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ABSTRACT: Image-guided radiation therapy (IGRT) has emerged as a promising technique for 

cancer treatment to improve radiation precision and accuracy, thereby reducing the treatment 

toxicity and optimizing therapeutic efficacy. In IGRT, fiducial markers are required to be 

inserted near the tumor to get the spatial information of the tumor. Currently used metal fiducial 

markers with large sizes would be highly invasive, it is therefore critical to develop minimally 

invasive alternatives to these markers. In this work, an injectable marker based on Biopex®-

supported Au NPs with adequate radio-opacity for X-ray visualization was developed. Biopex 

can function as substrate for the growth of Au NPs and avoid excessive reaction-induced 

aggregation and precipitation. The self-curing property of Biopex prevents the leakage and 

elimination of isolated Au NPs, enabling long-term X-ray observation and radiotherapy. The 

effect of Biopex amount, gold precursor concentration, and reaction time were evaluated. The 

visibility of samples prepared by the optimized formula was also examined. The developed 

Biopex-Au NPs could be injected through a 21G needle and exhibit great visibility in X-ray 

visualization test, showing great potential as a fiducial marker for image-guided radiation 

therapy. 
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1. INTRODUCTION 

Radiation therapy is one of the most used cancer treatments that uses beams of intense energy, 

such as X-rays and protons, to kill cancer cells by destroying their genetic material.1,2 However, 

tumors rarely display a fixed position during irradiation due to breathing motion, peristalsis, and 

other body motions.3,4 To compensate for variations in tumor position, image-guided radiation 

therapy (IGRT) has been commonly used in the clinic to improve radiation precision and 

accuracy, thereby reducing the treatment toxicity and optimizing therapeutic efficacy.5,6 In IGRT, 

fiducial markers are required to be inserted near the tumor, then the computer could get the 

spatial information between the tumor and the fiducial marker by taking images of the diseased 

area. Normally, fiducial markers are metal-based solid implants with large physical 

dimensions.5,7,8 These large-sized fiducial markers are considered highly invasive, especially for 

the elderly, and require complicated insertion procedures which might result in the risk of 

complications, such as pneumothorax,9-11 infection,12,13 and bleeding. It is therefore critical to 

explore minimally invasive alternatives to current large-sized tissue markers, such as injectable 

fiducial markers (colloidal- or liquid-like)14-17 and several commercial markers, including Gold 

Anchor ™ Fiducial Markers, PolyMark ™ Fiducial Markers, BioXmark®. 

Gold induces a strong X-ray attenuation owing to their higher atomic number and 

electron density than those of the currently used markers.18 Besides, gold nanoparticles (Au NPs) 

have excellent biocompatibility, and ultra-small size, which make them an ideal candidate as 

long-term fiducial markers for radiotherapy through a minimally invasive way like injection.19-21 

Of all the methods for preparing Au NPs, the chemical reduction is the most used strategy in 

which gold ions in the precursor are reduced by reducing agents such as β-d-glucose,22 

glycerol,23 and sodium citrate.24 On the other hand, stabilizing agents such as surfactants, 
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polymers, and ligands. For example, oleyl amine, poly(vinyl alcohol) (PVA), poly(vinyl 

pyrrolidone) (PVP) as well as thiol molecules are used to prevent aggregation and flocculation of 

Au NPs in liquid.25 Byproducts might be generated during reactions due to the introduction of 

reducing and stabilizing agents. These agents may induce biological toxicity, washing and water 

treatment are therefore indispensable.26-28 Besides, the isolated Au NPs would be eliminated 

from the body through a combination of renal and hepatobiliary pathways29. Consequently, a 

green preparation of Au NPs and the following approach to deliver and fix Au NPs at the target 

sites are highly desired. 

Biopex is a commercially available calcium phosphate cement that consists of powder 

and liquid phases. The powder phase is a mixture of α-tricalcium phosphate (α-Ca3(PO4)2), 

tetracalcium phosphate (Ca4(PO4)2O), dicalcium phosphate dihydrate (CaHPO4.2H2O), and 

hydroxyapatite (Ca10(PO4)6 (OH)2), whereas the liquid phase is an aqueous solution of a 

chondroitin sulfate sodium salt and succinic acid disodium salt as shown in Table 1.30 Biopex 

has been wildly used for bone tissue repair because of its non-invasive injection, slight foreign-

material reactions, rapid curing reaction. In this work, an injectable marker based on Biopex-

supported Au NPs (Biopex-Au NPs) with adequate radio-opacity for X-ray visualization is 

developed, as illustrated in Figure 1. The powder phase was firstly mixed with gold precursor 

and reducing agent. Gold ions were reduced to form Au NPs on the surface of the powder, which 

avoids the aggregation between Au NPs and the extra use of stabilizing agents. The reducing 

agent, ethanol in this system, could be easily removed via centrifugation and vacuum drying. 

