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Abstract
Introduction: Surgical oncology strives to remove the primary cancer tumor
together with its local lymphatic tissue. One of the techniques improving
the staging of lymph nodes is sentinel node biopsy. The most common agent
used in SNB is indocyanine green (ICG). Indocyanine green is characterized by
its high affinity for human serum albumin (HSA). In practice, the visualization
of the sentinel node is enhanced by attaching a relatively large carrier to
the ICG molecule. The aim of this study was to investigate whether the covalent linking of ICG to a nanocolloid would extend the time of detection
of the dye as it binds to HSA, assessed by fluorescence measurements in vitro.
Material and methods: The influence of the molar concentration of ICG on
its ability to form a complex with HSA was investigated. The dye luminescence was measured, with an increasing amount of dye in the presence of
a constant concentration of HSA. The stability of the ICG:HSA complex was
also investigated.
Results: The binding of ICG and human protein in a solution ratio of 3 : 1
made it possible to detect the ICG luminescence with better and prolonged
visibility. In the case of the two lowest ratios, complex formation was not
observed. The use of ICG bound to a nanocolloid based on human serum
albumin increases the luminescence of the HSA : ICG complex up to 98%.
Conclusions: Properly selected proportions of human albumin protein and
ICH allowed higher and longer luminescence to be achieved. Nevertheless,
further studies are necessary to establish the optimal concentration ratio.
Key words: sentinel lymph node, human serum albumin, indocyanine
green, urological cancers.

Introduction
Indocyanine green (ICG) is a small (776 D), water soluble, anionic, tricarbocyanine dye that can be sterilized, and is safe for use in patients [1].
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Because of these and other properties, ICG has
been used in clinical medi
cine since the late
1950s, especially in cardiology, anatomy and physiology [2–4]. Currently, the dye plays a crucial role
in modern surgery, especially in visualizing tumors
and lymph nodes, as well as improving visualization and rendering the anatomical display more
detailed. The need for precise finding of the sentinel nodes seems to be more important in obese
patients; the population of them is growing constantly not only in western countries but in Asian
countries as well [5].
In urological practice, numerous papers describe the use of ICG for penile, prostate, testicu
lar, renal and bladder cancers [6–10]. Cancers
of other organs are also involved in migrating
to sentinel nodes [11]. In fact, there are no standards for indicating migration to sentinel nodes
for the most common urological cancers such as
bladder and renal cancers because they spread
not only via lymphatic vessels. Notably, the spread
of neoplastic cells seems to be more predictable in
penile cancer; thus, it is particularly important to
find sentinel nodes in this tumor [12]. A significant
feature of ICG is its high sensitivity to light, and its
low stability in aqueous solution [3, 6].
The most essential aim of contemporary oncological surgery is the radical excision of neoplastic
tissues. The main route of cancer cell migration is
the lymphatic system. The standard surgical procedure consists of tumor resection and removal of
local lymph nodes that are potential sites of cancer
cell migration. This method increases the chances
of the radical removal of the tumor, but is simultaneously burdened with the risk of unnecessary excision of healthy tissue and the occurrence of complications [13]. To improve the staging of the disease,
it is crucial to identify the sentinel node, which is
considered to be the first site of metastasis. However, the appropriate identification of the sentinel
node is still a challenging problem [14].
One of the new options is to use fluorescence-guided surgery for sentinel node biopsy [15].
When the sentinel node is not metastatic, there
is no need for the excision of other lymph nodes,
which is also beneficial, since the removal of a single lymph node is usually significantly easier and
less invasive. The use of a specific dye, such as ICG,
facilitates the localization of the sentinel node.
ICG can be injected into the tissues surrounding
the tumor as a complex with human serum albumin (HSA), which stabilizes the dye molecules as
well as potentiating its fluorescence [1, 16, 17].
According to van der Poel et al. [7], ICG was
introduced as a complex composed of the dye
molecules and a nanocolloid of HSA, where the
ICG : HSA molar ratio was 40 : 1 [18]. The protocol
provided information that the dye binds to the HSA
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molecule within 1 min, and that its concentration
is much higher compared to the HSA only [18]. In
this case, the use of a molar composition provides
the tissue contamination; thus, clear visualization
of the tumor area can become problematic. For
this reason, there is a need to identify the optimal ICG : HSA concentration ratio that provides
the highest tumor fluorescence with concomitant reduced interference by unbound molecules
of ICG. The main aim of the project was to perform
an in vitro study that can define the molar composition of the ICG:HSA complex that would enable the achievement of the highest fluorescence
with only a trace concentration of unbound ICG.
We determined the complexed ICG, using highperformance liquid chromatography, coupled with
a fluorescence detector (HPLC-FLD).
A significant difficulty in using dyes is their rapid
passage through the targeted sentinel nodes, and
their accumulation in other lymph nodes. In some
papers, the authors reported evidence that binding of ICG to HSA may be helpful in achieving prolonged accumulation in the sentinel nodes [17, 19].
The goal of this study was to define the optimal molar ratio of ICG to HSA in vitro that would
produce the highest fluorescence, which could be
translated to clinical use during sentinel lymph
node biopsy.

