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Abbreviations:HIV, Human Immunodeficiency Virus; 
PBMC, Peripheral Blood Mononuclear Cells; SPR, Surface Plasmon 
ResonanceAuNPs, Au (gold) Nanoparticles

Introduction
AuNPs have been in the focal point of researchers’ attention 

for years because of high biocompatibility and adjustable surface 
plasmon resonance (SPR) .1 In the recent years, many studies have 
been performed in producing AuNPs via green synthesis techniques, 
i.e. use of plants for producing AuNPs .2 Green synthesis methods are 
eco-friendly and increase the biocompatibility of AuNPs .3 A factor that 
gives rise to the highest difference between various gold nanoparticle 
characteristics is the size of synthesized AuNPs and their superficial 
compounds .4  Rosa canina  fruit extract has immunomodulatory 
characteristics with probable potential to be used in treatment of 
immunodeficiency diseases .5  Rosa canina  fruit extract, can reduce 
initial gold salt – chloroauric acid – and produce gold colloid. The 
major components of this plant are Vitispiran, 5-Methyl-3-hexanone, 
2-Heptanone, Hexadecanoic and Dodecanoic acid, Linolic acid, α-E-
Acaridial, Myristic acid, Benzaldehyde, α-pinene, 2-pentylfuran, 
2,4-Heptadienal, 1,4-Epoxy-p-menthane, Salicylaldehyde, 2-Heptenol 
and Linalool .6 In this research, nanoparticles were produced via a 
novel green method and capped with Rosa canina fruit extract. Then, 
the antiretroviral effects of these nanoparticles were investigated. 
Size stability of AuNPs in physiological condition (pH = 7.4) is the 
necessary condition for their application in medicine .7 The stability 

of AuNPs produced using Rosa canina fruit extract and nanoparticles 
produced through the conventional sodium citrate reducing agent in 
pH = 7.4 was thus compared. After the human immunodeficiency 
virus (HIV-1) enters the body and the blood circulatory system, its 
superficial glycoproteins, gp120 and gp41, bind with receptors like 
CD4 and CCR5 on the surface of T-Lymphocytes. By sending its 
capsid into T-lymphocytes, this virus inducts its RNA together with 
enzymes, such as reverse transcriptase, integrase and protease into 
the cell, allowing them to start an operation that will force the T-cells 
to produce new HIVs. Because of the high infection volume of this 
disease, antiretroviral drugs are employed to control its advance. Most 
of these drugs are transcriptase inhibitors .8 integrase inhibitors .9 and 
protease inhibitors .,10 although they cannot be completely effective, 
because of HIV’s resistance to drugs. The purpose of this study was 
to use the new reducing agent - Rosa canina fruit extract- to produce 
nanoparticles with anti-HIV effects in order to decrease the number 
of viruses in the bloodstream. Ongoing reduction in the number of 
viruses in the blood, and consumption of antiretroviral drugs can rise 
the incubation period and postpone the outbreak of AIDS symptoms.

Material and methods
Rosa canina fruit aqueous extract provision

10 g of  Rosa canina  fruit was boiled for 45 minutes in 200 ml 
deionized water which was then filtered several times to obtain Rosa 
canina fruit extract.
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Abstract

Background and objective:  Rosa canina  fruit extract has evident immunomodulatory 
properties. The objective of this study was to produce AuNPs using this extract and to 
compare their anti-HIV effects with AuNPs produced through the conventional Turkevich 
method.

Method:  In this study, AuNPs were produced through Turkevich method and through 
reduction using Rosa canina  fruit extract. They were characterized through TEM, DLS, 
UV-visible and FT-IR analyses and their cytotoxicity was evaluated through MTT assay. 
After HIVs were separated from PBMCs of the HIV-infected human body, they were 
exposed to interaction with both types of nanoparticles. p24 antigen test was utilized to 
obtain and compare the percent inhibition of p24 antigen, as a symbol of anti-HIV activity 
of each type.

Results:  In contrast with AuNPs produced through the conventional Turkevich method, 
nanoparticles produced with the extract had better size stability and preserved their average 
size of 27.7 nm in physiological condition. For nanoparticles produced with the extract, 
when the viruses interacted with the nanoparticles and then infected the healthy PBMCs, 
the percent inhibition of p24 antigen was 61%; but when the PBMCs were infected by the 
viruses and then exposed to these nanoparticles, the percent inhibition was 53%.

