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A B S T R A C T   

Four distinct fluorescence complexes were prepared using a one-pot method: The L100-55-fluorescent complex 
(LFC), EPO-fluorescent complex (EFC), RS-fluorescent complex (SFC), and RL-fluorescent complex (RFC), 
respectively. The water solubility, selectivity, and visualization of the carborane have drawn a lot of attention. 
The carborane’s low solubility is resolved, and Coomassie Brilliant Blue (CBB) G250-nido-carborane’s biocom-
patibility is enhanced. The LFC complex was observed to scaly, branch and spread in (Scanning Electron Mi-
croscope) SEM and (Transmission Electron Microscope) TEM, like the pine leaves tightly covering the zwitteric 
complex. It was discovered that the fluorescent complex of LFC has strong selectivity and can accurately infiltrate 
tumor cells by imaging of tumor cells in vitro, suggesting that LFC has good biocompatibility. Human prostate 
cancer cells (PC3), human cervical cancer cells (HeLa) and Human normal liver cells (LO2) were evaluated under 
ten various concentration circumstances in the (Cell Counting Kit-8) CCK8 experiment. The proliferation impact 
was found to be 57.29% and 59.41%, respectively. shown the complex’s strong anti-tumor action and little 
cytotoxicity. The design not only provides an excellent visual fluorescence targeting effect, but it also addresses 
the issue of nido-caborane-coomassie brilliant blue G250′s bioavailability.   

1. Introduction 

With an icosahedron and 26 delocalized electrons, carborane 
(C2H2B10H10) is a boron molecule that is comparable in size to a benzene 
ring (Fig. 1) (Shao et al., 2021, Zhao et al., 2021, Lu et al., 2023). As a 
result, they and benzene have many characteristics in common, 
including aromaticity and superior thermal and chemical stability. 
However, the unique feature of carborane’s chemical structure—ten 
boron atoms’ vacant electron orbitals and a massive steric hindrance 
skeleton that resembles C60—makes it extremely hydrophobic (Hay-
akawa et al., 2023, Zhang et al., 2023). In addition to playing a stable 
role, the change of carborane’s chemical structure enhances its water 
solubility and biocompatibility, allowing for a wider and more practical 
use of the substance in the field of biomedicine. For example: in organic 
optical materials used as organic light emitting diode (OLED), they are 
used as functional modules in supramolecular and nanomaterials and 
carborane compounds are used as high boron content drugs in boron 
neutron capture therapy (BNCT) for cancer treatment (Sforzi et al., 
2023, Shi et al., 2023). In order to broaden its application, effective 

acquisition of functionalized derivatives of carborane has become a 
major research path in the field of carborane chemistry (Beerwerth and 
Böhmer, 2023, Phung et al., 2023, Zimina et al., 2023). 

A water-soluble organic reagent for protein staining and binding 
analysis is Coomassie Brilliant Blue (CBB) G-250 (Fig. 1). Red in the free 
form, Coomassie brilliant Blue G-250 has a maximum light absorption 
wavelength of 488 nm (Ecer et al., 2023, Nagata et al., 2023, Bai et al., 
2023, Hasani et al., 2021). When paired with proteins, it becomes cyan, 
and protein-coupled pigments absorb the most light. It is possible to 
quantify protein using the light absorption value, which is correlated 
with the amount of protein (Valibeknejad et al 2023, Wu et al., 2923, 
Wang et al., 2023). After the protein binds to CBB-G-250, the reaction 
rapidly reaches equilibrium and is conjugated, allowing the protein to 
stay stable at room temperature for an hour. This process takes around 
two minutes. Bradford developed this procedure in 1976 (Hu et al., 
2022, Mohamed et al., 2023, Pariary et al., 2023, Wu et al., 2023). The 
reagent is very sensitive, straightforward to use, and simple to manu-
facture. It can be applied to ascertain the protein concentration in mi-
crograms and within the range of 0–1000 μg/mL. It is a regularly used 
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fast micromethod for the detection of protein content (Wang et al., 2021, 
Shao et al., 2022). 