Material and methods
Materials
Chemicals
Human serum albumin (HSA; Nano-Albumin
1 mg) was purchased from MediRadiopharma Ltd.
(Hungary). Indocyanine green (ICG-Pulsion) was
obtained from Pulsion Medical Systems SE (Munich, Germany). Water was purified in a Millipore
Direct-Q 3 UV Water Purification System (Millipore
Corporation, Bedford, MA, USA).

Apparatus
The analyses were performed with a high performance liquid chromatography system (HPLC,
1200) with a fluorescence detector (FLD, 1290)
from Agilent Technologies (Palo Alto, CA, USA).

Methods
Sample preparation
Albumin solution
A stock solution of albumin (1 mg/ml) was
prepared as follows: 1 mg of albumin was dissolved in 1 ml of purified water and vortex-mixed
(2 min, RT). Next, 50 µl of HSA stock solution was
diluted in purified water to a final concentration
of 5 µg/ml.
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Table I. Volumes of components used for the preparation of ICG : HSA complex solution
ICG : HSA
complex

ICG solution

HSA solution

Purified water
[µl]

5 µg/ml

2.5 µg/ml

0.25 µg/ml

5 µg/ml

1:1

–

–

24.0

100

76.0

2.6 : 1

–

–

62.4

100

37.6

5.3 : 1

–

12.5

–

100

87.5

7.5 : 1

–

17.5

–

100

82.5

10.7 : 1

12.5

–

–

100

87.5

21.4 : 1

25.0

–

–

100

75.0

32.1 : 1

37.5

–

–

100

62.5

42.8 : 1

50.0

–

–

100

50.0

ICG – indocyanine green, HSA – human serum albumin.

Table II. Number of moles of ICG and HSA in every ratio of complex composition
ICG : HSA ratio

Mass of ICG [ng]

Number of moles of ICG

Mass of HSA [ng]

Number of moles of HSA

1:1

6.0

7.74 × 10–12

500

7.52 × 10–12

2.6 : 1

15.6

20.13 × 10–12

500

7.52 × 10–12

5.3 : 1

31.3

40.32 × 10–12

500

7.52 × 10–12

7.5 : 1

43.8

56.45 × 10–12

500

7.52 × 10–12

10.7 : 1

62.5

80.64 × 10–12

500

7.52 × 10–12

21.4 : 1

125.0

161.29 × 10–12

500

7.52 × 10–12

32.1 : 1

187.5

241.94 × 10–12

500

7.52 × 10–12

42.8 : 1

250.0

322.59 × 10–12

500

7.52 × 10–12

ICG – indocyanine green, HSA – human serum albumin.

Indocyanine green solution
A stock solution of ICG (1 mg/ml) was prepared
as follows: 1 mg of ICG was dissolved in 1 ml
of purified water and vortex-mixed for 2 min at RT.
The stock solution was diluted in purified water
to obtain the following concentrations: 5 µg/ml,
2.5 µg/ml, 0.25 µg/ml.

ICG : HSA complexes
Solutions of the ICG : HSA complex were prepared at eight molar ratios (ICG : HSA): 1 : 1,
2.6 : 1; 5.3 : 1; 7.5 : 1; 10.7 : 1; 21.4 : 1; 32.1 : 1
and 42.8 : 1. The following tables present the
component volumes used for the preparation
of the ICG : HSA complex solutions (Table I) and
the number of moles of ICG and HSA at every
ratio (Table II).

