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Introducere. Indocianina verde (ICV) este un colorant fluorescent aprobat clinic si
utilizat pe scara larga In imagistica medicala, in special pentru evaluarea fluxului sanguin,
a functiei hepatice si a limfaticelor. Datorita capacitatii sale de a se lega rapid de proteinele
plasmatice si de a emite fluorescenta in domeniul apropiat de infrarosu (NIR), ICV ofera o
penetrare profunda in tesuturi, fiind ideala pentru diagnosticul neinvaziv si pentru
monitorizarea in timp real a unor proceduri chirurgicale. Totusi, analiza si caracterizarea
sa precisa necesita metode fizico-chimice riguroase, care pot asigura o evaluare detaliata
a stabilititii, a concentratiei si a parametrilor de fluorescenta. In aceastd lucrare, sunt
prezentate metode fizico-chimice avansate utilizate In analiza ICV, inclusiv spectroscopia
UV-Vis, spectroscopia de fluorescenta, cromatografia de lichide de Tnalta performanta
(HPLC) si analiza prin microscopia confocalda. Aceste tehnici permit o investigare
aprofundata a comportamentului ICV in diverse medii, aspecte esentiale pentru
aplicabilitatea sa clinica si stabilitatea sa in formularile farmaceutice [1].

Scopul lucrarii. Scopul acestui studiu a fost investigarea si sintetizarea principalele
metode fizico-chimice aplicate In analiza ICV, un colorant organic cu aplicatii extinse In
diagnosticare medicala.

Material si metode. A fost efectuata o analiza bibliografica extensiva a articolelor si
lucrarilor de referinta, disponibile in baze de date stiintifice precum PubMed,
ScienceDirect si IEEE Xplore (39 de articole indexate ISI), axandu-se pe publicatiile din
ultimii zece ani. Criteriile de selectie a literaturii au inclus relevanta si actualitatea
metodelor fizico-chimice utilizate 1n analiza ICV, fiind excluse din studiu sursele invechite
sau care nu contineau date experimentale suficiente.

Rezultate. Pe baza literaturii de specialitate, s-au analizat avantajele si limitarile
tehnicilor de spectroscopie, cromatografie si microscopie avansata utilizate pentru
evaluarea proprietatilor structurale, spectrale si de stabilitate ale ICV, in vederea
optimizarii utilizarii acesteia in practica medicala si cercetare. Metoda spectroscopica UV-
Vis este una dintre cele mai frecvent utilizate pentru analiza ICV, permitand determinarea
concentratiei si evaluarea stabilitatii acesteia. Studii recente evidentiaza importanta
stabilirii unei lungimi de unda optime pentru maximizarea sensibilitatii detectiei, de
reguld in jurul a 800 nm, specifica indocianinei. ICV este un compus fluorescent, iar
metoda fluorimetricd este utild pentru cuantificarea sa la concentratii scazute.
Fluorescenta intensa a acestui colorant in conditii de lumina apropiata de infrarosu
permite aplicarea metodei in contexte biologice, inclusiv in diagnosticare si imagistica in
vivo. Cromatografie lichida de Tnalta performanta (HPLC) este o tehnica valorificata
pentru separarea si identificarea indocianinei in diverse matrice, inclusiv fluide biologice.
S-a demonstrat ca utilizarea coloanelor C18 si a detectiei UV sau fluorimetrice ofera o
separare rapidi si eficientd. In ultimii ani, s-au dezvoltat metode electrochimice pentru
caracterizarea redox a ICV. Aceste metode sunt utile in elucidarea mecanismului de
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degradare al ICV in conditii oxidative si pentru evaluarea stabilitatii In prezenta diferitelor
excipienti. Spectroscopia de masa (MS) este folosita pentru identificarea precisa a masei
moleculare si a eventualilor produsi de degradare, permite detectarea eventualelor
impuritati si fragmentarea structurala specifica.

Concluzii Studiul a demonstrat valoarea analizei bibliografice In consolidarea
metodologiilor. Metodele spectroscopice si cromatografice sunt utilizate pentru o
caracterizare completa a ICV, oferind atadt informatii cantitative, cat si calitative.
Spectroscopia UV-Vis si fluorimetria sunt metode accesibile si sensibile pentru
monitorizarea concentratiei si stabilitatii colorantului, in timp ce HPLC si MS ofera o
evaluare detaliata a puritatii si a compozitiei structurale.

Cuvinte cheie: indocianina verde, HPLC, spectroscopie UV-Vis, fluorimetrie.
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Introduction. Indocyanine green (ICG) is a clinically approved fluorescent dye widely used
in medical imaging, especially for assessing blood flow, liver function, and lymphatic systems.
Due to its ability to rapidly bind to plasma proteins and emit fluorescence in the near-infrared
(NIR) range, ICG provides deep tissue penetration, making it ideal for non-invasive diagnosis
and real-time monitoring during surgical procedures. However, its precise analysis and
characterization require rigorous physico-chemical methods to ensure a detailed evaluation
of its stability, concentration, and fluorescence parameters. This paper presents advanced
physico-chemical methods used in the analysis of indocyanine green, including UV-Vis
spectroscopy, fluorescence spectroscopy, high-performance liquid chromatography (HPLC),
and confocal microscopy analysis. These techniques allow in-depth investigation of ICG’s
behavior in various media, essential for its clinical applicability and stability in
pharmaceutical formulations [1].

Aim of the study. The purpose of this study was to investigate and synthesize the primary
physico-chemical methods applied in the analysis of ICG, an organic dye with extensive
applications in medical diagnostics.

Material and methods. An extensive bibliographic analysis was conducted, focusing on
relevant articles and reference works available in scientific databases such as PubMed,
ScienceDirect, and IEEE Xplore (39 ISI-indexed articles), primarily from the past decade.
Literature selection criteria included the relevance and current application of physico-
chemical methods used in the analysis of ICG, excluding outdated sources or those lacking
sufficient experimental data.
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Results. Based on the specialized literature, the advantages and limitations of spectroscopy,
chromatography, and advanced microscopy techniques for evaluating the structural,
spectral, and stability properties of indocyanine green were analyzed, aiming to optimize its
use in medical practice and research. UV-Vis spectroscopy is one of the most frequently used
methods for analyzing ICG, allowing determination of concentration and assessment of
stability. Recent studies highlight the importance of establishing an optimal wavelength to
maximize detection sensitivity, typically around 800 nm, specific to indocyanine. ICG is a
fluorescent compound, and fluorimetry is useful for quantifying it at low concentrations. The
intense fluorescence of this dye under near-infrared light conditions enables its application
in biological contexts, including diagnostics and in vivo imaging. High-performance liquid
chromatography (HPLC) is a valued technique for the separation and identification of ICG in
various matrices, including biological fluids. Using C18 columns and UV or fluorimetric
detection has demonstrated rapid and efficient separation. In recent years, electrochemical
methods have been developed for redox characterization of indocyanine. These methods are
useful in elucidating the degradation mechanism of ICG under oxidative conditions and for
assessing stability in the presence of various excipients. Mass spectrometry (MS) is used for
accurate identification of molecular mass and potential degradation products, enabling
detection of possible impurities and specific structural fragmentation.

Conclusions. The study demonstrated the value of bibliographic analysis in consolidating
methodologies. Spectroscopic and chromatographic methods are employed for a
comprehensive characterization of ICG, providing both quantitative and qualitative
information. UV-Vis spectroscopy and fluorimetry are accessible and sensitive methods for
monitoring the concentration and stability of the dye, while HPLC and MS offer a detailed
evaluation of purity and structural composition.
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