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Abstract: Measles virus considers an important cause of child morbidity and mortality in some areas as Africa. Ribavirin’s activity as a nucleoside analog can 
disclose the surprisingly broad spectrum action against several RNA viruses under laboratory cell culture conditions. The Current study aimed to investigate the 
antiviral activity of ribavirin Nano gold particles (AuNPs) against measles virus on vero cell line. Ribavirin- AuNPs was prepared, characterization and the cyto-
toxicity of ribavirin, AuNPs and ribavirin -AuNPs were tested on vero cells using MTT assay. Antiviral activiry of ribavirin, AuNPs and ribavirin- AuNPswere 
determined on vero cells using simultaneous, pre-infection and post-infection protocols. Results indicated safety of ribavirin and ribavirin-AuNPs on vero cells, 
there was a reduction by 78.1% when vero cells treated with ribavirin -AuNPs at 99.5µg/ml while, the viral reduction was 25.4% when ribavirin 500 µg /ml was 
used for the same viral concentration. Our results concluded that ribavirin - AuNPs had a higher antiviral activity with lower dose than ribavirin alone and the 
maximal activity showed when it used after the virus infection.
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Introduction

Measles virus (MV), genus Morbillivirus, family 
Paramyxoviridae, is an enveloped virus with a non-seg-
mented, negative-strand RNA genome (1). The genomic 
RNA is encapsidated with the N protein and, together 
with RNA-dependent RNA polymerase forms a ribonu-
cleoprotein complex (2). It is an infection of the res-
piratory system, immune system and skin. Measles is 
unique for infancy rash diseases as it is associated with 
substantial mortality with a case fatality rate of 5–10% 
in Africa (3, 4).  Immunocompromised hosts, pregnant 
women, individuals with vitamin A deficiency or poor 
nutritional status, and individuals at the extremes of age 
are at increased risk for complications (5).

Despite the availability of effective live vaccines 
(MMR), measles is still responsible for 4% of mortality 
in children younger than 5 years of age worldwide (6). 
In the last decade, the number of measles-related deaths 
became decreased by more than 90% in all WHO re-
gions, except for South-east Asia (7), and some parts of 
Africa.  Several outbreaks had passed off in 2012 among 
school children all around the Egyptian governorates 
and the same case had happened few years earlier in 
USA at a summer camp (8). Eradication of measles 
would be a major public health accomplishment and 
there is no available specific therapeutic remedy accor-
ding to WHO (2006) (9). 

Ribavirin (1-3-D-ribofuranosyl-lH-1, 2, 4-triazole-
3-carboxamide) is an antiviral agent that has shown 
in vitro activity against a broad spectrum of DNA 
and RNA viruses (10, 11). It exhibits antiviral activity 
against RNA viruses from the families of paramyxovi-

ruses (12). The fact that clinical treatment with ribavirin 
requires high doses with significant side effects (13). 
The major metabolite of ribavirin is ribavirin-5'-tri-
phosphate (RTP). Erythrocytes concentrate RTP; and 
they are not efficiently able to dephosphorylate ribavi-
rin. This accumulation of ribavirin is believed to play a 
role in anemia that has been observed with high-dosage 
regimens (14, 15, 16). These characteristics of ribavirin 
had attracted our attention to evaluate its effectiveness 
against measles virus. 

The use of materials in Nano scale allow the modi-
fication of the fundamental properties such as solubi-
lity, diffusivity, blood circulation half-life, drug release 
traits, and  immunogenicity. Nanostructures can defend 
drugs encapsulated within them from hydrolytic and en-
zymatic degradation in the gastrointestinal tract; target 
the delivery of a drug to various areas of the body for 
sustained release (17). Gold nanoparticles constitute a 
category of metallic nanoparticles, which have particu-
lar and unique optical, electronic and chemical proper-
ties, and high infrared phototherapy potential. 

We hypothesize in this study that effect of ribavi-
rin - AuNPs improves the measles virus clearance with 
lower dose compared to ribavirin alone.

Materials and Methods
 
Preparation of gold nanoparticles (AuNPs)

The method suggested by  J. Turkevich et al. in 1951 
and refined by G. Frens in 1970s (18, 19) used in our 
study, it  is simply the reaction between hot Chloroau-
ric acid (HAuCl4,3H2O) and Sodium citrate dehydrate 
(HOC(COONa) (CH2COONa)2, 2H2O, 99%) (Sigma 
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Aldrich, Germany). Colloidal gold was formed as the 
citrate ions act as both a reducing agent and a capping 
agent. Twenty millilitres of 1.0 mM HAuCl4 were added 
to 50 ml flask on a stirring hot plate, the solution ap-
peared light yellow, a magnetic stir bar was added inside 
the flask; the stirring and the temperature were turned 
on. The solution was brought to boil, 2 ml of a 1% so-
lution of trisodium citrate dehydrate was added to the 
boiling solution. The gold colloid gradually forms as the 
citrate was added. 

