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Abstract
Background. Nanotechnology developed multiple systems that may be involved in drug delivery to the target tissue, 

among them, gold nanoparticles (AuNPs) being considered potent and safe. 
Aims.	The study aims to investigate oxidative stress and the modifications of the aorta wall after administration of gold 

nanoparticles, as the single component or functionalized with Cornus	mas L. extract.
Methods.	Adult female rats received solutions by gavage, as follows: group	C	(control), saline solution; group	I	(citrate), 

trisodium citrate dehydrate; group	 II	 (AuNPs), gold nanoparticles solution; and group	 III	 (AuNPsCM) solution of gold 
nanoparticles functionalized with Cornus	mas L. extract. Oxidative stress parameters were investigated in the serum and 
aorta, biochemical parameters from blood, diameters and blood flow velocity were measured and transmission electron 
microscopy (TEM) was performed on ascending aorta ring sections.

Results.	LDL was significantly reduced; MDA decreased significantly in serum; in the aorta, endothelin 1 and TNF-α were 
significantly increased in AuNPs and AuNPsCM groups, iNOS increased and MDA decreased in all treated groups, compared 
to the control group. The aorta diameters significantly decreased, consequently the blood flow increased significantly in the 
treated groups, in comparison with the control group. TEM investigation showed intima and media alterations in groups that 
received citrate and AuNPs, and only intima modifications in the AuNPsCM group. 

Conclusions.	The aorta wall presented oxidative stress and histological modifications in all treated rats.
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Introduction
Nanotechnology developed nanoparticles that may 

be used for drug delivery, cancer imaging and other 
medical applications (Moore & Chow, 2021), their size, 
composition, shape, surface functionalization influencing 
their action (Yetisgin et al., 2020). Gold nanoparticles 
(AuNPs) are considered potent and safe delivery systems 
for synthetic drugs or for natural compounds to the target 

tissue cells (Zugravu Pop et al., 2020) and several studies 
presented their efficacy in researches performed on 
experimental models, in	vitro (Domsa et al., 2020) or in 
vivo	(Chen et al., 2018). Gold nanoparticles are efficient 
transducers of light energy that can be used in photothermal 
therapy (Shi et al., 2021). AuNPs functionalized with 
different extracts or chemical solutions were used in 
experimental models to study their bio-distribution that 
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was discovered to depend on their physicochemical 
properties (Tiwari et al., 2011). Researches conducted 
with AuNPs on different cancer types showed that these 
nanoparticles may destroy the vessel wall in neoplasia and 
can diffuse from the administration area (Volkov et al., 
2019). Several studies indicated that gold nanoparticles 
may initiate oxidative stress (Jawaid et al., 2020), are 
cytotoxic and can affect cell viability, according to their 
morphology (Bhamidipati & Fabris, 2017).

Trisodium citrate dehydrate is used for blood 
preservation and may be also utilized to suspend 
nanoparticles in solutions that may be administered for 
experimental purposes. The blood vessel wall is exposed 
to numerous endogenous or exogenous factors that can 
induce lesions in the endothelial cell layer and even 
deeper, which must be continuously investigated through 
numerous experimental models. 

Cornus	mas	L., part of Cornaceae family, is a plant 
found in Europe and Asia, rich in flavonoids, phenolic 
acids, anthocyanins, carotenoids, tannins, vitamins 
and fatty acids, natural compounds with many effects 
(antidiabetic, hepatoprotective, cardioprotective, anti-
inflammatory, cytotoxic, etc.) (Dinda et al., 2016). 
Considering its favourable effects in different pathological 
situations, Cornus mas L. extract was used to functionalize 
the gold nanoparticles investigated in the present study.

Hypothesis
The experiment started from the hypothesis that 

AuNPs, as a single component or functionalized with 
Cornus	mas L. extract, may improve aorta functionality.

