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Ce nu este cunoscut, deocamdata, la subiectul abordat

Nu sunt, deocamdatd, clarificate avantajele aplicdrii tera-
piei fotodinamice antimicrobiene in tratamentul afectiunilor
cavitatii orale provocate de biofilme, comparativ cu aplicarea
terapiei antibacteriene conventionale.

Ipoteza de cercetare

Identificarea avantajelor aplicarii terapiei fotodinamice
antimicrobiene in tratamentul afectiunilor cavitatii orale, pro-
vocate de biofilme, comparativ cu aplicarea terapiei antibac-
teriene conventionale, In baza revistei de literatura.

Noutatea adusa literaturii stiintifice din domeniu

Sunt prezentate informatii sintetizate, actualizate, despre
terapia fotodinamica antimicrobiand, fotosensibilizatori, pre-
cum si descrise posibilele avantaje ale metodei date de trata-
ment, comparativ cu antibioterapia traditionald a afectiunilor
cavitdtii orale, provocate de biofilme.

Rezumat

Introducere. Afectiunile cavitatii orale la copii si tineri in
Republica Moldova au o prevalenta dela 76,07% 1a 87,81%, iar
la adulti acest indicator depaseste 90%, conferind, astfel, aces-
tor maladii dimensiuni sociale, soldate cu un impact economic
important. Biofilmul oral are un rol determinant in aparitia
afectiunilor stomatologice si este cauza principala a esecului
tratamentului acestora. Rezistenta microorganismelor din
biofilme la tratamentul antimicrobian si efectele lui adverse
frecvente, impulsioneaza elaborarea unor terapii antibacte-
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What is not known yet, about the topic

In numerous scientific publications on topics covered, the
advantages of applying antimicrobial photodynamic therapy
in treatment of diseases of the oral cavity caused by biofilms
in relation to application of antibacterial therapy are not cle-
arly highlighted.

Research hypothesis

Based on literature data analysis, in this article we tried
to highlight the advantages of antimicrobial photodynamic
therapy application in the treatment of diseases of the oral
cavity caused by biofilms in relation to the application of an-
tibacterial therapy.

Article’s added novelty on this scientific topic

Synthesis article of the latest literature data on: mecha-
nism of action, effects and benefits of antimicrobial photody-
namic therapy application, and photosensitizers. Also, pos-
sible advantages of photodynamic therapy vs. conventional
antibiotherapy of oral cavity diseases, are presented.

Abstract

Introduction. Diseases of the oral cavity in children and
young people in the Republic of Moldova have a prevalence
of 76.07% to 87.81%, while in adults this indicator exceeds
90%, thus rendering to these diseases social dimensions with
important economic costs. Oral biofilm plays a decisive role in
the occurrence of dental diseases and it is the main cause of
treatment failure. Resistance of the biofilm microorganisms to
antimicrobial treatment and its frequent side effects has dri-
ven the development of alternative antibacterial therapies, to



riene alternative, la care, bacteriile nu vor putea sa dezvolte
rezistenta. Aplicatiile tehnologiilor laser deschid o directie
de perspectiva in tratamentul afectiunilor cavitatii orale - te-
rapia fotodinamica antimicrobiana. In aceasti lucrare ne-am
propus, In baza analizei datelor de literatur3, sa sistematizam
avantajele aplicarii terapiei fotodinamice antimicrobiene in
tratamentul afectiunilor cavitatii orale, provocate de biofilme,
comparativ cu aplicarea terapiei antibacteriene conventiona-
le. Scopul lucrarii a constituit analiza sistematizata a literatu-
rii referitoare la efectul terapiei fotodinamice antimicrobiene
asupra biofilmului cavitatii orale.

Material si metode. Pentru realizarea obiectivului tra-
sat, in motorul de cautare al bazei de date online PubMed a
fost efectuata cautarea publicatiilor stiintifice dupa cuvintele-
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cheie: ,terapie fotodinamicd’, ,terapie fotodinamicd antimi-
crobiand’, ,biofilm oral si placd bacteriand dentard”. Din aces-
te articole, a fost culeasa si prelucrata informatia ce tine de
actiunea terapiei fotodinamice antimicrobiene aspra biofil-
mului oral. Datele obtinute au fost, ulterior, sistematizate si
analizate.

Rezultate. Au fost gasite 1680 de articole care abordeaza
tematica terapiei fotodinamice antimicrobiene. In bibliografia
finala, au fost incluse 147 de surse, necesare pentru formu-
larea ideilor textului dat. Efectul terapiei fotodinamice anti-
microbiene se datoreaza reactiei fotodinamice, declansate de
interactiunea unei substante fotosensibile si lumina cu o anu-
mitd lungime de unda, avand ca rezultat formarea speciilor re-
active ale oxigenului, iar efectul fotodinamic distructiv are un
caracter localizat, cu actiune bactericida, care este limitata de
zona actiunii iradierii laser.

Concluzii. Terapia fotodinamica poate deveni o alternativa
eficienta si progresista a metodelor antibacteriene traditionale
de tratament. Rezultatele cercetarilor experimentale si clinice
demonstreaza o eficienta Tnaltd a aplicarii terapiei fotodinami-
ce antimicrobiene in tratamentul afectiunilor stomatologice.

Cuvinte cheie: terapie fotodinamica antimicrobiang, bio-
film oral, placa dentara.

Introducere

Microorganismele joaca un rol important, iar in unele
cazuri - determinant in aparitia si dezvoltarea afectiunilor
cavititii orale. In ultimii ani, un sir de studii au demonstrat ci
microorganismele sunt capabile sa formeze asociatii de con-
vietuire, numite biofilme. Conform conceptului actual, biofil-
mul reprezinta o unitate biologica activa, un ecosistem speci-
alizat, ce ofera vitalitatea si conservarea tipurilor sale consti-
tutive de microorganisme, precum si cresterea populatiei lor
generale [1-3].

Microorganismele din biofilm, fard a-si schimba sensibili-
tatea lor individuald, supravietuiesc la actiunea preparatelor
antibacteriene, prezinta proprietati complexe si paradoxale,
cele mai importante fiind rezistenta fata de agresiunea micro-
organismelor concurente si la factorii externi nocivi [4].

Din cauza rezistentei microorganismelor din biofilme la
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which bacteria are not able to develop resistance. Laser tech-
nology applications open up a promising direction for treat-
ment of disorders of the oral cavity - antimicrobial photody-
namic therapy. In this article, based on literature data analysis,
we have highlighted the advantages of application of antimi-
crobial photodynamic therapy in the treatment of diseases of
the oral cavity caused by biofilms in relation to the applica-
tion of antibacterial therapy. The objective of the article was
to perform a systematized literature analysis and synthesis of
the antimicrobial photodynamic therapy effect on oral biofilm.

Material and methods. To achieve the given objective,
search of scientific publications in online database of PubMed
search engine was performed by keywords: “photodynamic
therapy”, “photodynamic antimicrobial therapy”, “oral biofilm”
and “dental plaque”. Information concerning the action of anti-
microbial photodynamic therapy on oral biofilm was collected
from these articles and processed. The data obtained were
then collated and analyzed.

Results. As a result of information processing in PubMed
database according to the search criteria, there were found
1680 articles on antimicrobial photodynamic therapy. The fi-
nal bibliography includes 147 sources necessary to formulate
the ideas of the given text. The effect of antimicrobial pho-
todynamic therapy is due to photodynamic reaction initiated
by interaction of photosensitive substance and light with
a certain wavelength, resulting in the formation of reactive
oxygen species. The photodynamic destructive effect is loca-
lized, while bactericidal action is limited by the action of laser
irradiation.

Conclusions. Photodynamic therapy can become an ef-
fective and progressive alternative to traditional antibacterial
treatment methods. The results of experimental and clinical
researches allow us to state the possibility and high efficien-
cy of antimicrobial photodynamic therapy application in the
treatment of dental diseases.

Keywords: photodynamic therapy, photodynamic antimicro-
bial therapy, oral biofilm, dental plaque.

Introduction

Microorganisms play an important role, and in some cases
bacteria is a determinant value in the emergence and develop-
ment of diseases of the oral cavity. In recent years, a number of
studies have demonstrated that microorganisms are capable
of forming cohabitation associations, called biofilms. Accord-
ing to the current concept, a biofilm is an active biological unit,
a specialized ecosystem that provides vitality and conserva-
tion of its constituent types of microorganisms as well as in-
crease of their general population [1-3].

Biofilm microorganisms, without changing their individual
susceptibility, survive under the action of antibacterial medi-
cation, exhibit complex and paradoxical properties, the most
important being the resistance to aggression of competing mi-
croorganisms and harmful external factors [4].

Due to the microorganism resistance to antimicrobial
treatment, it is often necessary to administer the treatment
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tratamentul antimicrobian, deseori apare necesitatea admi-
nistrarii tratamentului pe o perioada indelungata de timp, fapt
care poate provoca reactii alergice de tip lent sau imediat, iar
in unele cazuri nefro-, hepato-, neurotoxicitate si, in rezultat,
toxicitate sistemica [5-10]. Astfel, raspandirea multirezisten-
tei bacteriene la antibiotice poate conduce la sfarsitul ,epocii
antibioticelor”, care a durat aproximativ 50 de ani [11].

In scopul depisirii efectelor adverse ale tratamentului an-
timicrobian, la debutul secolului XX, Paul Ehrlich a elaborat
conceptul ,glontelui de aur”, care, conform autorului, reprezin-
td un agent antibacterian transportat exact in focarul infectios
si care actioneaza doar asupra agentului microbian patogen,
fiind, totodata, inofensiv pentru celulele organismului gazda
[12]. La etapa actuala, se Intreprind cercetdri in scopul elabo-
rarii terapiei antibacteriene alternative, fatd de care bacteriile
nu vor putea sa dezvolte rezistenta [7]. Exemple de astfel de
terapii relativ noi sunt administrarea bacteriofagilor [13, 14]
si aplicarea terapiei fotodinamice antimicrobiene [15, 16]. Te-
rapia fotodinamica, TFD (l. engl. photodynamic therapy, PDT)
se bazeaza pe reactii fotochimice, declansate de interactiunea
unei substante fotosensibile, numita fotosensibilizator (FS), in
1. engl. photosensitizer (PS) si lumina cu o anumita lungime de
unda, avand ca rezultat formarea speciilor reactive ale oxige-
nului (SRO) (. engl. reactive oxygen species, ROS) [19-24].

De mentionat, ca frecventa afectiunilor cavitatii orale la
copii si tineri in Republica Moldova variaza de la 76,07% la
87,81%, iar la adulti acest indicator depaseste 90%, conferind,
astfel, acestor maladii dimensiuni sociale cu importante reper-
cusiuni economice [17]. Acest fapt impulsioneaza elaborarea
si aplicarea unor tehnologii moderne de tratament si profila-
xie In scopul reducerii prevalentei si incidentei afectiunilor si
imbunatatirea calitatii vietii populatiei. Luand in consideratie
faptul, ca factorul microbian are un rol primordial si esential
in aparitia si evolutia afectiunilor stomatologice, actualitatea
cercetarii de aplicare a terapiei fotodinamice in tratamentul
si prevenirea lor este indiscutabila. ins3, nu sunt, deocamdats,
clarificate avantajele aplicarii terapiei fotodinamice antimi-
crobiene 1n tratamentul afectiunilor cavitatii orale provocate
de biofilme, comparativ cu aplicarea terapiei antibacteriene
conventionale.

in aceasti ordine de idei, scopul lucrari a constituit analiza
sistematizata a literaturii referitoare la efectul terapiei fotodi-
namice antimicrobiene asupra biofilmului cavitatii orale, com-
parativ cu tratamentele antibacteriene conventionale.