Preparation of ribavirin loaded gold nanospheres
  Five milligrams of ribavirin powder (C8H12N4O5) 

(Roch, Germany, sigma) were dissolved into 10 ml 
gold nanoparticles (AuNPs) that prepared as described 
above,  suspension was shaked in a dark bottle at 37oC 
for 24 h. The drug-loaded nanoparticles were separa-
ted from the excess drug by centrifugation at 4472 g for 
30 min and washed with phosphate buffer saline (PBS) 
(Biomedicals, France) several times. The free ribavirin 
contents in solution were calculated from the calibration 
curve at 225 nm using High performance liquid chro-
matography (HPLC). The drug loading efficiency was 
calculated from the following equation:
Loading percentage (%) =

×100

Sample Characterization
Transmission electron microscopy (TEM)

 Nanoparticles were characterized by their size and 
morphology using transmission electron microscopy 
(TEM) (FEI Tecnai G20, Super twin, Double tilt, LaB6 
Gun) operating at 200 kV. Samples were prepared for 
imaging via drying nanoparticles on a copper grid that 
was coated with a thin layer of carbon. Materials with 
electron densities that are significantly higher than 
amorphous carbon are easily imaged. These materials 
include most metals (e.g., silver, gold, copper, alumi-
num) (20).

Dynamic light scattering (DLS) & Zeta potential mea-
surements

 The dynamic light scattering apparatus (Zeta Poten-
tial / Particle Sizer NICOMP TM 380 ZLS, USA) was 
used to measure the size distribution and zeta potential 
of the prepared AuNPs and ribavirin loaded AuNPs.

Visible absorption spectroscopy
The absorption spectra of the prepared AuNPs and 

ribavirin - AuNPs were measured, using a UV-Vis-
IR spectrophotometer (Jenway UV-6420; Barloworld 
scientific, Essex, UK); at the wavelength range 400-
700 nm. Simply a sample is placed between a light 
source and a photo-detector, and the intensity of a beam 
of light is measured earlier than and after passing via 
the sample. These measurements were compared at 
each wavelength to quantify the sample’s wavelength 
dependent absorption spectrum. The data was typically 
plotted as absorption versus wavelength. Each spectrum 
is background corrected using a blank.

 
Preparation of vero cell plates

Vero cell line, African green monkey kidney cells 

(ATCC: CCL81), was supplied from the Egyptian 
holding company for vaccines and sera (VACSERA, 
Egypt). The cell line was originally supplied to VACSE-
RA by American type tissue culture collection (ATCC) 
from which several passages were done and various 
tissue culture cell line flasks were produced. Vero cells 
were supplied as 75cm² tissue culture flasks and were 
examined for cell confluence and to ensure   absence 
of contamination using microscope. 1ml of trypsin 2% 
in PBS (Euro, clone Europe) was added to detach cell 
line. Detachment assured by examination of flask under 
microscope. M199E growth media (Biowest, South 
America) with 10% fetal bovine serum FBS (Biowest-
south America) 1% penicillin-streptomycin (Hycolon, 
USA) was added to the trypsinised cells. Multichannel 
pipettes (Eppendorf-Germany) were used to transfer 
100µl of the suspended cells to 96- tissue culture plates. 
Plates were left at 37ºC, 5%CO2 incubator overnight 
until confluent monolayer formed (21, 22).

Evaluation of the cytotoxicity of ribavirin, AuNPs 
and ribavirin- AuNPs on vero cells using MTT assay

  In order to evaluate the cytotoxic effect of ribavi-
rin, AuNPs and ribavirin- AuNPs on the Vero cells; A 
colorimetric assay was used, MTT assay. Samples were 
sterilized and filtered under laminar flow by 0.22µm fil-
ter in glass tube and were protected from light. Two-fold 
serial dilution of each sample in M199E fresh medium 
containing 2% FBS was added to a confluent mono-
layer precultured Vero cells plates and incubated for 
24h. After overnight incubation, treatment medium was 
removed from all cells by suction and residual living 
cells were washed by 200µl PBS twice. About 100µl of 
MTT (3- [4, 5- dimethyl thiazole- 2-yl]-2, 5 diphenyl 
tetrazolium bromide) MTT (SERVA, Heidelberg) stai-
ned plates were incubated in dark for 4hours. MTT 
complex crystals were dissolved using 4% acidified iso-
propanol and were incubated for 15 min. The optical 
density representing the residual living cells count was 
measured using microtiter plate reader (Biotek-USA) at 
wave length 570nm (23, 24). Viability % was measured 
according to the following equation (25)

Viab % = 

XOD means average number of wells treated with 
samples or untreated (control).

