
Article Not peer-reviewed version

Laser-Ablated Gold Nanoparticles as

Tunable Contrast Agents for Preclinical

Imaging

Yulia Andreevna Finogenova * , Vsevolod Andreevich Skribitsky , Aleksey Andreevich Lipengolts * ,

Angelina Vyacheslavovna Skribitskaya , Anton Andreevich Kasianov , Kristina Evgenievna Shpakova ,

Artem Alekseevich Laktionov , Islam Vladimirovich Sozaev , Anna Vyacheslavna Smirnova ,

Elena Yurievna Grigorieva

Posted Date: 31 October 2025

doi: 10.20944/preprints202510.2425.v1

Keywords: gold nanoparticles; contrast agents; computed tomography; biodistribution; pharmacokinetics;

nanoparticle coating; tumor targeting; mammary adenocarcinoma Ca755; preclinical studies; acute toxicity

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/3820621
https://sciprofiles.com/profile/3760774
https://sciprofiles.com/profile/1741609
https://sciprofiles.com/profile/4857855
https://sciprofiles.com/profile/4857837
https://sciprofiles.com/profile/3762598
https://sciprofiles.com/profile/4854645
https://sciprofiles.com/profile/4858632
https://sciprofiles.com/profile/4858080
https://sciprofiles.com/profile/4712623
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


 

 

Article 

Laser-Ablated Gold Nanoparticles as Tunable 
Contrast Agents for Preclinical Imaging 
Yulia Finogenova 1,*, Vsevolod Skribitsky 1,2,3, Aleksey Lipengolts 1,2,3,*, Angelina Skribitskaya 2,3, 
Anton Kasianov 1,2, Kristina Shpakova 1,3, Artem Laktionov 2, Islam Sozaev 2, Anna Smirnova 1,4 
and Elena Grigorieva 1,3 

1 N.N. Blokhin National Medical Research Center of Oncology, Moscow 115522, Russia 
2 National Research Nuclear University MEPhI, Moscow 115409, Russia 

3 Kurnakov Institute of General and Inorganic Chemistry, Russian Academy of Sciences, Moscow 119991, Russia 

4 The Loginov Moscow Clinical Scientific Center, Moscow 111123, Russia 

* Correspondence: b-f.finogenova@yandex.ru (Y.F.); lipengolts@mail.ru (A.L.) 

Abstract 

Femtosecond laser-ablated gold nanoparticles (AuNPs) offer a unique platform for developing novel 
cost-effective contrast agents due to their ultraclean, surfactant-free synthesis and precisely tunable 
surface properties. This study developed three computed tomography (CT) contrast agents from a 
single stock solution of laser-ablated AuNPs, functionalized with polyethylene glycol (PEG-2kDa, 
PEG-4kDa), or bovine serum albumin (BSA). The primary objective was to evaluate the safety and 
functional efficacy of these coated AuNPs in healthy and tumor-bearing mice. After a single 
intravenous injection (690±30 mg Au/kg), all formulations were well tolerated with no acute toxicity 
observed. PEGylated AuNPs demonstrated long blood half-life (18±2 h for PEG-2kDa; 37±2 h for 
PEG-4kDa), making them suitable for cardiovascular imaging up to 24 hours post-injection. BSA-
AuNPs had a rapid blood clearance (T₁/₂=2.8±0.9 h), permiĴing cardiovascular assessment during the 
first 3 h, and provided intense, persistent contrast in abdominal organs, enabling liver imaging from 
5 min and spleen imaging from 1 h post-injection. In a Ca755 mammary adenocarcinoma model, 
PEGylated AuNPs selectively accumulated in the tumor stroma and fibrous septa, allowing for 
precise tumor margin delineation and analysis of internal architecture. The findings establish that a 
single AuNP stock can be used to produce specialized contrast agents for specific imaging 
applications. 

Keywords: gold nanoparticles; contrast agents; computed tomography; biodistribution; 
pharmacokinetics; nanoparticle coating; tumor targeting; mammary adenocarcinoma Ca755; 
preclinical studies; acute toxicity 
 

1. Introduction 
Computed tomography (CT) is widely employed in biomedical studies involving small 

laboratory animals to address key research questions, including subject selection for experiments, 
longitudinal monitoring of model pathology development, and assessment of response to therapeutic 
intervention [1,2]. However, reliable distinguishing between internal organs on CT scans remains 
challenging due to the animals’ small size and the inherently low soft-tissue contrast resolution. 
Conventional approaches relied on manual segmentation and atlas co-registration, including 
articulated atlases and statistical shape models [3,4]. Recent advances utilize machine learning (ML) 
and artificial intelligence (AI) for automated analysis; popular options, such as AIMOS and U-Net, 
are based on fully convolutional networks [5,6]. 

Segmentation is especially complicated in experimental oncology, where it is critical not only to 
identify healthy organs, but also to precisely delineate implanted tumors. The tumors exhibit high 
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variability in size, shape, and margin characteristics, and their location within the body depends 
entirely on the transplantation method [7]. Utilization of contrast agents significantly improves the 
accuracy and reliability of both manual and AI-driven segmentation [8,9]. Conventional low-
molecular-weight iodinated contrast agents, designed for human clinical use, can be employed for 
this purpose, but their utility is limited by rapid renal excretion. To overcome this limitation, long-
circulating agents have been developed specifically for application in small laboratory animals [10]. 

Among them are iodinated colloidal solutions such as Fenestra LC, Fenestra VC, eXIA 160, and 
eXIA 160 XL. These colloids are not rapidly cleared by the kidneys, enabling prolonged blood 
circulation, with subsequent accumulation predominantly in the liver and spleen. As all mentioned 
iodinated colloids are biodegradable, hepatic contrast enhancement gradually diminishes, and signal 
intensity returns to native levels within 3–16 days, depending on the specific agent and administered 
dose [11–13]. 

An alternative approach to the development long-circulating contrast agents involves the use of 
engineered nanoparticles [14]. The elemental composition of nanoparticles governs their X-ray 
aĴenuation properties (radiodensity), while particle size and surface coating determine 
biodistribution. By optimizing these parameters, nanoparticles acquire the ability to passively 
accumulate in subcutaneous and orthotopic tumors via the enhanced permeability and retention 
(EPR) effect [15,16]. 

Notable commercial agents in this category include ExiTron nano 12000 and 6000 (alkaline-earth 
nanoparticles, ~80–110 nm in size) and AuroVist™ (gold nanoparticles with core diameters of 1.9 nm 
or 15 nm). Both classes provide significantly higher hepatic contrast enhancement than iodinated 
emulsions [13,17]. Furthermore, novel nanoparticle-based contrast agents utilizing gold, bismuth or 
gadolinium are under active development [18–20]. 

Gold nanoparticles (AuNPs) offer distinct advantages, including biocompatibility, chemical 
inertness, and strong X-ray aĴenuation. They are non-biodegradable, and only particles <5.5 nm 
undergo renal clearance due to glomerular filtration [21,22]. AuNPs larger than 5.5 nm have no 
known metabolic pathways and cannot be degraded or excreted by biological systems. Consequently, 
after accumulation in the liver and spleen, they persist for extended periods (up to 6 months) [23]. 
This makes possible repeated longitudinal imaging of abdominal organs without requiring 
additional contrast injections. These properties make AuNPs the preferred choice for development 
of preclinical contrast agents. 

Strategies for AuNP synthesis are broadly divided into two categories: chemical and physical 
methods. The Turkevich chemical method remains the most common approach for synthesizing 
AuNPs in laboratory practice. Various modifications of this protocol enable the production of 
nanoparticles of diverse shapes and sizes (down to a very small 2-3 nm). In this method, citrate acts 
as a reducing agent and also as a stabilizing coating for the newly formed particles [24]. Subsequently, 
citrate can be replaced by another coating, the most common is polyethylene glycol (PEG). 