EPO, L100-55, RS, and RL are the four forms of Eudragit that are 
most commonly utilized as pharmaceutical excipients. It is an important 

ingredient and basic raw material used in pharmaceutical preparations; 
research and production of these products depend on it. It also strongly 
correlates with its diversity, quality, and dependability, as well as with 
reducing side effects and increasing medication efficacy (Xu et al., 

Fig. 1. Carborane and Coomassie Brilliant Blue G250 structures. (For interpretation of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 

Scheme 1. Preparation routes of four fluorescent complexes.  
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2021). Polymer excipients are extensively utilized in the pharmaceutical 
industry and comprise a significant portion of the excipients used in 
medicinal compositions. And also the polymers used in the other do-
mains of treatment and protection of the environments (Asmaa, B et al., 
2022, Asmaa, B et al., 2023, Asmaa, B et al., 2022). Its chemical prop-
erties are stable, it adapts well to physiological tissues, and it is not 
broken down by the body when used as a medicinal polymer excipient. 
Its breakdown products won’t induce tissue variation or inflammation 
because they are non-toxic (Liu et al., 2022, Liu et al., 2022, Lee et al., 
2023). 

In conjunction with the features of the aforementioned analysis, 
various forms of acrylic resin (Eudragit) coating were utilized to create 
anti-tumor fluorescent composite medications with good fluorescence 
effect, utilizing the high activity of carborane and the protein staining 

ability of CBB-G-250 as a breakthrough. 

2. Experiment 

2.1. Materials and instruments 

All solvents and reagents were purchased commercially and used 

Fig. 2. 1H NMR spectra of LFC (CD3OD).  

Fig. 3. Comparison of four fluorescent complexes under sunlight and 356 nm 
irradiation. 

Fig. 4. Infrared spectra of four fluorescent complexes.  
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without further purification. The reagents used are carborane (98%, RG: 
Guaranteed reagent) and coomassie brilliant blue G250 (98%, RG: 
Guaranteed reagent), which were purchased through commercial 

channels such as Titan Technologies. Full-wavelength absorption 
spectra were recorded using a UV-2550 spectrophotometer. Under 
excitation at 490 nm, the fluorescence emission spectrum of Shimadzu 

Fig. 5. Ultraviolet absorption of four fluorescent complexes in different solvents and concentrations.  
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RF-5301pcs spectrophotometer was measured. All optical measure-
ments were performed at room temperature. 

2.2. Synthesis 

Nido-carborane (20 mg, 0.1 mmol) and CBB-G-250 (100 mg, 0.1 
mmol) were dissolved in EtOH (3 mL) at the room temperature stirred 

Fig. 5. (continued). 
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for 1 h. The EtOH was concentrated to afford 120 mg of complex. 
Coomassie brilliant blue G250-nido-carborane complex 120 mg was 

reacted with L100-55, EPO, RS and RL = 100 mg (Complex: Eudragit =
1.2:1.0, Mass ratio calculation), respectively, in ethanol 3 mL for 3 h. 

The EtOH was concentrated to afford 40 mg of LRFC. 
The EFC, SFC and RFC were obtained by the same method. 

Fig. 5. (continued). 
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2.3. Spectroscopic properties 

2.3.1. UV spectrum 
The 20 mg fluorescent complex was dissolved in methylene chloride 

(MC), ethyl acetate (EA), methanol (MeOH), ethanol (EtOH), dimethyl 
sulfoxide (DMSO), and tetrahydrofuran (THF), respectively, to prepare 
the necessary optimal concentration gradient for future use. Spectral 
tests of solutions with different concentrations were prepared according 
to needs and data were recorded. The UV–Vis wavelength range is 
400–700 nm. The fluorescence of the complex was obtained at the op-
tical path of 10 mm and the excitation wavelength of 450 nm. The 
wavelength range of the recorded emission was 400–800 nm. 