Material and methods
Research protocol
a)	 Period,	place,	materials	used	in	the	research
The experiment was performed in the Physiology 

Department of Iuliu Haţieganu University of Medicine 
and Pharmacy, Cluj-Napoca, under the approval of the 
University Ethics Committee (no. 158/11.03.2019), 
respecting the Directive 86/609/EEC. It consisted of 
administering treatment (AuNPs and AuNPsCM) for 
30 days to rats with a standard diet. On the 31st day of 
the experiment, the animals, under mild anaesthesia, 
were weighed and blood samples were collected for 
biochemical and oxidative stress parameter determination. 
The animals were then euthanized using deep anaesthesia. 
The entire visceral adipose tissue was collected, weighed, 
and aorta was taken for microscopic and oxidative stress 
examination.

b)	 Subjects	and	groups
The study used 28 Sprague Dawley adult female 

rats, age 5-6 months, weight 300 ± 10 g, purchased from 
the Cantacuzino National Medico-Military Institute for 
Research and Development, Bucharest, Romania. The 
rats were randomly allocated to 4 groups and hosted in 
cages at a standard temperature of 21 ± 2°C and a relative 
humidity of 55 ± 5% and were fed with standard food. 
The animals received for 30 days, between 7 a.m. and 
8 a.m, by gastric tube gavage, 0.5 mL/day solution, 
in the following manner: group	 C	 (control) - 0.9% 
saline solution, group	 I	 (citrate) - 1% trisodium citrate 

dihydrate, group	II	(AuNPs) - gold nanoparticles solution, 
and group	III	(AuNPsCM) - solution of gold nanoparticles 
functionalized with Cornus	mas L. extract. 

Gold	 nanoparticles	 (AuNPs) were synthesized 
through Au3+ ion reduction from tetrachloroauric acid 
through a green method. The mixture was stirred without 
heating for 30 minutes and the colloidal gold synthesis 
was observed through colour changing from pale yellow 
into violet-cherry red. The obtained gold nanoparticles 
were suspended in citrate solution.

Gold	 nanoparticles	 functionalized	 with Cornus	 mas 
L. extract	 (AuNPsCM) were obtained through Au3+ ion 
reduction from tetrachloroauric acid through a green 
method, using as a reducing and stability agent this 
natural extract. For this purpose, 25 mL of Cornus	mas 
L. extract, 25 times diluted and brought to pH=7.5 with 
NaOH 0.1M solution, were added by dropping over 
100 mL boiling HAuCl4 solution. The obtained mixture 
was stirred (without heating), for 30 minutes, period 
of time during which the colloidal gold formation was 
observed through the solution colour modification, from 
pale-yellow to mauve-cherry red. The gold colloidal 
solution was centrifuged, for 30 minutes at 12000 rpm, 
the supernatant was decanted and the residue was washed 
two times with bidistilled water. 

The obtained gold nanoparticles were characterised 
by UV-Vis spectrophotometry (using a Perkin Elmer 
Lambda 25 spectrophotometer) and by transmission 
electron microscopy (using a Hitachi Automatic H-7650 
microscope). TEM image shows the obtained gold 
nanoparticles, spherical in shape, non-agglomerated, with 
a mean diameter of 19 nm.

c)	 Applied	tests	
Serum	biochemical	parameters
Several biochemical parameters were investigated 

using the BioSystems A15 analyzer with specific reagents 
for every blood element. 

Oxidative	stress	investigation
Oxidative stress parameters were investigated using 

the following methods: malondialdehyde (MDA) by 
Conti’s method (Conti et al., 1991), reduced glutathione 
(GSH) using Hu’s method (Hu, 1994) and oxidised 
glutathione by Vats’ method (Vats et al., 2008). The GSH/
GSSG ratio was calculated as an important indicator of 
oxidative stress.

Endothelin	1,	inducible	Nitric	Oxide	Synthase	(iNOS)	
and	Tumour	Necrosis	Factor-alpha	(TNF-α)

The inflammatory factors from the aorta wall were 
determined using spectrometer-based ELISA readers, 
absorbance 450 nm, at 37 ºC, and with Magellan data 
analysis software.