After mixing with the liquid phase, the paste could be injected through 18G, 19G, and 21G 

needles, and then self-cured at the injection site. This allows the minimally invasive injection of 

the fiducial marker and prevents the elimination of isolated Au NPs by the human body for long-
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term X-ray observation and radiotherapy. The effect of Biopex amount, gold precursor 

concentration, and reaction time were evaluated. The visibility of samples prepared by the 

optimized formula was also examined. The developed Biopex-Au NPs fulfills the requirements 

of fiducial marker for IGRT as it is minimally invasive, remains in a solid and stable state after 

injection, and exhibits great visibility.  

 

Figure 1. Schematic illustration of injectable Biopex-Au NPs for image-guided radiation therapy. 
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Table 1. Composition of the powder and liquid phases of Biopex 

Chemicals Formular Contents * 

Powder 

phase 

α-tricalcium phosphate α-Ca3(PO4)2 7.50 g 

tetracalcium phosphate Ca4(PO4)2O 1.80 g 

dicalcium phosphate dihydrate CaHPO4.2H2O 0.50 g 

hydroxyapatite Ca10(PO4)6 (OH)2 0.20 g 

Liquid 

phase 

chondroitin sulfate sodium salt - 54.05 mg 

succinic acid disodium salt (CH2COONa)2 129.72 mg 

* Contents in 10-g of powder and 1-mL of liquid 

 

2. MATERIALS AND METHODS 

2.1. Materials. Tetrachloroauric (Ш) acid hydrate (HAuCl4•nH2O, n = 3.7, Kojima, Japan), 

Biopex (HOYA Technosurgical, Japan), and ethanol (Japan Alcohol Trading Co., Ltd., Japan) 

were used as a precursor, an additive, and reducing agent, respectively. 1g HAuCl4•nH2O (n = 

3.7) was dissolved in 100 mL pure water to obtain a 24.6 mmol/L aqueous solution of HAuCl4. 

Injection tests were carried out using 1-mL plastic syringes with the diameter of 4.2 mm and the 

length of 104 mm. All chemicals were used as received. Pure water was prepared using 

ELGA/Organo Purelab system (>18.2 MΩ·cm). 

2.2. Preparation of Biopex-Au NPs. The fabrication route of Biopex-Au NPs is illustrated in 

Figure S1. Water, ethanol, and Biopex powder phase were mixed into a 2 L two-necked flask 

and was heated in an oil bath with heating temperature at 120 °C. 24.6 mM aqueous solution of 

HAuCl4 was added when the mixed solution boiled. The final concentration of HAuCl4 was 
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adjusted to 0.50, 0.75, 1.00 mmol/L. The concentration of ethanol was 50 v/v % and the amounts 

of Biopex were 99, 150, 160, 200, 257 mg. The reaction lasted for 2, 4, 6 hours with a condenser 

and stirring speed at 700 rpm. When the reaction is finished, the mixed solution was 

centrifugated for 10 minutes after a 10-minute ultrasonic process. The precipitate was collected 

and dried in a vacuum oven for 5 hours to obtain Biopex-Au NPs. 

2.3. Characterization. UV-Vis spectra were collected to observe Au NPs formation by using a 

UV-Vis spectrophotometer (Shimadzu UV-1800) and a quartz cell with a 1-cm optical path. 

Transmission electron microscopy (TEM, JEOL JEM 2000-FX, at 200 kV) was used to analyze 

the morphology, size of Biopex-Au NPs. For TEM sample preparation, Au NPs dispersion was 

dropped on collodion film-coated copper TEM grids and left for natural drying. The phase 

composition of Biopex-Au NPs was examined by wide-angle X-ray diffraction (XRD, MiniFlex 

II, Rigaku). The morphologies of surfaces were observed using a field emission scanning 

electron microscope (FE-SEM, JSM-6701F, JEOL). The elemental analysis was evaluated by an 

X-ray fluorescence spectrometer (XRF, JSX-6710F, JEOL).  

2.4. X-ray visualization tests. To evaluate the X-ray visualization of Biopex-Au NPs, the X-ray 

visualization test was conducted at the Central Institute of Isotope Science, Hokkaido University. 

