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Abstract
Acridine orange (AO) is a synthetic fluorescent compound that presents a series of biological applications. Although this compound is frequently
used as a biological marker, only a few studies have been published regarding its intrinsic properties and its applicability as a phototherapeutic
agent, thus, its physicochemical behavior in homogeneous media still is required. Therefore, in this research, we describe the physical-chemical
characteristics of the AO, aiming to validate and strengthen the basic studies regarding its promising phototherapeutic potential. Using its absorption
and emission spectra profile, pKa, and Kwo evaluation we verified that OA has low solubility in a homogeneous medium, presence of a positive charge
at physiological pH and that it can interact both with cell membranes and with blood plasma, evidenced by its amphiphilic behavior. Other studies
are still needed to validate its safety regarding the application, however, AO has many potentially favorable characteristics for phototherapeutic
applications.
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Introduction
Theranostics is a therapeutic concept based on the combination

of diagnostic and therapeutic resources in a single platform, mainly
concerning cancer treatment4,8. This means that theranostic

agents allow the simultaneous diagnosis and treatment of disease
and allow real-time monitoring of the disease’s evolution [1]. In

this way, it is possible to make the therapy more personalized,

cause the formation of oxygen singlet (1O2). ROS generated can react

with biomolecules that trigger cell death by necrosis, apoptosis,

and/or autophagy [1,2]. As it is a non-invasive, non-toxic technique,
selective for diseased cells and with low side effects, photodynamic
inactivation has been gaining space.

To be applicable in PDT, the photosensitizer must have some

which may lead to an improvement in the prognosis of the disease.

specific characteristics, which includes high light absorption in

therapy (PTT), gene therapy, and photodynamic therapy (PDT)2.

favorable

This methodology approach can be applied in several therapeutic

strategies, such as chemotherapy, radiotherapy, photothermal
PDT approach consists of the photo-oxidation of biomolecules

promoted by a photosensitizer compound which, in the presence
of light with an appropriate wavelength and molecular oxygen,

generates cytotoxic reactive oxygen species (ROS), as hydroxyl

radicals, hydrogen peroxides, and superoxide anion, or can also

the visible region, high singlet oxygen quantum yield, low photo-

bleaching reaction yield, high affinity and tissue penetration,
pharmacokinetics,

non-prolonged

photosensitivity,

reproducibility, high stability and low toxicity in the dark [3,2,4].

3,6-bis-dimethylaminoacridine, also known as acridine orange

(AO), was first synthesized in 1889, but its wide use only started
from 1940-1950 due to the discovery of its ability to bind to nucleic

acids [5]. Since then, a series of biological applications have been
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attributed to this fluorophore, and its use as an antibacterial,

emission (Spectrofluorimeter Cary Eclipse) at 3.6x10-6 mol L-1 and

antiparasitic, pH indicator and photosensitizer agent has already

7.2x10-6 mol L-1, respectively. The analysis were performed using

and when it binds to RNA or ssDNA it emits red fluorescence

pKa of OA in an aqueous medium

been described [6]. The main characteristic of AO is that it is a cell-

permeable dye that, after binding to dsDNA, emits green fluorescence
[7,8]. AO staining is a useful and easy way to distinguish active

and inactive reproductive cells, detect intracellular pH gradients,

λexc= 452 nm; λemiss= 550 nm; slit 2.5/2.5, optical pass 1.00 cm
and 30.0 °C.

The determination of the pKa of OA (3.6x10-6 mol L-1) was

measuring apoptosis and proton pump activity [9,10,11].

performed in an aqueous medium, using Macvaine buffer, and

accumulation in acidic environments, thus, in cancer tissue, and

chemometric method.