Ultrasound	(US)	examination	
Sonography was performed using an 8−40 MHz 

linear array transducer on a Sonotouch Tablet System 
(Ultrasonix Medical Corporation, Richmond, Canada), 
using a 20MHz frequency for all the scans. The aorta 
diameter was measured on transverse scans, using two-
dimensional US, near the level of the aortic valve. The 
highest anterior-posterior diameter obtained on the image 
was measured. 
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The presence of the flow in the aorta was detected 
using colour or power Doppler US. At the pulsed Doppler 
examinations, the highest velocity obtained on the specific 
scale was measured (cm/sec).

	Transmission	Electron	Microscopy	(TEM)
Ascending aorta ring sections of 60–80 nm were 

examined on a JEOL JEM 1011 transmission electron 
microscope (JEOL, Tokyo, Japan) and the images were 
captured using a GGG camera (Olympus, Soft Imaging 
System, Münster, Germany).

d)	 Statistical	processing
The parameter values were analysed statistically using 

GraphPad Prism version 5.03 for Windows, GraphPad 
Software (San Diego California USA), one-way ANOVA 
followed by post-test Tukey. The body weight was 
observed over the experiment days and the results were 
statistically analysed by two-way ANOVA followed by 
Bonferroni post-tests. The threshold significance level 
was set at p<0.05.

Results
In serum, several biochemical parameters were 

determined: C-reactive protein (CRP), triglycerides, 
cholesterol, high-density lipoprotein (HDL), low-density 
lipoprotein (LDL), glucose, glycohaemoglobin (HbA1c) 
and gamma-glutamyl transferase (gamma-GT). From 
all the investigated biochemical parameters, only LDL 
presented significant decreases (p<0.05) in group III 
(AuNPsCM), compared to the control group (Table I).

In serum, oxidative stress was investigated and the 
results showed a significant decrease of MDA (p<0.05) in 
group II that received AuNPs for 30 days. The antioxidant 
protection examined through the GSH/GSSG ratio did 
not present any significant modifications (Figure 1). 

Fig. 1 – Oxidative stress parameters in the serum of rats.

In the aorta, oxidative stress was investigated to 
determine the effects of treatment administration. 
The aorta lipid peroxidation was determined by 
malondialdehyde (MDA) levels that were decreased 
significantly in all treated groups, I (p<0.01), II and III 
(p<0.001), compared to the control group. Nitric oxide 
synthase (iNOS) increased significantly in the test groups 
(p<0.001) compared to the control group. AuNPs (group 
II) and AuNPsCM (group III) administration induced a 
significant increase of iNOS (p<0.001), compared to 
citrate solution (group I) ingestion. Endothelin 1 (ET1) 
levels increased in group II (p<0.001) compared to the 
control group and group I, significant increases being 
also recorded in group III compared to group I (p<0.01) 
and group II (p<0.001). Tumour Necrosis Factor alpha 
(TNF-α) presented significant increases in group II 
(p<0.001) compared to the control group and group I, 
while in group III, this parameter showed significant 
increases compared to the control and citrate (I) groups 
(p<0.05), and also compared to group II (p<0.001) 
(Figure 2).

Fig. 2 – The aorta levels of MDA, iNOS, endothelin 1 and TNF-
alpha.

Table I 
Mean and standard deviations of the investigated serum biochemical parameters (*compared to the control group, p<0.05).

Serum Parameter C I II III
CRP 1.65±0.23 3.06±0.30 2.77±0.33 2.73±0.30

Triglycerides 135.98±9.30 170.80±17.64 167.4±7.16 160.60±4.61
Cholesterol 61.78±3.95 76.80±5.58 74.40±4.66 72.40±2.96

HDL 45.38±3.59 51.16±3.33 46.73±3.38 47.92±1.64
LDL 7.45±0.53 8.94±1.09 7.91±0.34 6.97±1.51*

Glucose 83.30±6.00 83.40±9.07 78.80±5.97 79.00±3.34
HbA1c/HbTotal 2.28±0.20 2.18±0.19 2.07±0.20 2.12±0.11

Gamma-GT 1.27±0.39 1.60±0.54 1.20±0.44 1.80±0.44
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The rats were weighed to determine the effects of 
treatment on the total body and visceral fat amount. The 
results showed that, compared to the control group, the 
visceral fat mass decreased significantly (p<0.001) in 
all rats of the tested groups, but the body weight did not 
present any significant modifications (Figure 3).