Material si metode

Pentru realizarea obiectivului trasat, in motorul de ca-
utare al bazei de date online PubMed al serviciului Librariei
Nationale de Medicina a Instituitului National de Sanatate al
Statelor Unite (1. engl. US National Library of Medicine, Natio-
nal Institute of Health), a fost efectuata cautarea publicatiilor
stiintifice dupa cuvintele-cheie: ,photodynamic therapy®, ,an-
timicrobial photodynamic therapy”, ,dentistry”, ,biofilms*“, ,oral
biofilm*, , dental plaque* [18].

Dupa examinarea titlurilor articolelor gasite, au fost se-
lectate doar lucrarile care, eventual, ar putea include relatari
ale conceptiilor actuale vizand actiunea terapiei fotodinamice
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for a long period of time, which can cause delayed or imme-
diate allergic reactions, and in some cases nephro-, hepato-,
neurotoxicity and ultimately systemic toxicity [5-10]. Thus,
emergence of pathogenic bacteria resistance to antibiotics
may cause the end of a long period, which lasted for more than
50 years, called “antibiotic era” [11].

In order to overcome the adverse effects of antimicrobial
treatment at the beginning of the XX century, Paul Erlich de-
veloped the “golden bullet” concept, which, according to the
author, is hypothetically an antibacterial agent carried exactly
to the infectious focus and which acts only on the microbial
pathogenic agent, being harmless to the cells of the host or-
ganism [12]. At present investigations are undertaken in or-
der to develop an alternative antibacterial therapy to which
bacteria will not be able to develop resistance [7]. Adminis-
tration of bacteriophages [13, 14], and application of antimi-
crobial photodynamic therapy [15, 16] are some examples of
such relatively new therapies. Photodynamic therapy (PDT)
is based on photochemical reactions triggered by interaction
of a photosensitive substance (photosensitizer, PS) and light
with a certain wavelength, resulting in the formation of reac-
tive oxygen species (ROS) [19-24].

It is to be noted that the frequency of diseases of the oral
cavity in children and young people in the Republic of Moldo-
va ranges from 76.07% to 87.81%, while in adults this indica-
tor exceeds 90%, thus rendering these diseases social dimen-
sions with important economic costs [17]. This stimulates the
development and application of modern technologies of treat-
ment and prophylaxis to reduce the prevalence and incidence
of diseases and to improve the quality of life. Considering that
microbial factor plays a crucial and essential role in the emer-
gence and evolution of dental diseases, it is indisputable and
indubitable the research actuality of photodynamic therapy
application in treatment and prevention of these diseases.
Based on the literature data analysis, in this article we tried
to highlight the advantages of antimicrobial photodynamic
therapy application in the treatment of diseases of the oral
cavity caused by biofilms in relation to antibacterial therapy
application.

The objective of the work was to perform a systematized
literature analysis and synthesis of the antimicrobial photody-
namic therapy effect on oral biofilm.

Material and methods

To achieve the given objective, the online database of
PubMed search engine (US National Library of Medicine, Na-
tional Institute of Health) was searched for scientific publi-
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cations by keywords “photodynamic therapy”, “antimicrobial
photodynamic therapy”, “dentistry”, “biofilms”, “oral biofilm”
and “dental plaque” [18].

After examining the titles of articles found, only works that
could possibly include accounts of current concepts regarding
the action of photodynamic therapy on microorganisms of the
oral cavity were selected. For advanced selection of literature
sources, the following filters were applied: works published
by February 2015, articles in English, Romanian, French and

Russian. Original research articles were selected (conducted



asupra microorganismelor cavitdtii orale. Pentru selectarea
avansata a surselor bibliografice, au fost aplicate urmatoare-
le filtre: lucrarile publicate pana in februarie 2015, articole
de limba engleza, romana, franceza si rusa. Au fost selectate
articole originale de cercetare (efectuate in conditii clinice,
experimentale si in vitro), de tip metaanaliza si reviste siste-
matizate de literatura. Bibliografia articolelor selectate a fost,
de asemenea, studiatd, cu intentia de a gasi alte articole re-
levante scopului propus. Rezultatele studiilor recente au avut
prioritate fata de ipotezele mai vechi. Rezultatele obtinute in
cadrul studiilor multicentrice au avut prioritate fata rezulta-
tele studiilor monocentrice sau cu rezultate neconfirmate ori
contradictorii. Concluziile revistelor de literatura existente au
fost examinate critic. Ulterior, informatia a fost sistematizata
cu prezentarea principalelor aspecte ale viziunii contempora-
ne asupra: mecanismului de actiune a terapiei fotodinamice,
efectului terapiei fotodinamice asupra microorganismelor si
rezultatelor aplicarii terapiei fotodinamice antibacteriane in
tratamentul afectiunilor cavitatii orale. Din lista de publicatii,
generata de motorul de cautare, au fost excluse publicatiile
duplicate si cele care nu au fost accesibile pentru vizualizare.

Rezultate

In rezultatul prelucrarii informatiei in baza de date Pub-
Med conform criteriilor cautarii (publicate pana in februarie,
2015), au fost gasite 1680 de articole care abordeaza tematica
terapiei fotodinamice antimicrobiene. La necesitate (pentru a
clarifica unele aspecte), a fost consultata literatura aditionala.
Dupa analiza primara a titlurilor, 352 de articole au fost ca-
lificate eventual relevante pentru tema review-ului dat; dupa
trecerea lor repetatd in revistd, au fost selectate, in cele din
urma, 162 de publicatii relevante scopului trasat. in bibliogra-
fia finala a lucrarii au intrat 147 de publicatii.

Mecanismul de producere a efectului fotodinamic

in decursul ultimilor decenii, TFD se aplicad cu succes in
tratamentul si prevenirea maladiilor oncologice, infectioase si
afectinilor inflamatorii. Reactia fotodinamica este initiata de
actiunea dozelor adecvate de energie luminoasa asupra sub-
stantelor fotosensibile In prezenta oxigenului din tesuturi, iar
efectul fotodinamic distructiv are un character localizat, acti-
unea bactericida fiind limitata de zona actiunii iradierii laser
[19-24].

Mecanismul efectului fotodinamic se explica prin produ-
cerea unui lant de reactii fotochimice. Reactiile fotodinamice
sunt initiate de actiunea dozelor adecvate de energie luminoa-
sa asupra substantelor fotosensibilizante in prezenta oxige-
nului in tesut. Astfel, atunci cand un FS absoarbe un foton, un
electron trece de la starea initiala la o stare electronic excitata,
singleticd a moleculei. Intr-o perioadi foarte scurta de timp, de
circa 10'1°-10'2 s, molecula excitata confera un surplus de ener-
gie electronica si vibratorie mediului inconjurator [25-28].

in rezultatul procesului de conversie interna, toate mole-
culele, indiferent de starea electronica-vibratorie in care au
fost transferate de catre fotonul absorbit, trec la un subnivel
inferior de vibratie a primei stari de excitare singletica. De la
aceasta stare provin toate procesele fotofizice concurente ul-
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in clinical, experimental and in vitro conditions), meta-analy-
sis type and systematized literature reviews. The bibliography
of selected articles was also studied in order to find other ar-
ticles relevant to the intended purpose. The results of recent
studies had priority over older assumptions, as well as multi-
centric studies over monocentric studies. The results obtained
in several studies had priority over conflicting or unconfirmed
studies. Conclusions of existing literature reviews were criti-
cally examined. Subsequently, information was systematized
highlighting the main aspects of contemporary vision on:
mechanism of action of photodynamic therapy, photodynamic
therapy effect on microorganisms and results of antibacterial
photodynamic therapy application in treatment of diseases of
the oral cavity. The publications that were not accessible for
viewing were excluded from the list of publications generated
by the search engine.

Results

As a result of information processing in PubMed database
according to search criteria (published by February 2015),
1680 articles were found on antimicrobial photodynamic
therapy. If necessary (to clarify some aspects) additional lit-
erature was consulted. After having analyzed the titles, 352 ar-
ticles were classified as possibly relevant to the given review
theme. At the end, 162 relevant publications were selected.
The final references consist of 147 publications.

Mechanism of photodynamic effect

Over the past decades, PDT (photodynamic therapy) is suc-
cessfully applied in treatment and prevention of oncological,
infectious and inflammatory diseases. Photodynamic reaction
is initiated by the action of adequate doses of light energy on
photosensitive substances in the presence of oxygen in tis-
sue, while the destructive photodynamic effect has a localized
character, the bactericidal action being limited by the action of
laser irradiation area [19-24].

The mechanism of the photodynamic effect is explained
by the production of a series of photochemical reactions. Pho-
todynamic reactions are initiated by the action of adequate
doses of light energy upon photosensitizing substances in the
presence of oxygen in the tissue. Thus, when a PS absorbs a
photon, an electron moves from the initial state to an excit-
ed singlet electronic state of the molecule. In a short period,
about 10'°-10'2 s the excited molecule offers an electronic
and vibrational power surplus to the environment [25-28].

As aresult of internal conversion, all molecules, regardless
of the electronic-vibrational state into which they have been
transferred by the absorbed photon, switch to a lower vibra-
tional sublevel of the first excited singlet state. All subsequent
concurrent photo physical processes come from this state,
which ultimately lead to deactivation of the excited molecule.
Simultaneously with the singlet levels, the molecule has an
electronic triplet level, located at a lower level on energy scale
[20, 21, 24, 29].

The molecule is subjected to photochemical transforma-
tions only in the excited electronic state, which may be caused
by the absorbed light, while the amount of formed photoprod-
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terioare, care, in cele din urma, duc la dezactivarea moleculei
excitate. Simultan cu nivelurile singletice, molecula are un ni-
vel electronic triplet, situat la un nivel mai inferior pe scara
energiilor [20, 21, 24, 29].

Molecula este supusa transformarilor fotochimice doar in
starea electronic excitatd, care poate fi provocata de lumina
absorbit3, iar cantitatea fotoproduselor formate este determi-
natd de doza de iradiere optica [25, 26, 30-32].

in componenta sistemelor biologice se contin atit cromo-
fori produsi in decursul dezvoltarii evolutive pentru captarea
si utilizarea luminii (pigmentii fotosintetici, fitocromul, ro-
dopsina), cat si cromofori care sunt participanti ai reactiilor
metabolice si, totodata, sunt capabili sa suporte transformari
fotochimice (proteine, acizi nucleici, coenzime, vitamine).