Numerous studies have aĴempted to develop novel contrast agents based on nanoparticles 
synthesized via the Turkevich method and coated with PEG. For instance, in the study [25] ~38 nm 
AuNPs enabled visualization of mouse blood vessels, including those in HT-1080 tumor models, for 
up to 24 h after intravenous injection. In [26], ~30 nm AuNPs were administered to mice with 
subcutaneous A431 tumors. PEGylated AuNPs provided tumor contrast enhancement from 34±5 to 
78±15 HU, while those additionally functionalized with an anti-EGFR monoclonal antibody reached 
190±12 HU. The authors of [27] investigated the size-dependent properties of PEGylated AuNPs 
using six variants ranging from 4 to 152 nm. Contrast properties were similar across all nanoparticle 
types, but their pharmacokinetics differed significantly: particles sized 4-50 nm exhibited prolonged 
circulation in the bloodstream, whereas those sized 79-152 nm rapidly accumulated in the liver and 
spleen of mice within 2 h. Thus, contrast agents based on Turkevich-synthesized nanoparticles are 
well-studied and thoroughly characterized, in contrast to laser-ablated nanoparticles. 

Laser ablation technology yields nanoparticles of an exclusively spherical morphology. A 
significant advantage of this technique is that the synthesis can be conducted in pure water, resulting 
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in a final colloid free from chemical contaminants or reaction by-products [28]. The laser ablation 
method is highly reproducible and allows for the rapid, large-scale synthesis of AuNPs necessary for 
biomedical applications. Furthermore, when transitioning to industrial-scale production, laser 
ablation proves more economically cost-effective than traditional chemical routes [29]. Consequently, 
it is a particularly suitable method for producing preclinical contrast agents. However, data 
supporting the use of laser-ablated nanoparticles for this purpose are very limited. The few available 
studies are based on planar X-ray radiography [30,31] or CT that suffers from poor image quality and 
a lack of temporal resolution analysis [32]. 

It is important to note that AuNPs produced by laser ablation are initially bare and require 
subsequent surface functionalization for biomedical use. Also the size of AuNPs that can be produced 
by laser ablation is less variable than by chemical methods. That is why pharmacokinetic properties 
of laser ablated AuNPs can be more effectively changed by varying coating rather than the size of the 
particles. Depending on the type of coating applied, the AuNPs can be engineered to possess specific 
and desirable pharmacokinetic properties. 

The aim of this study was to fabricate three distinct contrast agents from a single stock solution 
of laser-ablated nanoparticles and to evaluate their safety and functional efficacy as CT contrast 
agents in healthy and tumor-bearing mice. We investigated three nanoparticle coatings: polyethylene 
glycol (PEG) with molecular weights of 2 kDa and 4 kDa, and bovine serum albumin (BSA) with 69 
kDa molecular weight. These polymers were chosen as the most studied and widely used for AuNPs 
coating and which potentially can change significantly pharmacokinetic behavior of AuNPs. Using 
computed tomography, we assessed the influence of the coating on the agents' biodistribution, which 
determines their suitability for specific research applications. Obtained results also can be used as a 
part of validation set for ML and AI pharmacological predicting tools. 

2. Materials and Methods 
2.1. Laser-Ablative Synthesis of AuNPs 

AuNPs were synthesized using a single-step laser ablation in liquid, following previously 
established protocols [33]. Briefly, a solid gold metal target (99.99%) was placed in a cuveĴe filled 
with deionized water containing 180 µM NaCl. The target was irradiated with laser pulses generated 
by a Yb:KGW laser (wavelength: 1030 nm, pulse duration: 250 fs, pulse energy: 30 µJ, repetition rate: 
100 kHz; model TETA 10, Avesta, Moscow, Russia). 

2.2. Functionalization of AuNPs with 3 Coatings 
The synthesized colloidal solution of AuNPs was centrifuged at 4255 g for 20 min to remove 

large particles. Following centrifugation, the supernatant was carefully separated from the pellet. The 
pellet was discarded, and the supernatant was divided into three equal portions for functionalization 
with different stabilizing molecules. 

The first coating procedure utilized 2 kDa mPEG-SH polymer (O-(2-Mercaptoethyl)-O′-
methylpolyethylene glycol, Sigma-Aldrich). The detailed functionalization protocol is described in 
[34]. Briefly, we determined the size and concentration of gold nanoparticles in the solution using 
spectrophotometric method according to [35]. The total surface area of nanoparticles was calculated, 
and 2 kDa mPEG-SH polymer was added at a ratio of two polymer molecules per 1 nm² of 
nanoparticle surface area. The resulting functionalized colloidal solution was then concentrated using 
a rotary evaporator and sterilized through a 0.22 µm filter. 

For the second coating, a 4 kDa PEG-lipoic acid (PEG-LA) reagent was synthesized in advance, 
using general approach described in [36]. Briefly, lipoic acid (1 equiv), EDC (1 equiv), and DMAP 
(0.05 equiv) were each dissolved in separate vials containing 1 mL of dichloromethane (DCM). The 
solutions were then combined in a three-neck flask under stirring. The mixture was degassed with 
argon for 1 h at 30°C using a water bath. Subsequently, the mixture was cooled to 0°C in an ice bath, 
and 4 kDa PEG (1 equiv), dissolved in 5 mL of DCM, was added. The reaction was stirred at 0°C for 
1 h and then allowed to proceed for 20 h at room temperature. The following extraction step involved 
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mixing the reaction mixture with an equal volume of water. The mixture was shaken vigorously and 
then centrifuged at 4255 g for 1 min. The water phase was discarded, and this process was repeated 
4-5 times until a completely transparent organic phase was obtained. Residual water was removed 
using a rotary evaporator at 45°C for 40 min. The mixture was then cooled for 15 minutes, resulting 
in the formation of yellowish crystals. The crystals were dissolved in 4 mL of DCM. The final step 
was a reprecipitation using diethyl ether: 4 mL of the DCM solution was added to 50 mL of diethyl 
ether, followed by centrifugation. The ether supernatant was decanted, and the pellet was left to dry 
for 24 hours. Finally, the coating was performed based on the principle of two 4 kDa PEG-LA 
molecules per 1 nm² of nanoparticle surface area in the colloidal solution. The resulting solution was 
then concentrated using a rotary evaporator and sterilized through a 0.22 µm filter. 

For the third coating, BSA was conjugated to the nanoparticles via a lipoic acid (LA) linker. A 
quantity of lipoic acid was prepared based on the principle of two molecules per 1 nm² of the AuNP 
surface area in the colloidal solution. This aliquot was dissolved in 1 mL of ethanol, and the solution's 
pH was adjusted to 11 by titration with NaOH. The resulting lipoic acid solution was then added to 
the colloidal AuNP solution dropwise (one drop every 10-15 seconds) under constant stirring. 
Subsequently, a quantity of BSA, calculated at 1:1 molar ratio with lipoic acid, was dissolved in 1 mL 
of deionized water and added to the colloidal gold nanoparticle solution under stirring. The final 
solution was concentrated using a rotary evaporator and sterilized through a 0.22 µm filter. 

2.3. Characterization of AuNPs 

The characterization of the final AuNPs colloid was performed using spectrophotometric 
analysis, dynamic light scaĴering (DLS), inductively coupled plasma optical emission spectrometry 
(ICP-OES), and scanning electron microscopy (SEM). 

SEM imaging was conducted using a MAIA 3 electron microscope (TESCAN, Brno, Czech 
Republic) to obtain micrographs of the nanoparticles, which were then used to determine the gold 
core size. 

Spectrophotometric analysis was carried out with a Cary 50 spectrophotometer (Varian, Palo 
Alto, CA, USA) operating in the ultraviolet and visible range. Absorption spectra of the colloidal 
solutions were recorded from 800 to 200 nm. These spectra were used to determine the AuNP core 
size and the gold concentration in the solution, in accordance with [35]. 