Fig. 3 – Visceral fat mass and body weight in the rat groups.

Ultrasound examination of the aorta showed a 
significantly reduced diameter in the treated groups (I, II, 
III) compared to the control group (p<0.001). Significant 
decreases in the aorta diameter were also observed in group 
III compared to group I (p<0.05) and group II (p<0.01) 
(Figure 4).

The blood flow was measured in the ascending aorta 
and the results showed significant increases in all treated 
groups (p<0.001) compared to the control group (Figure 5). 

Transmission Electron Microscopy was used to 
investigate the ultrastructural aspects of the aortic wall. 

In the control	group, TEM investigation revealed normal 
ultrastructures. The intima presented endothelial cells (Ec) 
that delimited the vascular lumen in which few red blood 
cells (Rbc) were visualized. The first elastic lamina (el) 
separated the intima from the media. The subendothelial 
connective layer (scl) was visible and contained collagen 
fibres. The aorta media was composed of many muscular-
elastic layers (with smooth muscle cells – smc), separated 
by concentric elastic laminae (not shown) (Figure 6).

Fig. 4 – Ascending aorta diameter variations.
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In the citrate	 group	 (I), ultrastructural changes were 
recorded both in the intima and the media (Figure 7). The 
tunica intima showed a thin (Figure 7 A, B) and discontinued 
(not shown) endothelium. The cytoplasm of endothelial 
cells contained many Weibel-Palade bodies (Figure 7 B). A 
low number of transcytosis vesicles were also noted. Some 
endothelial cells were more prominent into the lumen (not 
shown). The subendothelial connective layer was extremely 
thin and discontinued, in some regions difficult to be 

identified. The internal elastic lamina presented a normal 
aspect (Fig. 7 A, B). In the tunica media, the smooth muscle 
cells contained ballooned mitochondria with no cristae and 
electron-transparent matrix, and the perinuclear space was 
enlarged (not shown). The elastic laminae had a normal 
aspect, and the elastin-collagen fibres were in general 
uniformly distributed (Figure 7 C, D), but in some sections, 
this network in the first muscular-elastic layer was very 
rarefied (not shown).

Fig. 5 – Ascending aorta blood flow velocity. 

Figure 6.  Ultrastructural aspects of the aorta in the control group (Ec, endothelial cell; el, elastic lamina; scl, subendothelial connective 
layer; smc, smooth muscle cell; n, nucleus). 
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In group II, the ultrastructural alterations of the aorta 
were more severe. The internal elastic lamina, with uneven 
thickness, was devoid of intima components on large areas 
(not shown). In most of the sections, the intima was present, 
but the endothelial cells were either extremely prominent 
into the lumen or almost entirely detached into the lumen 
(not shown). They contained many vacuoles and Weibel-
Palade bodies, and almost no transcytosis vesicles. In the 

regions with continuous endothelium, its thickness was 
reduced. The subendothelial connective layer was very thin 
and disorganized (Figure 8 A). In the media, the smooth 
muscle cells showed ballooned mitochondria, and enlarged 
perinuclear space (Figure 8 B). The elastic laminae were 
unaffected, and the elastin-collagen fibres had a normal 
density, with some exceptions in the first muscular-elastic 
layer, where its density was reduced (not shown).