Substantele fotosensibilizante 1n stare electronica excitata
interactioneaza cu substraturile biologice prin doua tipuri de
reactii. In reactiile de tip I, FS interactioneazi cu moleculele li-
mitrofe ale substratului, ceea ce duce la transferul electronului
sau atomului de hidrogen. in rezultat, se formeazi radicali ai
moleculelor biologice, care intra in reactiile chimice ulterioa-
re cu oxigenul sau alte molecule. in cazuri mult mai rare, FS
poate transfera electronul la oxigen, generand, astfel, anionul-
radical superoxid. in reactiile de tip II, are loc transferul ener-
giei excitatiei electronice de la FS catre molecula limitrofa a
substratului. De regula, in astfel de reactii, FS aflat intr-o stare
tripletd, interactioneaza cu molecula de oxigen si o transfor-
ma intr-o stare singleta de excitatie electronica. Probabilitatea
tipului reactiei de fotosensibilizare, care va avea loc (I sau II),
este determinata atat de natura chimica a FS si a substratului,
cat si de concentratia relativa a oxigenului in substrat [22, 29,
31-34].

Efectul fotodinamic asupra microorganismelor

La elaborarea terapiei fotodinamice antimicrobiene, TFDA
(L engl. antimicrobial photodynamic therapy, APDT), s-a folosit
experienta acumulata in TFD a tumorilor. Din primele etape de
studiere a efectelor TFD, s-a constatat, cd interactiunea luminii
cu unii coloranti poate fi fatala pentru un sir de microorganis-
me [35-39].

Fizioterapeutul danez Niels Finsen a pus bazele stiintifice
ale fototerapiei. In anul 1887, a fost efecuat primul studiu al
efectelor luminii asupra tulpinilor de Salmonella typhi si Ba-
cillus anthracis. Finsen N. si colegii (1889), au demonstrat ca
reducerea cresterii bacteriilor este influentata, preponderent,
de durata si puterea efectului fotodinamic. Cea mai impuna-
toare fotoinactivare a acestor microorganisme s-a remarcat la
utilizarea iradierii UV sau a luminii albastre [19].

Dupa o perioada mai indelungata de timp, s-a constatat ca
sensibilitatea bacteriilor Gram-negative si Gram-pozitive la
TFD este diferita. Moleculele neutre sau cele Incarcate pozitiv
ale fotosensibilizatorilor interactioneaza eficient cu microor-
ganismele Gram-pozitive; trecand prin stratul poros de pep-
tidoglicani si acizi teichoici din peretele celular, ele provoaca
inactivarea fotodinamica a bacteriilor sub actiunea luminii.
Tulpinile Gram-negative s-au dovedit a fi mai putin sensibile
la actiunea TFD, Intrucat moleculele fotosensibilizatorilor se
leagd doar cu straturile exterioare ale membranei celulare.
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ucts is determined by the dose of optical irradiation [25, 26,
30-32].

The biological systems contain both chromophores pro-
duced during the evolutionary development to capture and
use light (photosynthetic pigments, phytochrome, rhodopsin)
and chromophores that participate in metabolic reactions,
and are also able to support photochemical transformations
(proteins, nucleic acids, coenzymes, vitamins).

Photosensitizing substances (PS) in the excited electronic
state interact with biological substrates by two types of reac-
tions. In type I reactions PS interact with neighboring mol-
ecules of the substrate, which leads to electron or hydrogen
atom transfer. As a result, radicals of biological molecules are
formed which enter into the subsequent chemical reactions
with oxygen or other molecules. In rare cases PS can trans-
fer electrons to oxygen, thereby generating superoxide radi-
cal - anion. Electronic excitation energy transfer from PS to
molecule adjacent to the substrate occurs in type Il reactions.
As a rule, in such reactions PS, being in a triplet state, inter-
act with the molecule of oxygen and convert it into an excited
singlet electronic state. The probability of the photosensitivity
reaction type to take place (I or II) is determined by both the
chemical nature of PS and substrate and the relative concen-
tration of oxygen in the substrate [22, 29, 31-34].

Photodynamic effect on microorganisms

The elaboration of antimicrobial photodynamic therapy
(APDT) was based on the experience accumulated in PDT of
tumors. From the earliest stages of PDT development, it was
known that the combination of light and some dyes can be fa-
tal for a number of microorganisms [35-39].

Danish physiotherapist Niels Finsen founded the science
of phototherapy. The first study of light effects on microorga-
nisms was carried out in 1887 on Salmonella typhi and Bacil-
lus anthracis. Finsen et al. showed that reduction of bacterial
growth is mainly influenced by the duration and strength of
photodynamic effect. The most impressive photoinactivation
of these microorganisms was noted when using UV or blue
light irradiation [19].

After a long period of time it was found that the sensiti-
vity of Gram-negative and Gram-positive bacteria to PDT is
different. The neutral or positively charged molecules of the
photosensitizers interact effectively with Gram-positive mi-
croorganisms and, passing through the porous layer of pep-
tidoglycans and teichoic acids from the cellular wall, cause
the photodynamic inactivation of bacteria under the action of
light. Gram-negative strains have been shown to be less sensi-
tive to PDT action, since photosensitizer molecules bind only
to the outer layers of the cell membrane. The outer membrane
of these bacteria forms a physical and functional barrier be-
tween the cell and the external environment, without allowing
PS molecules to penetrate inside them [23, 40-45].

Photochemical destruction of bacteria occurs through sin-
gle impact mechanisms, as well as through mechanisms with
multiple impact. The targets of photodynamic effect, are de-
termined to a large extent by the selectivity of accumulation
and degree of absorption of dyes in various cellular structures.



Membrana externa a acestor bacterii formeaza o bariera fizi-
ca si functionala dintre celula si mediul extern, fara a permite
moleculelor FS sa patrunda in interior [23, 40-45].

Distrugerea fotochimica a bacteriilor are loc atat prin me-
canisme cu impact unic, cat si prin cele cu impact multiplu.
Tintele efectului fotodinamic, in mare masura, sunt determi-
nate de selectivitatea acumularii si gradul de absorbtie a co-
lorantilor in diferite structuri celulare. De exemplu, compusii
acridinei se acumuleaza, preponderent, pe suprafata cromo-
somilor si provoaca ruperea lor, iar porfirinele se acumuleaza
activ in lizozomi, deteriorand structura acestora [27, 28]. Se
presupune ca, in rezultatul impactului fotodinamic, survine
lizarea celulei bacteriene prin doua cai: deteriorarea aparatul
genetic si lizarea membranei citoplasmatice (MC), urmata de
deteriorarea componentelor celulare, inactivarea proteinelor
de transport sau a enzimelor MC [29, 46, 47].

Cercetarile din ultimii ani ne permit sa afirmam ca impactul
TFD asupra microorganismelor provoaca deteriorarea ADN-
ului bacterian. Cauza principald de deteriorare fotodinamica
a acizilor nucleici este fotooxidarea selectiva a compusior al-
calini de guanini. in aceasti reactie, ambele inele ale guaninei
se rup si se formeaza guanidina, acidul parabanic, dioxidul de
carbon si unele produse deocamdata neidentificate, cu un ran-
dament cuantic de 10*[34, 48-53].

Fotooxidarea acizilor nucleici in sistemele model a fost
studiata minutios in conditiile prezentei hematoporfirinei. S-a
demonstrat c3, in caz de valori ridicate ale pH-ului, se produ-
ce fotooxidarea compusilor alcalini, iar in cazul valorilor fizi-
ologice ale pH-ului - doar fotooxidarea guaninei si, partial, a
timinei. S-a stabilit ca ADN si ARN se oxideaza lent la valorile
fiziologice ale pH-ului, Insa viteza lor de oxidare creste sem-
nificativ In uree - solventul in care se perturbeaza structura
acizilor nucleici. De mentionat c3, in sistemele modelate, este
identificata posibilitatea reticularii fotodinamice a triptofanu-
lui si cisteinei cu ADN-ul si, de asemenea, a guaninei cu prote-
inele [23].

Deteriorarea structurii si a compozitiei chimice a acizilor
nucleici conduce la tulburari semnificative ale activitatii lor
biologice. In rezultatul interactiunii luminii cu substantele
fotosensibilizatoare de natura chimica diferita, are loc dena-
turarea structurii spiralate a ADN-ului, precum si rupturi ale
legaturilor dintre nucleotide si distrugerea plasmidelor, aceste
modificari fiind constatate atat la microorganizmele Gram-po-
zitive, cat si la cele Gram-negative. S-a presupus ca FS, capa-
bili sa se lege efectiv de spirala ADN-ului, provoacd mai rapid
fotodistructia ADN-ului [23, 44, 50].

Fotolizarea celulelor este explicatd nu doar prin modifica-
rea structurii ADN-ului. De exemplu, a fost demonstrat faptul
ca tulpina de Deinococcus radiodurans este foarte sensibila la
actiunea TFD, in pofida potentialui Tnalt al sistemelor repara-
torii ale acestei bacterii [54, 55]. G. Bertoloni si coaut. (2000)
[56] au semnalat faptul c3, in rezultatul interactiunii luminii si
a substantelor fotosensibilizatoare, survine deformarea pro-
teinelor membranei citoplasmatice, iar un numar impunator
de cercetatori au depistat tulburarea sintezei peretelui celular,
aparitia structurilor multilamelare in citoplasma si intensifi-
carea eliberarii ionilor K* din celula microbiana [56, 57, 58,
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For example, acridine compounds accumulate mainly on the
chromosome surface and cause them to break, and porphyrins
accumulate actively in lysosomes damaging their structure
[27,28]. It is assumed that as a result of photodynamic impact
bacterial cell lysis occurs in two ways: damage to the genetic
apparatus and lysis of the cytoplasmic membrane (CM), fol-
lowed by the damage to cellular components, inactivation of
transport proteins or CM enzymes [29, 46, 47].

Recent researches allow us to state that PDT impact on mi-
croorganisms causes bacterial DNA damage. Selective photo
oxidation of guanine alkaline compounds is the main cause of
photodynamic damage to nucleic acids. In this reaction both
guanine rings rupture and guanidine, parabanic acid, carbon
dioxide and some unidentified products are formed with a
quantum yield of 10 [34, 48-53].

Photo oxidation of nucleic acids in model systems has been
thoroughly studied in the presence of hematoporphyrin. It
was shown that photo oxidation of alkaline compounds occurs
if there are high values of pH, and if there are physiological
pH values - only photo oxidation of guanine and thymine par-
tially occurs. It has been determined that DNA and RNA oxi-
dize slowly at physiological pH values, but their oxidation rate
significantly increases in urea - the solvent in which the struc-
ture of nucleic acids is disturbed. It is to be mentioned that
the possibility of photodynamic crosslinking of tryptophan
and cysteine with DNA as well as guanine with proteins can be
identified in the model systems [23].

Damage to the structure and chemical composition of nu-
cleic acids leads to significant disturbances of their biological
activity. As a result of the interaction of light with photosen-
sitizers of different chemical nature, distortion of DNA spiral
structure occurs, the links between nucleotides rupture and
plasmids are destroyed. These changes are observed in both
Gram-positive and Gram-negative microorganisms. It was
assumed that PS able to effectively bind to DNA helix, cause
faster DNA photostruction [23, 44, 50].