The viability was plotted against test product concen-
tration/ dilution and IC50% value was presented as the 
percentage of survived cells compared to control cells 
and the highest non- toxic dilution was determined (26). 
IC50% was calculated by automated master plex 2010 
program.

Virus strain
 Measles virus, Edmonston strain, was kindly obtai-

ned from the National Organization for Research and 
Control of Biologicals (NORCB); Virus titers used as 
4.679 log10 / ml.

Simultaneous treatment of virus with ribavirin and 
ribavirin- AuNPs

Effect was calculated based on the log difference 
between virus titer treated with samples and virus titer 
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activity was calculated using the method described by 
(29).

Comparative evaluation was processed to mea-
sure the average loss of the virus titer as percentage 
loss(%depletion rate) which reflecting the antiviral po-
tential of ribavirin and ribavirin- AuNPs on treated Vero 
cells compared to only virus treated cells.

Quantification of measles virus using Real time re-
verse transcriptase polymerase chain reaction (qRT-
PCR)
Viral RNA extraction

From simultaneous, pre-infection and post-infec-
tion treatment plates of ribavirin and ribavirin-AuNPs 
experiments, Viral RNA was extracted from vero cells 
infected with measles virus when syncytia involved at 
least 75%. Growth medium was removed from the in-
fected plates, the cells were rinsed once with PBS and 
PBS was discarded. To detach the cells, 100µl of trypsin 
were added in each well. The cells were incubated for 
20-30 min, transferred to a micro centrifugation tubes 
and pelleted by centrifugation for 5 min at 2500g. RNA 
was extracted using Gene JET viral RNA kit (thermo-
fisher, Germany), 200µl of lysis buffer were added and 
stored at -80°C until use (according to the manufacturer 
instructions). The purified RNA for downstream appli-
cations was used and stored RNA at -20°C or -70°C un-
til use.  The yield of total RNA obtained was determined 
spectrophotometrically at 260 nm.

Primer selection
Primer sequence for the studied target gene was used 

for amplification of 450 nucleotides corresponding to 
the COOH terminal 150 amino acids of the N protein 
which was the most conserved region. Forward and 
reverse primers were used from a previous publication 
(30).

Quantitative (qRT-PCR) assay
To assess the linearity of the quantitative real-time 

RT-PCR, 10-fold serial dilutions were prepared (10⁷–
10¹ copies) of cDNA of measles control viral RNA, 
measured using primers of their N gene. RNA extrac-
ted from the infected cells (1000ng) was used in each 
20µl real time RT-PCR reaction. RT-PCR reactions 
were performed in triplicate in a Micro Amp optical 96- 
well reaction plate (Applied Biosystem) using reagents 
supplied in SensiFAST™ SYBR® Hi-ROX One-Step 
Kit (Bioline, UK). The prepared reaction mix samples 
were applied in real time PCR (Step One Applied Bio-
system, Foster city, USA). Thermocycling parameters 
included a reverse transcription step at 45°C for 10 min, 
following by DNA polymerase activation at 95°C for 2 
min and 40 PCR cycles of 95°C for 5s/ 60°C for 10s and 
72°C for 5s.

Statistical analysis
All results were expressed as mean ± SEM and 

analyzed using Statistical Package for Social Sciences 
(SPSS) software package version 16 (Chicago, USA). 
Statistical significance was tested using one-way ana-
lysis of Variance (ANOVA) followed by Bonferroni 
post hoc comparisons to test the significance difference 
among the group means. Data was considered statisti-