Conclusion: Rosa canina fruit extract can act as a novel and potent reducing and stabilizing 
agent for the synthesis of AuNPs. The new nanoparticles exhibit better anti-HIV effects 
compared to nanoparticles produced through the conventional Turkevich method. The 
novel nanoparticles produce virucidal and inhibitory effects by occupying attachment sites 
and preventing the virus from binding with T-lymphocyte, or modifying proteins involved 
in HIV replication.

Keywords: Human immunodeficiency virus, Gold nanoparticle, Rosa canina, Peripheral 
blood mononuclear cells
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Synthesis of AuNPs

2 ml  Rosa canina  fruit extract was added to 25 ml of 1 m M 
chloroauric acid. The compound was stirred in 85 °C for 5 minutes. 
The change in the mixture’s color from bright yellow to wine red, 
indicated that nanoparticles have been produced .11 Citrate-capped 
AuNPs were also produced through the Turkevich method .12

Gold nanoparticle spectroscopy via UV-visible and FT-
IR Analyses

UV-Shimadzu 1700 was utilized to obtain gold nanoparticle 
absorption spectrum in the range of 400 to 800 nm. Bruker Tensor 27 
was employed to obtain the FT-IR spectra.

Investigation of size, dimensional stability, zetapotential 
and morphology of particles via DLS and TEM

Dynamic light scattering (DLS) data was acquired using a 
Nanotrac wave device to obtain the size and zeta potential of 
synthesized nanoparticles. Stability of nanoparticles produced 
using Rosa canina fruit extract and citrate-capped nanoparticles was 
investigated in both the synthesis and the physiological conditions (pH 
= 7.4). Moreover, stability of nanoparticles synthesized using Rosa 
canina fruit extract was studied in both time-variant and temperature-
variant tests. In the time-variant test, the stability of nanoparticles was 
studied for 20 days while in the temperature-variant test, dimensional 
stability was studied between 20 °C and 45 °C. Furthermore, the 
size and morphology of nanoparticles was obtained via transmission 
electron microscopy (TEM) using a 100 kV LEO906.

Cytotoxicity evaluation of nanoparticles via MTT assay

MTT assay can use Vero cell line to obtain the optimal 
concentration of AuNPs before using them in antiviral applications 
.13 As the mitochondrial cellular enzymes can reduce tetrazolium to 
formazan crystals, cells were cultured in 96 cell culture well plate. It 
was then kept in an incubator for 24 hours in 5% carbon dioxide at 37 
°C. Different concentrations of nanoparticles were then added to wells 
and the plate was incubated again for 10 hours in CO2 gas atmosphere 
at 37 °C. Then, 20 μl MTT reagent with 5 mg/ml was added to each 
well and the plate was placed in a CO2 incubator for 4 hours at 37 
°C. After taking the plate out of the incubator, 100 μl of the dimethyl 
sulfoxide (DMSO) was added to each well. In the final step, after 
placing the plate on shaker for 5 minutes, the amount of absorption by 
the ELISA Reader device in 540 nm was obtained.

Separating PBMCs of healthy and HIV-infected donors 
and enhancing T-lymphocyte replication

After the sampling, 5 ml of the donor’s blood was combined with 
5 ml of phosphate-buffered saline (PBS) solution and homogenized. 
Then, the obtained mixture was slowly added to 3 ml of Ficoll-1077 
in a way that the blood and PBS came to the top of Ficoll. The mixture 
vessel was centrifuged under 400G acceleration for 20 minutes. Then, 
separation of PBMCs from the plasma layer and Ficoll was done by 
means of a pipette. The separated PBMCs were washed twice by 
adding PBS and centrifuging under 100G acceleration for 10 minutes. 
RPMI growth medium and Fetal Bovine Serum (FBS) were added 
to the PBMCs, which were kept in CO2  incubator for one day with 
37 °C and kept in T25 flask. After 24 hours of incubation, PBMCs 
were again centrifuged under 100G for 10 minutes and added with 
RPMI growth medium, FBS,mitogen phytohemagglutinin (PHA) and 
Human interleukin 2 (IL-2). The mixture was kept in CO2 incubator 
for 72 hours and 37 °C. PHA increases the replication rate of PBMCs 
and IL-2 causes excessive replication of T-lymphocytes .14

Preparing virus supply and tissue culture infective 
dose 50% (TCID50)