2.3.2. Scanning electron microscope (SEM) test 
First, the sample to be tested is ground, then a small amount of 

sample is glued to the conductive adhesive, the sample is sprayed with 
platinum, and finally the sample is placed under the field emission 
scanning electron microscope for detection. 

2.4. Cellular uptake and localization by transmission electron 
microscope (TEM) 

Transmission Electron Microscope (TEM) was performed on a Zeiss 
Ultra Plus at an accelerating voltage of 15 keV, with an attached Oxford 
Instruments X-Max 60 mm2 SDD X-ray microanalysis system. The 
ethanol suspended precipitate of the sample was added to a silicon 
wafer, and the sample was attached to a sample tray with a conductive 
adhesive, and TEM images were obtained using a scanning at 2.0 μm and 
200 nm rulers, respectively. Prior to performing ultrasonic oscillation 
for ten to thirty minutes, a thin supporting film is applied to the copper 
net, and the appropriate amount of powder and tetrahydrofuran are 
added to the small beaker, respectively. A glass capillary tube is used to 
draw out the homogeneous mixture of powder and tetrahydrofuran after 

Table 1 
Ultraviolet absorption of four fluorescent complexes in different solvents at 20 
μL:3mL.  

Compound Items Solvents (20 μL:3mL) 

DCM EA THF EtOH MeOH DMSO 

LFC λabs 611 605 611 613 608 624 
EFC λabs 611 605 610 610 609 624 
SFC λabs 609 593 614 608 606 622 
RFC λabs 612 593 615 609 608 624  

Table-2 
Ultraviolet absorption of four fluorescent complexes in different solvents at 40 
μL:3mL.  

Compound Items Solvents (40 μL:3mL) 

DCM EA THF EtOH MeOH DMSO 

LFC λabs 612 604 611 609 608 623 
EFC λabs 611 607 610 609 608 624 
SFC λabs 609 591 611 608 610 622 
RFC λabs 611 593 615 610 609 623  

Table-3 
Ultraviolet absorption of four fluorescent complexes in different solvents at 60 
μL:3mL.  

Compound Items Solvents (60 μL:3mL) 

DCM EA THF EtOH MeOH DMSO 

LFC λabs 613 605 611 609 608 623 
EFC λabs 612 608 610 608 608 623 
SFC λabs 610 593 613 609 607 622 
RFC λabs 609 593 617 609 608 622  

Table 4 
The proliferation rate of PC3 and Hela cells treated by different concentrations of LFC.  

Concentration 
(μg/mL) 

0 3.2 4.8 6.4 8 9.6 11.2 12.8 14.4 16 

PC3  100.00  92.07%  77.13%  76.14%  73.52%  71.62%  67.42%  65.56%  63.11%  59.41% 
Hela  100.00  88.48%  83.65%  75.56%  71.39%  59.90%  56.76%  60.70%  61.79%  57.29% 
LO2  100.00  98.46%  91.86%  90.97%  89.34%  88.87%  83.11%  82.01%  79.43%  69.25%  

Fig. 6. Scanning electron microscopy diagrams (a), (b), (c), (d), (e), (f), (g), and (h) of fluorescent complex LFC.  
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three to five minutes. Two to three droplets of the mixture are then 
placed onto the copper net and allowed to dry. To maximize tetrahy-
drofuran volatilization, wait longer than 15 min. Lastly, place the 
sample on the sample table and see it under an electron microscope. 

2.5. Cell proliferation toxicity test (CCK8) 

Cell pretreatment: Trypsin was used to digest PC3 and Hela cells in 
the logarithmic growth phase. The cells were then reorganized into a cell 
suspension and the concentration was changed. Each group received 
three wells, with 5000 cells per well injected onto 96-well plates. Cell 
dosage treatment: based on the experimental groups, LFC was added to 
individual experimental groups at different concentrations (3.2, 4.8, 6.4, 
8, 9.6, 11.2, 12.8, 14.4, 16 µg/mL) for a duration of 24 h. Blank control 
groups were created with an LFC concentration of 0ug/ml. Following a 
24-hour period, extract the cells, fill each well with 10 mL of CCK-8 
solution, and let the mixture sit for an hour in the incubator. Calcu-
lating absorbance value: Measure the absorbance at 450 nm with a 
microplate reader, store the results, and submit them for analysis. 
Calculation of the formula: (experimental empty) / (control empty) 
*100% = Proliferation% Inhibition% = (experimental control) / (empty 
control) *100%. 

