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ABSTRACT

Bovine Rotavirus (BRV) is a major cause of acute gastroenteritis in neonatal calf diarrhea
throughout the world causing economic losses to beef and dairy industries. Neomycin B, an
aminoglycoside antibiotic has been shown to inhibit human immunodeficiency virus and
Herpes simplex virus replication. The current study was carried out to assess the effect of
neomycin B on rotavirus replication in Rhesus monkey kidney fetal cells (MA-104) by
immunofluorescence (IF), plaque assay and flow cytometry. Neomycin interfered with the
development of BRV cytopathic effect (CPE). Neomycin concentrations at 5, 7.5 and 10 mM
were able to reduce the intracytoplasmic fluorescence induced by BRV by16.67%, 41.67% and
83.33% respectively. There was marked decrease in the yield of viral RNA. Neomycin
concentrations of 5, 7.5 and 10mM were observed to be able to reduce the percentage of cell
infectivity with BRV by 16.21%, 56.72% and 73.94% respectively. The kinetics of BRV growth
was carried out by plaque assay. At the concentrations 7.5 and 10mM neomycin, there was
marked decrease in virus titer in supernatant at time interval 48 and 72h post infection. It was
concluded that Neomycin B is an inhibitor of BRV replication in-vitro particularly when the
drug is added during the complete infection cycle; pre-incubation of virus and pretreatment of
MA-104 with neomycin does not affect replication of BRV.

RS A family of aminoglycoside antibiotics,
Bovine Rotavirus is classified within including neomycin B, is capable of binding to
Genus  Rotaviruses within the Family RNA molecules (5) and targets the 30S

Reoviridae. The virus particle is triple layered,
approximately 70 nm in diameter, and of

icosahedral symmetry. Its genome consists of °

Il segments of double-stranded RNA that
code for 6 structural and 6 non-structural
proteins. It also contains its RNA polymerase
(1). Infection with rotavirus occurs world-wide
causing economic losses among calves under 3
weeks of age with morbidity and mortality
rates reach 37% and 25 to 46% respectively
(2,3). Although rotavirus vaccines are often
administered to pregnant animals to increase
levels of rotavirus antibodies in colostrum,
neonates frequently exhibit rotaviral diarrhea.
The later may be attributed to failure of
passive transfer from dam to calf (4).
Therefore other therapeutics need to be
considered for controlling of Rotavirus
infection.

subunit of ribosomal RNA  causing
mistranslation (6). Neomycin B has been
shown to inhibit viral replication by several
mechanisms, including blockage of wviral
penetration or inhibition of viral nucleic acid
synthesis (7). Neomycin B inhibits the
replication of herpes simplex virus type I in
BHK cells by mere than 90%, by binding to
the virus receptor (§). It interrupts the
interaction between a protein and specific
regions of the genome of human
immunodeficiency viruses (HIV) (9). The
assumptions were based on- previous results
obtained with effect of neomycin B on other
viruses. Our goal was to study the effect of
neomycin on Rotavirus replication.

MATERIAL AND METHODS

Cell: MA-104 cell cultures (Rhesus monkey
kidney fetal cells) were obtained from
American Type Culture Collection (ATCC).
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Bgvine rotavirus (BRV): Nebraska -calf
diarrhea virus (NCDV) was obtained from
Department of Weterinary Sciences, South
Dakota State University (SDSU), USA. This
viras suspension was used throughout the

experiment at a multiplicity of infection of
4000 PFU/ 10° cells.

Neomycin B (Sigma, USA) was prepared as a
stock solution at 100 mM in MEM pH 7.3,
sterilized by filtration and maintained at 4°C.

Antibody: Anti-NCDV VP6 monoclonal
antibody prepared in mice and labeled with
fluorescin isothiocyanate (FITC), obtained
from Department of Veterinary Sciences,
SDSU, USA. It used in IF and flow cytometry.