PBMCs stimulated by PHA and IL-2 were centrifuged and the 
supernatant was discarded. Then, the PBMCs separated from HIV-
positive donor was combined in 2:1 volumetric ratio and kept in 
CO2 incubator for 30 days in 37 °C. Meanwhile once every three days, 
the supernatant was separated such that the PBMCs in the flask would 
not be harmed. The removed mass was replaced by the same amount 
of a mixture of the warm growth medium and PBMCs stimulated 
by PHA. The culture supernatant separated from the flask, which 
contains a virus supply, was reserved in -70 °C. This three day cycle 
was repeated for 30 days. After preparing the virus supply, TCID50 
must be calculated according to relevant Protocols .15 for further 
experiments. TCID50 shows the amount of virus that is able to infect 
50% of the healthy cultured cells. For this purpose, PBMCs stimulated 
with PHA were centrifuged; the supernatant was then discarded 
and the stimulated PBMCs were suspended in the growth medium. 
In this step, the cells were counted by means of trypan blue. When 
at least 85% of cells were verified to be alive, the growth medium, 
together with the mentioned PBMCs was added to 96 cell culture well 
plate, and all the wells were added with 200 μl of PBS. Then, the 
ice crystal from the reserved virus supply was warmed up in a 27 
°C water bath. The virus supply was immediately added with growth 
medium twelve times its volume. In this test, seven columns of wells 
in three rows, were exposed to the virus supply, such that 200 μl of 
virus supply was added to three first rows of the first column and then, 
by means of a multichannel micropipette, 50 μl of the first infected 
well column was transferred to the next column. The same procedure 
was followed for the next columns while the micropipette needle was 
changed after each transfer from one column to the next. 50 ml of the 
seventh column wells were also discarded. Then, the plate was kept 
in CO2 incubator for four days. After discarding 125 μl of each well’s 
cellular suspension, growth medium was again added to the wells 
and incubation was performed for three more days. In the seventh 
day, p24 antigen test was performed to calculate TCID50. The p24 
antigen test assigned positive or negative signs to the wells containing 
virus supply. In the end, TCID50 was calculated via Spearman-Karber 
method .16

Where xk  is the highest dilution dose, d  is the spacing between 
dilutions, r is the sum of the number of negative responses and n is 
the wells per dilution .17

Targeting HIV and HIV infection by AuNPs

In order to study the effect of AuNPs on precluding HIV infection, 
the tests were designed to allow the effect of nanoparticles on 
controlling virus replication, both before and after the infection of 
T-lymphocytes to be investigated. Therefore three types of tests were 
performed:

a.	 The viruses were only subjected to interaction with PBMCs 
stimulated by PHA

b.	 The viruses were first subjected to interaction with PBMCs 
stimulated by PHA for two hours and then their mixture was 
exposed to interaction with AuNPs (secondary interaction)

c.	 The viruses were first exposed to interaction with AuNPs for two 
hours and then their mixture was subjected to interaction with 
PBMCs stimulated by PHA (initial interaction)

https://doi.org/10.15406/jnmr.2017.06.00159
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In all three types of tests, the virus suspension volume, as well as 
nanoparticle volume added to each well was 100 μl. In these tests, 5 
ppm concentration of nanoparticles was utilized, because a negligible 
cytotoxicity of particles have been evaluated in this concentration, 
according to MTT assay results. These three tests were performed 
by citrate-capped AuNPs as well as nanoparticles capped with Rosa 
canina  fruit extract. The outcome of each of the three tests was 
subjected to p24 antigen antiviral susceptibility test (ELISA). The 
p24 antigen test (ELISA) is based on the connection of antibodies 
possessing color generator substances to p24 antigen. This test was 
performed under relevant standards .18 High levels of p24 antigen 
indicate high infection. To investigate the performance of AuNPs in 
preventing virus replication, p24 test (ELISA) results were compared 
between the test in which only viruses and PBMCs were present and 
the tests including nanoparticles.

Results
Synthesis of Nanoparticles and Their Characterization

Two types of AuNPs produced by precipitation method. The 
reducing agents for novel AuNPs and conventional AuNPs were Rosa 
canina fruit extract and sodium citrate respectively. Both nanoparticles 
were subjected to spectroscopy tests to obtain the information about 
chemical bonds on their surface. The dimensional stability of AuNPs 
was investigated in different times and temperatures via DLS analysis. 
Also, the mostly spherical morphology of AuNPs was obtained via 
TEM. The particle size in the TEM image, confirms the data from 
DLS analysis. The stability survey tests showed that novel particles 
are more stable in the biological temperature range. Figure 1 shows 
the UV-visible spectrum of AuNPs produced using Rosa canina fruit 
extract  in synthesis as well as physiological conditions. The SPR 
of nanoparticles  showed no  significant change in transition from 
synthesis  to physiological condition and was 523 nm and 530 nm 
respectively.