DLS and zeta potential measurements were performed using a Zetasizer Nano ZS spectrometer 
(Malvern Instruments, Malvern, UK). This technique was used to determine the hydrodynamic 
diameter of the nanoparticles in solution and to measure their zeta potential. 

ICP-OES analysis was conducted using a high-resolution PlasmaQuant 9100 Series spectrometer 
(Analytik Jena, Jena, Germany). This method was employed to determine the elemental gold 
concentration in the colloidal solutions. Prior to analysis, the samples were digested in a mixture of 
concentrated nitric and hydrochloric acids in a 1:3 ratio (aqua regia). 

2.4. CT Imaging 

Computed tomography of mice was performed using a VECTOR 6 preclinical trimodal scanner 
(MiLabs, Utrecht, The Netherlands). During scanning, animals were maintained under anesthesia 
induced by a 2% isoflurane-air mixture. Animal physiological status was monitored throughout the 
procedure using a respiratory sensor and the BioVet program. 

For "Total body" mode, the following parameters were used: X-ray tube voltage of 55 kV, tube 
current of 0.21 mA, exposure time per projection of 75 ms, and a rotation step of 0.5° with 1 projection 
acquired per step. The images were reconstructed with an isotropic voxel size of 80 µm. 

For "Ultra focus" mode, the parameters were: X-ray tube voltage of 55 kV, tube current of 0.21 
mA, exposure time per projection of 75 ms, and a rotation step of 0.15° with 2 projections acquired 
per step. The images were reconstructed with an isotropic voxel size of 60 µm. 
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Image reconstruction was performed using MiLabs Rec 12.00 software (MiLabs, Utrecht, The 
Netherlands). Post-processing and image analysis were conducted using PMOD 4.205 software 
(PMOD Technologies LLC, Zurich, Swiĵerland). 

2.5. CT Radiodensity Calibration 

A phantom study was performed to plot the calibration curve. For this purpose, a phantom 
containing a water-filled tube and tubes with colloidal AuNPs at known concentrations (1-25 mg 
Au/mL) was CT-scanned. The actual gold concentrations were verified by ICP-OES using a high-
resolution PlasmaQuant 9100 Series spectrometer (Analytik Jena, Jena, Germany). Prior to analysis, 
the samples were digested in a mixture of concentrated nitric and hydrochloric acids at a 1:3 (v/v) 
ratio (aqua regia). Using PMOD software (PMOD Technologies LLC, Zurich, Swiĵerland), the 
radiodensity (HU) within each tube was quantified, and the radiodensity of pure water (HU) was 
subtracted from it. This procedure established a calibration curve ploĴing the increase in radiodensity 
(ΔHU) against gold concentration (Figure S1). The dependence of ΔHU on the gold concentration 
([Au], mg/mL) was fiĴed with a linear function. The linear equation was: 

ΔHU = 46.9×[Au] (1)

2.6. Contrast-Enhanced CT Imaging of Healthy Mice 

All procedures involving animals were performed in concordance with local ethic regulations 
and approved by institutional ethic commiĴee (No. 06a-p-2024 issued on September 17, 2024). 

Healthy female BALB/c mice were divided into 3 experimental groups (n=5) and 1 control group 
(n=5). Experimental groups received a single intravenous injection of AuNPs with distinct surface 
coatings: PEG-4kDa, PEG-2kDa, or BSA, at a dose of 690 ± 30 mg Au/kg (~15 mg Au per animal). 

CT scanning was performed in Total body mode before injection (baseline) and at the following 
time points post injection: 5 min; 1, 5, 24, 48, 72 h; 4, 7, 14, 21 days; and 1, 2, 3, 4, 5, 6 months. 

On the acquired images, manual segmentation of the following organs was performed: heart 
(left ventricle), liver, spleen, kidneys, brain, and muscle tissue of the left hind limb. The resulting HU 
values were converted to mg Au/mL using a calibration curve generated from phantom studies 
(Figure S1). 

2.7. Tumor Uptake Evaluation 

Female C57Bl/6 mice were used for this study. Murine mammary adenocarcinoma Ca755, 
received from tumor collection of N.N. Blokhin National Medical Center of Oncology, was 
transplanted subcutaneously into the right hind leg using 0.2 mL of a freshly prepared 7% (w/v) 
tumor cell suspension. Tumor-bearing mice were divided into 2 experimental groups and received 
an intravenous injection of either PEG-4kDa AuNPs (n=5) or BSA-AuNPs (n=5) at a dose of 680 ± 30 
mg Au/kg (~15 mg Au per animal). 

CT imaging was performed before injection (baseline), and at the following time points post 
injection: 5 min, 1, 3, 5, 24, 48, and 72 h, and 6 days. All scans were acquired in two modes: “Total 
Body” and “Ultra Focus”. In the “Ultra Focus” mode, the field of view was restricted to the tumor 
region. 

Mice were sacrificed 6 days post-CT imaging by isoflurane overdose. Tumor tissue samples were 
collected and fixed in 10% neutral buffered formalin (volume ratio 10:1) for 24 hours at room 
temperature. The samples were then processed in a histoprocessor STP-120 (Epredia, Portsmouth, 
USA), embedded in paraffin blocks with TES99 system (Medite, Burgdorf, Germany), and sectioned 
into 2-5 µm slices using a microtome CUT6062 (Slee, Germany). Sections were mounted on glass 
slides, dried, and stained with hematoxylin and eosin using an automated stainer Gemini AS 
(Thermo Fisher Scientific, Waltham, USA). Finally, the slides were coverslipped and examined by 
light microscopy with microscope BX46 (Olympus, Hachioji, Japan). 
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3. Results 
3.1. Characterization and Functionalization of AuNPs 

AuNPs utilized in this study were produced using an ultraclean synthesis approach based on 
femtosecond (fs) laser ablation, enabling the generation of surfactant-free colloids. Laser ablation 
technique is detailed in the Methods section and schematically illustrated in Scheme 1a. 

 

Scheme 1. Synthesis and coating of AuNPs: (a) laser ablation method; (b) PEG-2kDa coating; (c) PEG-4kDa 
coating; (d) BSA coating. 

To improve colloidal stability under physiological conditions and minimize immune 
recognition, AuNPs were functionalized with polymer surface coatings. Three options were used: 
PEG-2kDa via the thiol (-SH) group; PEG-4kDa via lipoic acid linker; bovine serum albumin (BSA) 
via lipoic acid linker (Scheme 1b-d). 

All AuNPs had core size of 5-6 nm according to UV-vis spectroscopy, but hydrodynamic size 
differed from 9±7 nm for BSA-AuNPs to 41±18 nm for PEG-4kDa AuNPs (Figure 1a-d). Regardless of 
coating, all AuNPs had negative ζ-potential (Table 1, Figure 1e). Plasmon resonance peak position 
was similar for all AuNPs: 506 nm for PEGylated AuNPs and 508 nm for BSA-AuNPs (Figure 1f). 
Concentration of gold in all colloidal solutions measured by UV-vis spectroscopy was 75±9 mg 
Au/mL. 
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Figure 1. Characterization of AuNPs: (a) SEM BSA-AuNPs; (b) SEM PEG-4kDa AuNPs; (c) SEM PEG-2kDa 
AuNPs; (d) hydrodynamic size distribution; (e) ζ-potential distribution; (f) UV-vis spectra. 

Table 1. Physical and chemical characteristics of AuNPs. 