Fig. 7 – Ultrastructural aspects of the aorta in the citrate (I) group. The intima (A, B) was thin due to thinned endothelial cells (Ec) and 
to a reduced subendothelial connective layer (scl). The endothelial cells contained many Weibel-Palade bodies (WPb). In the media (C, 
D) the smooth muscle cells (Smc) had swollen mitochondria (m) and normal elastic laminae (el) and elastin-collagen fibres (n, nucleus).

Fig. 8 – Ultrastructural aspects of the aorta in group II (A, B) and group III (C-F). In group II, the intima displayed prominent endothelial 
cells (Ec), with many Weibel-Palade bodies (WPb) (inset), as well as a thin and disorganized subendothelial connective layer (scl) (Figure 
8 A).  The media contained smooth muscle cells (smc) with swollen mitochondria (m) (Figure 8 B) (el – elastic lamina; n – nucleus; Rbc 
– red blood cell). 
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In group III, the intima was thin, but the endothelium 
was continuous (Figure 8 C, D), despite the fact that some 
endothelial cells were more or less prominent into the 
lumen (Figure 8 D, E). In the cytoplasm of the endothelial 
cells, many Weibel-Palade bodies were found, while the 
transcytosis vesicles were present in a low number (Figure 
8 E). The reduced thickness of the intima was mainly due 
to the presence of a very thin subendothelial connective 
layer with normal density (Figure 8 C), or with rarefied 
regions (Figure 8 D, E). The internal elastic lamina was 
normal from the ultrastructural point of view (Figure 8 C). 
The tunica media consisted of unaffected smooth muscle 
cells, separated by elastin-collagen networks with normal 
density. The elastic laminae separating the muscular-elastic 
layers had normal density and shapes (Figure 8 F). 

Discussions
Administration of gold nanoparticles by gavage 

showed several important modifications, especially in the 
aorta wall. 

The administration of AuNPs increased cholesterol, 
HDL and LDL insignificantly, results that are in 
accordance with those presented by Ibrahim et al. in their 

study performed in rats that received gold nanoparticles 
intraperitoneally (Ibrahim et al., 2018). Functionalization 
of AuNPs with Cornus	 mas L. extract significantly 
decreased the levels of LDL, showing a protective effect 
against the atherosclerotic processes. To the best of our 
knowledge, this is the first study that investigated the 
oxidative stress in serum, in a rat experimental model with 
AuNPs administration and showed a significant decrease 
of lipid peroxidation. 

In the aorta, all three administered solutions produced 
oxidative stress. 

Citrate	 solution induced a significant decrease of 
lipid peroxidation and a significant increase of iNOS, an 
inflammatory parameter that may increase nitric oxide 
(NO) synthesis up to high levels that can produce cellular 
injuries. Our results are in accordance with those presented 
by Zotta et al. in their review in which citrate is presented 
as a key factor in immunity (Zotta et al., 2020). Bienholtz 
et al. showed the favourable effects of citrate in rats with 
acute kidney ischemia, the inhibition of damages after 
reperfusion (Bienholz et al., 2017), effects that in our 
experiment were indirectly seen by measuring the blood 
flow velocity, the higher speed ensuring tissue nutrition. 

Fig. 8 – Ultrastructural aspects of the aorta in group II (A, B) and group III (C-F). In group III, the intima was thin and continuous 
(Figure 8 C-E). Endothelial cells (Ec), flat (Figure C) or prominent into the lumen (Figure D, E), with many Weibel-Palade bodies 
(WPb) (Figure E), were attached to a thin subendothelial connective layer (scl). The media had a normal ultrastructural aspect (Figure 
F) (el – elastic lamina; n – nucleus; Rbc – red blood cell). 
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In the study performed by Tang et al. (Tang et al., 2013), 
citric acid, the metabolic product of  trisodium citrate, 
decreased TNF-α production, an effect that was also seen 
in the present study, even if we did not record a significant 
decrease. Previous research showed the protective role of 
citric acid on endothelial cells (Chang et al., 2001), but in 
our study with citrate solution, TEM investigation showed 
intima and media modifications with altered endothelial 
and altered smooth muscle cells respectively. 