AO was recently applied in cancer therapy due to its preferential

due to its intercalation within the DNA double helix, where the

photodynamic effect induces the transition of molecular oxygen to

the singlet state, which has cytotoxic activity. Evidencing AO as a

Boric Acid buffer (5 mmol L-1), by UV-Vis electronic absorption
spectroscopy, at 30.0°C. Data were evaluated by the multivariate

n-octanol-water partition coefficient (Kow)
Kow experiment was carried out using a water/octanol mixture

promising photosensitizer for use in PDT [12-16]. However, despite

(50% V/V) containing OA (1.8 x10-6 mol L-1). This mixture was

research, we describe the physical-chemical characteristics of the

partition in water and octanol at 30.0°C. The value of Kow was

the wide use of AO applied to biological sciences, its physicochemical
behavior in non-aqueous solvents is quite limited. Therefore, in this

AO, aiming to validate its promising photosensitizer properties
for use in PDT, theranostic and potential therapeutic use against
tumors and infections.

subjected to vigorous stirring for 5 min and then kept at rest for
48 h in the dark. Electronic absorption spectra accessed the OA
calculated using Equation 1.

Kow =

Materials and Methods
OA (≥ 97.0% HPLC, MM= 179.22 g mol-1) was purchased from

Sigma-Aldrich and used without additional purification. All the

used organic solvents (water, ethanol, octanol, and chloroform)
were utilized as purchased.

OA spectroscopy characterization
Molar absorptivity was obtained using the Lambert-Beer Law

at 30.0°C. The analysis was accompanied by electronic absorption

spectra (Spectrophotometer Beckman DU-800) and fluorescence

[OA]octanol
 (1)
[OA]water

[OA]octanol is the concentration of OA in octanol, and [OA]

water is the concentration of OA in water.

Results and Discussion

AO is a water-soluble fluorescent PS compound. The following

analyses aim to detail the influence of the structural organization of
AO on its ability to act as a diagnostic source and photosensitizer in
PDT. The spectroscopic behavior is shown in Figure 1.
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Figure 1: Absorption and emission spectra profile of OA (1.8x10-6 mol L-1) in water, chloroform, and ethanol (λexc= 452 nm; λemiss= 550 nm; slit
2.5/2.5, optical pass 1.00 cm and 30.0°C).

Citation: Flávia AP de Morais, Katieli Silva Souza Campanholi, Rodolfo Bento Balbinot. Characterization of Acridine Orange in Homogeneous
Media: A Supportive Study and Validation of Its Potential for Photo-Applications. Arch Phar & Pharmacol Res. 3(1): 2021. APPR.
MS.ID.00055. DOI: 10.33552/APPR.2021.03.000555.

Page 2 of 5

Archives of Pharmacy & Pharmacology Research

Volume 3-Issue 1

The UV-vis spectroscopy (Figure 1) showed bands relative to

advantage for theranostics application. The most significant shifts

bonds with the polar and protic solvent. The peak at 491 nm is a

AO aggregates exist in water (aggregates commonly do not emit

π-π* transition, with maximums at 265 nm, 290 nm, 470 nm, and

491 nm [10,11]. The AO has displacement in water due to hydrogen
characteristic of the AO in the monomeric state. On the other hand,

its π-conjugation chain allows the formation of smaller dimers in
higher polarity solvents, which results in a shoulder band at around

470 nm [17]. Aggregation tendency reflects in a lower molar

absorption coefficient in water (74.8x10 cm mol L, Adj-R-Square
3

-1

-1

0.9914 and error of 2.8 x103), which is less expressive in ethanol

(131.4 x103 cm-1 mol-1 L, Adj-R-Square 0.9778 and error of 6.0

x103) and chloroform (153.2 x103 cm-1 mol-1 L, Adj-R-Square 0.9949
and error of 4.1 x103). The molar absorption coefficient values

were obtained from the absorption spectra. However, emission
spectra were also considered during the analyses (selection of OA

concentration that shows a linear relationship between emission
intensity and drug concentration).

Furthermore, Figure 1 showed an emission band close to 520

nm. Its signal was a mirror image of the absorption spectra due to

the similarity between the fundamental and excited state vibrational

levels [18]. Particularly, the Stokes shift allows estimating the
luminescent efficiency of the drug. In general, molecules with more
significant Stokes shifts have easily detectable fluorescence, an

were obtained for AO in water (36 nm), followed by ethanol (31

nm) and chloroform (24 nm). Thus, it can be stated that although
fluorescence), the remaining monomeric species act efficiently as
a fluorescent probe. This property gives AO potential for use in

theranostics. After knowing the spectroscopic properties of AO, we
sought to investigate its charge state at blood pH. The results are
shown in Figure 2.

