�53�71�(2007).��

20.� O.� Horovitz,� Gh.� Tomoaia,� A.� Mocanu,� T.� Yupsanis,� M.� Tomoaia�Cotisel,� “Protein�
binding�to�gold�colloids”,�Gold�Bulletin,�40�(3),�213�218�(2007).��

21.� O.� Horovitz,� Gh.� Tomoaia,� A.� Mocanu,� T.� Yupsanis,� M.� Tomoaia�Cotisel,� “Protein�
binding�to�gold�auto�assembled�films”,�Gold�Bulletin,�40�(4),�295–304�(2007).��

22.�M.� Tomoaia�Cotisel,� A.�Mocanu,�O.�Horovitz,� E.� Indrea,� Gh.� Tomoaia,� I.� Bratu,� “Self�
assembly�of�gold�nanoparticles� functionalized�with�amino�acids�and�aleurone�globular�
protein”,�Proc.�SPIE,�Vol.�7297,�729708�(2009);�DOI:10.1117/12.823616�“Advanced�Topics�
in�Optoelectronics,�Microelectronics,�and�Nanotechnologies�IV”.��

23.� E.� Indrea,� S.� Dreve,� I.� Bratu,� G.� Mihailescu,� L.� Olenic,� Gh.� Tomoaia,� A.� Mocanu,� O.�
Horovitz,� M.� Tomoaia�Cotisel,� “Multifunctional� materials� based� on� chitosan,� globular�
protein�and�gold�nanoparticles”.�In�Technical�Proceedings�of�the�2007�NSTI�Nanotechnology�
Conference�and�Trade�Show,�Nanotech�2007,�Volume�4,�Chapter�3,�Nanofabrication,�Santa�
Clara,�CA,�2007,�pp.�461�464,�ISBN:�1420063766.��

320



�

24.�M.� Tomoaia�Cotisel,� Gh.� Tomoaia,� E.� Indrea,� L.D.� Bobo�,� O.� Horovitz,� A.� Mocanu,�
“Interfacial� nanomaterials� based� on� gold� nanoparticles,� protein� and� chitosan”,� J.�
Optoelectron.�Adv.Mat.�–�Symposia,�2�(1),�125�130�(2010).��

25.� A.� Mocanu,� R.D.� Pasca,� Gh.� Tomoaia,� A.� Avranas,� O.� Horovitz,� M.� Tomoaia�Cotisel,�
“Selective�effect�of�procaine,�tetracaine�and�dibucaine�on�gold�nanoparticles”,�J.�Nanosci.�
Nanotechnol.,�12,�8935�8939�(2012).�

26.�Gh.� Tomoaia,� O.� Horovitz,� A.�Mocanu,� A.� Nita,� A.� Avram,� C.P.� Racz,� O.� Soritau,�M.�
Cenariu,� M.� Tomoaia�Cotisel,� “Effects� of� doxorubicin� mediated� by� gold� nanoparticles�
and� resveratrol� in� two� human� cervical� tumor� cell� lines”,� Colloids� and� Surfaces� B:�
Biointerfaces,�135,�726�734�(2015).�

27.�O.�Horovitz,�M.�Tomoaia�Cotisel,�C.�Racz,�Gh.�Tomoaia,�L.D.�Bobo�,�A.�Mocanu,�“The�
interaction�of�silver�nanoparticles�with�lipoic�acid”,�Studia�Univ.�Babes�Bolyai,�Chemia,�54�
(3),�89�96�(2009).��

28.�O.�Horovitz,�M.�Tomoaia�Cotisel,�Gh.�Tomoaia,�L.D.�Bobos,�O.�Cozar,�L.�Barbu�Tudoran,�
A.�Mocanu,�“Investigation�on�the�self�assembled�arrangement�of�silver�nanoparticles� in�
the�presence�of�protein�and�aminoacids”,�J.Optoelectron.Adv.Mat.�–�Symposia,�2�(1),�39�43�
(2010).��

29.� A.� Mocanu,� R.D.� Pasca,� Gh.� Tomoaia,� C.� Garbo,� P.T.� Frangopol,� O.� Horovitz,� M.�
Tomoaia�Cotisel,�“New�procedure�to�synthesize�silver�nanoparticles�and�their�interaction�
with�local�anesthetics”,�Internat.�J.�Nanomedicine,�8,�3867–3874�(2013).��

30.�A.�Mocanu,�G.�Furtos,�S.�R�puntean,�O.�Horovitz,�F.�Chirila,�C.�Garbo,�A.�D�ni�teanu,�G.�
R�puntean,� C.� Prejmerean,� M.� Tomoaia�Cotisel,� “Synthesis,� characterization� and�
antimicrobial�effects�of�composites�based�on�multi�substituted�hydroxyapatite�and�silver�
nanoparticles”,�Applied�Surface�Science,�298,�225�235�(2014).��

31.�A.�Danistean,�M.�Gorea,�A.�Avram,�S.�Rapuntean,�Gh.�Tomoaia,�A.�Mocanu,�C.�Garbo,�O.�
Horovitz,� M.� Tomoaia�Cotisel,� “Antimicrobial� activity� of� ceramic� disks� loaded� with�
silver� ions� and� nitroxoline”,� Studia� Univ.� Babes�Bolyai,� Chemia,� 61� (3),� Tom� I,� 275�283�
(2016).��

32.�Gh.�Tomoaia,�A.�Mocanu,�I.�Vida�Simiti,�N.�Jumate,�L.D.�Bobos,�O.�Soritau,�M.�Tomoaia�
Cotisel,�“Silicon�effect�on�the�composition�and�structure�of�nanocalcium�phosphates.� In�
vitro�biocompatibility�to�human�osteoblasts”,�Materials�Science�and�Engineering�C,�37,�37�
47�(2014).�

33.�Gh.�Tomoaia,�O.�Soritau,�M.�Tomoaia�Cotisel,�L.�B.�Pop,�A.�Pop,�A.�Mocanu,�O.�Horovitz,�
L.D.�Bobos,�“Scaffolds�made�of�nanostructured�phosphates,�collagen�and�chitosan�for�cell�
culture”,�Powder�Technology,�238,�99�107�(2013).�

34.�Gh.�Tomoaia,�L.B.�Pop,�I.�Petean,�M.�Tomoaia�Cotisel,�“Significance�of�surface�structure�
on�orthopedic�materials”,�Materiale�Plastice,�49�(1),�48�54�(2012).��

35.�Gh.�Tomoaia,�M.�Tomoaia�Cotisel,�L.B.�Pop,�A.�Pop,�O.�Horovitz,�A.�Mocanu,�N.�Jumate�
and� L.D.� Bobos,� “Synthesis� and� characterization� of� some� composites� based� on�
nanostructured�phosphates,� collagen�and�chitosan”,�Rev.�Roum.�Chim.,�56� (10�11),� 1039�
1046�(2011).�

321



�

36.� Gh.� Tomoaia,� M.� Tomoaia�Cotisel,� L.B.� Pop,� A.� Mocanu,� A.� Pop,� “Nanopowders� of�
hydroxyapatite�and�its�substituted�derivatives�to�be�employed�for�medical�purposes�and�
process� for�preparing� the� same”,�Romania�Patent�Number,�125817,� � June�28,� 2013;�BOPI,�
Nr.�6,�2013,�p.�123.�

37.�R.� Katz,� M.� Tomoaia�Cotisel,� 	Site�specific� biomolecular� complexes	,�World� Intellectual�
Property�Organization�(WIPO),�WO�96/04001,�1996.�

38.��R.�Katz,�M.�Tomoaia�Cotisel,��Method�for�delivering�active�agents�to�mammalian�brains�
in� a� complex� with� eicosapentaenoic� acid� or� docosahexaenoic� acid�conjugated�
polycationic�carrier	,�United�States�Patent�Number,�5,716,614,�Feb.�10,�1998.�

39.� R.� Katz,� M.� Tomoaia�Cotisel,� 	Carrier� compositions� for� anti�neoplastic� drugs	,� United�
States�Patent�Number,�5,925,669,�Jul.�20,�1999.�

40.� R.� Katz,� M.� Tomoaia�Cotisel,� 	Lipophilic�polycationic� delivery� systems	,�United� States�
Patent�Number,�6,005,004,�Dec.�21,�1999.�

41.�R.�Katz,�M.�Tomoaia�Cotisel,�M.�C.�Rattazzi,�P.�Fishman,�“Docosahexaenoic�acid/poly�L�
lysine�conjugates�bind�to�the�cerebrovascular�endothelium”,�J.�Mol.�Neurosci.,�33,�133�134�
(2007).�

�

322



ISBN: 978-606-37-0017-0


	Coperta.pdf
	Page 1
	Page 2

	Coperta.pdf
	Page 1
	Page 2