of control non-treated (∆log 10 TCID50/ml) (27). Equal 
amount of the 1000CCID50/ml of the measles virus 
with 1/20(500µg/ml) of ribavirin was mixed together / 
1000CCID50/ml of the measles virus with 1/20(99.5µg/
ml) of ribavirin- AuNPs also was mixed together and 
was incubated at 37°C for 1h, then tenfold dilution of 
samples was done on previously seeded monolayer 
sheet of vero cells (prepared 24 hours before the expe-
riment as described above). Negative control and virus 
control were included in each sample plates. Cells were 
observed for cytopathic effect (CPE) daily until exten-
sive CPE effect (75-100%) of monolayer cell.  After 5-7 
days when the virus control showed extensive CPE, each 
dilution was collected and stored frozen. Each dilution 
with the virus control was subjected to back titration to 
ensure the drop in the virus titer compared to the control 
(28). Number of cells showed CPE were recorded and 
those did not as well. Virus titer was calculated using 
the method described by (29) as follows:
50% endpoint (TCID50) = (percentage of CPE>50% 
- 50) / (percentage of CPE >50% -percentage of 
CPE<50%) × log dilution. 

where ‘‘>50%’’ dilution is the last dilution expressed 
for which≥ 50% wells display CPE, (‘‘Above 50%’’ and 
‘‘Below 50%’’ values are fraction of wells with CPE at 
the last dilution for which ≥50% wells display CPE and 
fraction of wells with CPE at the next dilution, respec-
tively.

The difference between the virus titer of control and 
treated virus was calculated and depletion rate was mea-
sured as the percentage loss in the virus titer.

Pre-infection treatment of virus with ribavirin and 
ribavirin- AuNPs on vero cells

 Two-fold serial dilution of ribavirin and ribavirin- 
AuNPs was applied on previously seeded cell mono-
layer (prepared 24 hours before the experiment as des-
cribed above) and incubated at 37°C for 90 min.  Virus 
suspension 1000CCID50/ml was added to each well of 
the treated cell monolayer (100ul/well), incubated at 
37°C for 5-7 days. The presence of (75%- 100%) CPE 
in virus infectivity control cultures was confirmed. Back 
titration was done to evaluate the drop in virus titer (28). 
Negative control and virus control were included in 
each sample plates. Pre-infection effect was calculated 
based on the log difference between virus titer treated 
with samples and virus titer of control non-treated as 
virus titer was calculated using the method described 
by (29).

Evaluation of the post- infection treatment of riba-
virin and ribavirin- AuNPs against measles virus in 
vero cells 

 A virus suspension 1000CCID50/ml was pre-incu-
bated with vero cell plates (prepared 24 hours before the 
experiment as described above) for 90 min; then Two-
fold serial dilution of ribavirin and ribavirin AuNPs 
were added to the infected cell monolayer. The incu-
bation was done for 5-7 days at 37°C. The presence of 
(75%- 100%) CPE in virus infectivity control cultures 
was confirmed, back titration was done to evaluate the 
post-infection treatment of ribavirin and ribavirin -Au-
NPs against measles (28). Negative control and virus 
control were included in each sample plates. Antiviral 
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cally significant with P≤ 0.05.

Results

Preparation of ribavirin loaded gold Nano-spheres
Conversion of gold from yellow to wine red indi-

cates formation of gold Nano particles (AuNPs) and 
conversion of AuNPs from wine red to blue indicate 
good encapsulation of ribavirin on AuNPs as it reflect 
increasing in size of AuNPs due to loading of ribavi-
rin, from calibration curve of ribavirin (Figure 1) and 
the equation, we found that Loading percentage% was 
39.8% so loading amount of ribavirin was 199µg/ml. 

Sample Characterization
Transmission electron microscopy 

From the TEM measurements, the gold nanoparticle 
was found to be spherical with an average diameter of 
15 nm (Figure 2 a, b).  TEM imaging had significantly 
higher resolution (by a factor of about 1000) than light-
based imaging techniques which giving morphological 
examination with direct visualization. Amplitude and 
phase variations in the transmitted beam provide ima-
ging contrast that is a function of the sample thickness 
(the amount of material that the electron beam must 
pass through) and the sample material (heavier atoms 
scatter more electrons and therefore have a smaller elec-
tron mean free path than lighter atoms).