Parameter PEG-4kDa AuNPs PEG-2kDa AuNPs  BSA-AuNPs 
Core size (mean±SD), 

nm 
6.0±1.4 5.8±1.8 5.0±1.3 

Hydrodynamic size 
(mean±FWHM), nm 

41±18 13±14 9±7 

ζ-potential 

(mean±FWHM), mV 
-31±17 -26±11 -25±16 

Peak of plasmon  

resonance, nm 
506 506 508 

Concentration 

(mean±SD), mg 

Au/mL 

76±3 83±2 65±5 

3.2. Acute Toxicity 
Healthy BALB/c mice were divided into 3 experimental groups (n=5) and 1 control group (n=5). 

Experimental groups were administered a single intravenous injection of AuNPs with distinct surface 
coating: PEG-4kDa, PEG-2kDa or BSA, at a dose of 690 ± 30 mg Au/kg (~15 mg Au per animal). The 
injection was well tolerated by all animals, with no evidence of acute toxicity regardless of the type 
of AuNPs. Mice displayed normal behavior post-injection, with no indications of discomfort or 
neurological impairment, and no mortality was observed in the treated animals. 

A rapid dark blue discoloration of the skin developed shortly after injection in all treated groups, 
aligning with prior reports [17,37], and did not adversely affect the animals' condition or activity 
(Figure S2). 

To further evaluate short-term physiological effects, body weight was monitored in 3 treated 
and 1 control groups over a 21-day observation period, revealing no significant differences in weight 
trends between groups. Measurements of daily water and food consumption also remained 
consistent. Collectively, these data confirm that high-dose intravenous administration of coated 
AuNPs was well tolerated in laboratory mice, producing no acute toxic effects despite skin 
discoloration. 

3.3. Contrast Enhancement In Vivo 

The functional efficacy of the AuNPs as contrast agents was evaluated in the same three mouse 
groups used for the acute toxicity assessment. CT imaging was performed at baseline (pre-injection) 
and serially at designated timepoints post-injection. 

Figure 2 illustrates dynamics of murine cardiac CT images from 5 min to 7 days post-intravenous 
AuNPs administration. On pre-injection scans, the heart exhibits radiodensity typical of soft tissues. 
Immediately after injection, high blood gold concentration results in intense contrast enhancement of 
cardiac chambers without myocardial or interventricular septum enhancement. Subsequent 
reduction in chamber enhancement correlates with decreasing blood gold levels, though the decline 
rate varied significantly by nanoparticle coating. For PEG-2kDa AuNPs, cardiac enhancement 
persisted at 5 h and 24 h, resolving to baseline by 48 h. PEG-4kDa AuNPs demonstrated prolonged 
blood circulation: the interventricular septum remained visible at 48 h, indicating ongoing 
nanoparticle presence. BSA-AuNPs showed the shortest circulation: septal visualization was faint at 
5 h, with cardiac radiodensity returning to baseline by 24 h. By day 7 post-injection, cardiac 
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radiodensity returned to baseline levels in all animals across groups and remained unchanged in 
subsequent scans. 

 

Figure 2. Dynamic СT images of the heart (coronal view) before and after administration of PEG-2kDa AuNPs, 
PEG-4kDa AuNPs and BSA-AuNPs. 

Dynamic cardiac radiodensity (HU) is presented in Figure 3, with the corresponding blood gold 
concentration (mg/mL) derived from these measurements shown in Figure S3a. This quantitative 
conversion is based on a predetermined linear calibration curve (ΔHU vs. mg Au/mL), which was 
established through prior phantom experiments. The blood half-lives of the nanoparticles, calculated 
from this concentration data, were as follows: PEG-4kDa AuNPs, T₁/₂ = 37 ± 2 h; PEG-2kDa AuNPs, 
T₁/₂ = 18 ± 2 h; and BSA-AuNPs, T₁/₂ = 2.8 ± 0.9 h. These differences in half-life directly reflect the 
influence of surface coating on pharmacokinetics: BSA-AuNPs are rapidly cleared from the 
bloodstream, while PEG coating prolongs circulation, with the longer PEG-4kDa chain providing 
advantage over PEG-2kDa. 

 

Figure 3. Dynamics of radiodensity (HU) in cardiac chambers post injection of AuNPs with three distinct 
coatings. The native radiodensity is indicated by a horizontal purple doĴed line. 

As blood gold levels declined, progressive gold accumulation was observed in the liver and 
spleen—organs abundant in mononuclear phagocytes. Both the kinetics and peak gold content in the 
liver were strongly dependent on nanoparticle surface functionalization. PEG-2kDa AuNPs exhibited 
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more pronounced hepatic sequestration than PEG-4kDa AuNPs: at 72 h post-injection, liver 
parenchyma demonstrated marked contrast enhancement with clearly demarcated margins. 
Conversely, PEG-4kDa AuNPs showed negligible hepatic contrast at this timepoint (Figure 4). 

Splenic accumulation onset differed substantially, with PEG-2kDa AuNPs producing distinct 
splenic contrast from 5 h and PEG-4kDa AuNPs — only from 24 h (Figure 4). The inverse correlation 
between blood circulation time (Figure 2) and hepatosplenic uptake kinetics reflects the dominant 
clearance pathway—phagocytosis by hepatic and splenic macrophages. Critically, both formulations 
maintained detectable blood circulation for ≤24 h , permiĴing cardiovascular assessment during this 
period. 

 

Figure 4. Dynamic СT images of liver and spleen (coronal view) before and after administration of PEG-2kDa 
AuNPs and PEG-4kDa AuNPs. Red arrows indicate blood vessels, yellow arrow – the spleen, green arrows – 
margin of the liver. 

BSA-AuNPs demonstrated rapid hepatosplenic accumulation: hepatic enhancement was 
evident as early as 5 min post-administration, followed by pronounced splenic enhancement at 1 h 
(Figure 5). Due to short blood circulation time, BSA-AuNPs permiĴed cardiovascular assessment 
during the first 3 h post-injection. Beyond 5 h, only abdominal blood vessels devoid of contrast agent 
became discernible against the enhanced hepatic background. Thus, BSA-AuNPs offer a narrower 
temporal interval for cardiovascular imaging compared to PEG-coated variants, but enable earlier 
abdominal organ imaging. 
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Figure 5. Dynamic СT images of liver and spleen (coronal view) before and after administration of BSA-AuNPs. 
Red arrows indicate blood vessels, yellow arrows – the spleen, green arrow – margin of the liver. 

According to HU plots, maximum contrast enhancement in the liver and spleen for BSA-LA 
AuNPs was observed at 48 h post-administration, followed by a modest decrease in the spleen by 
day 7 and stable enhancement in the liver (Figure 6). Corresponding tissue gold concentrations are 
shown in Figure S3b,c. Comparative analysis revealed that BSA-AuNPs accumulated more in the 
liver than in the spleen, while PEG-4kDa AuNPs showed higher accumulation in the spleen 
compared to the liver. PEG-2kDa AuNPs showed similar uptake in both organs. These data 
conclusively demonstrate the influence of nanoparticle coating on biodistribution. 

 

Figure 6. Dynamics of radiodensity (HU) in the liver (a) and spleen (b) post injection of AuNPs with three distinct 
coatings. The native radiodensity is indicated by a horizontal purple doĴed line. 

No discernible contrast enhancement was observed in the kidneys. Quantitative analysis 
revealed a transient radiodensity increase peaking at 30 min–1 h post-injection to +80±18 HU relative 
to baseline values, equivalent to 1.5±0.2 mg/cm3 of gold. Subsequently, gold concentrations in renal 
parenchyma declined, returning to baseline by 24 h for BSA-AuNPs and by 7 days for both PEG-
AuNPs – consistent with the prolonged blood circulation of PEGylated nanoparticles. 

Slight enhancement was noted in proximal ureters from 30 min to 5 h post-injection (Figure S4a). 
While this may indicate minor nanoparticle passage into urine, no radiodensity increase was 
observed in the bladder lumen at any timepoint (Figure S4b). Thus, urinary excretion cannot be 
considered a significant elimination pathway for the studied nanoparticles. 