ICG : HSA complex filtration
Two hundred microliters of every ratio of ICG:
HSA complex were injected into Vivaspin 2 Concentrators (Sartorius) with poly-ether sulfonate

membranes (10,000 MWCO) in order to separate the complexes from the unbound fraction of
ICG. Samples were centrifuged for 5 min at 4°C.
The filtrate was collected and analyzed with the
same analytical method.

High-performance liquid chromatography
analyses
ICG was measured by a HPLC-FLD technique,
with a 3 min analysis run time. Water with flow
0.5 ml/min was used as mobile phase. Injection
volume was 2 µl. Three sets of samples were prepared: solutions of ICG, complexes of ICG : HSA
and filtrates obtained with Vivaspin concentrators. Fluorescence was measured at 314 nm, with
an excitation wavelength of 270 nm.

Results
Analytical method development
and optimization
The analytical method was optimized according to mobile phase composition and flow, injec-
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Peak area

A
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B
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C
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500
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0

50

100
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200
Amount of ICG [ng]

250

300

Aqueous solutions of indocyanine green

0

50

100
150
200
Amount of ICG [ng]

250

300

The fluorescence of samples was analyzed at
eight different molar ratios. In case of the aqueous
solution of ICG, the method demonstrated a linear
response from 6 to 250 ng dye, with R2 greater than
0.9915. In practice, this means that the fluorescence
of a pure ICG solution increases with the increase
in ICG concentration. The highest fluorescence was
observed with 250 ng of ICG (Figure 1 A).

Aqueous solutions of the ICG : HSA complex

0

50

100
150
200
Amount of ICG [ng]

250

300

Figure 1. Peak area as a function of the indocya
nine green (ICG) amount obtained for a pure solution of ICG (A), the ICG : HSA complex in solution
(B), and cut-off filtrate (C)

tion volume and excitation/emission wavelength,
where the following magnitudes were checked:
214 nm/370 nm and 270 nm/314 nm. As a result,
the following parameters were chosen: water as
mobile phase with a flow rate of 0.5 ml/min, injection volume of 2 ml, and 270 nm/314 nm as
the excitation and emission wavelengths. Optimization of the parameters enabled measurements
with the highest sensitivity within a relatively
short period of time. A separation column was not
used, because omission of the separation process
better simulated physiological conditions.

In vitro study
Three sets of samples were prepared. First, color
changes, transparency, and formation of sediment
were assessed visually in ICG : HSA mixtures. In
the second step, ICG was quantified using HPLCFLD to select the ICG : HSA ratio with the lowest
amount of free ICG. For this reason, three types
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of samples for each studied concentration of ICG
were measured:
1) the aqueous solution of ICG (dye mass ranging
from 6 ng to 250 ng),
2) the solution of ICG : HSA complex (ICG mass
ranging from 6 ng to 250 ng, with the HSA mass
at 500 ng),
3) the filtrate (ICG mass ranging from 6 ng to 250 ng
and the HSA mass at 500 ng), following filtration on Vivaspin 2 Centrifugal Concentrators
after preparation of the ICH : HSA complex.

According to clinical observations, an ICG : HSA
complex solution with excess free ICG leads to
the indiscriminate staining of many lymph nodes,
following injection to the patient. The following
in vitro studies were carried out to select the complex composition that provides the highest fluorescence arising from the complex, with the lowest fluorescence originating from the free dye.
The main goal of this part of the study was to
analyze the influence of the ICG concentration on
ICG : HSA complex formation. The highest molar
ratio was selected in reference to the protocol
proposed by Brouwer et al. [12]. The results indicate that there is no linear response over the dye
amount in the complex ranging from 6 to 250 ng.
The response can be characterized by an exponential function, which means that the fluorescence
decreases as the molar ratio increases up to 5.3 : 1
(ICG : HSA). In the case of 7.5 : 1, a minimum in
fluorescence was observed and was stable up to
the 10 : 1 (ICG : HSA) molar ratio. Then, the concentration increased with an increasing amount
of ICG. The results are presented in Figure 1 B.