AuNPs	solution had the same effects on aorta oxidative 
stress parameters as citrate solution and furthermore, 
significant increases of endothelin 1 and TNF-α were 
recorded, additional factors for oxidative stress, a 
mechanism that was also mentioned by Gao et al. in their 
review related to cancer treatment (Gao et al., 2021). AuNPs 
treatment affected the aorta, significantly decreasing the 
diameter and therefore increasing the blood flow velocity. 
Our results that show the acceleration of blood flow are 
concordant with those presented by Zhao et al. in their study 
performed in mice with experimental colorectal cancer 
that revealed the thinning effect of AuNPs on collagen 
fibres (Zhao et al., 2018).  The ultrastructural aspects of 
the intima and media were much more severe than in the 
group that received citrate solution, intima thickness being 
reduced because of the thin subendothelial connective 
layer. As Abdelhalim reported in his research conducted in 
rats, the size of AuNPs is important in lesion production; 
the smaller they are, the higher is their penetration and 
oxidative stress production (Abdelhalim, 2011). In our 
research, AuNPs size was 19 nm, small enough to produce 
aorta wall alterations and oxidative stress.

AuNPsCM	solution administration produced the same 
modifications of oxidative stress parameters as AuNPs 
solution, but less intense. The diameter of the aorta was the 
smallest and consequently, the blood flow velocity was the 
highest. AuNPsCM induced some intima alterations but 
protected the media, probably because of the chlorogenic 
acid that is found in Cornus	mas, a chemical compound 
with antioxidant, anti-inflammatory (Mitrea et al., 2020a; 
Mitrea et al., 2020b) and vasorelaxant effects (Bujor et al., 
2019).  

All the treated groups presented a high number of 
Weibel-Palade bodies in the cytoplasm of endothelial 
cells. Oxidative stress represents one of the factors that 
may stimulate the accumulation of Weibel-Palade bodies, 
also triggering the release of endothelin 1, inflammatory 
factors (IL-8, P-selectin, etc.), von Willebrand factor, and 
other components of these subcellular organelles (Rondaij 
et al., 2006) (Streetley et al., 2019). The citrate and AuNPs 
solutions produced oxidative stress that was demonstrated 
in previous studies to be linked to mitochondria 
dysfunctionality and swelling (Plotnikov et al., 2019), a 
mechanism that may explain the mitochondria alteration 
seen in our TEM investigation. AuNPsCM presented a 
relative protective effect on the aorta wall. 

Conclusions  
1. All administered treatments produced oxidative 

stress, altered the aorta wall, significantly decreased the 
ascending aorta diameter and increased the blood flow 
velocity. 

2. Functionalization of gold nanoparticles with Cornus	
mas L. extract produced lower oxidative stress and less 
severe aorta wall alteration.

Conflict of interests
None declared

Acknowledgments
Research funding: This research was funded by Iuliu 
Haţieganu University of Medicine and Pharmacy Contract 
PCD 2018-2019 number 1529/47/18.01.2019.

References
Abdelhalim MAK. Exposure to gold nanoparticles produces 

cardiac tissue damage that depends on the size and duration of 
exposure. Lipids Health Dis. 2011;10:205. doi:10.1186/1476-
511X-10-205.

Bhamidipati M, Fabris L. Multiparametric Assessment of 
Gold Nanoparticle Cytotoxicity in Cancerous and Healthy 
Cells: The Role of Size, Shape, and Surface Chemistry. 
Bioconjugate Chem. 2017; 28(2):449-460. doi:10.1021/acs.
bioconjchem.6b00605.

Bienholz A, Reis J, Sanli P, de Groot H, Petrat F, Guberina H, 
Wilde B, Witzke O, Sane FH, Kribben A, Joel M. Weinberg 
JM, Feldkamp T. Citrate shows protective effects on 
cardiovascular and renal function in ischemia-induced acute 
kidney injury. BMC Nephrology. 2017;18:130. doi:10.1186/
s12882-017-0546-1.

