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In Vitro Characterization

Conclusion

Indocyanine green (ICG) is a fluorescence contrast agent that is widely used for
near-infrared (NIR) imaging. Application of this dye is limited due to its numerous
disadvantageous properties in aqueous solution, including its concentration-
dependent aggregation, poor stability and low quantum yield [1]. In plasma, ICG
binds almost completely (98%) to non-specific plasma proteins leading to rapid
elimination from the body with a blood half-life of 3 - 4 min [2].

The aim of this study was to develop a new formulation for ICG in order to
overcome these limitations. Preliminary studies with various micellar systems
indicated that encapsulation of ICG resulted in positive effects on the optical
properties and stability of the dye [3].

The novel micellar ICG formulation exhibited a threefold increase in quantum
yield and a significant higher aqueous stability (>8 weeks) compared to free
aqueous ICG. The micelles were found to be spherical in shape with an
average hydrodynamic diameter of 12 nm. Intravital microscopy showed that
the contrast of blood vessels to tissue is enhanced and that the blood half-life of
ICG is prolonged.

Solutol® HS 15 micelles are suitable nano-carriers for ICG improving the optical
properties and aqueous stability of the dye. By means of incorporation into the
micelles, ICG can be prevented from binding to plasma proteins which
subsequently increases the half-life in vivo.

Preparation
Solutol micelles were prepared by the direct
dissolution method, in which the surfactant was
simply added to distilled water at RT while
stirring. To achieve ICG-encapsulation, aliquots
of an aqueous stock solution of the dye (104

mg/L) were added under stirring to the micelle
solution. After complete addition of the dye, the

Cryogenic transmission electron microscopy (Cryo-TEM) was performed on
a Philips CM12 microscope at a magnification of 100,000 x. Plain Solutol
micelles and ICG/Solutol micelles were spherical in shape with a mean diameter
of 8.4 ± 1.8 and 8.1 ± 1.2 nm, respectively. Dynamic light scattering (DLS)
experiments displayed a hydrodynamic diameter of approx. 12 nm with a narrow
size distribution. Encapsulation of ICG within the micelles did not have an
influence on the size

λmax (Abs)
[nm]

λmax (Em)
[nm]

Quantum Yield
[%]

free ICG 779 805 2.58 ± 0.04

ICG within micelles 798 825 8.33 ± 0.18

dDLS
[nm]

PDI dTEM
[nm]

Zeta Potential
[mV]

Solutol micelles 11.8 ± 0.1 0.046 8.4 ± 1.8 -2.1 ± 1.7
Solutol/ICG micelles 11.9 ± 0.1 0.049 8.1 ± 1.2 -0.7 ± 1.0

Temperature-dependent aqueous stability
of free ICG and ICG/Solutol micelles were
determined by absorption spectroscopy.
Free ICG showed poor aqueous stability
with a strong temperature dependence. In
contrast, ICG/Solutol micelles remained
stable over an 8-week period, even at
elevated temperatures (37 °C). Encapsu-
lation of ICG within micelles protects the
dye from degradation, presumably by
isolating the hydrolyzed fragile structure
from the aqueous environment [3].

In vivo behavior of the novel micellar formulation was investigated in female
nude mice by intravital microscopy (AxioImager Z1). The ears of anesthetized
mice were imaged under 2.5 x magnification with an exposure time of 500 ms.
Free ICG solution and ICG/Solutol micelles were applied i.v. in the tail vein with
a weight-adjusted dose of 0.4 mg/kg ICG and 200 mg/kg Solutol. Images were
taken every 2 sec for the first 5 min and every min for the following 85 min.
Image evaluation was

Temperature-dependent aqueous stability of free
ICG and ICG encapsulated within Solutol micelles.

Absorption spectrum (left) and emission spectrum (right) of free aqueous
ICG in comparison to ICG encapsulated within Solutol micelles.

Cryo-TEM images of pure Solutol micelles with (A) 1 mg/ml Solutol, (B) 100 mg/ml Solutol 
and (C) Solutol/ICG micelles (cICG = 1 mg/ml, cSolutol = 100 mg/ml). 100,000x magnification
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The optical properties of
free ICG and ICG/Solutol
micelles were determined by
absorption and fluorescence
spectroscopy. The fluores-
cence quantum yield, a
measure of the efficiency with
which absorbed light
produces fluorescence, was
determined relative to the
known quantum yield of ICG
in DMSO (Φ = 13%).
ICG/Solutol micelles showed
an increased absorbance and
fluorescence capacity with a
threefold increased fluores-
cence quantum yield [3].

solution was left
to stir for a further
30 min and was
then used without
further washing
steps.

performed with Simple
PCI 6.0 software and
a self-written program
(NIR-XP) for quanti-
fication of the fluores-
cence intensities.

ICG

ICG/Solutol

native 30 sec p.i. 2 min p.i. 3 min p.i. 5 min p.i.

Fluorescence microscopy images of blood vessels in ears of nude mice native and after 
intravenous injection of free ICG (upper row) and ICG/Solutol micelles (lower row).

Fluorescence intensity vs. time measured in ear tissue of nude mice by
intravital microscopy.

Fluorescence intensity vs. time measured in ear arteries of nude mice by
intravital microscopy.

Fluorescence microscopy
images showed that, in
comparison to free ICG,
ICG encapsulated within
Solutol micelles exhibited
a higher fluorescence
intensity over a longer
time period in the blood-
stream. The micelles
seem to prevent the dye
from binding to plasma
proteins, consequently
increasing the blood half-
life in vivo. Furthermore,
encapsulation leads to a
twofold enhancement in
the blood vessel to tissue
contrast.

and size distribution.
The lower diameter
obtained by TEM, as
compared to DLS, is
due to the fact that
the PEG shells of the
Solutol micelles are
practically invisible to
the TEM electron
beam due to the poor
contrast between
PEG and the vitrified
water matrix [4].
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Schematic representation of the formation of 
Solutol/ICG micelles.

Chemical structure of indocyanine green 
monosodium salt (ICG).

Chemical structure of the main lipophilic
components of Solutol® HS 15.
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