Photolysis of cells is accounted not only for modification
of the DNA structure. For example, it has been proven that
Deinococcus radiodurans strain is very sensitive to PDT ac-
tion, despite the high potential of the restorative systems of
this bacterium [54, 55]. In 2000, G. Bertoloni et al. reported
that deformation of cytoplasmic membrane proteins occurs
as a result of the interaction of light and photosensitizers. A
large number of researchers have found the disturbance of the
cellular wall synthesis, appearance of multilamellar structures
in the cytoplasm and an increased release of K* ions from the
microbial cell [45, 56-58]. The quantum yield of photodynam-
ic inactivation of proteins is 103 A large amount of data has
been obtained which attests that singlet oxygen is the primary
intermediate in photochemical reaction, followed by the dam-
age to the cytoplasmic membrane enzymes [27, 28].

Protein irradiation with visible spectrum light in the pres-
ence of PS usually causes, the disturbance of the structure
of macromolecules, simultaneously oxidizing the residues of
amino acids: histidine, tryptophan, tyrosine, methionine and
cysteine. As a result, protein cross-linking occurs in the pro-
tein structures, at the same time breaking of the peptide and
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45]. Randamentul cuantic al inactivarii fotodinamice a pro-
teinelor constituie 103, S-au obtinut numeroase dovezi care
atesta ca oxigenul singlet este principalul intermediar 1n reac-
tia fotochimica, urmata de deteriorarea enzimelor membranei
citoplasmatice [27, 28].

Iradierea proteinelor cu lumina vizibilad a spectrului in pre-
zenta FS, provoacs, de regula, dereglarea structurii macromo-
leculelor, oxidand, simultan, resturile aminoacizilor: histidina,
triptofanul, tirozina, metionina si cisteina. in consecintd, in
structurile proteice are loc reticularea proteinelor, dar nu si
ruperea legaturilor peptidice si disulfurice. S-a constatat ca se
poate obtine o lizare diferentiata si selectiva a aminoacizilor,
variind tipul si proprietatile chimice ale pigmentilor [59, 60].

De regul3, in urma formarii compusilor fotochimici sta-
bili, se produc schimbari conformationale ale macromolecu-
lei proteice. Rezultatul modificarilor structurale reprezinta
o dereglare a activitatii functionale a proteinelor (activitatea
catalitica, imunologicd, hormonald), care poate fi cauzata si
de distrugerea directa a resturilor de aminoacizi, localizati in
centrul activ al enzimei [61].

Este deja demonstrat faptul ca, lumina absorbita de FS
provoaca oxidarea acizilor grasi, iar eficienta fotooxidarii este
proportionala cu cresterea gradului lor de nesaturare. Coles-
terolul, de asemena, se supune cu usurinta procesului de fo-
tooxidare. Oxigenul singlet, generat de FS in timpul iradierii
optice, distruge rapid legatura dubla din inelul de ciclopen-
tanperhidrofenatren al colesterolului membranar, conducand
la formarea compusului hidroperoxid. Constanta vitezei unei
astfel de reactii a colesterolului membranar este superioara ce-
lei, care implica acizii grasi nesaturati ai fosfolipidelor. Reactiile
de fotooxidare ale acizilor grasi nesaturati ai fosfolipidelor si ai
colesterolului sunt asemanatoare reactiilor care au loc in tim-
pul oxidarii peroxidice a lipidelor (OPL). Asadar, mecanismul
actiunii fotodinamice se bazeaza pe generarea formelor libere
de oxigen 1n rezultatul interactiunii dintre fotoni si moleculele
fotosensibilizatorului. Formele active ale oxigenului sunt capa-
bile sa provoace oxidarea peroxidica a lipidelor care intra in
componenta membranei citoplasmatice, compromitand, astfel,
integritatea celulei si ducand la moartea ei [44, 62-64].

Pana in prezent, a fost cercetat minutios in vitro impac-
tul TFD asupra diferitor specii de bacterii. A fost evaluata
eficienta utilizarii unui numar impunator de FS fotoactivati, cu
diverse surse de lumina, in fotodistructia agentilor patogeni ai
bolilor infectioase. Astfel, s-a stabilit ca bacteriile Propionibac-
terium acnes acumuleaza acidul 5-aminolevulinic, substanta
predecesoare porfirinelor. Fluorescenta caracteristica aces-
tor microorganisme in zona rosie a spectrului se utilizeaza
in diagnosticarea acneei si pentru TFD, la tratamentul acestei
afectiuni. Acidul 5-aminolevulinic se sintetizeaza si de Helico-
bacter pylori, determindnd sensibilitatea acestei tulpini la ac-
tiunea iradierii cu spectrul albastru [38, 65-74]. Malik Z. si co-
lab. (1990), in studiul devenit astazi clasic, a semnalat efectul
bactericid al TFD asupra Staphylococcus aureus, Streptococcus
pyogenes, Clostridium perfringens, Escherichia coli si Micoplas-
ma hominis [73, 74].

Actualmente, se intreprind un sir de cercetari in scopul
majorarii eficientei terapiei antibacteriene cu utilizarea FS
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protein disulfide links does not occur. It has been found that
a differentiated and selective lysis of the amino acids can be
obtained, varying the type and chemical properties of the pig-
ments [59, 60].

Usually, after stable photochemical compounds are formed,
some conformational changes of the protein macromolecules
occur. The result of the structural changes is the disturbance
in the functional activity of proteins (catalytic, immunologi-
cal, hormonal activity), which may be also caused by direct
destruction of the amino acid residues located in the active
enzyme center [61].

It has already been proven the fact that light absorbed by
PS causes oxidation of fatty acids, and the efficiency of photo
oxidation is proportional to the growth of its unsaturation
degree. Cholesterol is also easily affected by photo oxida-
tion. Singlet oxygen generated by PS during the optical irra-
diation quickly destroys the double bond of cyclopentanop-
erhydrophenanthrene ring of membrane cholesterol, leading
to the formation of hydroperoxide compound. The constant
speed of such a reaction of membrane cholesterol is superior
compared to that of the unsaturated fatty acids of phospholi-
pids. Photo-oxidation reactions of unsaturated fatty acids of
phospholipids and cholesterol are similar to the reactions
occurring during the lipid peroxidation (OLP). Thus, photo-
dynamic mechanism of action is based on the generation of
free oxygen forms by the interaction between light photons
and photosensitizer molecules. The active forms of oxygen are
able to cause lipid peroxidation constituting the cytoplasmic
membrane, thus compromising the integrity of the cell and
causing its death [44, 62-64].

It has been thoroughly researched so far the PDT impact
on different species of bacteria in vitro. It was evaluated the
efficiency of use of a large number of photoactivated PS with
different light sources during photodestrution of pathogens
of infectious diseases. Thus, it has been established that Pro-
pionibacterium acnes bacteria accumulate 5-aminolevulinic
acid, a predecessor substance of porphyrins. The fluorescence
characteristic of these microorganisms in the red region of
the spectrum is used in the diagnosis of acne and PDT in the
treatment of this disease. 5-aminolivulinic acid is also synthe-
sized in the cells of Helicobacter pylori, causing the sensitivity
of the strain to the action of irradiation of the blue spectrum
[38, 65-74]. Thus, Malik Z. et al. (1990), in the study which
has become classic, reported the bactericidal effect of PDT on
Staphylococcus aureus, Streptococcus pyogenes, Clostridium
perfringens, Escherichia coli and Mycoplasma hominis [73, 74].
Currently a number of researches are being undertaken in or-
der to increase the effectiveness of antibacterial therapy with
the use of PS by changing their photochemical properties with
coherent and incoherent radiation of different range. Thus
Bilski P. et al. (2000) demonstrated in an in vitro study that
endogenous vitamin B6 (pyridoxine) in combination with UV-
diapason (400-550 nm) non-laser irradiation exerts a marked
toxic effect on Cercospora fungi [75].

Photodeterioration of Escherichia coli and Bacillus subtilis
in the presence of chlorine E6 was investigated by Fomichev A.
etal. in 2012. The bacterial suspensions of the strains studied



prin modificarea proprietatilor lor fotochimice, cu iradierea
coerenta si incoerentd, de diapazon diferit. Astfel, Bilski P. si
colab. (2000), au demonstrat in studiul efectuat in conditii in
vitro, ca vitamina endogena B6 (piridoxina), in combinatie cu
iradierea non-laser in spectrul UV (400-550 nm), exercitda un
efect toxic pronuntat asupra fungilor Cercospora [75].

Fotodeteriorarea tulpinilor de Escherichia coli si Bacillus
subtilis In prezenta clorinei E6, a fost investigata de Fomichev
A. si colab. In anul 2012. Suspensiile bacteriene ale tulpinilor
studiate au fost incubate timp de 60, 30, 15 si, respectib, 5 min
cu clorina E6, concentratia cdreia a constituit 107 M/I. in ca-
litate de sursa de iradiere, a fost folosita lumina lampii incan-
descente, trecuta printr-o serie de filtre de 600-700 nm. Pute-
rea iradierii a constituit 50 W/m?. Timpul de iradiere a variat
intre 1 si 90 de minute. S-a demonstrat cd, dupa o expunere
indelungatd, procesul de fotodistructie a Escherichia coli si Ba-
cillus subtilis se supune legii exponentiale. Pentru anihilarea
Escherichia coli, este necesara incubarea celulelor 1n colorant,
durata optima fiind pana la 30 de minute. Pentru B. subtilis,
acest fenomen nu s-a constatat. Rezultate similare au fost obti-
nute, anterior, si de Strahovskaia V. si colab (1999) [35-37, 76].

Schneider J. si colab., in anii 1993 si 1999, au demonstrat
ca efectuarea TFD in vitro, cu aplicarea albastrului de metilen
si iradierea simultana cu lumina alba (400-700 nm), 10 ] /cm?,
provoaca inactivarea ARN-ului Qb-bacteriofagului prin inter-
mediul reticularii acestuia cu proteinele plasmatice [77-78].

La momentul actual, in TFD se aplica pe scara larga acidul
5-aminolivulinic, care este un predecesor al porfirinelor en-
dogene si provoaca foto-inactivarea Escherichia coli [79], Pro-
pionibacterium acnes, Candida guilliermondii, Haemophyllus
parainfluenzae [23, 80].

Un rol incontestabil in studierea eficientei TFD antimicro-
biene este acordat protocolului studiului bacteriologic. Astfel,
mediile de crestere, bogate In peptoni, reduc sensibilitatea mi-
croorganismelor la actiunea reactiilor fotochimice. S-a remar-
cat influenta continutului cantitativ si calitativ al proteinelor
in mediu. in anul 2010, Malik R. si colab., au raportat eficienta
utilizarii in calitate de fotosensibilizator al amestecului de he-
mina si porfirind in TFD. Aceasta compozitie exercitd un efect
fototoxic asupra Staphylococcus aureus si altor bacterii Gram-
pozitive. Totodatd, utilizarea separatd a componentelor ames-
tecului a manifestat un efect bacteriostatic limitat [81].