Figure S2 shows the schematic diagram of the X-ray visualization test. The samples and gold 

markers were irradiated with X-rays generated from an X-ray tube (UD-150-B40, Shimadzu 

Corporation), and the X-rays passed through the samples would be detected by the Flat Panel 

Detector (PaxScan 3030, Varian Medical System). Besides, acrylic resins that have an X-ray 

attenuation property close to the human body were placed between samples and the detector,31 

and the visualization ability was evaluated by the pattern matching scores quantified by the 
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detector. The pattern matching scores were calculated by the correlation coefficient according to 

a previous study.32,33 

3. RESULTS AND DISCUSSION 

3.1 Effect of Biopex on the prepared Au NPs. Firstly, the effect of Biopex on the prepared Au 

NPs was investigated with or without the addition of Biopex (99 mg), in which the HAuCl4 

concentration was 0.50 mmol/L and reaction time was 2 h. Figure S3 shows the color change of 

the mixed solution with Biopex during the reaction. Figure S4 shows the images of liquid 

samples with or without Biopex after synthesis and the dried Biopex-Au NPs. The liquid sample 

with Biopex appears dark red because the surface plasmon resonance (SPR) phenomenon causes 

absorption of light in the blue-green portion of the spectrum while the red light is reflected. 

Figure 2 (a) shows the UV-Vis spectra of Au NPs and Biopex-Au NPs. The spectrum of Au NPs 

exhibits an SPR peak with maximum absorption wavelength (λmax) at 575 nm and the λmax of 

Biopex-Au NPs is at 571 nm, suggesting the formation of Au NPs. TEM images of Au NPs and 

Biopex-Au NPs, along with their size distributions are shown in Figure 2 (b) and (c). Most of 

the Au NPs are spherical with their average size of 211 ± 101 nm. In contrast, the average size of 

Biopex-AuNPs support is 107 ± 39 nm. Ethanol is a mild reducing agent, and hence, a relatively 

long reaction time is required for the formation of Au NPs. As a result of long reaction process 

and the lack of capping agent, the formed Au NPs assembled and merged. Instead, with the 

addition of Biopex, Au NPs would generate on the surface of Biopex, which reduces the 

possibility of contacting, assembling, and merging between Au NPs. Therefore, the average size 

of Au NPs on Biopex is smaller than that in pure ethanol. In general, the SPR absorption 

wavelength of NPs is size-dependent and larger NPs show longer λmax.
34 Therefore, λmax of the 

Au NPs and Biopex-Au NPs are longer than 510-520 nm which is typical λmax range of Au NPs 
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with smaller sizes (10-30 nm). It is speculated that the Au NPs grew around the surface of 

Biopex powder appear like a weak aggregation state, causing a red shift in the λmax. In addition, 

from both TEM and SEM images of Biopex-Au NPs (Figure 2 (d)), triangular and hexagonal Au 

NPs are also observed, which is corresponding to the SPR peak at around 740 nm and 850 nm in 

UV-Vis spectra. When reductions occur on the surface of Au nucleated seeds, they are dependent 

on the surface energy of the different crystal facets. Therefore, polygonal particles are generated. 

To further confirm the mass ratio of Biopex to Au NPs after the reaction, XRF analysis was 

conducted to quantitatively evaluate the elemental composition of samples. Figure 2 (e) shows 

the XRF result of Biopex-Au NPs. The quantitative values of P, Ca, and Au are 17.5 mol%, 56 

mol%, and 26.5 mol%. O and H in Biopex have low atomic weights and were not detected by 

XRF analysis. Therefore, the mass ratio of gold and Biopex in Biopex-Au NPs was calculated 

based on the XRF and the following formula: 

𝑊𝐵𝑖𝑜𝑝𝑥𝑒

𝑊𝐴𝑢
=

5.0𝑀𝑃

𝑁𝐶𝑎
𝑁𝑃 + (5.0𝑀𝐶𝑎 + 13. 0𝑀𝑂 + 0.2𝑀𝐻)𝑁𝐶𝑎

5. 0𝑀𝐴𝑢𝑁𝐴𝑢
=
154.80𝑁𝑃 + 408.62𝑁𝐶𝑎

985.00𝑁𝐴𝑢
 

in which MP, MCa, MO, MH, and MAu are the atomic weight of P, Ca, O, H, and Au, and NP, NCa, 

and NAu are the quantitative values (mol %) of P, Ca, and Au from the XRF result. From Table 1, 

the molar ratio of each element in Biopex is P: Ca: O: H = 3.0: 5.0: 13.0: 0.2. The mass ratio of 

Biopex to Au NPs was 0.98: 1.00 after calculation, whereas the theoretical mass ratio is 2.00: 

1.00, implying that about half of Biopex was lost during the preparation of Biopex-Au NPs. 
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Figure 2. (a) UV-Vis spectra of Au NPs and Biopex-Au NPs prepared by ethanol reduction. (b) 

TEM images and (c) particle size distributions of Au NPs and Biopex-Au NPs. (d) SEM image 

of Biopex-Au NPs. (e) XRF of Biopex-Au NPs. 