Bujor A, Miron A, Luca SV, Skalicka-Wozniak K, Silion M, 
Ancuceanu R, Dinu M, Girard C, Demougeot C, Totoson P. 
Metabolite profiling, arginase inhibition and vasorelaxant 
activity of Cornus mas, Sorbus aucuparia and Viburnum 
opulus fruit extracts. Food Chem Toxicol. 2019;133:110764. 
doi:10.1016/j.fct.2019.110764.

Chang C, Chen J, Wong H. Protective effects of organic acids on 
human vascular endothelial cells. Zhonghua Yu Fang Yi Xue 
Za Zhi. 2001; 35(2):79-82. PMID: 11413687.

Chen H, Ng JPM, Bishop DP, Milthorpe BK, Valenzuela SM. 
Gold nanoparticles as cell regulators: beneficial effects of 
gold nanoparticles on the metabolic profile of mice with pre-
existing obesity. J Nanobiotechnol.2018;16:88. doi:10.1186/
s12951-018-0414-6.

Conti M, Morand PC, Levillain P, Lemonnier A. Improved 
fluorimetric determination of malondialdehyde. Clin Chem. 
1991;37(7):1273-1275. PMID1855301.

Dinda B, Kyriakopoulos AM, Dinda S, Zoumpourlis V, 
Thomaidis NS, Velegraki A, Markopoulos C, Dinda M. 
Cornus mas L. (cornelian cherry), an important European 
and Asian traditional food and medicine: Ethnomedicine, 
phytochemistry and pharmacology for its commercial 
utilization in drug industry. J Ethnopharmacol. 2016;193:670-
690. doi:10.1016/j.jep.2016.09.042.

Domsa EM, Filip GA, Olteanu D, Baldea I, Clichici S, Muresan 
A, David L, Moldovan B, Para I, Suciu M, Achim M, Negrean 
V, Andreica V. Gold nanoparticles phytoreduced with Cornus 
mas extract mitigate some of gliadin effects on Caco-2 cells. 
J Physiol Pharmacol. 2020;71(2):201-212. doi:10.26402/
jpp.2020.2.04.

Gao Q, Zhang J, Gao J, Zhang Z, Zhu H, Wang D. Gold 
Nanoparticles in Cancer Theranostics. Front Bioeng 
Biotechnol.2021;9:647905. doi:10.3389/fbioe.2021.647905.

Hu ML. Measurement of protein thiol groups and glutathione in 
plasma. Methods Enzymol. 1994; 233:380-385. doi:10.1016/
S0076-6879(94)33044-1.



218

Remus Moldovan et al.

Ibrahim AE, Morad TS, Shabeeb DA,Hasan SM. Effect of 
Gold Nanoparticles on Serum Lipid Profilein Albino 
Mice. Online J Biol Sci. 2018;18(4):432-434. doi:10.3844/
ojbsci.2018.432.434.

Jawaid P, Rehman MU, Zhao QL, Misawa M, Ishikawa K, 
Hori M, Shimizu T, Saitoh JI, Noguchi K, Kondo T. Small 
size gold nanoparticles enhance apoptosis-induced by cold 
atmospheric plasma via depletion of intracellular GSH and 
modification of oxidative stress. Cell Death Discov. 2020; 
6:83. doi:10.1038/s41420-020-00314-x.

Mitrea DR, Malkey R, Florian TL, Filip A, Clichici S, Bidian C, 
Moldovan R, Hoteiuc OA, Toader AM, Baldea I. Daily oral 
administration of chlorogenic acid prevents the experimental 
carrageenan-induced oxidative stress. J Physiol Pharmacol. 
2020a;71(1):55-65. doi:10.26402/jpp.2020.1.04.

Mitrea DR, Malkey R, Pop NL, Filip A, Clichici S, Moldovan 
R, Bidian C, Toader AM, Florian TL. Single Oral Dose of 
Chlorogenic Acid Attenuates the Experimental Carrageenan-
induced Oxidative Stress. Health Sports Rehabil Med. 2020b; 
21(2):74-81. doi:10.26659/pm3.2020.21.2.74.