Dynamic light scattering (DLS)
The resulted measured mean diameters of AuNPs 

and ribavirin - AuNPs were 14.54 ± 2.4 nm and 28.65 
± 5.2 nm, respectively (Figure 3 a, b). This increase in 
diameter from 14.54 nm to 28.65 means that ribavirin 
drug make a hydrodynamic layer around gold nano-
particles and in turn that mean a successful loading of 

drug on nanoparticles. As particle size affects the drug 
release and is a critical parameter of characterization so 
using dynamic light scattering to determine the particle 
size distribution of AuNPs and ribavirin – AuNPs is a 
critical tool in our characterization. As it is give a des-
cription of the particle’s motion in the medium, measu-
ring the diffusion coefficient of the particle and using 
the autocorrelation function (20, 31). It is extensively 
used to determine the size of Brownian nanoparticles in 
colloidal suspensions in the Nano range (20). Shining 
monochromatic light (laser) onto a solution of sphe-
rical particles in Brownian motion caused a Doppler 
shift when the light hits the moving particle, changing 
the wavelength of the incoming light. So, increase in 
diameter of AuNPs when ribavirin loaded means that 
ribavirin drug make a hydrodynamic layer around gold 
nanoparticles and in turn that mean a successful loading 
of drug on nanoparticles.

Zeta potential measurements
The average zeta potential of the prepared AuNPs 

was -38 mv. The average zeta potential of ribavirin 
loaded AuNPs was -30.3 mv. This decrease in negativity 
indicates a successful loading of drug (figure 4 a, b). 
As these negative values indicates moderate degrees of 
stability of the prepared nanoparticles. Negative value 
arises due to negative charge of citrate ions that act as 
capping agent around colloidal gold.  It considered a cri-
tical tool for understanding the state of the nanoparticle 
surface and predicting the long-term stability of them. 
Zeta potential can also provide information regarding 
the nature of material coated onto the surface of nano-
particles (32).

Visible spectroscopy
The Plasmon band observed for the wine red col-

loidal gold at 525nm are pertaining to Au colloids and 
225nm is characteristic to pure ribavirin. The addition 
of ribavirin decreases the intensity steadily with time 
with appearance of another peak at 650 nm (Figure 5). 
The appearance of the new peak is due to the aggrega-

Figure 1. Calibration curve of ribavirin at ƛ = 225 nm. Ribavirin 
gives straight liner relationship when inject from 5µg/ml to 100µg/
ml.

Figure 2. TEM images of AuNPs. a: scale bar 100 nm. b: scale bar 
50 nm.

Figure 3. a: Dynamic light scattering size distribution of AuNPs. 
b: Dynamic light scattering size distribution of ribavirin-AuNPs. 
The data were measured point by point for diluted samples to avoid 
multiple scattering.
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tion of gold nanoparticles leading to the formation of 
gold-drug complex. Abdelhalim MAK, et al (33) sta-
ted that Nanoparticles made from certain metals, such 
as gold, strongly interact with specific wavelengths of 
light and the unique optical properties of these materials 
is the foundation for the field of plasmonics.

Evaluation of the cytotoxicity of ribavirin, AuNPs 
and ribavirin- AuNPs against vero cells using MTT 
assay

From cytotoxicity assay it was revealed that AuNPs, 
ribavirin and ribavirin - AuNPs were safe at all dilutions/ 
concentrations we used as no detachment cell (table 1). 
As the initial concentration we used were 260, 1000, 
199µg/ml of AuNPs, ribavirin and ribavirin- AuNPs 
respectively from which two-fold dilution were used.  
Calculation of IC50 which defined as concentration 
of drug that gives half- maximum response, the 50% 
effective response were 464, 1025 and 215 for AuNPs, 
ribavirin, and ribavirin- AuNPs respectively as they re-

present the highest non-toxic concentration we can use 
. The recorded data was generated using averaged opti-
cal density (O.D) reading for the control cells and the 
average O.D reading for samples that were measured at 
570nm using microplate reader. 

Morphological changes post cell treatment
Microscopic examination of treated cells revealed 

that ribavirin, AuNPs and ribavirin- AuNPs were safe 
on vero cells when used in the highest concentrations 
compared to untreated control (Figure 6b), where vero 
cell showed well adherence, homogenous distribution 
in the culture field (Figure 6 a).

Simultaneous, pre-infection and post-infection treat-
ment of measles virus with ribavirin and with riba-
virin-AuNPs on vero cell line

  According to our calculation of the end point dilu-
tion from Reed- Muench equation We found that there 
is 1.32, 1.72 and 2.25 log difference between virus trea-
ted simultaneously, pre-infected and post-infected res-
pectively with 1/20 (99.5µg/ml) ribavirin- AuNPs and 
virus control (untreated) as untreated cells was infected 
with tenfold serial dilution of virus suspension and incu-
bated at 37"C for 5- 7 until extensive CPE observed.  
and 0.536, 0.7 and 1.1 log difference between virus that 
treated simultaneously, pre-infected and post-infected 
respectively with1/20 (500µg/ml) ribavirin and virus 
control (untreated).  Experiments were done as three in-
dependent assays for each sample, were high non-toxic 
concentration of each sample was used. CPE induced 
by measles virus observed under the microscope after 
5–7 days. 