3.2. Effect of Biopex amounts on Biopex-Au NPs and changes of Biopex during the reaction. 

In this section, the effect of Biopex amounts (99, 150, 160, 200, 257 mg) on the prepared Au 

NPs was investigated. Figure 3 (a) shows the UV-Vis spectra of Biopex-Au NPs with different 

amounts of Biopex. The λmax of the Biopex-Au NPs with Biopex amounts of 99, 150, 160, 200, 

and 257 mg are at 571, 574, 573, 583, and 579 nm, respectively. As shown in Figure 3 (b) and 

(c), the TEM images show the morphologies of Au NPs supported with different amounts of 

Biopex and their average sizes are 107±39, 104±35, 111±57, 102±32, and 107±42 nm. As the 

results of the growth of Au NPs on Biopex substrates, these Biopex-Au NPs appear in “weak 
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aggregations” states.  The Biopex amount had no notable effect on the size of Au NPs and the 

states of weak aggregation of Au NPs. Therefore, negligible shift of λmax was observed.  The 

mass ratio of each sample ware calculated and shown in Figure 3 (d). There is a linear 

relationship between the mass ratio of Biopex to Au NPs and the amount of Biopex used for 

supporting Au NPs. It also reveals that a certain and similar amount of Biopex (about 60 to 70 

mg) would be lost during the reaction even the amounts of added Biopex for supporting Au NPs 

were different (from 99 to 257 mg). To track the loss of Biopex during the reaction, the 

supernatant after centrifugation was collected by an evaporator and then dried by a vacuum oven. 

Figure S5 shows the collected white powders, and the elemental composition was evaluated by 

XRF. As shown in Figure 3 (e), in addition to Ca and P derived from Biopex, Cl derived from 

HAuCl4 was also detected. To further investigate the changes of Biopex during the reaction, 

XRD of Biopex, Biopex-Au NPs, and the white powder collected from the supernatant were 

measured and the result are shown in Figures 4 and 5. The spectra of the components in Biopex, 

Ca3(PO4)2, Ca4(PO4)2O, CaHPO4, and Ca10(PO4)6, are also shown as references. From the 

spectrum of Biopex-Au NPs, the diffraction peaks of gold could be observed, confirming the 

composite structure of Biopex-supported Au NPs. Differences in the characteristic peaks at 2θ of 

30-35° reveal that the original Ca3(PO4)2 and Ca4(PO4)2O diminished gradually as a result of the 

reaction between Ca3(PO4)2, Ca4(PO4)2O and HCl, which was generated with the reduction of 

gold. The formation of CaClH2PO4.H2O was confirmed by the XRD of the white powder 

collected from the supernatant. Therefore, it is considered that part of Biopex would react with 

HCl and form CaClH2PO4 during the reaction, while Au3+ would be reduced and grow on the 

remaining Biopex. 

 



 12 

 

Figure 3. (a) UV-Vis spectra of Biopex-Au NPs prepared with different Biopex amounts. (b) 

TEM images and (c) particle size distributions of Biopex-Au NPs prepared with different 

amounts of Biopex. (d) The mass ratio of Biopex to Au NPs of Biopex-Au NPs prepared with 

different Biopex amounts. (e) XRF of white powder collected from the supernatant. 

 

Figure 4. XRD of Biopex-Au NPs and Biopex. XRD peak index of Au, Ca3(PO4)2, and 

Ca4(PO4)2O are written in orange, blue, and green, respectively. 



 13 

 

Figure 5. XRD of white powder collected from the supernatant. 