Moore JA, Chow JCL. Recent progress and applications of 
gold nanotechnology in medical biophysics using artificial 
intelligence and mathematical modeling. Nano Express. 
2021;2:022001. doi:10.1088/2632-959X/abddd3.

Plotnikov EY, Pevzner IB, Zorova LD, Chernikov VP, Prusov 
AN, Kireev II, Silachev DN, Skulachev VP, Zorov DB. 
Mitochondrial Damage and Mitochondria-Targeted 
Antioxidant Protection in LPS-Induced Acute Kidney Injury. 
Antioxidants. 2019; 8(6):176. doi:10.3390/antiox8060176.

Rondaij MG, Bierings R, Kragt A, van Mourik JA, Voorberg 
J. (2006). Dynamics and Plasticity of Weibel-Palade 
Bodies in Endothelial Cells. Arterioscler Thromb 
Vasc Biol. 2006; 26(5):1002–1007. doi:10.1161/01.
ATV.0000209501.56852.6c.

Shi X, Perry HL, Wilton-Ely JDET. Strategies for the 
functionalisation of gold nanorods to reduce toxicity and aid 
clinical translation. Nanotheranostics 2021;5(2):155-165. 

doi:10.7150/ntno.56432.
Streetley J, Fonseca AV, Turner J, Kiskin NI, Knipe L, Rosenthal 

PB, Carter T. Stimulated release of intraluminal vesicles from 
Weibel-Palade bodies. Blood 2019; 133(25), 2707–2717. 
doi:10.1182/blood-2018-09-874552.

Tang X, Liu J, Dong W, Li P, Li L, Lin C, Zheng Y, Hou J, LiD. 
The Cardioprotective Effects of Citric Acid and L-Malic Acid 
on Myocardial Ischemia/Reperfusion Injury. Evid Based 
Complementary and Altern Med. 2013;Article ID 820695. 
doi:10.1155/2013/820695.

Tiwari PM, Vig K, Dennis VA, Singh SR. Functionalized 
Gold Nanoparticles and Their Biomedical Applications. 
Nanomaterials (Basel) 2011;1(1):31-63. doi:10.3390/
nano1010031.

Vats P, Singh VK, Singh S, Singh SS. Glutathione metabolism 
under high altitude stress and effect of antioxidant 
supplementation. Aviat Spac Environ Med. 2008; 
79(12):1106-1111. doi:10.3357/asem.2305.2008.

Volkov AE, Reva GV, Slesarenko MV, Gordzievskaya YV, 
Tudakov VS, Tsegolnik EV, Reva IV. Vascular Responses 
to the Subcutaneous injection of Gold Nanoparticles. 
Archiv Euromedica. 2019; 9(1):78-82. doi:10.35630/2199-
885X/2019/9/1/79.

Yetisgin AA, Cetinel S, Zuvin M, Kosar A, Kutlu O. 
Therapeutic nanoparticles and their targeted delivery 
applications. Molecules. 2020;25(9):2193. doi:10.3390/
molecules25092193.

Zhao X, Pan J, Li W, Yang W, Qin L, Pan Y. Gold nanoparticles 
enhance cisplatin delivery and potentiate chemotherapy by 
decompressing colorectal cancer vessels. Int J Nanomedicine. 
2018;13:6207-6221. doi:10.2147/IJN.S176928. 

Zotta A, Zaslona Z, O’Neill LA. Is Citrate A Critical Signal in 
Immunity and Inflammation? J Cell Signal. 2020;1(3):87-96. 
DOI:10.33696/signaling.1.017.

Zugravu Pop DD, Mitrea DR, Suciu S, Clichici SV. Nanostructure-
based therapies for liver fibrosis. J Physiol Pharmacol. 
2020;71(6):771-780. doi:10.26402/jpp.2020.6.01.