The filtrate of the aqueous solution
of the ICG:HSA complex
The fluorescence of the filtrate was relatively
high at the lowest molar ratio. Then, the fluorescence decreased as the molar ratio increased up to
5.3 : 1 (ICG : HSA). At the 7.5 : 1 (ICG : HSA) molar
ratio, the fluorescence was reduced, and stable up
to the 10 : 1 molar ratio. From this point, the fluorescence increased slightly with the increasing amount
of IC (Figure 1 C).
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Discussion
Currently available methods of visualization of
the sentinel node are based on the use of radio
active complexes. Although the visualization
is satisfactory, the procedure using radioactive
complexes needs to be performed in a special nuclear medicine facility. One of the widely applied
methods is the use of the radioactive complex
of technetium and nanocolloid of albumin, visible
in spectral CT. Detection of nodes during an operation is carried out using a gamma camera, which
is expensive and technically challenging.
Indocyanine green seems to have many advantages as a simple method of adding markers
and easy identification of the sentinel node by
intraoperative surgery using an infrared camera.
Indocyanine green is readily available, cheap and
above all safe, although the depth of visualization
and higher number of stained lymph nodes are
the major weak points of this method.
Our results showed that the quality of visualization is strictly correlated with the ratio of HSA
and ICG. In case of excess ICG, free dye may be
observed. Unbound ICG has a high affinity for biological barriers, which would result in vague images of the sentinel node, as shown by the results
of Kuzmin et al. and van der Poel et al. [17, 19].
However, they did not study whether complexation of ICG with a protein may be superior to pure
ICG in diagnosing sentinel nodes. This encouraged
us to investigate whether the combination of ICG
with HSA would improve the detection of lymph
nodes involved in cancer.
In reference to the theory of complexation,
complex formation includes three physiochemical
basic steps – association of the particles with the
surface, transfer of the molecule from the surface
and eventual absorption into the target molecule.
Our results show that the 1 : 1 (ICG : HSA)
complex has a relatively high fluorescence that
decreases with increase of the molar ratio up to
7.5 : 1 corresponding to 43.75 ng ICG. The measured fluorescence is mainly of HSA origin, which
indicates that the complex is not created or created only with limited efficiency as a result of a limited amount of dye. Moreover, any small amount
of the dye that may have bound would only suppress the fluorescence originating from HSA.
In the case of the complex, minimal fluorescence is observed for both 7.5 : 1 and 10.7 : 1
(ICG : HSA) molar ratios. Finally, with an increasing
amount of ICG, the fluorescence of the complex
also increases. Based on these results, one can assume that a small amount of dye does not lead to
complexation. However, when the optimum molar
ratio is obtained (minimum molar ratio of 7.5 : 1
(ICG : HSA)), the complex is created, and from this
point on, increasing the amount of ICG leads to