The depletion rate of measles virus by ribavirin and 
ribavirin -AuNPs had variability based on experiment 
technique as post-infection showed the best inhibitory 
activity of both ribavirin and ribavirin - AuNPs with 
depletion rate was 27.5% and 56.25% respectively. Pre-
infection showed inhibitory activity of both ribavirin 
and ribavirin - AuNPs with reduction in virus titer by 
17.5% and 43% respectively. Where simultaneous treat-
ment showed the lowest inhibitory activity of both riba-
virin and ribavirin – AuNPs comparing with two other 

Figure 4. a: The average value of zeta potentials for the prepared 
AuNPs. b: The average value of zeta potentials for the prepared 
ribavirin-AuNPs.

Figure 5. The absorption spectrum of the prepared AuNPs and ri-
bavirin - AuNPs. As red line is a characteristic absorbance peak of 
Nano gold particle at ƛ = 525nm. Blue line represents decrease of 
intensity to ƛ = 650nm due to loading of ribavirin on Nano gold 
particles

Concentration of Ribavirin 
(µg/ml)

Concentration of AuNPs 
(µg/ml)

Concentration of Ribavirin – AuNPs 
(µg/ml) Cytotoxicity%

1000 260 199 0%
500 130 99.5 0%
250 65 49.75 0%
125 32.5 24.87 0%

Table1. Cytotoxicity of Ribavirin, AuNPs and Ribavirin- AuNPs.

Figure 6. a: Normal vero cells. b: infected vero cell with measles 
virus (CPE) under inverted microscope.
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experiments as loss in measles virus titer was 13.4% 
and 33% respectively. In all experiments, treatment of 
ribavirin and ribavirin- AuNPs showed that ribavirin- 
AuNPs have induced inhibition of 1000TCID50/ml of 
measles virus at 99.5µg/ml more than ribavirin alone 
when used at 500µg/ml. Also higher dilution of ribavi-
rin - AuNPs were more active than ribavirin at 500µg/
ml. Our results confirmed our suggestion that ribavirin 
-AuNPs had inhibitory effect more significant than riba-
virin with lower dose (figure 7). 

Quantification of measles virus using real time 
reverse transcriptase polymerase chain reaction 
(qPCR)

Using ribavirin at concentrations 500, 250 and 
125µg/ml resulted in different results depending on 
technique of application of drug on vero cells as it had 
almost similar effect on entry of virus (10.9%) and in 
prohylacting (9.9%) against measles infection. In ap-
plication of ribavirin after virus infection we observed 
higher activity (22.5%). In all  tests ribavirin inhibitory 
activity not exceed 30% at higher concentration 500µg/
ml, but ribavirin - Au NPs showing inhibitory activity 
against virus in antiviral treatment that exceed 70% at 
highest concentration 99.5µg/ml and at lowest concen-
tration 24.8µg/ml it had inhibitory activity more than 
50%. Ribavirin - Au NPs resulted on considered loss 
of virus titer in all tests. And unlike ribavirin it had dif-
ferent activity in entry of virus (56.5%) and in prophy-
laxis activity (32.3%). Surprisingly it had activity in 
inhibition of simultaneous action more than pre-infec-
tion action unlike ribavirin. We observed that the action 
in inhibition of virus infection was due to action of ri-
bavirin that have action on virus from entry until rep-
lication but with different degree as the most effective 
action is during replication with modest effect on entry 
and as prophylacting agent from infection (figure 8).

Our estimates of ribavirin- AuNPs effectiveness 
against measles virus on Vero cells suggest that the gold 
Nano particles provides excellent activity to ribavirin 
by increase in surface area and dominance of quantum 
effects which is associated with very small sizes and 
large surface area to volume ratio (34). The observa-

tion of ribavirin-AuNPs activity at lower concentrations 
than ribavirin even with enhancing viral clearance is a 
cause for concern because this may decrease the diverse 
effect associated with high dose regimen of ribavirin. 
Because most recent research indicated that accumu-
lation of ribavirin in erythrocytes is responsible for 
haemolytic anemia (16).to minimize this risk, ribavirin 
–AuNPs administration was suggested for further trials 
to improved and maintained.

Discussion

Measles virus  standing as number one killer of 
young children as  one third of children were trap infec-
tion in  the first and second years, and most other child-
ren catch infection before age 5 years (35, 36, 37).