Numeroase lucrari sunt consacrate studiului efectului apli-
carii fotosensibilizatorilor Incarcati pozitiv simultan cu iradie-
rea optica, pentru a suprima microorganismele Gram-pozitive
si Gram-negative. A fost studiat efectul albastrului de toluidina
asupra microflorei cavitatii orale, precum si asupra Staphylococ-
cus aureus si Helicobacter pylori. S-a constatat ca faza de crestere
a culturii microbiene nu influenteaza eficienta TFD [43].

Cercetatorii italieni sub conducerea lui Jori G. (2004), au
utilizat fotosensibilizatorii din clasa porfirinelor pentru foto-
inactivarea tulpinilor de Escherichia coli si Vibrio anguillarum.
S-a remarcat faptul ca, colorantul se leaga insuficient de mem-
brana exterioara a acestor microorganisme, deoarece inde-
partarea lui Tnainte de iradiere reduce eficienta TFD. Se presu-
pune ca impactul primelor doze de lumina asupra fotosensi-
bilzatorului legat de membrana provoaca deteriorarea locala,
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were incubated for 60, 30, 15 and 5 min with chlorine E6, con-
centration of which was 107 M/1. The incandescent lamp light
wasusedasasourceofirradiation,beingpassed throughaseries
of filters (600-700 nm). The irradiation power was 50 W/m?.
The irradiation time varied between 1 and 90 minutes. It has
been shown that after exposure over a long period of time,
the photodestruction of Escherichia coli and Bacillus subtilis is
subject to exponential law. In order to annihilate Escherichia
coli it is necessary to incubate the cells in the dye most prefer-
ably for up to 30 minutes. This phenomenon was not found in
B. subtilis. Similar results were obtained by Strahovskaia V. et
al. (1999) [35-37, 76].

Schneider J. et al., in 1993 and 1999 showed that perform-
ing PDT in vitro with application of methylene blue and si-
multaneous irradiation with white light (400-700 nm), 10 ]/
cm? causes inactivation of RNA Qb-bacteriophage through its
plasma protein crosslinking [77-78].

Currently 5-aminolevulinic acid is widely applicable in PDT
which is a predecessor of endogenous porphyrins and causes
photo-inactivation of Escherichia coli [79], Propionibacterium
acnes, Candida guilliermondii, Haemophyllus parainfluenzae
[23,80].

The bacteriological study protocol plays an undeniable role
in the study of antimicrobial PDT efficiency. Thus, the growth
media rich in peptones reduce the microorganism sensitiv-
ity to the action of photochemical reactions. It was noted the
quantitative and qualitative content influence of protein in the
environment. In 2010, Malik R. et al. reported the efficiency of
use of hemin and porphyrin mixture in PDT as photosensitiz-
er. The composition exerts a phototoxic effect on Staphylococ-
cus aureus and other Gram-positive bacteria. However, the use
of each of the mixture components separately had a limited
bacteriostatic effect [81].

A large number of works are devoted to study of the effect
of application of photosensitizers positively charged simul-
taneously with optical radiation to suppress Gram-positive
and Gram-negative microorganisms. The effect of toluidine
blue has been studied on the oral cavity microflora, as well as
on Staphylococcus aureus and Helicobacter pylori. It has been
found that the microbial culture growth phase does not affect
the PDT efficiency [43].

In 2004, Italian researchers under the leadership of G.
Jori used photosensitizers of the porphyrin class for photo-
inactivation of Escherichia coli and Vibrio anguillarum. It was
noted that insufficient dye binds to the outer membrane of
these microorganisms because the removal of dye before ir-
radiation reduces the effectiveness of PDT. It is assumed that
the impact of the first dose of light on membrane-bound pho-
tosensitizer causes local damage, which, in turn, enables new
dye molecules to penetrate deeper into the cell. In 2006, the
authors found that incubation of bacteria with zinc deriva-
tives of pyrimidine phthalocyanine increases the sensitivity of
these microorganisms to hydrophobic antibiotics and reduces
the absorption of endogenous porphyrins by the cells [82, 83].

It was supposed, that the formation of singlet oxygen in the
environment of the cell is enough to ensure the bactericidal ef-
fect of PDT on the Gram-negative microorganisms. According
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ceea ce, la randul ei, permite noilor molecule ale colorantului
sa patrunda in interiorul celulei. in anul 2006, acceasi autori
au constatat faptul ca incubarea bacteriilor cu derivatele de
zinc ale pririmidinftalocianei sporeste sensibilitatea acestor
microorganisme la antibioticele hidrofobe si reduce absorbtia
porfirinelor endogene de catre celule [82, 83].

S-a presupus faptul cd, pentru a asigura efectul bactericid
al TFD asupra microorganismelor Gram-negative, este sufi-
cient formarea oxigenului singlet in mediul inconjurator al
celulei. Conform datelor obtinute de Dahl T. (1989), oxigenul
singlet, format intr-o cantitate suficienta in imediata apropi-
ere de membrana exterioara, difuzeaza in celula si-i distruge
diverse structuri [84].

De asemenea, se admite ca prin iradierea unei zone limita-
te a macroorganismului, impactul fotodinamic poate atinge nu
numai agentul infectios, dar si microorganismele simbiotice.
In acelasi timp, utilizarea TFD oferd noi oportunititi pentru
0 usoara corectie a numarului de reprezentati ai microflorei
normale, stimularii biologice a proceselor, ce se desfasoara in
cadrul comunitatii microbiene. Totusi, datele disponibile deo-
camdata nu pot clarifica aceste aspecte.

Substantele fotosensibilizante

Fotosensibilizatorii (FS) sunt molecule ce absorb lumina si
induc, in consecintd, reactii chimice. Capacitatea de a absorbi
lumina este determinata de prezenta in molecule a gruparilor
cromofore care, de reguld, contin nuclee ciclice. Sunt cunoscu-
te mai mult de 400 de substante ce poseda proprietati de FS.
Substantele naturale cu capacitate de fotosensibilizator sunt
clorofilele, ficobilinele, porfirinele si produsele intermediare
ale sintezei lor, un sir de antibiotice, chinina, riboflavina etc.
Unii fotosensibilizatori actioneaza doar In prezenta oxigenu-
lui, producand un efect fotodinamic [19, 85-90].

In rezultatul analizei rezultatelor unui numir mare de
cercetdri experimentale si clinice, au fost formulate criteriile
biologice (toxice si farmacocinetice), fotofizice si chimico-teh-
nologice pentru selectarea unui FS optim, care include [50, 73,
74,91-96]:

= toxicitate redusa in doze terapeutice;

= selectivitate Tnalta de acumulare in celulele microbiene;

= eliminare rapida a FS din tesuturi;

= absorbtie maxima intr-un anumit diapazon spectral;

= un randament cuantic inalt de formare in vivo a oxigenu-
lui singlet;
accesibilitate de extragere sau sintezd, compozitie chimi-
ca omogena;
= solubilitate buna in apa sau in lichide;
= stabilitate la actiunea luminii si la pastrare.

In prezent, se efectueazi cercetdri pentru identificarea
unor astfel de substante fotosensibilizante printre derivatii
clorinelor, bacterioclorinelor, purpurinelor, benzoporfirinelor,
texafirinelor, etiopurpurinelor, naftalo- si ftalocianinelor [71,
97,98].

Fenotiazinele
Din momentul elaborarii TFD si pana in prezent, acesti
compusi sunt cel mai frecvent utilizati. Din acest grup de
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to the data obtained by T.Dahl (1989), singlet oxygen formed
in sufficient quantity in the vicinity of the outer membrane dif-
fuses into the cell and destroys various cellular structures [84].

It is assumed that by irradiating a limited area of the mac-
roorganism, photodynamic impact can reach not only the in-
fectious agent, but symbiotic microorganisms as well. At the
same time, the use of PDT provides new opportunities for a
slight correction of the number of representatives of the nor-
mal microflora, biological stimulation of processes that take
place within the microbial community. The literature review
has revealed that information on the impact of different types
of LED and laser irradiation on normal bacterial microflora is
insufficient.

Photosensitizing substances

Photosensitizers (PS) are molecules able to absorb light
and to induce chemical reactions. The ability to absorb light
is determined by the presence of chromophore groups in the
molecule which usually contain cyclic nuclei. There are more
than 400 known substances possessing properties of PS. Chlo-
rophylls, phycobilins, porphyrins and their synthesis interme-
diates, as well as a number of antibiotics, quinine, riboflavin,
etc. are natural substances possessing photosensitizing capac-
ity. Some photosensitizers act only in the presence of oxygen,
producing a photodynamic effect [19, 85-90].

As a result of the analysis of a large number of clinical and
experimental researches, biological (toxic and pharmacoki-
netic), photophysical and chemical-tehnological criteria were
formulated for selecting an optimal PS, which include the fol-
lowing [50, 73, 74, 91-96]:

= Jow toxicity at therapeutic doses;

= high selectivity of accumulation in microbial cells;

= rapid elimination of PS from tissues;

* maximum absorption in a given spectral range;

= a high quantum yield of singlet oxygen formation in vivo;

availability of extraction or synthesis, homogeneous che-
mical composition;

= good solubility in water or liquids;

= stability to the action of light and storage.

Currently research is carried out to identify such photosen-
sitizing substances among the derivatives of chlorines, bacte-
riochlorines, purpurins, benzoporphyrins, texaphyrins, etiop-
urpurins, naphthalo- and phthalocyanines [71, 97, 98].

Phenothiazines

These compounds have been most commonly used since
PDT elaboration and so far. This group of compounds includes:
pink Bengal, indocyanine green, toluidine blue, methylene
blue and various metal derivatives. Phenothiazines are not
toxic to macroorganism cells, but at the same time they are
able to actively generate singlet oxygen under the action of op-
tical radiation and are easy to apply [41, 99, 100].

Wilson M. et al. (1992) demonstrated that after the pro-
cessing of bacterial cultures Porphyromonas gingivalis, Fuso-
hacterium nucleatum and Actinobacillus actinomycetemcomi-
tans with methylene blue and subsequent action of Helium-
Neon (HeNe) laser with the capacity of 7.3 mW within 80 s, the



compusi fac parte: rozul de Bengal, verdele de indocianina,
albastrul de toluidina, albastrul de metilen si diversi derivati
ai metalelor. Fenotiazinele nu sunt toxice pentru celulele ma-
croorganismului, dar, totodata, sunt capabile sa genereze activ
oxigenul singlet sub actiunea iradierii optice si sunt simple in
aplicare [41, 99, 100].

Wilson M. si colab. (1992), au demonstrat ca dupa pre-
lucrarea culturilor bacteriene de Porphyromonas gingivalis,
Fusohacterium nucleatum si Actinobacillus actinomycetemco-
mitans cu albastru de metilen si actiunea ulterioara a laseru-
lui heliu-neon (HeNe) cu capacitatea de 7,3 mW 1n decurs de
80 s, s-a redus semnificativ numarul acestor microorganisme
[101, 102]. Wilson M. si Mia N. (1993) [103], urmati de Ara-
ghizaden A. (2005) [104], au stabilit ca albastrul de metilen
sensibilizeaza celulele Candida albicans la actiunea luminii si
provoaca distrugerea lor sub actiunea laserului galliu-arsenit
(GaAs). Anihilarea Candida albicans si altor tipuri de Candida
spp. a fost obtinutad doar prin prelucrarea acestor fungi cu fo-
tosensibilizator, in combinatie cu iradiere laser cu putere re-
dusa. Aceastad abordare necesita cercetare in continuare, fiind,
eventual, o potentiala metoda de tratament al candidozelor
din infectia HIV [103, 104].