Figure 1 Absorption spectra of nanoparticles produced using Rosa canina 
fruit extract as synthesized (a) and in pH=7.4 (b).

Figure 2 shows the UV-visible spectrum of nanoparticles produced 
by the use of sodium citrate in both synthesis and physiological 
conditions. The SPR of nanoparticles was drastically different across 
the two sets of condition, such that in synthesis condition, the SPR 
was significantly less than the SPR in physiological condition.

Table 1 shows the zeta potential of nanoparticles produced using 
sodium citrate and  Rosa canina  fruit extract in both synthesis and 
physiological conditions. According to Table 1, severe change in zeta 
potential belongs to nanoparticles produced using sodium citrate. 
Figure 3 shows the size distribution of AuNPs synthesized using Rosa 
canina  fruit extract. As shown in this figure, the size of these 

nanoparticles was under 100 nm and the average size was 27.7 nm. 
Also most nanoparticles were concentrated around 20 nm and 50 nm.

Figure 2 Absorption spectra of nanoparticles produced using Sodium citrate 
as synthesized (a) and in pH=7.4 (b).

Table 1 Zeta potential of gold nanoparticles synthesized using sodium citrate 
and Rosa canina fruit extract.

Zeta Potential (mV)
As Synthesized At pH = 7.4

Nanoparticles synthesized using citrate - 39 ± 2.10 - 11 ± 1.50
Nanoparticles synthesized using Rosa 
canina fruit

+ 36 ± 1.30 +34 ± 1.40

Figure 3 Size distribution diagram of AuNPs produced using Rosa canina fruit 
extract obtained via dynamic light scattering.

Figure 4 shows the FT-IR spectra of nanoparticles synthesized 
using  Rosa canina  fruit extract. Three bands are clearly visible in 
1641cm-1, 2000 cm-1, and 3477 cm-1. The bands located in 1641cm-

1  and 2000 cm-1 may belong to stretching vibration of C=C and 
overtones respectively .19,20 Also, the band occurring in 3447 cm-1 may 
be assigned to the stretching vibrations of O-H .21Figures 4 & 6 
shows the stability of nanoparticles produced using Rosa canina fruit 
extract in 20 days and in biological temperature range respectively, 
via DLS technique. Figure 7 shows a TEM image of nanoparticles 
produced using Rosa canina fruit extract. Most nanoparticles exhibit 
dimensions under 30 nm and cause the mixture to be monodisperse.

Cytotoxicity evaluation of nanoparticles via MTT assay

Estimation of AuNPs cytotoxicity is highly important in medical 
applications. During MTT assay, mitochondrial enzymes of the cells 
reduce tetrazolium to blue-violet formazan crystals. If nanoparticle 
cytotoxicity is higher, the amount of mitochondrial enzymes 
decreases, consequently that will affect the final color of the mixture 
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in the plate. Figure 8 displays the MTT assay results for both types 
of synthesized nanoparticles. The assay was performed in three 
different concentrations of nanoparticles. The proper concentration 
for performing biological experiments was 5 ppm which had the least 
cytotoxicity.

Figure 4 FTIR spectrum of AuNPs synthesized using Rosa canina fruit extract.

Figure 5 Average size of AuNPs produced using Rosa canina fruit extract in 
pH=7.4 over time.

Figure 6 Average size of AuNPs synthesized using Rosa canina fruit extract in 
pH=7.4 in and around biological temperature.

Figure 7 TEM image of AuNPs produced using Rosa canina fruit extract.

Figure 8 Cytotoxicity percentage in various concentrations of both types 
of AuNPs.