Figure 2 shows the pKa value of AO in an aqueous medium

determined by the multivariate chemometric method. This
method considers the contribution of the protolytic species at all

wavelengths, leading to more excellent reliability of the results
obtained. The relative concentrations of the protolytic species

obtained chemometrically were applied to the HandersonHasselbalch equation, yielding a pKa of 10.7. Thus, at physiological

pH, the AO molecule is expected to be in the form of AOH+. Its charge
state favors interaction with cell membranes and DNA, as widely

reported in the literature. Besides AO/biological system interactions
of an electrostatic nature, this photosensitizer compound seems
also present an amphiphilic property. This behavior was validated
using the n-octanol-water partition coefficient as log Kow.

Figure 2: (A) Acridine orange relative concentration curves and (B) its protolytic species fractions at several pHs.

The n-octanol-water partition coefficient as log Kow is defined

as the ratio of the equilibrium concentration of a dissolved
compound in two-phase immiscible solvents, thus, n-octanol and

water [10,12]. This method is frequently used to determine the

degree of hydrophobicity by the prediction of their partitioning
tendency. Kow also allows knowing this preferential location of the

compound during its application, thus, the preferential partitioning
of the compound to environments of lower polarity or dissolve in
blood plasma [19].

The log Kow value obtained for the AO was 0.7, consistent with

amphiphilic species. The evaluation of the OA amphiphilic behavior

was also performed by partition kinetics. These experiments were

performed monitoring both solvent phases in the presence of OA.
The results are shown in Figure 3

Figure 3 shows the AO partition kinetic profile in the n-octanol

phase after 10 h. It is possible to observe the AO mild preferential
partition to the lower polarity solvent indicating that AO might

present some interaction with membranes. The same experiment
was carried out monitoring the water phase (not shown). The results

confirmed the Kow value obtained and the amphiphilic behavior of
this compound. Apparently, some part of AO remains in the polar
solvent, thus, AO could interact with both environments without
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the need for a drug delivery system. These results corroborate

in water). Since these coefficients presented very close values, it is

and 74.8x10 cm mol L, Adj-R-Square 0.9914, error of 2.8 x10

amphiphilic capacity.

the values of the molar absorptivity coefficient found (80.2x10

3

cm-1 mol-1 L, Adj-R-Square 0.9814, error of 2.9 x103 in n-octanol
3

-1

-1

3

possible to state that the solubilization capacity of this compound

is similar in both systems, thus, water and n-octanol, confirming its
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Figure 3: Partition kinetic of AO (1.8x10-6 mol L-1) to the n-octanol-water phase at 30.0°C. The time of analysis was 600 min (or
10 h), which corresponds to t > 2 t1/2.

Since AO is a photosensitizer compound, an excellent gross

multivariate chemometric method we sought to investigate the AO

application possibility as a theranostic agent [9,10,13]. Recently,

allowing its interaction with cell membranes and DNA. Although

contrast agent, and an ideal contrast agent for in-vivo microscopy,

without needing a formulation, these results strongly suggest its
Hany Osman et al., 2018 had demonstrated the impressive potential

of AO as a photosensitizer and contrast agent against glioblastoma

cells [14]. The photodynamic effect was reached with almost 10
min of white light using this compound but further studies still are

necessary for the AO validation as a safe drug [14]. Other studies are
still needed to validate other physical-chemical properties of AO. It

is also necessary some evaluations concerning its safety regarding

charge state at blood pH. The results pointed to pKa of 10.7, thus,

at physiological pH, the AO molecule is expected to be as AOH+,
AO had presented an amphiphilic behavior (log Kwo was 0.7), thus,
it can be partitioned in both environments: cell membrane and in

blood plasma, further studies validating its safety photodynamic
and photodiagnostic effect are warranted.
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