In general, following intravenous administration, AuNPs demonstrated blood circulation of 
variable duration, enhancing cardiac chambers and vasculature. A progressive signal increase was 
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detected in the liver and spleen, while renal gold retention remained transient and below visually 
discernible enhancement thresholds. No AuNP uptake was detected in gastric/intestinal walls, 
pancreas, brain, or muscle. By day 7, all groups exhibited a stable biodistribution paĴern, 
characterized by complete bloodpool clearance and persistent hepatosplenic accumulation. 
Subsequent CT scans confirmed the contrast paĴern remained unchanged. 

Following the initial 7-day period, animals underwent weekly CT scans (days 7, 14, 21) and then 
monthly CT scans for 6 months, which confirmed no substantial changes in the established 
biodistribution paĴerns (Figure S5). AuNP-derived enhancement remained exclusively localized to 
the liver and spleen, with no detectable signal in other organs. Quantitative analysis of the liver 
showed distinct retention kinetics: PEG-4kDa AuNPs maintained stable concentrations (±3%), PEG-
2kDa AuNPs decreased slightly (average: −7% by 6 months relative to day 7), and BSA-AuNPs 
declined moderately (average: −35% by 6 months relative to day 7). The sustained hepatosplenic 
retention combined with total absence of bladder enhancement supports negligible renal excretion. 

Potential nanoparticle toxicity was also evaluated via serial CT assessment of organ size and 
contours. No significant pathological changes were observed: liver maintained stable dimensions 
without contour nodularity, no ascites or free peritoneal fluid was detected. These findings indirectly 
indicate preserved hepatic function. Notably, nanoparticle-induced skin discoloration (dark blue) 
persisted throughout the 6-month observation period. However, standard veterinary assessments 
and behavioral monitoring revealed no signs of systemic toxicity. 

3.4. Ca755 Tumor Uptake 

The functional efficacy of the AuNPs as contrast agents was evaluated in the same three mouse 
groups used for the acute toxicity assessment. CT imaging was performed at baseline (pre-injection) 
and serially at designated timepoints post-injection 

The final experimental phase assessed AuNPs accumulation in subcutaneous Ca755 tumors in 
syngeneic C57Bl/6 mice. Tumor-bearing mice were injected with either PEG-4kDa AuNPs (n=5) or 
BSA-AuNPs (n=5) at a dose of 680 ± 30 mg Au/kg (~15 mg Au per animal). PEG-2kDa AuNPs were 
not used for tumor uptake study because of its shorter blood circulation time compared to PEG-4kDa 
AuNPs. CT imaging of the animals following intravenous AuNPs administration was performed in 
“Ultra Focus” mode, focused specifically on the tumor region, and additionally in “Total body” 
mode. Images were acquired at multiple time points from 5 min to 6 days post-injection. 

Within the first 5 min to 1 h, AuNPs remained predominantly intravascular, enhancing tumor 
blood vessels without significant differences between PEG-4kDa and BSA-AuNPs (Figure 7). By 3-5 
h, PEG-4kDa AuNPs exhibited extensive extravasation into tumor parenchyma, generating 
heterogeneous intratumoral enhancement characterized by moderately contrasted regions 
interspersed with intensely radiodense foci and sharply demarcated tumor margins. This 
enhancement paĴern evolved considerably by 48 h post-injection. While the parenchymal contrast 
gradually declined from its peak at 5 h, the stromal components became increasingly prominent. At 
48 h post-injection PEG-4kDa AuNP-treated tumors exhibited a highly heterogeneous architecture, 
featuring regions of baseline radiodensity, residual moderately enhanced parenchymal zones, and 
well-defined, contrast-outlined fibrous septa. Enhancement of tumor stroma largely persisted 
through 6 days, defining the long-term retention paĴern. 

In contrast, BSA-AuNPs showed only faint peripheral enhancement and sparse foci at 3-5 h post-
injection, with parenchymal contrast remaining minimal. This paĴern did not evolve significantly; 
after 48 h, BSA-AuNPs demonstrated no discernible parenchymal enhancement, with only sparse 
foci and faint septa visible against a background of native tissue density. This is consistent with the 
rapid sequestration of BSA-AuNPs by the liver, which limited their blood circulation time and 
reduced the potential for effective tumor accumulation. Over the 6-day observation period, no further 
changes in the BSA-AuNP enhancement paĴern were observed. 
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Figure 7. Dynamic СT images of Ca755 tumor (coronal view) before and after administration of PEG-4kDa 
AuNPs and BSA-AuNPs. Red arrows indicate enhanced blood vessels, green arrows – enhanced parenchyma, 
yellow – stromal component including tumor margins and fibrous septa, light blue – the most radiodense foci. 

Immediately following the 6-day CT scan, mice were euthanized for tumor histology. Analysis 
revealed predominant AuNP localization within stromal compartments (Figure 8), with extensive 
accumulation in fibrous septa – particularly in macrophage cytoplasm and perivascular spaces – 
indicating active phagocytosis and stromal retention. Neoplastic parenchyma showed minimal 
uptake, exhibiting only sporadic cytoplasmic granules in isolated tumor cells. This limited 
penetration likely reflects restricted interstitial transport through the tumor microenvironment. 
Histopathologic findings confirmed that contrast-enhanced linear structures on CT images 
corresponded to fibrous septa within the tumor stroma. 

 

Figure 8. Histological sections of the Ca755 tumor obtained from mice 6 days post administration of PEG-4kDa 
AuNPs and BSA-AuNPs. H&E, ×200. 

4. Discussion 
This study investigated the contrast properties of three promising AuNP-based agents for 

preclinical CT. The AuNPs demonstrated high radiodensity, enabling clear visualization of the 
cardiovascular system, liver, spleen, and subcutaneous tumor model throughout a series of scans. 

A key innovative aspect of our approach lies in the use of a single stock solution of laser-ablated 
AuNPs, functionalized with three distinct coatings: polyethylene glycol (PEG) of two molecular 
weights and bovine serum albumin (BSA). Since the gold core was identical for all prepared agents, 
the observed differences in their pharmacokinetics and biodistribution can be aĴributed to the 
influence of the surface coating. This work utilized two types of PEG-coated nanoparticles: PEG-
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2kDa, aĴached to the gold surface via an SH-group, and PEG-4kDa, conjugated using lipoic acid as 
a linker. We propose that the type of chemical linkage is not the primary factor affecting the 
biodistribution paĴern, and the observed pharmacokinetic differences are determined by the length 
of the PEG chains. 

While the influence of coating on nanoparticle behavior in vivo has been extensively 
investigated, all prior research has been conducted on particles synthesized by chemical methods. 
Specifically, studies using nanorods have demonstrated that PEG coating provides longer blood 
circulation time than BSA [38]. This difference can be aĴributed to albumin being a natural protein 
with established metabolic pathways and utilization mechanisms. In contrast, PEG is a synthetic inert 
polymer which lacks specific recognition mechanisms by immune cells. 

When comparing laser-ablated nanoparticles with PEG-2kDa vs 4kDa coatings, we 
demonstrated that PEG-4kDa AuNPs showed prolonged blood circulation and reduced liver 
accumulation in mice. These findings align with observations from chemically synthesized 
nanoparticles. The study [39] compared biodistribution of AuNPs coated with PEG-750Da and 10kDa 
in healthy rats after intravenous administration. PEG-10kDa AuNPs showed significantly longer 
circulation, with 18% still detected in blood after 24 h compared to ~0.4% for PEG-750Da. 

The study by Perrault et al. [40] systematically investigated the bloodstream half-life of AuNPs 
with core diameters ranging from 18 to 87 nm and PEG molecular weights of 2, 5, and 10kDa. 
Following intravenous injection to mice, half-life was inversely proportional to core size, as expected. 
However, for particles of identical core size, those coated with higher molecular weight PEG 
exhibited longer circulation times. This is because longer PEG chains provide a more effective shield 
against opsonization and phagocytosis, thereby delaying elimination. Thus, a key conclusion of our 
work is the demonstration of fundamental analogy in behavior between chemically synthesized and 
laser-ablated AuNPs, confirming the universality of previously established principles. 