3.3. Effect of HAuCl4 concentration on Biopex-Au NPs. Figure 6 (a) shows the UV-Vis 

spectra of Biopex-Au NPs prepared with different concentrations of HAuCl4. The λmax of 

Biopex-Au NPs prepared with HAuCl4 concentrations of 0.50, 0.75, and 1.00 mmol/L are at 571 

nm, 583 nm, and 593 nm, respectively. As shown in Figure 6 (b) and (c), the morphology of Au 

NPs is not significantly affected by the varied HAuCl4 concentrations, but the average particle 

sizes of the Au NPs are 107±39, 145±61, and 157±77 nm when the concentrations of HAuCl4 are 

0.50, 0.75 and 1.00 mmol/L, respectively. The average particle sizes of Au NPs increase with the 

increasing concentration of HAuCl4 and the larger particles sizes cause the red shift of λmax from 

571 to 593 nm. Weak aggregation states of Au NPs on Biopex seems to have less impact on the 

λmax than the particle size of Biopex-Au NPs when varying the concentration of HAuCl4. The 

particle size distributions also become broad when HAuCl4 concentrations increase. During the 

preparation process, a higher concentration of HAuCl4 would increase the possibility and 

frequency of gold nucleation. The increasing gold nuclei would tend to agglomerate during the 

reaction, resulting in larger average particle size and broad particle size distribution. 
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Figure 6. (a) UV-Vis spectra of Biopex-Au NPs prepared with different HAuCl4 concentrations. 

(b) TEM images and (c) particle size distribution of Biopex-Au NPs prepared with different 

HAuCl4 concentrations. 

3.4. Effect of reaction time on Biopex-Au NPs. In this section, the effect of reaction time (2, 4, 

and 6 hours) on the Biopex-Au NPs was investigated. Figure 7 (a) shows the UV-Vis spectra of 

the Biopex-Au NPs with different reaction times. The λmax of the Biopex-Au NPs with a reaction 

time of 2, 4, and 6 hours are at 593, 592, and 594 nm, respectively. The insignificant differences 

in the λmax of Au NPs with different reaction times suggest that reaction time had a minor effect 

on the yield of Au NPs. It is also consistent with the size of the Au NPs as shown in the TEM 

images. Figure 7 (b) and (c) shows the TEM images and the particle size distributions of the 

samples with different reaction times. It can be noted that the different reaction times have a 

negligible effect on the morphology as well as the average size of the Au NPs, though the 

deviations in the particle size distribution can still be observed. 
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Figure 7. (a) UV-Vis spectra of Biopex-Au NPs with different reaction times of 2, 4, and 6 hours. 

(b) TEM images and (c) particle size distribution of Biopex-Au NPs prepared with different 

reaction times. 

3.5. Injection and X-ray visualization ability of Biopex-Au NPs. In previous sections, the 

effect of Biopex amount, HAuCl4 concentration, and reaction time on the Biopex-Au NPs were 

investigated. Considering the comprehensive properties of Biopex-Au NPs, the optimized 

reaction conditions were determined for the following injection and X-ray visualization test, in 

which the concentration of HAuCl4 was 1.00 mmol/L, the mass ratio of Biopex to Au NPs was 2: 

1, and the reaction time was 4 hours. To compensate for the loss of Biopex during the reaction, 

extra Biopex was added to ensure the mass ratio of Biopex to Au NPs is 2:1 for balancing the X-

ray imaging efficiency and the strength of Biopex-Au NPs after injection. 1.5 g Biopex-Au NPs 

was mixed with 0.4 mL liquid phase in a mixing syringe (Togo Medikit, Japan) and the paste 

was transferred into an injection syringe (Togo Medikit, Japan). The Biopex-Au NPs paste was 

then injected into jelly through 18G (outer diameter 1.25 ± 0.02 mm, inner diameter 0.82 ± 0.03 

mm), 19 G (outer diameter 1.08 ± 0.02 mm, inner diameter 0.69 ± 0.03 mm), and 21 G (outer 

diameter 0.81 ± 0.02 mm, inner diameter 0.51 ± 0.03 mm) needles to assess the injection ability 

and the shape-retaining ability after injection. Figure S6 shows the Biopex-Au NPs injected 
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through 18G, 19G, and 21G needles. Since the needle with an inner diameter of 2 mm is required 

for a 1.5-mm gold marker, Biopex-Au NPs is considered minimally invasive as it could be 

injected by a 21G needle. As shown in Figure S7, Biopex-Au NPs were collected from jelly 30 

mins after the injection, exhibiting a self-curing performance and excellent shape-retaining 

ability.  