the enhancement of complex fluorescence. To
prove this hypothesis the following studies were
conducted. The fluorescence of pure ICG and that
of pure HSA were measured, and were used to
perform the calculation of relative fluorescence of
the complex. For this purpose, on the one hand,
the fluorescence of the complex was measured
in reference to the initial fluorescence of the ICG
aqueous solution at an adequate concentration.
On the other hand, the fluorescence of the complex was calculated in reference to the initial fluorescence of the HSA aqueous solution (Table III).
Binding of the ICG to the HSA was assessed by
measuring the free ICG. For this purpose, samples
were prepared according to the above-mentioned
protocols, and filtered using selective membranes
(cut-off = 10 kDa) that should retain 99% of the albumin in free and ICG-bound form. Thus, it was
assumed that the filtrate contains only free ICG.
In the range 1 : 1 to 5.3 : 1 (ICG : HSA) molar ratio, the fluorescence of the filtrate samples
increased, which was caused by the association
of trace amounts of ICG molecules with HSA.
Moreover, the increased fluorescence of free ICG
can be explained by the dissociation of the dye
dimers and aggregates. This phenomenon is in
accordance with the decreasing fluorescence
of the complex with molar composition from 1 : 1
to 5.3 : 1 (ICG : HSA).
Complexes with the molar ratios 7.5 : 1 and
10.7 : 1 had minimal fluorescence. In these cases,
80% of ICG is bound to HSA; therefore, the filtrate
contains only a trace concentration of ICG. Increasing the amount of ICG from this ratio causes
the enhancement of complex fluorescence. This is
a consequence of the increasing amount of ICG,
which is at a much higher concentration compared to that of HSA.
In surgical practice, a highly significant issue
is to limit the operation to the smallest possible
range [20]. In cancer surgery, decreasing the number of removed nodes may result in a smaller
number of complications, which cause greater
morbidity if they appear. The potential significance of this study is defining the optimum ICG/
HSA molar ratio that allows extension of the time
of detection and increases the intensity of fluorescence. Nevertheless, the results of our study may
help the surgeon in excision of sentinel nodes
and make the surgery more efficient and less invasive at the same time. We consider the results
of this paper as the first step for further development of this technique. If this goal were achieved,
it is likely that more urologists would introduce
the technique into standard practice.
The strengths of the present study include
the finding that the optimal ICG to HSA ratio
of 7.5 : 1 to 10.5 : 1 increases the fluorescence
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Table III. Calculation of fluorescence in reference to aqueous solution of pure ICG (A) and aqueous solutions of pure
HAS (B)
A
Molar ratio of ICG : HSA Amount of ICG [ng]

ICG

Complex ICG : HSA

Fluorescence [RFU]

(%)

Fluorescence

(%)

1:1

6.00

13

100

604

4646

2.6 : 1

15.60

78

100

501

642

5.3 : 1

31.25

57

100

396

694

7.5 : 1

43.75

97

100

375

386

10.7 : 1

62.50

146

100

373

255

21.4 : 1

125.00

262

100

426

163

32.1 : 1

187.50

365

100

658

180

42.8 : 1

250.00

435

100

794

183

B
Molar ratio of ICG : HSA Amount of HSA [ng]

HSA

Complex ICG : HSA

Fluorescence [RFU]

(%)

Fluorescence

(%)

1:1

500

661

100

604

91

2.6 : 1

500

661

100

501

76

5.3 : 1

500

661

100

396

60

7.5 : 1

500

661

100

375

57

10.7 : 1

500

661

100

373

56

21.4 : 1

500

661

100

426

64

32.1 : 1

500

661

100

658

99

42.8 : 1

500

661

100

794

120

ICG – indocyanine green, HSA – human serum albumin.

of the bound molecule and decreases the amount
of free ICG. Therefore, this result can be a potential factor for better visualization of sentinel
nodes and less contamination of other nodes.
The potential significance of this study is defining the proportion of the ICG/HSA molecule that
allows the time of detection to be extended and
increases the intensity of fluorescence. If this goal
were to be achieved, more urologists would introduce the technique into standard practice.
There are some limitations of this study that
should be recognized and discussed. The preclinical nature of the study is an important limitation,
because it introduces some difficulties in defining
a standard response to each dose of ICG. Moreover, we are not in a position to determine how
well the results of our study can be translated to
a population of patients undergoing cancer surgery. To facilitate this translation, we first plan to
apply our method of optimal proportion of ICG/
HSA in a porcine model.

724

In future experiments, we would like to show
how the new complexation concentrations of ICG
with HSA affect uptake or visualization in lymph
nodes, as well as in the setting of lymphography
for urologic-based cancers. The initial ani
malbased studies will be performed to show lymph
node localization or differential levels of detection. Moreover, further investigations on the presented complexes of ICG/HSA might be verified in
performing sentinel node excision via minimally
invasive procedures, including laparoscopy or laparoendoscopic single-site surgery [21].
In conclusion, the use of ICG bound with a human serum protein increases the luminescence
of ICG nodes up to 98%. Increasing the amount
of ICG has the effect of increasing the luminescence of the ICG solution. This result suggests that
the proportion of 7.5 : 1 to 10.5 : 1 (ICG : HSA) can
provide more satisfactory visualization of sentinel
nodes, thereby helping the surgeon with their excision. However, it is worth noting that for better
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understanding of the molecular mechanism, as
well as clinical usefulness, further investigations
through in vitro and in vivo studies are needed.
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