Based on our data, we can formulate the following recommendations for the use of AuNPs as 
contrast agents in preclinical research. PEGylated AuNPs are advisable for imaging the heart and 
blood vessels, with an optimal time window of up to 24 h post-injection. They are also suitable for 
visualizing subcutaneous tumors. A limitation of this study is that tumor enhancement was 
investigated only for the PEG-4kDa coating, but the obtained pharmacokinetic data suppose that 
PEG-2kDa would also be sufficient for tumor accumulation. For imaging the abdominal organs (liver 
and spleen), BSA-AuNPs are more practical. They rapidly accumulate in these organs, providing 
intense contrast enhancement in the liver from 5 min and in the spleen from 1 h post-injection. 

Another notable finding was the preferential accumulation of PEG-4kDa AuNPs in the stromal 
elements of the Ca755 tumor – specifically within the fibrous septa and pseudocapsule – compared 
to the parenchymal component. This observation aligns with the typical accumulation paĴern of 
nanoparticles in solid tumor nodules reported in the literature [41]. This feature may offer utility in 
preclinical research. The contrast enhancement of the pseudocapsule can facilitate the visual 
delineation of the tumor margin from surrounding healthy tissue, and the enhancement of fibrous 
septa enables a detailed analysis of the internal tumor architecture. Maximum contrast enhancement 
throughout the tumor tissue was observed within a time window of 5 to 48 h. However, the retention 
of nanoparticles within the pseudocapsule allowed for visualization of the tumor boundaries for up 
to 6 days. 

The functionalization strategy developed for bare laser-ablated gold nanoparticles can be 
extended to other laser-ablated nanostructures with an outer gold surface — such as Fe₃O₄@Au core-
shell or core-satellite particles [42,43]. Such nanoparticles could serve as dual-mode contrast agents 
for both CT and MRI, significantly expanding imaging capabilities in preclinical research. The choice 
of coating would be determined by the required pharmacokinetic profile for a specific biomedical 
objective. 

In this study, we focused exclusively on AuNPs as contrast agents for СT. However, the obtained 
pharmacokinetic and biodistribution data could also be valuable for other biomedical applications. 
Specifically, AuNPs of various structures are considered promising radiosensitizers [44–46], and 
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laser-ablated nanoparticles may also serve this function [37]. Our data on the accumulation of AuNPs 
in tumor tissue could facilitate radiation therapy planning, as the optimal time interval between 
nanoparticle administration and irradiation onset depends on achieving peak gold concentrations 
within the tumor. 

5. Conclusions 
This study successfully fabricated and evaluated three distinct contrast agents from a single 

stock of laser-ablated AuNPs, functionalized with PEG-2kDa, PEG-4kDa, or BSA coatings. Our 
findings demonstrate that the surface coating is the primary determinant of the agents' 
pharmacokinetic behavior and thus their suitability for specific preclinical imaging applications. 
Particularly, PEGylated AuNPs are recommended for cardiovascular imaging, providing a practical 
time window of up to 24 h post-injection, and for subcutaneous tumor (Ca755) – from 5 to 48 h post-
injection. Conversely, BSA-coated AuNPs are optimal for imaging of abdominal organs, providing 
intense contrast enhancement in the liver from 5 min and in the spleen from 1 h post-injection. 

A particularly significant result was the selective accumulation of PEGylated AuNPs in the 
stromal elements of Ca755 tumor, specifically within fibrous septa and the pseudocapsule, rather 
than the parenchyma. This feature enables two key applications: precise delineation of the tumor 
margin from healthy tissue and detailed analysis of the internal tumor architecture. The prolonged 
retention of contrast in the pseudocapsule, lasting up to 6 days, underscores the potential of these 
agents for longitudinal studies without repeated administration. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org, Figure S1–S5. 

Author Contributions: For Y.F.: writing—original draft preparation, visualization, methodology; V.S.: 
conceptualization, methodology, formal analysis; A.L.: conceptualization, writing—review and editing, 
supervision; A.S.: formal analysis, investigation; A.K.: visualisation, investigation; K.S.: investigation, data 
curation; A.L.: investigation, validation; I.S.: investigation, validation; A.S.: writing—review and editing, 
methodology; E.G.: supervision, writing—review and editing. All authors have read and agreed to the published 
version of the manuscript. 

Funding: Grant Agreement from the Federal Budget in the form of a Subsidy to the Federal State Budgetary 
Institution "N.N. Blokhin National Medical Research Center of Oncology" of the Ministry of Health of the 
Russian Federation dated April 16, 2025, No. 139-15-2025-008 State Contract ID 000000С313925P3R0002. 

Data Availability Statement: The data are included within the article and Supporting Information. 

Conflicts of Interest: The authors declare no conflicts of interest. 

Abbreviations 
The following abbreviations are used in this manuscript: 

CT Computed tomography 
ML Machine learning 
AI Artificial Intelligence 
EPR Enhanced permeability and retention 
AuNPs Gold nanoparticles 
PEG Polyethylene glycol 
BSA Bovine serum albumin 
ICP-OES Inductively coupled plasma optical emission spectrometry 
DLS Dynamic light scaĴering 
SEM Scanning electron microscopy 

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 October 2025 doi:10.20944/preprints202510.2425.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.2425.v1
http://creativecommons.org/licenses/by/4.0/


 15 of 17 

 

References 
1. Schambach, S.J.; Bag, S.; Schilling, L.; Groden, C.; Brockmann, M.A. Application of micro-CT in small 

animal imaging. Methods 2010, 50, 2–13. hĴps://doi.org/10.1016/j.ymeth.2009.08.007 
2. Clark, D.P.; Badea, C.T. Advances in micro-CT imaging of small animals. Physica Medica 2021, 88, 175–

192. hĴps://doi.org/10.1016/j.ejmp.2021.07.005 
3. Wang, H.; Stout, D.B.; Chaĵiioannou, A.F. Estimation of mouse organ locations through registration of a 

statistical mouse atlas with micro-CT images. IEEE Transactions on Medical Imaging 2011, 31, 88–102. 
hĴps://doi.org/10.1109/TMI.2011.2165294 

4. Khmelinskii, A.; Baiker, M.; Kaijzel, E.L.; Chen, J.; Reiber, J.H.; Lelieveldt, B.P. Articulated whole-body 
atlases for small animal image analysis: construction and applications. Molecular Imaging and Biology 2011, 
13, 898–910. hĴps://doi.org/10.1007/s11307-010-0386-x 

5. Schoppe, O.; Pan, C.; Coronel, J.; Mai, H.; Rong, Z.; Todorov, M.I.; Müskes, A.; Navarro, F.; Li, H.; Ertürk, 
A.; et al. Deep learning-enabled multi-organ segmentation in whole-body mouse scans. Nature 
Communications 2020, 11, 5626. hĴps://doi.org/10.1038/s41467-020-19449-7 

6. Ronneberger, O.; Fischer, P.; Brox, T. U-Net: Convolutional Networks for Biomedical Image Segmentation. 
In Lecture Notes in Computer Science, Proceedings of the International Conference on Medical Image 
Computing and Computer-Assisted Intervention (MICCAI), Munich, Germany, 5–9 October 2015; 
Springer: Cham, Swiĵerland, 2015; Volume 9351, pp. 234–241. hĴps://doi.org/10.1007/978-3-319-24574-
4_28 

7. Jensen, M.; Clemmensen, A.; Hansen, J.G.; et al. 3D whole body preclinical micro-CT database of 
subcutaneous tumors in mice with annotations from 3 annotators. Scientific Data 2024, 11, 1021. 
hĴps://doi.org/10.1038/s41597-024-03814-y 