HIV Targeting

Both types of nanoparticles were separately mixed with the 
viruses and the resulting mixture was interacted with PBMCs (initial 
interaction). Furthermore, the viruses were mixed with PBMCs, and 
the resulting mixture was subjected to interaction with both types of 
nanoparticles separately (secondary interaction). Figure 9 shows the 
percent inhibition of p24 antigen in different types of tests involving 
interaction between AuNPs and the viruses. Maximum infection 
occurs when PBMCs are exposed to HIVs in the absence of AuNPs. In 
this type of test, the percent inhibition of p24 antigen was considered 
zero and the respective infection was considered 100%. These 
assumptions was used to obtain the percent inhibition of p24 antigen 
for the types of test in which HIVs were exposed to AuNPs, both 
before the infection of PBMCs (initial interaction) and afterwards 
(secondary interaction). According to Figure 9, the highest the percent 
inhibition of p24 antigen corresponds to nanoparticles produced 
using Rosa canina  fruit extract, when nanoparticles interacted with 
the viruses first and HIVs infected the PBMCs later.

Figure 9 Percent inhibition of p24 antigen when exposed to interaction with 
both types of nanoparticles, before and after PBMCs are infected by HIVs.

Discussion
As shown in Figure 1, nanoparticles synthesized using  Rosa 

canina fruit extract had a SPR band at 523 nm. No significant difference 
was observed in the particle SPR under physiological condition (pH 
= 7.4). To provide physiological condition, isotonic PBS solution, 
which contains the same amount of ions and has the same pH as 
human blood was utilized. According to Mie theory, SPR invariance 
in pH = 7.4 signifies AuNP size stability in physiological condition .22 
As shown in Figure 2, the SPR of nanoparticles produced with sodium 
citrate in synthesis condition was 534 nm. After being placed in PBS 
solution (pH = 7.4), the SPR band was broadened and its peak moved 
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towards longer wavelengths, which indicates aggregation of AuNPs 
according to Mie theory .23 The change in the SPR of citrate-capped 
AuNP can be analyzed through zeta sizer data. The results in Table 
1 show that applying physiological condition drastically decreased 
the zeta potential absolute value of citrate-capped nanoparticles. PBS 
solution ions interacted with superficial nanoparticle ions and caused 
the surface electrical charge of nanoparticles to decrease, which in 
turn reduced the electrostatic repulsion between them, causing them 
to attach and aggregate .24 According to Table 1, in contrast with 
citrate-capped nanoparticles, the zeta potential of nanoparticles 
produced using Rosa canina fruit extract, did not change significantly, 
under physiological condition. The issue can be explained in terms of 
compatibility between PBS solution ions and the surface charge of 
nanoparticles. In other words, the surface electrical charge of a large 
portion of PBS solution ions was the same as surface electrical charge 
of particles, which avoids the decrease of electrostatic repulsion of 
the nanoparticles.

According to previous researches, among the various compounds 
that comprise plants, flavonoids possess better reducing abilities 
.25 Therefore, these compounds are probably responsible for the 
reduction of chloroauric acid and production of nanoparticles. C=C, 
O–H and overtones bonds visible in Figure 4, indicate the presence 
of a portion of extract compounds on nanoparticles’ surface, which is 
the cause for their dimensional stability. These bonds can be found in 
terpenoids, fatty acids, aromatic aldehydes and some chelates . Figure 
5 shows the size stability of nanoparticles synthesized using  Rosa 
canina fruit extract during 20 days. The results show that during this 
time, mean nanoparticle size has not changed much. Moreover, Figure 
6 displays their dimensional stability in the biological temperature 
range, i.e. human body temperature. The results suggest that the 
coat covering nanoparticles synthesized using  Rosa canina  fruit 
extract has the ability to avoid aggregation of nanoparticles over 
time and with the rise of temperature. Nanoparticles with spherical 
morphology are also visible in the TEM image. Nanoparticle size 
observable in this image is in clear concordance with DLS analysis 
results. In general, dimensional stability in a medium resembling 
human blood, in pH = 7.4, in biological temperature and over time, 
cause nanoparticles produced using Rosa canina fruit extract to have 
the necessary conditions for application in medicine .7 In targeting 
HIV and HIV infection, two types of interaction were investigated. 
In the initial interaction, nanoparticles affect the virus before PBMCs 
were infected. In the secondary interaction, PBMCs were infected first 
and nanoparticles intervene later. The initial interaction is a criterion 
for targeting HIV while the secondary interaction is a measure for 
targeting HIV infection. As visible in Figure 9, percent inhibition 
of p24 antigen related to nanoparticles capped with citrate in both - 
initial and secondary - interactions is less than that of nanoparticles 
synthesized using  Rosa canina  fruit extract. Therefore it can be 
suggested that nanoparticles produced using Rosa canina fruit extract 
perform stronger in targeting HIV and its infection than nanoparticles 
capped with sodium citrate. The reason for this variation, is the 
difference in compounds attached to the surface of AuNPs. Because 
the morphology of nanoparticles produced using sodium citrate 
and Rosa canina fruit extract are similar to each other, the difference 
between antiviral properties of these nanoparticles can be attributed 
to the compounds on their surface .26 Recently, several studies have 
investigated the impact of noble metallic nanoparticles on HIV 
replication. Although variations in gp120, is the basis for difference 
among HIV strains, no significant difference have been reported 
between antivirus effect of nanoparticles on drug-resistant HIV 
strains .27,28 Beside, viral absorption assays indicated that the dominant 
mechanism of anti-HIV activity of nanoparticles is inhibition of the 