Some studies reported the ability of using oral and 
intravenous ribavirin against measles infections (38, 
39). Additionally Hosoly et al (40) determined that 
ribavirin inhibited the replication of Subacute sclero-
sing panencephalitis (SSPE) greater than other nucleo-
side and non-nucleoside compounds. As it is a serious 
complication of persistence of measles virus in brain 
(41). Ribavirin had been used to aid in recovery from 
severe measles pneumonia, although their exact cli-
nical efficacy is still unproven (39, 37). Indeed due to 
the required large daily doses of ribavirin to sustain a 
beneficial response due to renal clearance and to main-
tain the sustained virologic response (SVR) (42), the 
foremost toxicity associated with ribavirin is a dose-de-
pendent hemolytic anemia, which takes place in about 
50% of individuals administered ribavirin, resulting in a 
ribavirin dose reduction (43). 

Current study used gold Nano-paticles due to it is 
unique properties as a carrier molecules as Some studies 
advocate that coupling of ribavirin to a carrier molecule 
offers the potential of a therapeutic with improved sa-
fety and efficacy by targeting drug delivery of ribavirin 
to key tissues inflamed at the same time as preventing 
the hemolytic anemia that is resulting in exposure of red 
blood cells to ribavirin.

 J. Turkevich (18) approach was used as it is the pri-
mary and simplest technique ever used for preparation 

Figure 7. Statistical analysis of simultaneous, pre-infection and 
post-infection evaluation of both ribavirin and ribavirin -AuNPs 
on vero cell line.  *P<0.05 with respect to the corresponding con-
trol group, #P<0.05 with respect to group treated by ribavirin at 
dose=500µg/ml in simultaneous treatment, ºP<0.05 with respect 
to group treated by ribavirin at dose=500µg/ml in pre-infection 
treatment, $P<0.05 with respect to group treated by ribavirin at 
dose=500µg/ml in post-infection treatment. (n=3).

Figure 8. Statistical analysis of simultaneous, pre-infection and 
post-infection evaluation of both ribavirin and ribavirin-AuNPs by 
RT-PCR.*P<0.05 with respect to control, # P<0.05 with respect 
to group treated with ribavirin at conc=500µg/ml in simultan-
eous treatment, $ P<0.05 with respect to control group, & P<0.05 
with respect to group treated with ribavirin at conc=500µg/ml in 
post-infection treatment,¶ P<0.05 with respect to control group, ¥ 
P<0.05 with respect to group treated with ribavirin at conc=500µg/
ml in pre-infection treatment. (n=2).
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of Nano particles which causes Au3+ ions to be reduced 
to neutral gold atoms. Actually Ribavirin was success-
fully loaded on AuNPs and it was confirmed by cha-
racterization of both AuNPs and ribavirin - AuNPs by 
using TEM imaging, DLS, and Zeta potentials as Nano-
particles with Zeta Potential values greater than +25 mV 
or less than -25 mV typically have high degrees of sta-
bility. UV–visible absorption spectroscopy was used for 
characterization as the optical properties are sensitive 
to size, shape, concentration, and refractive index of 
nanoparticles.  For small monodisperse gold nanopar-
ticles the surface plasmon resonance phenomona (SPR) 
causes an absorption of light within the blue-green por-
tion of the spectrum (~450 nm) whilst red light (~700 
nm) is reflected, yielding a wealthy red color. As par-
ticle size increases, due to loading of ribavirin the wave-
length of surface plasmon resonance related absorption 
shifts to longer. Red light is then absorbed, and blue 
light is reflected.

Current study proved safety of ribavirin and ribavi-
rin- AuNPs on vero cell line by evaluated cytotoxicity 
using cell culture models. MTT assay was used as it 
has several benefits as it is easy to perform, the assess-
ments are objective, it could be computerized and the 
cytotoxicity assessment may be made in parallel with 
antiviral activity evaluation (23, 44, 45). It depending 
on conversion of MTT yellow solution into purple for-
mazan crystals by living cells mitochondrial enzymes 
as conversion of color was directly related to number of 
viable cells.

 Vietinck & Vanden-Berghe (46)  reported  that nu-
merous cell culture assays are available and may be suc-
cessfully applied for the antiviral assessment of synthe-
tic or natural compounds, one among them is visual 
quantitation of antiviral activity of the virus triggered 
cytopathic effect (CPE) (47, 48, 49). For measles virus 
as it  induce CPE in cells, visual scoring of CPE inhi-
bition is performed more frequently because it is rapid, 
and permits a number of compounds to be evaluated 
collectively using 96-well micro plates (50).