8. Rosenhain, S.; Magnuska, Z.A.; Yamoah, G.G.; Rawashdeh, W.; Kiessling, F.; Gremse, F. A preclinical 
micro-computed tomography database including 3D whole body organ segmentations. Scientific Data 2018, 
5, 180294. hĴps://doi.org/10.1038/sdata.2018.294 

9. Wang, H.; Han, Y.; Chen, Z.; Hu, R.; Chaĵiioannou, A.F.; Zhang, B. Prediction of major torso organs in 
low-contrast micro-CT images of mice using a two-stage deeply supervised fully convolutional network. 
Physics in Medicine & Biology 2019, 64, 245014. hĴps://doi.org/10.1088/1361-6560/ab59a4 

10. Brauweiler, R.; Engelke, K.; Hupfer, M.; Kalender, W.A.; Karolczak, M.; Pietsch, H. X-Ray and X-Ray-CT. 
In Small Animal Imaging: Basics and Practical Guide, 2nd ed.; Kiessling, F., Pichler, B.J., Hauff, P., Eds.; 
Springer International Publishing: Cham, Swiĵerland, 2017; pp. 201–225. ISBN 978-3-319-42200-8. 
hĴps://doi.org/10.1007/978-3-319-42202-2 

11. Willekens, I.; LahouĴe, T.; Buls, N.; Vanhove, C.; Deklerck, R.; Bossuyt, A.; de Mey, J. Time-course of 
contrast enhancement in spleen and liver with Exia 160, Fenestra LC, and VC. Molecular Imaging and Biology 
2009, 11, 128–135. hĴps://doi.org/10.1007/s11307-008-0186-8 

12. Willekens, I.; Buls, N.; Maeseneer, M.D.; LahouĴe, T.; De Mey, J. Use of eXIA 160 XL for Contrast Studies 
in Micro-Computed Tomography: Experimental Observations. Molecular Imaging 2013, 12, 7290-2013. 
hĴps://doi.org/10.2310/7290.2013.00050 

13. Boll, H.; Figueiredo, G.; Fiebig, T.; NiĴka, S.; Doyon, F.; Kerl, H.U.; Nölte, I.; Förster, A.; Kramer, M.; 
Brockmann, M.A. Comparison of Fenestra LC, ExiTron nano 6000, and ExiTron nano 12000 for micro-CT 
imaging of liver and spleen in mice. Academic Radiology 2013, 20, 1137–1143. 
hĴps://doi.org/10.1016/j.acra.2013.06.002 

14. Ashton, J.R.; West, J.L.; Badea, C.T. In vivo small animal micro-CT using nanoparticle contrast agents. 
Frontiers in Pharmacology 2015, 6, 256. hĴps://doi.org/10.3389/fphar.2015.00256 

15. Belyaev, I.B.; Griaznova, O.Y.; Yaremenko, A.V.; Deyev, S.M.; Zelepukin, I.V. Beyond the EPR effect: 
Intravital microscopy analysis of nanoparticle drug delivery to tumors. Advanced Drug Delivery Reviews 
2025, 219, 115550. hĴps://doi.org/10.1016/j.addr.2025.115550 

16. Subhan, M.A.; Yalamarty, S.S.K.; Filipczak, N.; Parveen, F.; Torchilin, V.P. Recent advances in tumor 
targeting via EPR effect for cancer treatment. Journal of Personalized Medicine 2021, 11, 571. 
hĴps://doi.org/10.3390/jpm11060571 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 October 2025 doi:10.20944/preprints202510.2425.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.2425.v1
http://creativecommons.org/licenses/by/4.0/


 16 of 17 

 

17. Turánek, J.; Knötigová, P.T.; Kulich, P.; Skoupý, R.; Hrubanová, K.; Vaškovicová, N.; Fekete, L.; Kaňa, A.; 
Mikulík, R.; Raška, M. Preparation and Complex Characterisation of Stabilised Gold Nanoparticles: 
Biodistribution and Application for High Resolution In Vivo Imaging. Pharmaceuticals 2024, 17, 1479. 
hĴps://doi.org/10.3390/ph17111479 

18. Yoo, D.; Jung, W.; Son, Y.; Jon, S. Glutathione-responsive gold nanoparticles as computed tomography 
contrast agents for hepatic diseases. ACS Applied Bio Materials 2021, 4, 4486–4494. 
hĴps://doi.org/10.1021/acsabm.1c00224 

19. Xie, J.; Zhou, Z.; Ma, S.; Luo, X.; Liu, J.; Wang, S.; Chen, Y.; Yan, J.; Luo, F. Facile Fabrication of BiF3: Ln (Ln 
= Gd, Yb, Er)@PVP Nanoparticles for High-Efficiency Computed Tomography Imaging. Nanoscale Research 
LeĴers 2021, 16, 131. hĴps://doi.org/10.1186/s11671-021-03591-2 

20. Cruje, C.; Dunmore-Buyze, P.J.; Grolman, E.; Holdsworth, D.W.; Gillies, E.R.; Drangova, M. PEG-modified 
gadolinium nanoparticles as contrast agents for in vivo micro-CT. Scientific Reports 2021, 11, 16603. 
hĴps://doi.org/10.1038/s41598-021-95716-x 

21. Feliu, N.; Docter, D.; Heine, M.; del Pino, P.; Ashraf, S.; Kolosnjaj-Tabi, J.; Macchiarini, P.; Nielsen, P.; 
Alloyeau, D.; Gazeau, F.; et al. In vivo degeneration and the fate of inorganic nanoparticles. Chemical Society 
Reviews 2016, 45, 2440–2457. hĴps://doi.org/10.1039/c5cs00699f 

22. Yu, M.; Zheng, J. Clearance pathways and tumor targeting of imaging nanoparticles. ACS Nano 2015, 9, 
6655–6674. hĴps://doi.org/10.1021/acsnano.5b01320 

23. Daems, N.; Verlinden, B.; Van Hoecke, K.; Cardinaels, T.; Baatout, S.; Michiels, C.; Lucas, S.; Aerts, A. In 
vivo pharmacokinetics, biodistribution and toxicity of antibody-conjugated gold nanoparticles in healthy 
mice. Journal of Biomedical Nanotechnology 2020, 16, 985–996. hĴps://doi.org/10.1166/jbn.2020.2928 

24. Dong, J.; Carpinone, P.L.; Pyrgiotakis, G.; Demokritou, P.; Moudgil, B.M. Synthesis of precision gold 
nanoparticles using Turkevich method. KONA Powder and Particle Journal 2020, 37, 224–232. 
hĴps://doi.org/10.14356/kona.2020011 

25. Cai, Q.-Y.; Kim, S.H.; Choi, K.S.; Kim, S.Y.; Byun, S.J.; Kim, K.W.; Park, S.H.; Juhng, S.K.; Yoon, K.-H. 
Colloidal gold nanoparticles as a blood-pool contrast agent for X-ray computed tomography in mice. 
Investigative Radiology 2007, 42, 797–806. hĴps://doi.org/10.1097/RLI.0b013e31811ecdcd 

26. Reuveni, T.; Motiei, M.; Romman, Z.; Popovĵer, A.; Popovĵer, R. Targeted gold nanoparticles enable 
molecular CT imaging of cancer: an in vivo study. International Journal of Nanomedicine 2011, 6, 2859–2864. 
hĴps://doi.org/10.2147/IJN.S25446 

27. Dong, Y.C.; Hajfathalian, M.; Maidment, P.S.N.; Hsu, J.C.; Naha, P.C.; Si-Mohamed, S.; Breuilly, M.; Kim, 
J.; Chhour, P.; Douek, P.; et al. Effect of gold nanoparticle size on their properties as contrast agents for 
computed tomography. Scientific Reports 2019, 9, 14912. hĴps://doi.org/10.1038/s41598-019-50332-8 