Millison C. (1997) a cercetat efectele TFD asupra Helico-
bacter pylori, bacterie asociata cu gastrita. Prelucrarea celu-
lelor cu solutie de albastru de metilen (0,75 si 7,5 pg/kg) nua
avut niciun efect asupra microorganismelor, insa iradierea lor
ulterioard cu lumina laser 20 J/cm? a inhibat cresterea bacte-
riilor cu 99% [105].

Zeina B. si colab. (2001) [106] au demonstrat efectul de
anihilare a culturilor Staphylococcus aureus, Staphylococcus
epidermidis, Streptococcus pyogenes, Candida albicans, Coryne-
bacterium minntissimum, Propionibacterium acnes, prelucra-
te, in prealabil, cu albastru de metilen (concentratie 100 ug/
ml) si iradiate, ulterior, cu fasciculul de lumina de banda larga
(400-700 nm, 42 mW/cm?). S-a demonstrat ca speciile Propi-
onibacterium acnes si Staphylococcus epidermidis au fost mai
putin rezistente la actiunea iradierii in decursul la 60 de minu-
te, iar Corynebacterium minutissimum s-a dovedit a fi cea mai
rezistenta specie. Utilizarea laserului cu argon (1. engl. Argon
Ion Laser), cu maximele emisiei de 585,610 si 630 nm si a emi-
tatorului cu LED (664 nm), a redus numarul bacteriilor Esche-
richia coli, Staphylococcus aureus si Pseudomonas aeruginosa
dupa prelucrarea lor cu albastru de metilen in concentratie de
25-300 mM. De asemenea, s-a demonstrat influenta suspen-
siilor microorganismelor asupra procesului de dimerizare a
pigmentilor derivati ai ftalocianinei. Suspensiile ce contin mi-
croorganisme Gram-pozitive au sporit constanta dimerizarii
de 2-5 ori, iar suspensiile microorganismelor Gram-negative
au marit-o de la 4-20 de ori [43, 106-109].

Un numar impunator de studii au elucidat ca fototerapia, in
combinatie cu aplicarea albastru de toluidina, este eficienta in
distrugerea microorganismelor din componenta biofilmului
oral: Streptococcus sanguinis, Porphyromonas gingivalis, Fuso-
bacterium nucleatum, Actinobacillus (Haemophilus) actinomy-
cetemcomitans, Streptococcus mutans, Lactobacillus caseli,
Streptococcus sobrinus si Actinomyces viscosus [83, 110-119].

Unele substante de contrast, utilizate n radio-imagistica,
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number of these microorganisms reduced significantly [101,
102]. In 1993, Wilson M. and Mia N., followed by Araghiza-
den A. in 2005, determined that methylene blue sensitized
Candida albicans cells to the action of light and caused their
destruction under the actions of Gallium arsenide laser
(GaAs). Candida albicans and other types of Candida spp. were
annihilated only by processing these fungi with the photosen-
sitizer in combination with low power laser irradiation. This
approach requires further research being eventually a poten-
tial method for the treatment of candidiasis in HIV infection
[103, 104].

In 1997, Millison C. investigated the effects of PDT on Heli-
cobacter pylori, the bacterium associated with gastritis. The
processing of cells with methylene blue solution (0.75 and 7.5
mkg/ kg) had no effect on the microorganisms, but the subse-
quent irradiation with a 20 J/cm? dose resulted in inhibition of
the bacterial growth by 99% [105].

In 2001, Zein B. et al. demonstrated the annihilation effect
on the cells of Staphylococcus aureus, Staphylococcus epider-
midis, Streptococcus pyogenes, Candida albicans, Corynebacte-
rium minntissimum, Propionibacterium acnes, pre-processed
with methylene blue (concentration of 100 ug/ml) and sub-
sequently irradiated with the light beam tape range (400-700
nm, 42 mW/cm?). It was demonstrated that Propionibacte-
rium acnes and Staphylococcus epidermidis species were less
resistant to irradiation within 60 minutes, while Corynebac-
terium minutissimum proved to be the most resistant species.
Use of argon laser (Argon lon Laser) with maximal emission of
585, 610 and 630 nm and LED transmitter (664 nm) reduces
the number of microorganisms Escherichia coli, Staphylococ-
cus aureus and Pseudomonas aeruginosa after their processing
with methylene blue in concentration of 25-300 mM. It was
also demonstrated the influence of microorganism suspen-
sions on the process of dimerization of pigments which are
derivatives of phthalocyanine. Suspensions containing Gram-
positive microorganisms increased the dimerization constant
by 2-5 times and Gram-negative microorganism suspensions
increased it from 4 to 20 times [43, 106-109].

Alarge number of studies have revealed that phototherapy
in combination with toluidine blue is effective in destroying
microorganisms in the oral biofilm: Streptococcus sanguinis,
Porphyromonas gingivalis, Fusobacterium nucleatum, Actino-
bacillus (Haemophilus) actinomycetemcomitans, Streptococcus
mutans, Lactobacillus casei, Streptococcus sobrinus and Actino-
myces viscosus [83, 110-119].

Some contrast agents used in radio-imaging methods for
diagnosis of diseases can be successfully applied as PS in PDT.
Such a substance is indocyanine green used in various areas:
oncology, ophthalmology, cardiology, surgery, dermatology,
liver function tests and cosmetology. Use of this dye in PDT is
determined by the compliance of the spectral peaks of maxi-
mal absorption and isosbestic point-for hemoglobin and oxy-
hemoglobin absorption in the range of 800 nm. Low toxicity
and rapid PS elimination from the body are also important:
indocyanine green is rapidly cleared from the blood serum of
the liver parenchymal cells [106].
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pot fi aplicare cu succes in calitate de FS in TFD. O astfel de
substanta este indocianina verde, utilizata in cele mai diverse
domenii: oncologie, oftalmologie, cardiologie, chirurgie, der-
matologie, testarea functiei hepatice si cosmetologie. Utiliza-
rea acestui colorant in TFD este determinata de corespunde-
rea varfurilor spectrale ale maximei de absorbtie si punctului
izobestic pentru absorbtia hemoglobinei si oxihemoglobinei
in diapazonul 800 nm. De asemenea, este importanta toxici-
tatea redusa si eliminarea rapida a FS din organism: indocia-
nina verde este eliminata rapid din serul sanguin de celulele
parenchimale hepatice [106].

Nanoparticulele utilizate in calitate d nsibilizatori

In anul 2000 a fost elaborati o noud abordare in aplicarea
terapiei fotodinamice antimicrobiene. Dezvoltarea rapida a
nanotehnologiilor a creat o mare varietate de nanoparticule
pe baza de ioni de aur, argint, oxizi de siliciu si titan, care re-
prezinta o alternativa a generatiilor anterioare de FS. Dimen-
siunile nanoparticulelor variaza de la 10 pana la 130 nm, for-
ma lor depinde de metoda de sinteza si poate fi sferica, stelata
sau cilindrica. Spectrul de absorbtie a nanoparticulelor este In
functie de componenta chimica si variaza de la 450 nm pana la
800 nm si, de reguld, are mai multe maxime [120-122].

Pentru obtinerea efectului fotodinamic tintit asupra Sta-
phylococcus aureus, au fost utilizate nanoparticulele de aur.
Suprafata celulei microbiene este Incarcata negativ, In timp ce
nanoparticulele poseda o sarcina pozitiva, ceea ce faciliteaza
interactiunea lor. La iradierea cu impulsuri laser, nanoparticu-
lele absorb energie, care, ulterior, este transmisa spre perete-
le celular bacterian, producand deteriorarea considerabila al
acestuia [122]. De asemenea, au fost studiate efectele iradierii
nanoparticulelorAdin oxidul de titan (TiO,) asupra tulpinelor
Escherichia coli. In rezultatul cercetdrilor, s-a demonstrat ca
nanoparticulele interactioneaza cu membrana exterioara a ce-
lulei bacteriene si dupa expunerea la luming, produc oxigenul
singlet, provocand distrugerea acesteia [120].

Porfirinele microbiene in calitate de fotosensibilizatori en-
dogeni.

Unele microorganisme, capabile sa acumuleze porfirine
endogene, sunt suficient de sensibile la iradierea ultravioleta
sau cu lumina albastra. Cel mai frecvent acest fapt este carac-
teristic pentru tulpinile anaerobe Gram-negative [123].

Microorganismele anaerobe ale biofilmului cavitatii orale
din grupurile Bacteroides, Prevotella, Porphyromonas sinteti-
zeaza propriile porfirine pe baza hemului obtinut din mediul
exterior sub forma de hemoglobina sau hemopexina [68, 69].
In citoplasma acestor microorganisme se acumuleazi pigmen-
tul negru - hematina si protoporfirina IX, care le face sensibile
fata de efectului fototoxic al luminii albastre [70-72].

Mecanismele intracelulare de apdrare
Protejarea celulei de actiunea unuia dintre cei mai toxici

derivati ai oxigenului singlet ('0,) se realizeaza prin interme-
diul unor molecule variate si importante, tipurile de stingere a
energiei '0, fiind atat fizice, cat si chimice.

Conform mecanismului chimic, stingerea 1O2 este realiza-
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Nanoparticles used as photosensitizers
In 2000 a new approach to the application of antimicro-

bial photodynamic therapy appeared. The rapid development
of nanotechnology has created a wide variety of nanoparticles
containing gold, silver, silicon oxides and titanium ions, which
are an alternative to previous generations of PS. The size of the
nanoparticles ranges from 10 to 130 nm, the shape depends
on the method of synthesis. It may be spherical, star-shaped
or cylindrical. The absorption spectrum of the nanoparticles
depends on the chemical composition and varies from 450 to
800 nm and usually it has more than one maximum [120-122].

In order to achieve the target photodynamic effect on Sta-
phylococcus aureus cells, gold nanoparticles were used. The
microbial cell surface is negatively charged, while nanoparti-
cles possess a positive charge, which facilitates their interac-
tion. During the laser impulse irradiation, the nanoparticles
absorb energy which is then transmitted to the bacterial cell
wall, causing considerable damage to it [122]. There were also
studied the effects of irradiation of titanium oxide (TiO,) nano-
particles on Escherichia coli strains. Researches’ results show
that nanoparticles interact with the outer membrane of the
bacterial cell and after exposure to light they produce singlet
oxygen, causing its destruction [120].

Microbial porphyrins as endogenous photosensitizers
Some microorganisms capable to accumulate endogenous

porphyrins are quite sensitive to ultraviolet or blue light ir-
radiation. This is most commonly characteristic of Gram-neg-
ative anaerobic strains [123].

Anaerobic microorganisms of the oral cavity biofilm of
Bacteroides, Prevotella and Porphyromonas groups synthesize
their own porphyrins based on heme derived from the exter-
nal environment in form of hemoglobin or hemopexin [68,
69]. The black pigment - hematin and protoporphyrin IX is
accumulated in the cytoplasm of these microorganisms, being
subject to phototoxic effect of blue light [70-72].