2.6. Cell imaging 

Trypsin was applied to HeLa cells in the logarithmic growth phase 
before they were seeded in a 96-well plate with a circular cover, 

Fig. 7. Transmission electron microscopy diagrams (a), (b), (c) and (d) of fluorescent complex LFC.  

Fig. 8. The proliferation rate of PC3, Hela and LO2 cells treated by LFC at 10 
concentrations (0,3.2, 4.8, 6.4, 8, 9.6, 11.2, 12.8, 14.4, 16 µg/mL). In the figure, 
orange represents PC3cells and green represents Hela cells. (For interpretation 
of the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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incubated in an incubator with 5% CO2, and cultured at 37 ◦C for 24 h to 
promote adhesion. To prepare the proper quantities of solution, the 
prepared polymer LFC stock solutions (20 mg/mL) were made in DMSO, 
respectively, and then diluted with DMSO. In every sample, the cells in 
the original culture medium were taken out and replaced with a media 
containing 20 μg/ml for a whole day. It was then disposed of using PBS, 
cleaned twice, and fixed for twenty-five minutes with para-
formaldehyde. After removing the repair solution with PBS and twice 
washing the mixture, the solution was treated with anti-fluorescence 
inactivating scaffolds, incubated in a DAPI dark room for 25 min, and 
fluorescent images of the cells were taken using a fluorescence 
microscope. 

3. Results and discussion 

The continuous method is primarily used in the synthesis design 
phase to prepare the scheme: First, carborane is treated with strong al-
kali potassium hydroxide to solve the solubility issue and form small 
molecules known as zwitterion; second, it undergoes a mixed reaction 
with CBB-G-250 to form an ionic bond; Lastly, it can combine with 
various acrylic resin kinds to create polymer aggregation form and an 
excellent coating effect (Scheme 1). The nuclear magnetic hydrogen (1H 
NMR) spectrum shows that CBB-G-250′s aromatic ring characteristic 
peaks lie between 8.0 and 6.5 ppm. Eudragit L100-55 and Coomasil 
Brilliant Blue G250′s branch chain and ethyl or methyl characteristic 
peaks make up the remaining peaks (Fig. 2). The hue of the four fluo-
rescent compounds produced using the aforementioned preparation 
techniques was compared at 356 nm and in direct sunshine. The four 
fluorescent complexes displayed dull black or dark shapes under sun-
light (Fig. 3), that were nearly dark at 365 nm. 

The four fluorescent compounds covered by the infrared spectrom-
eter were evaluated individually to view their distinctive peak curves. 
The characteristic absorption peak of CBB-G-250 is located near 1750 
cm− 1, whereas the characteristic peak of nidao-carborane is located 
about 2500 cm− 1. The two chemicals were well confined based on these 
findings (Fig. 4). 

Dichloromethane (MC), dimethylsulfoxide (DMSO), ethylacetate 
(EA), ethanol (EtOH), methanol (MeOH), and tetrahydrofuran (THF) 
were used as solvents to analyze the UV spectra of the four fluorescent 
complexes. The findings demonstrated that, at various solvent concen-
trations and MC, EtOH, and MeOH, the UV absorbance of the four 
fluorescent complexes was around 610 nm. The DMSO solvent exhibits 

the largest absorption wavelength, whereas EA solvent shows the 
shortest absorption wavelength. This is due to the influence of the sol-
ubility and zwitteric binding of the nested carborane and CBB-G-250 
coated with acrylic resin in dimethyl sulfoxide solvent, resulting in a 
faint red shift. However, because dimethyl sulfoxide has greater solu-
bility and a stronger zwitteric binding action than other solvents, its 
absorption wavelength is different in those other solvents. Nonetheless, 
the total wavelength range is not significantly different, and the ab-
sorption strength rises as the concentration does (Fig. 5, Tables 1-3). 