virus replication cycle in its early stages. Inhibition of p24 antigen 
during initial interaction, shows the virucidal property of AuNPs. 
According to Figure 9, virucidal effect for nanoparticles capped 
with Rosa canina fruit extract is stronger than sodium citrate capped 
nanoparticles. The first step in viral replication, is the attachment of 
gp120 to CD4 receptor which is an electrostatic interaction. Positive 
charge nanoparticles can interact with negative cavity of gp120 and 
prevent gp120 from binding with CD4 .29 As nanoparticles capped 
with  Rosa canina  fruit extract are positively charged, they are 
more successful in binding with gp120 than sodium citrate capped 
nanoparticles which are negatively charged. These nanoparticles 
interact with gp120 and prevent it from binding with CD4. Therefore, 
in accordance with Figure 9, The superiority of virucidal properties 
of nanoparticles capped with Rosa canina fruit extract compared to 
that of citrate capped AuNPs, can be attributed to the positive charges 
of their surface. Moreover, the gold ions in a AuNP solution can 
bind with sulfhydryl groups and reduce the disulfide bonds in the 
carboxyl half of gp120. Disulfide bonds are among the areas involved 
in binding to CD4 receptor .30,31 Reduction of the disulfide bonds in 
a protein, causes the protein to denaturate. The denaturation is an 
irreversible process which leads to viral structure modification .32,33 
Therefore, in addition to preventing interaction between gp120 and 
CD4, AuNPs change the characteristics of superficial glycoproteins of 
the virus. It seems that AuNPs attach to gp120 first, and modify viral 
proteins next; blocking viral entry and creating virucidal effect. Due 
to the positive charge on the surface of the nanoparticles produced 
using Rosa canina fruit extract, these AuNPs are more likely to bind 
with gp120, compared to citrate capped nanoparticles. Thus, they can 
perform better in viral protein modification and display a stronger 
virucidal effect. In addition, AuNPs may affect the later stages of the 
virus life cycle. As shown in Figure 9 AuNPs display inhibitory effect 
on the replication of viruses placed inside PBMCs as well. According 
to prior research, nanoparticles can increase the permeability of 
the cell membrane and enter the cytoplasm .34,35 AuNPs use this 
mechanism to enter infected PBMCs. Electron donor groups such as 
amino acids, thiols, phosphates and nucleic acids containing elements 
such as nitrogen, oxygen and sulfur, are able to complex with gold 
ions and block proteins involved in HIV replication. This can decrease 
reverse transcription or transcription rates.36 As can be seen in Figure 
9, p24 antigen inhibition in PBMCs is more prevalent by nanoparticles 
covered with  Rosa canina  fruit extract compared to nanoparticles 
coated with sodium citrate. Perhaps it can be argued that the active 
components in Rosa canina fruit extracts such as terpenoids, modify 
the structure of these proteins by binding with proteins which enter 
the PBMCs and disrupt the function of at least one of such enzymes as 
reverse transcriptase, integrase or protease; or decrease transcription 
by binding with DNA and RNA molecules. Further information in line 
with confirming in vitro results, requires in vivo clinical experiments.

Conclusion
This research showed that Rosa canina fruit extract can be used 

as a new powerful reducing and stabilizing agent for synthesizing 
AuNPs. In contrast with nanoparticles produced using sodium 
citrate, nanoparticles produced in this method had the necessary 
conditions for application in medicine, i.e. they were not aggregated 
in a medium with bloodlike ionic concentration, in pH = 7.4, in 
biological temperature and overtime. They also displayed anti-HIV 
characteristics, which was visible both before and after infection by 
the virus. The anti-HIV characteristics of nanoparticles synthesized 
using Rosa canina fruit extract was more sensible than nanoparticles 
produced through the conventional Turkevich method.
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