Intracellular defense mechanisms

The protection against the action of one of the most toxic
singlet oxygen derivatives ('0,) is achieved by means of vari-
ous important biological molecules. The types of 0, energy
quench are both physical and chemical.

According to the chemical mechanism, '0, quench is achi-
eved mainly by saturated fatty acids, lipids, amino acids, nucleo-
tides and other compounds. Chemical mechanisms are differ-
ent, but in most cases the initial step is the formation of labile
cyclic peroxide followed by its expansion, leading to the ap-
pearance of free radicals. Chemical quench of 0, can lead to de-
structive consequences within the cell. According to the physi-
cal mechanism, molecules of different chemical compounds are
essentially capable of quenching 'O, energy [124-126].

Compounds able to quench excited states (most of them
being triplets) of pigments and singlet oxygen have a major
importance in removing singlet oxygen. Among them, caro-
tenoids are the most effective (for example, 3-carotene), con-
taining 11 conjugated double bonds. Retaining the excitation



ta, preponderent, de acizii grasi saturati, lipide, aminoacizi,
nucleotide si alti compusi. Mecanismele de stingere chimica
sunt variate, dar in cele mai multe cazuri, etapa initiala o re-
prezinta formarea unui peroxid ciclic labil, urmat de extinde-
rea acestuia, care duce la aparitia de radicali liberi. Stingerea
chimica a '0, poate conduce la consecinte distructive in interi-
orul celulei. Conform mecanismului fizic, in esenta, moleculele
diferitor compusi chimici sunt capabile de a stinge energia '0,
[124-126].

O importantd majora in eliminarea oxigenului singlet o au
compusii capabili sa stinga starile excitate (in cea mai mare
parte, triplete) ale pigmentilor si ale oxigenului singlet. Prin-
tre acestia, cele mai eficiente sunt carotenoidele (de exemplu,
[-carotenul) - molecule care contin 11 legaturi duble conjuga-
te. Retindnd energia de excitare, aceste carotenoide o transfor-
ma 1n caldura, prevenind, astfel, posibilitatea derularii reactii-
lor chimice. Actiunea carotenoizilor este atat de eficientd, incat
fiecare coliziune cu tripletii pigmentului excitat sau ai oxige-
nului singlet, provoaca dezactivarea completd a acestora [126].

Mecanismul actiunii de protectie a carotenoizilor consta in
urmatoarele: molecula fotosensibilizatorului, absorbind lumi-
na, transfera rapid (10! s) energia starii excitate singlet intr-
un centru de reactie. Din 10* de fotoni absorbiti, aproximativ 4
duc la transferul moleculei fotosensibilizatorului in starea tri-
plet excitatd, fiind posibila reactia fotodinamica. Carotenoide-
le pot participa in derularea a trei tipuri de reactii protectoare:

(1) in mod direct, ,stingand” starea triplet a substantei ac-
tive, aducand-o la starea ei initiald, iar molecula triplet
a carotenoidei formate cedeaza excesul de energie sub
forma de caldura si se intoarce la starea sa initiala;

(2) starea triplet a substantei nu este stinsa de carotenoide,
dar are loc interactionarea lor cu oxigenul si transfor-
marea lui Intr-o stare singlet excitatd, dupa care oxige-
nul singlet este stins de carotenoide;

(3) oxigenul singlet, care nu este supus stingerii de catre ca-
rotenoide prin mecanismul fizic, poate interactiona cu
acestea printr-o reactie chimica, din care rezulta oxida-
rea carotenoidelor [127].

in afari de aceasta, trebuie mentionati asa-numitii antio-
xidanti secundari - enzimele care sunt capabile sa detecteze
deteriorarile oxidative la etapa incipienta si sa le inlature. Ast-
fel, s-a constatat ca fosfolipazele recunosc si izoleaza in mod
selectiv acizii grasi oxidati din lipidele membranare. Unele
enzime proteolitice detecteaza proteinele ce au deteriorari
nesemnificative in rezultatul interactiunii cu formele active
de oxigen si le digera pana la aminoacizi liberi. Apoi, acesti
aminoacizi pot reveni in metabolismul celular. Unul din meca-
nismele specifice de protejare de actiunea oxigenului endogen
reprezinti cresterea activititii respiratorii a celulelor. in rea-
lizarea unei astfel de reactii, se majoreaza intensitatea trans-
portului de electroni de-a lungul ramurii: citocromii b—d, ce
nu este conditionata de stocarea energiei. Astfel, in pofida
cresterii activitatii respiratorii generale, se reduce conjugarea
transportului de electroni cu acumularea de energie. Se pro-
duce oxidarea unei parti a substraturilor de carbon care sunt
utilizati pentru recuperarea oxigenului, fara a acumula ener-
gie In celula [44, 62].
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energy, these carotenoids convert it into heat, thus preventing
the possibility of chemical reactions to run. The action of caro-
tenoids is so effective that every collision with the excited pig-
ment triplets or singlet oxygen triplets causes their complete
deactivation [126].

The mechanism of carotenoid protection consists of the
following: photosensitizer molecule, absorbing light, rapidly
transfers (101s) the singlet excited state energy to a reaction
center. Out of 10* of all photons of light absorbed, about 4 of
them lead to the transfer of photosensitizer molecule to the
excited triplet state, the photodynamic reaction being pos-
sible. Carotenoids can participate in the evolvement of three
types of protective reactions:

(1) quenching directly the active substance triplet state,
bringing it to its original state, and the formed caroten-
oid triplet molecule gives the energy excess as heat and
returns to its original state;

(2) the triplet state of the substance is not quenched by car-
otenoids, but their interaction with oxygen occurs and
its transformation into a singlet excited state, then sin-
glet oxygen is quenched by carotenoids;

(3) singlet oxygen which is not subject to quench by caro-
tenoids through physical mechanism can interact with
them through a chemical reaction resulting in oxidation
of carotenoids [127].

In addition, it should be mentioned the so-called second-
ary antioxidants - enzymes that are capable of detecting oxi-
dative damage at the initial stage and of removing it. Thus, it
was found that phospholipases recognize and isolate selec-
tively the oxidized fatty acids in membrane lipids. Some pro-
teolytic enzymes detect proteins that have an insignificant im-
pairment as a result of interaction with active forms of oxygen
and digesting them to free amino acids. Then these amino ac-
ids may return to the cellular metabolism. One of the specific
mechanisms of protection against endogenous oxygen action
is the increase of the respiratory activity of cells. In carrying
out such a reaction the intensity of electron transport is in-
creased along the branch: cytochromes b—d, which is not con-
ditioned by the energy storage. Thus, despite the increase in
overall respiratory activity, the electron transport conjugation
is reduced with energy accumulation. Oxidation of a part of
the carbon substrates takes place, they being used to recover
oxygen without the accumulation of energy in the cell [44, 62].

Enzymes are the main form of the cell defense against to-
xic oxygen derivatives: superoxide dismutase that takes hold
of 0, molecules of catalase and peroxidase that captures H,0,:

2H,0,—>2H,0+0,;
H,A+H,0,>A+2H,0.

This contributes to reducing the concentration of O,” and
H,0, in the cell and not to their interaction with OH" forma-
tion. Superoxide dismutase (superoxide dismutase SOD) is
identified in chemotrophic prokaryotes which use oxygen
(aerobic and facultative aerobic forms) as well as photosyn-
thetic prokaryotes representatives. In anaerobes this enzyme
is found in most air-tolerant forms [62]. Most superoxide dis-
mutases studied are composed of two identical components,
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Principala forma de aparare a celulei de actiunea toxica
a derivatilor oxigenului sunt enzimele: superoxid dismutaza,
care acapareaza moleculele de O, ale catalazei si peroxidazei,
ce captureaza H,0,:

2H,0, > 2H,0+0,;
H,A+H,0, > A+2H,0.

Acest fapt contribuie la reducerea concentratiei de O, si
H,0, in celuld si nu la interactionarea lor cu formarea OH". Su-
peroxid dismutaza este identificata atat in procariotele che-
motrofe, care utilizeaza oxigen (aerobe si formele facultativ
aerobe), precum si la reprezentantii procariotelor fotosinteti-
ce. Aceastd enzimad a fost depistata la majoritatea formelor ae-
rotolerante de bacterii anaerobe [62]. Majoritatea superoxid
dismutazelor studiate sunt constituite din douda componente
identice, fiecare dintre care contine cate un atom de metal.
Ambele forme ale superoxid dismutasei au fost identificate la
microorganismele Gram-pozitive si Gram-negative, fototrofe
si hemotrofe, la anaerobii obligati, aerobii si formele anaerobe
facultative. Mai mult decat atat, cele doua metalo-forme ale su-
peroxid dismutazei pot fi prezente Intr-un organism si chiar sa
intre In componenta moleculei unei enzime. S-a demonstrat ca
la unele specii, sinteza tipului de enzima depinde de prezenta
ionilor metalici In mediul de crestere [62, 127, 128].

Activitatea catalazica si peroxidica a fost identificata la
toate procariotele aerobe obligate si facultative. La anaerobii
obligati, aceste enzime sunt mai putin raspandite decat supe-
roxid dismutaza. A fost depistat un sir de anaerobi obligati si
aerotoleranti, ce contin superoxid dismutaza, dar care nu con-
tin catalaza. Din acest grup fac parte bacteriile acido-lactice, la
care dismutaza ionilor de 0, formati este asiguratda de Mn?",
prezent In celule in cantitati relativ mari. Peroxidul de hidro-
gen apdrut in rezultatul interactiunii celulelor cu O, se elimi-
na si pe cdi neenzimatice. Este cunoscut faptul ca ionii de Fe?*
in solutie apoasa accelereaza reducerea H,0, panad la H,0. In
celuld intotdeauna se contine o anumita cantitate de ioni de
fier. Distrugerea H,0, poate avea loc si din cauza substantelor
reduse, eliberate n mediul de cultura [126].

Pentru procariotele anaerobe, este specifica prezenta in
celule a superoxid dismutazei, iar prezenta catalazei nu este
obligatorie, deoarece peroxidul de hidrogen, rezultat din re-
actiile dismutatiei si altor reactii, se descompune spontan si
organismele, de regula, rezista in aceste conditii. Astfel, la re-
lizarea metabolismului energetic de tip anaerob, pentru elimi-
narea efectelor toxice ale 0,, este necesara doar o singura ba-
rierd enzimatica sub forma de superoxid dismutaza [73, 93].

Discutii

Terapia fotodinamica antibacteriana, actualmente, repre-
zintd o metoda terapeutica adjuvanta in tratamentul gingivite-
lor, parodontitelor, periimplantitelor, stomatitelor, cheilitelor,
cariei dentare si complicatiilor acesteia, si a altor afectiuni ale
cavitatii orale [110]. Conform cercetarilor efectuate de un sir
de autori, In rezultatul efectuarii TFD se reduce numarul de
bacterii patogene cu 92%-100%, fara a utiliza preparatele an-
tiseptice si antibiotice, care pot provoca reactii adverse [129].
Studiile recente atesta restabilirea echilibrului fiziologic intre
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each of them containing a metal ion. Both forms of superoxide
dismutases were identified in Gram-positive and Gram-nega-
tive microorganisms, phototrophic and hemotrophic, obligate
anaerobic, aerobic and facultative anaerobic forms of micro-
organisms. Moreover, the two metal forms of superoxide dis-
mutase can be present in an organism and even become part
of an enzyme molecule. It has been shown that enzyme-type
synthesis in some species is based on the presence of metal
ions in the growth medium [62, 127, 128].