28. Mat Isa, S.Z.; Zainon, R.; Tamal, M. State of the art in gold nanoparticle synthesisation via pulsed laser 
ablation in liquid and its characterisation for molecular imaging: a review. Materials 2022, 15, 875. 
hĴps://doi.org/10.3390/ma15030875 

29. Jendrzej, S.; Gökce, B.; Epple, M.; Barcikowski, S. How Size Determines the Value of Gold: Economic 
Aspects of Wet Chemical and Laser-Based Metal Colloid Synthesis. ChemPhysChem 2017, 18, 1012–1019. 
hĴps://doi.org/10.1002/cphc.201601139 

30. Torrisi, L.; Restuccia, N. Laser-generated Au nanoparticles for bio-medical applications. IRBM 2018, 39, 
307–312. hĴps://doi.org/10.1016/j.irbm.2018.09.005 

31. Torrisi, L.; Restuccia, N.; Cuzzocrea, S.; Paterniti, I.; Ielo, I.; Pergolizzi, S.; Cutroneo, M.; Kovacik, L. Laser-
produced Au nanoparticles as X-ray contrast agents for diagnostic imaging. Gold Bulletin 2017, 50, 51–60. 
hĴps://doi.org/10.1007/s13404-017-0195-y 

32. Khumaeni, A.; Budi, W.S.; Avicenna, S.; Muniroh, M.; Kusumaningrum, N.; Damayanti, O.; Fitria, S. Gold 
and silver nanoparticles as computed tomography (CT) contrast agents produced by a pulsed laser ablation 
technique: Study In-Vitro and In-Vivo. Rasayan Journal of Chemistry 2023, 16, 502–508. 
hĴps://doi.org/10.31788/RJC.2023.1618202 

33. Bailly, A.-L.; Correard, F.; Popov, A.; Tselikov, G.; Chaspoul, F.; Appay, R.; Al-KaĴan, A.; Kabashin, A.V.; 
Braguer, D.; Esteve, M.-A. In vivo evaluation of safety, biodistribution and pharmacokinetics of laser-
synthesized gold nanoparticles. Scientific Reports 2019, 9, 12890. hĴps://doi.org/10.1038/s41598-019-48748-3 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 October 2025 doi:10.20944/preprints202510.2425.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.2425.v1
http://creativecommons.org/licenses/by/4.0/


 17 of 17 

 

34. Pozdnyakova, N.V.; Skribitskij, V.A.; Smirnova, A.V.; Grigoreva, E.Y.; Lipengolts, A.A.; Lagodzinskaya, 
Y.S.; Finogenova, Y.A.; Shpakova, K.E.; Klimentov, S.M.; Popov, A.A.; et al. Method of Producing Stable 
Highly Concentrated Colloidal Solution Based on Laser-Ablated Gold Nanoparticles with Diameter of up 
to 10 nm for Biomedical Application. RU Patent 2,834,959 C2, 19 February 2025. 

35. Skribitsky, V.A.; Pozdniakova, N.V.; Lipengolts, A.A.; Popov, A.A.; Tikhonowski, G.V.; Finogenova, Y.A.; 
Smirnova, A.V.; Grigorieva, E.Y. A Spectrophotometric Method for Estimation of the Size and 
Concentration of Laser Ablated Gold Nanoparticles. Biophysics 2022, 67, 22–26. 
hĴps://doi.org/10.1134/S0006350922010171 

36. Kim, J.H.; Sim, G.S.; Bae, J.T.; Oh, J.Y.; Lee, G.S.; Lee, D.H.; Lee, B.C.; Pyo, H.B. Synthesis and anti-
melanogenic effects of lipoic acid-polyethylene glycol ester. Journal of Pharmacy and Pharmacology 2008, 60, 
863–870. hĴps://doi.org/10.1211/jpp.60.7.0007 

37. Skribitsky, V.A.; Finogenova, Y.A.; Lipengolts, A.A.; Pozdniakova, N.V.; Smirnova, A.V.; Shpakova, K.E.; 
Grigorieva, E.Y. In vivo studies of laser-ablated gold nanoparticles as dose enhancers for binary 
radiotherapy of cancer. Physics of Atomic Nuclei 2022, 85, 1598–1602. 
hĴps://doi.org/10.1134/S1063778822090356 

38. Wang, J.; Bai, R.; Yang, R.; Liu, J.; Tang, J.; Liu, Y.; Li, J.; Chai, Z.; Chen, C. Size- and surface chemistry-
dependent pharmacokinetics and tumor accumulation of engineered gold nanoparticles after intravenous 
administration. Metallomics 2015, 7, 516–524. hĴps://doi.org/10.1039/c4mt00340c 

39. Lipka, J.; Semmler-Behnke, M.; Sperling, R.A.; Wenk, A.; Takenaka, S.; Schleh, C.; Kissel, T.; Parak, W.J.; 
Kreyling, W.G. Biodistribution of PEG-modified gold nanoparticles following intratracheal instillation and 
intravenous injection. Biomaterials 2010, 31, 6574–6581. hĴps://doi.org/10.1016/j.biomaterials.2010.05.009 

40. Perrault, S.D.; Walkey, C.; Jennings, T.; Fischer, H.C.; Chan, W.C. Mediating tumor targeting efficiency of 
nanoparticles through design. Nano LeĴers 2009, 9, 1909–1915. hĴps://doi.org/10.1021/nl900031y 

41. Miao, L.; Lin, C.M.; Huang, L. Stromal barriers and strategies for the delivery of nanomedicine to 
desmoplastic tumors. Journal of Controlled Release 2015, 219, 192–204. 
hĴps://doi.org/10.1016/j.jconrel.2015.08.017 

42. Griaznova, O.Y.; Belyaev, I.B.; Sogomonyan, A.S.; Zelepukin, I.V.; Tikhonowski, G.V.; Popov, A.A.; 
Komlev, A.S.; Nikitin, P.I.; Gorin, D.A.; Kabashin, A.V.; et al. Laser Synthesized Core-Satellite Fe-Au 
Nanoparticles for Multimodal In Vivo Imaging and In Vitro Photothermal Therapy. Pharmaceutics 2022, 14, 
994. hĴps://doi.org/10.3390/pharmaceutics14050994 

43. Wasfi, A.S.; Humud, H.R.; Fadhil, N.K. Synthesis of core-shell Fe₃O₄-Au nanoparticles by electrical 
exploding wire technique combined with laser pulse shooting. Optics & Laser Technology 2019, 111, 720–726. 
hĴps://doi.org/10.1016/j.optlastec.2018.09.006 

44. Hainfeld, J.F.; Slatkin, D.N.; Smilowiĵ, H.M. The use of gold nanoparticles to enhance radiotherapy in 
mice. Physics in Medicine & Biology 2004, 49, N309–N315. hĴps://doi.org/10.1088/0031-9155/49/18/N03 

45. Kitayama, Y.; Yamada, T.; Kiguchi, K.; Yoshida, A.; Hayashi, S.; Akasaka, H.; Igarashi, K.; Nishimura, Y.; 
Matsumoto, Y.; Sasaki, R.; et al. In vivo stealthified molecularly imprinted polymer nanogels incorporated 
with gold nanoparticles for radiation therapy. Journal of Materials Chemistry B 2022, 10, 6784–6791. 
hĴps://doi.org/10.1039/d2tb00481j 

46. Choi, J.; Kim, G.; Park, B.; Park, J.; Li, S.; Lee, W.; Jeon, M.; Oh, C.; Lee, S.; Ye, S.J.; Im, H.J. Theranostic Gold 
Nanoparticles Encapsulated in a PEGylated Liposome as an Effective Radiosensitizer for Cancer Radiation 
Therapy. ACS Applied Bio Materials 2025, 8, 7877–7888. hĴps://doi.org/10.1021/acsabm.5c00908 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 October 2025 doi:10.20944/preprints202510.2425.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202510.2425.v1
http://creativecommons.org/licenses/by/4.0/