Figure 8 (a) shows images obtained from an X-ray visualization test. Table 2 and Figure 

8 (b) show the results of the pattern matching score calculated based on the X-ray visualization 

images. A pattern matching score is regarded as a quantitative measurement of the visibility of 

an object in relation to its surroundings. The pattern matching score ranging from 1 to 1oo is 

calculated by the correlation coefficient. When the pattern matching score is over 30, it indicates 

that the marker could be recognized correctly by the detector with high tracking accuracy and is 

considered to have sufficient visibility for motion tracking during IGRT. As shown in Figure 8 

(b), when the resin thickness is 5 cm, the visibility of pure Biopex is lower than that of other 

samples, and the samples injected through 18G and 19G have similar visibility with gold 

markers. The pattern matching score decreased with increasing acrylic resin thickness, 

suggesting the human body also causes the attenuation of X-ray. The higher the pattern matching 

score under thicker acrylic resin indicates that the marker would have better imaging 

performance deep inside the human body. When the acrylic resin increased to 15 cm, pure 

Biopex becomes hard to identify, while Biopex-Au NPs are still highly visible. Biopex-Au NPs 

could even be recognized under 20-cm acrylic resin and 160-mA tube current. Compared to the 

gold markers, the visibility of Biopex-Au NPs is slightly inferior to the 2.0-mm gold marker but 

shows better imaging ability than the 1.5-mm gold marker. Notably, the Biopex-Au NPs injected 

through a 21G needle is less visible than the other samples due to the less amount of gold caused 
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by accidental crack. In comparison with some fiducial markers based on Au NPs, the Biopex 

could support the growth of Au NPs and then act as delivery agent to deliver Au NPs at desired 

site around tumor.35,36 The rapid curing nature of Biopex also enables long-term fixation of Au 

NPs in vivo and renders Biopex-Au NPs a longer life span than iodine-based fiducial markers.17 

Accordingly, Biopex-Au NPs are considered sufficient for IGRT. 

 

Figure 8. (a) X-ray visualization images and (b) pattern matching scores of 1.5-mm gold marker, 

2.0-mm gold marker, Biopex-Au NPs injected through 18G, 19G, 21G needles, pure Biopex 

under different acrylic resin thickness and tube currents with a constant X-ray tube voltage of 

110 kV. 
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Table 2. Visibility evaluation based on pattern matching scores 

Acrylic 

resin 

thickness 

(cm) 

Tube 

current 

(mA) 

1.5-

mm 

gold 

marker 

2.0-

mm 

gold 

marker 

18G 

Biopex

-Au 

NPs 

19G 

Biopex

-Au 

NPs 

21G 

Biopex

-Au 

NPs 

Biopex 

5 50 97.08 98.58 98.51 97.9 98.77 88.96 

5 80 98.39 99.15 99.27 98.93 100 95.27 

10 50 88.25 94.75 93.97 92.31 86.37 55.87 

10 80 93.72 96.75 96.89 95.72 93.68 71.88 

15 50 61.43 80.17 75.00 69.48 47.24 1.00 

15 80 80.24 88.19 86.7 81.79 68.67 27.50 

20 50 12.00 37.39 16.24 24.16 1.00 1.00 

20 80 36.74 58.43 50.49 40.88 2.28 1.00 

20 160 51.61 77.88 66.87 62.08 37.4 1.00 

 

 

4. CONCLUSIONS 

In this work, an injectable marker based on Biopex-supported Au NPs was fabricated via a green 

synthesis by using ethanol as a reducing agent. Biopex helped (1) mediate the growth of Au NPs 

and prevent their assembly and merging, (2) transfer Au NPs to target site via thin needles, (3) 

prevent the elimination of Au NPs by the human body, and (4) complement the imaging function 

of Au NPs. The effects of Biopex amount, gold precursor concentration, and reaction time on 

Biopex-Au NPs were evaluated. The optimized conditions are determined in which the 

concentration of HAuCl4 was 1.0 mmol/L, the mass ratio of Biopex to Au NPs was 2:1, and the 

reaction time was 4 hours. The injection ability and visibility of Biopex-Au NPs prepared by the 



 19 

optimized formula were also examined. The developed Biopex-Au NPs could be injected 

through a 21G needle (outer diameter 0.81 ± 0.02 mm, inner diameter 0.51 ± 0.03 mm) and 

exhibit great visibility in the X-ray visualization test. Biopex-Au NPs are therefore considered 

fulfilling the requirements of fiducial marker for IGRT. Although Biopex-Au NPs has shown 

potential as a fiducial marker, more efforts and studies should be made in follow-up work, 

including cytotoxicity, long-term toxicity, animal test, and potential side effect. 
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