Peroxide and catalase activity was identified in all obligate
and facultative aerobic prokaryotes. In obligate anaerobes
these enzymes are uncommon compared to superoxide dis-
mutase. It was discovered a number of severe and air-tolerant
anaerobes containing superoxide dismutase, but they do not
contain catalase. This group includes acid-lactic bacteria, in
which dismutase of formed O, - ions is provided by Mn**locat-
ed in the cells in high concentrations. Hydrogen peroxide oc-
curring after interaction between the cell and 0, is eliminated
through non-enzymatic pathways as well. It is known that Fe?
ions in aqueous solution, accelerates the reduction of H,0, to
H,0. The cell always contains a certain amount of iron ions.
H,0, destruction can occur because of reduced substances re-
leased into the culture medium [126].

The presence of superoxide dismutase in the cell is specific
for anaerobic prokaryotes, while the presence of catalase is
not required, because hydrogen peroxide resulting from dis-
mutase reactions and other reactions decomposes spontane-
ously and generally organisms withstand in these conditions.
Thus, only one enzyme barrier is required (that being super-
oxide dismutase) to carry out the anaerobic energy metabo-
lism to eliminate the toxic effects of O, [73, 93].

Discussions

Antibacterial photodynamic therapy is currently an ad-
junctive therapeutic method in the treatment of gingivitis,
periodontitis, peri-implantitis, stomatitis, cheilitis, dental car-
ies and its complications and other diseases of the oral cav-
ity [110]. According to researches conducted by a number of
authors, the number of pathogenic bacteria is decreased by
92%-100% as a result of PDT, without using antiseptic and
antibiotic medications which can cause side effects [129].
Latest studies attest restoration of the physiological balance
between aerobic and anaerobic microflora of the mouth after
performing PDT, in a ratio of 75%:25% [4, 130].

Researches carried out by a number of authors found that
bactericidal effect of photodynamic therapy on the oral cavity
microflora depends on the type or PS concentration, laser irra-
diation parameters or LED used, location conditions and form
of organization of microorganisms. In just a 24 hour period
after having performed photodynamic therapy the number of
pathogens reduced 10 times [131-142]. Today, a wide variety
of PS used in PDT of diseases of the oral cavity (toluidine blue,
methylene blue, radochlorine, photolon, photodithazine etc.)
are known. They showed to be effective in suppressing both
Gram-positive and Gram-negative bacteria [136, 137]. Studies
in vitro, experimental and clinical studies have shown that af-



microflora aeoba si cea anaeroba a cavitatii bucale dupa efec-
tuarea TFD, intr-un raport de 75%:25% [4, 130].

S-a constatat ca efectul bactericid al terapiei fotodinamice
asupra microflorei cavitatii orale este in functie de tipul sau
concentratia FS, parametrii iradierii laserului sau LED-ului
utilizat, conditiile de localizare si forma de organizare a micro-
organismelor. intr-o perioadi de numai 24 de ore dupi efec-
tuarea terapiei fotodinamice, s-a redus de 10 ori numarul de
microorganisme patogene [131-142]. La ora actuald, este cu-
noscutd o varietate larga de FS (albastru de toluidina; albastru
de metilen, radoclorin, fotolon, fotodithazind s.a.) utilizati In
TFD afectiunilor cavitatii orale, care s-au dovedit a fi eficienti
in suprimarea atat a bacteriilor Gram-pozitive, cat si a celor
Gram-negative [137-136]. Studiile in vitro au demonstrat ca in
rezultatul PDT sunt distruse eficient si total microorganismele
din biofilmul oral care provoaca afectiunile parodontiului, ca-
ria dentara si alte maladii stomatologice [131, 132, 143-145].

0 sensibilitate sporita la TFD a fost depistata la enterobac-
terii (54% din cazuri), steptococii non-hemolitici (45% din
cazuri) si la fungi. Asadar, terapia fotodinamica exercita un
efect antibacterian asupra bacteriilor Gram-pozitive, Gram-
negative si fungi, in egala masura provocand distrugerea mi-
croorganismelor aerobe, a celor facultativ-anaerobe si a celor
anaerobe [131, 144-146].

Pentru a obtine rezultate optime dupa utilizarea TFD,
este important de a lua In consideratie conditiile de aplica-
re a fotosensibilizatorilor: tipul celulei cu care se va lega FS,
concentratia la care FS manifesta eficienta maxima, lungimea
de unda si intensitatea iradierii laser sau LED, necesare pentru
activarea fotosensibilizatorului, solubilitatea FS in lichidele si
lipidele inconjuratoare si gradul de ionizare a FS.

Avantajul aplicarii TFD consta in posibilitatea anihila-
rii strict localizate a celulelor bacteriene amplasate atat la
suprafata, cat si In spatiile intercelulare, fara survenirea unor
reactii adverse asupra zonelor adiacente [147]. Un avantaj in-
contestabil al terapiei fotodinamice antimicrobiene (TFDA)
vis-a-vis de antibioticoterapie, este caracterul multiplu al dis-
trugerii oxidative a celulelor-tinta microbiene, care previne
formarea rezistentei la curele ulterioare de TFD [82].

In plan sintetic, au fost identificate zece avantaje ale tera-
piei fotodinamice antimicrobiene in tratamentul afectiunilor
cavitatii orale, provocate de biofilme, comparativ cu terapia
antibacteriana conventionala:

(1) eficienta TFDA nu este influentata de sensibilitatea mi-
croorganismelor patogene la preparatele antibacterie-
ne. Prin TFDA sunt distruse tulpinile microbiene antibi-
orezistente si biofilmele bacteriene;

(2) eliminarea bacteriilor are loc foarte rapid, in cateva mi-
nute sau chiar secunde;

(3) TFDA are un spectru larg de actiune asupra tuturor
agentilor patogeni microbieni;

(4) In rezultatul efectuarii TFD, se reduce numarul de bacte-
rii patogene cu 92%-100%;

(5) dupa efectuarea TFD, se atesta restabilirea echilibru-
lui fiziologic Intre microflora aeoba si cea anaeroba a
cavitatii bucale;

(6) este exclusa posibilitatea dezvoltarii tulpinilor microbie-
ne rezistente;

Terapia fotodinamicd antimicrobiand si biofilmul oral

ter using PDT, microorganisms in the oral biofilm that cause
periodontal disease, tooth decay and other dental diseases are
effectively and completely destroyed [131, 132, 143-145].

An increased sensitivity to PDT was detected in enterobac-
teria (54% of cases), non-hemolytic steptococii (45% of cases)
and fungi. Thus, photodynamic therapy exerts an antibacterial
effect on Gram-positive bacteria, Gram-negative bacteria and
fungi, equally causing the destruction of aerobic, anaerobic
and facultative anaerobic microorganisms as well as anaero-
bic ones [131, 144-146].

In order to obtain the best results after PDT, it is important
to take into account the conditions of application of photosen-
sitizers: cell type to which PS binds, concentration at which PS
exhibits maximum efficiency, wavelength and intensity of LED
or laser irradiation necessary to activate the photosensitizer,
PS solubility in fluids and surrounding lipids, and degree of PS
ionization.

The advantage of applying PDT is the possibility of strictly
localized annihilation of bacterial cells located both at the sur-
face and in intercellular spaces without any adverse effects on
adjacent areas [147]. An undeniable advantage of antimicro-
bial photodynamic therapy versus antibiotic therapy is mul-
tiple character of oxidative damage to target microbial cells,
which prevents development of resistance to subsequent PDT
sessions [82].

Thus, after analyzing literature sources, we highlighted the
following advantages of applying antimicrobial photodynamic
therapy in treatment of diseases of the oral cavity caused by
biofilms in relation to application of antibacterial therapy:

(1) APDT efficiency is not affected by sensitivity of patho-
genic microorganisms to antibacterial preparations.
Microbial strains and bacterial biofilms which exhibit
antibiotic resistance are destroyed by APDT;

(2) bacteria is eliminated very quickly, within minutes or
even seconds;

(3) APDT has a broad spectrum of activity against all micro-
bial pathogens;

(4) as aresult of PDT application the number of pathogenic
bacteria is reduced by 92%-100%;

(5) physiological balance between oral aerobic and anaero-
bic microflora after PDT is restored;

(6) the possibility of developing resistant microbial strains
is excluded;

(7) photosensitive substances applied in APDT do not exert
cytotoxic activity without photoactivation, and do not
exert mutagenic action, thus the probability of selecting
resistant microbial strains is excluded;

(8) antibacterial effect of APDT is not reduced over time, in
case of repeated sessions;

(9) bactericidal action of APDT is local and adjacent tissues
are not affected;

(10) APDT does not exert any harmful effect on saprophytic
flora of the whole body, because no component of APDT
exerts any systemic bactericidal effect or other destruc-
tive (cytotoxic or toxic) effects at macrolevel.
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(7) substantele fotosensibile, utilizate n TFDA, nu exercita
actiune citotoxica fara fotoactivare, nu exercita actiune
mutagend, fapt care exclude probabilitatea selectarii
tulpinilor microbiene rezistente;

(8) efectul antibacterian al TFDA nu se reduce in timp, in
cazul aplicarii sedintelor repetate;

(9) actiunea bactericida a TFDA are un caracter local si tesu-
turile adiacente nu sunt afectate;

(10) TFDA nu exercita efect nociv asupra florei saprofite a
intregului organism, datorita faptului ca niciun compo-
nent al TFDA nu exercita efect bactericid sistemic sau
alte efecte distructive (citotoxic sau toxic) la nivel de
macroorganism.

Concluzii

Aplicarea terapiei fotodinamice antimicrobiene in trata-
mentul maladiilor provocate de biofilme se datoreaza unui
proces de interactionare a formelor active de oxigen si a ra-
dicalilor toxici cu factorii antistres ai bacteriilor, iar efectul ei
poate fi diferit, in functie de intensitatea generarii formelor
active de oxigen, activitatii proteinelor antistres, enzimelor
antioxidante bacteriene si multi alti factori. TFDA este o meto-
da de tratament care ofera numeroase avantaje: este o tehnica
non-invaziva, fara sangerare, fara necesitatea aplicarii aneste-
ziei locale, poate fi aplicata in conditii de ambulator, poate fi
repetatd, neavand toxicitate cumulativa si timp de vindecare
scurt. Este important de mentionat faptul ca in rezultatul tera-
piei fotodinamice sunt afectate numai celulele sensibilizate si
nu sunt afectate tesuturile inconjuratoare.

Astfel, in viitorul apropiat, terapia fotodinamica poa-
te deveni o alternativa eficientd a metodelor antibacteriene,
traditionale, de tratament.
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