  In the current study we used TCID50 titration 
method which based on the end-point dilution of the 
virus at which a cytopathic effect (CPE) is detected in 
at least 75% of the cell culture replicates infected by 
a given amount (1000CCID50%/ml) of measles virus 
suspension (29). Comparative evaluation was processed 
to measure the average loss of the virus titer as percen-
tage loss (%depletion rate) which reflecting the antiviral 
potential of ribavirin and ribavirin- AuNPs on treated 
Vero cells compared to only virus treated cells (figure 
9). 

 In 2016, Ortac Ersoy (51) reported that ribavirin 
and high-dose vitamin A might be a treatment option 
in addition to supportive treatment in complicated adult 
measles cases. Our finding showed that both ribavirin 
and ribavirin-AuNPs resulted in noticeable loss in virus 
infectivity titer. Current results showed that the maxi-
mum inhibitory effect of both ribavirin and ribavirin-
AuNPs was in post-infection treatment. It may explai-
ned as the mechanism of action of ribavirin is due to 
inhibition of function of virus-coded RNA polymerase 
necessary to initiate and elongate viral mRNA which 
inhibited virus replication after virus infection (52). 

In 2007 Thomas et al. (53) developed a quantifica-

tion assay for detection of   haemagglutinin (H) gene in 
measles virus using a real-time PCR method, similarly  
Hummel et al in 2006 (54) developed a method targe-
ting multiple genes of measles virus. In both methods, 
the sensitivity limits were two and ten copies per reac-
tion, respectively (53, 54). Our finding showed a re-
presentative linear standard curves using control viral 
RNA (from 10¹ to 10⁷ copies per reaction) (figure10) 
suggested that the reliable measurement range of our 
assay is (10¹–10⁷) copies per reaction. Our values were 
very close to those of Thomas and Hummel methods, 
even though the target gene and/or region of measles 
virus were different. Taken together, the results suggest 
that our method is sensitive, quantitative for the measles 
virus N gene, and is applicable to the quantification of 
measles virus as we used  N gene as it is the most abun-
dant structure polypeptide and highly conserved (55, 
56).

qPCR data, confirmed cell culture results as ribavi-
rin and ribavirin - AuNPs had decreased the virus titer 
of treated cells than control with significant difference 
P<0.05 and ribavirin - AuNPs was more effective than 
ribavirin.  There was a direct relationship between 
concentration and inhibitory effect of ribavirin on 
measles virus titer on cell culture.

In agreement with these results, we concluded that 
ribavirin -AuNPs had more potent effect on reduction of 
virus titer more than ribavirin as Nanoparticles enhance 
activity of ribavirin and reduce dose required. The 
changes in properties of ribavirin will be due to increase 

Figure 9. The comparative evaluation in average loss of the vi-
rus titer as percentage (%depletion rate) between ribavirin and 
ribavirin- AuNPs on Vero cells in simultaneous, pre-infection and 
post-infection.

Figure 10. A representative standard curve using the standard 
measles control viral RNA for (a) simultaneous effect, (b) for pre 
- treatment (∆) and post - treatment (*), as the x - axis indicated 
the logarithmic concentration (log10) of the viral RNA and y - axis 
indicates the Ct value red and blue dots represent virus control of 
ribavirin and ribavirin - AuNPs respectively.

*

∆
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in surface area and dominance of quantum effects which 
is associated with very small sizes and large surface 
area to volume ratio (34). Ribavirin-AuNPs had better 
activity against measles virus when used post-infection 
which supports its use in treatment of measles infection, 
its higher antiviral activity in the pre-infection protocol 
might also suggest its use as a prophylactic agent during 
outbreaks to limits spread of infection. Our study sug-
gests the use of ribavirin-AuNPs for the treatment of 
measles infections and recommends more in vivo stu-
dies to demonstrate the reduction of the side effects with 
the reduction of dose.  

Our study indicated that both ribavirin and ribavirin- 
AuNPs had antiviral activity against measles virus as 
we hypothesized and using gold Nano particles enhance 
antiviral activity and viral clearance. We was predicted 
that ribavirin and ribavirin – AuMPs will be higher in 
post treatment then pre- treatment and finally, simulta-
neous treatment. However, ribavirin- AuNPs contrary 
this hypothesis as it had higher activity in simultaneous 
than pre- treatment which requires more analysis to un-
derstand this phenomenon. 
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