Scanning electron microscopy (SEM) was used to further examine the 
structure and study the surface morphology of the LFC fluorescent 
complex. SEM is a high-resolution electron microscope that can examine 
the surface morphology and interactions with macromolecules’ micro-
structure, making it a useful tool for detecting nanomaterials. As we can 
see from Fig. 6, the polymers are closely blended together to create a 
surface structure that is comparatively smooth by being layered layer by 
layer in the shape of scales. 

Using transmission electron microscopy (TEM), the interior 
morphology of the LFC fluorescent complex was observed. The LFC 
fluorescent complex diffused outward in the acrylic resin system as 
branches (Fig. 7). The majority of fluorescent compounds are firmly 
packed together and entirely covered with acrylic resin. And to expand 
its surface area, spread out frequently, much like pine leaves do. This 
further suggests that this method’s coating effect is more suited for the 
longer or ductile release applications of polymer nanomedicine. 

PC3, Hela and LO2 cells were chosen for cell proliferation assays so 
that the anti-proliferative properties of LFC on tumor cells could be 
observed. CCK-8 was used to measure the impact of LFC on PC3 and 
HeLa proliferation. LFC chemicals generally have a strong inhibitory 
effect on PC3 and HeLa cell growth. Good biological activity was 
demonstrated by the PC3 and HeLa treated with the drug, whose pro-
liferation rates were 59.41% and 57.29%, respectively (Fig. 8 and 
Table 4). Its inhibiting impact also becomes highly evident as the con-
centration rises. However, for LO2 normal cells, the inhibition rate was 
only 69.25% and close to 70% at the highest drug concentration of 16 
µg/mL. This indicates a lower toxic effect on normal cells. 

Based on its stability and structure, the fluorescent complex’s 
selectivity and biocompatibility in Hela tumor cells were investigated 
using cell imaging. HeLa cell staining under a fluorescent microscope 
can be observed clearly with a laser confocal microscope. The bright 
field, DAPI, green channel, red channel, and merge imaging are dis-
played (Fig. 9). HeLa cells respond well to the LFC complex in terms of 

Fig. 9. Fluorescence imaging of LFC fluorescent complexes in different channel Hela cells.  
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selectivity and biocompatibility. It is evident that the blue visible specks 
are LFC complexes, which attach to and penetrate the tumor cells. In 
merge and overlay imaging, the staining effect of orange bright spots in 
tumor cells is vividly visible, despite being less evident in DAPI, green 
channel, and red channel. This suggests that the CBB-G-250 enhances 
and improves the selectivity and biocompatibility effects of nido-car-
borane small molecule medicines by driving them into targeted cells in 
the form of zwitterion. 

4. Conclusion 

The present investigation involved the combination of lipid-soluble 
carborane and water-soluble CBB-G-250 in the form of zwitterion 
following a strong alkali treatment. To achieve the desired effect and 
improve selectivity and biocompatibility to tumor cells, various types of 
acrylic resin were employed as coating carriers to form the form of water 
in oil. Applicability for this design is good. medication excipients were 
combined with amphoteric ion technology from the inside out to create 
a novel kind of fluorescent complex medication. The medication con-
taining fluorescent complexes also inhibits the growth of malignant cells 
concurrently. 

The LFC complexes have strong anticancer activity against PC-3 and 
Hela cells, with a 40% inhibition rate against tumor cells, according to 
CCK8 findings. In addition, it has a relatively low toxic effect on normal 
cells. The research and development of water-soluble nido-carborane 
fluorescent complexes can be facilitated by these pertinent facts, which 
can serve as a theoretical foundation. 
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