Preliminary assessment of Neomycin B
cellular cytotoxicity:_Confluent MA-104 cells
grown in 96-well plates were washed and
maintained  with neomycin at  the
concentrations of 0.6, 3, 5, 7.5, 10, 15, 20,
30, 40, 50, 60, 70, 80, 90 and 100 mM in
MEM. Each concentration was tested in 6
wells per plate, in addition to mock-treated
cells. The plate was incubated at 37°C in 5%

CO2 condition for 4 days with daily
examination for any changes indicating
cytotoxicity (10). The cell viability was

evaluated by a standard colorimetric assay for
measuring cellular proliferation using 3-(4,5-
dimethythiazol- 2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay.
end of incubation, 20 upl of MTT solution
(5mg/ml in PBS) was added to each well
containing cells. The plate was incubated for 5
hours; media was removed with needle and
syringe. Two hundred pl of DMSO was added
to each well to dissolve formazan crystals. The
plate was read at 570 nm wavelength (11). The
cytotoxic index (CI) was calculated by
following equation:
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=100
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Simultaneous treatment assay: Confluent
MA-104 cells grown in 24-well plates were
infected in quadruplicate with BRV and treated
with different non-cytotoxic concentration
(below CCsp), 0.6, 3, 5, 7.5 and 10 mM of

Five hours before the *
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neomycin in 1 x MEM containing 2.5 pg/ ml

trypsin at the same time of infection.
Monolayers  treated and non-infected,
monolayer non-treated and infected and

monolayers non-treated and non-infected were
maintained for control. The cells were
incubated for 72 hours at 37°C in 5% CO2
condition with daily observation for the
development of specific CPE (12).

Treatment of BRV with neomycin B:_Prior
to inoculation, virus suspension was treated
with 0.6, 3, 5, 7.5 and 10 mM of neomycin for
30 minutes at 37°C. Confluent MA-104 cells
grown in 24-well plates were infected in
quadruplicate with virus-neomycin suspension
in addition to control wells. The inoculum
excess was removed; cells were washed and
maintained with fresh 1 x MEM with 2.5
pg/ml trypsin, and daily observed for 3 days
(10).

Pre-infection treatment assay: Treatment of
MA-104 with neomycin before the infection:
Confluent MA-104 cells grown in 24 wells
plates were treated for one, 16 and 24 hours with
0.6, 3, 5, 7.5 and 10 mM of neomycin at 37°C,
in quadruplicate. The neomycin excess was
removed and monolayers were inoculated with
BRV in addition to control wells. Following
attachment, virus inocula were also removed and
cultures were washed and handled (10).

Treatment of cells with neomycin post-
infection with BRV: Neomycin was added to
the cells after virus adsorption time and then
maintained and handled (12).

Evaluation of Effect of neomycin B on BRV
replication wusing Immunofluorescence:
After infection period, MA-104 cells were
fixed with 80% acetone for 20 minutes,
incubated for one hour at 37°C with rotavirus
VP6 MAD labeled with FITC, diluted 1/100 in
PBS. The plates were washed 3 times with
PBS then examined for specific positive
intracytoplasmic fluorescence using Nikon
Eclipse, TS100 Japan Fluorescent microscope
(13).

Evaluation of effect of neomycin B on BRV
replication using plaque assay: Confluent
MA-104 cells were infected with BRV. After
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adsorption, the inoculum was removed and the
cells were overlaid with media containing 0.8%
seaplaque agarose and different concentration
of neomycin B supplemented with S5Sug/ml
trypsin in addition to neomycin and cell
controls. The cells were incubated for 5 days
and then examined by fixation with 10% formol
saline and staining with crystal violet 0.1%
(10).

Evaluation of effect of neomycin B on RNA
synthesis of BRV: In Post-infection treatment
assay; at time intervals of zero, 16, 24, 48, and
72h post-infection (PI), the RNA of BRV were
extracted from supernatants and monolayers
using QIAamp® viral RNA Mini kit (Qiagen)
and RNeasy Plus Mini kit (Qiagen)
respectively. The extracted dsRNA of BRV
were denatured by heating at 95°C for 5 min
and then chilled on ice for 5 min. The cDNA
were synthesized and the PCR was performed
in a total volume of 50 pl in a sterile 0.2 ml
RNase free PCR tube. Amplification reactions
were performed on BIO-RAD thermal cycler
with the following thermal conditions: initial
denaturation at 94°C for 5 min; 40
amplification cycles with denaturation at 94°C
for 30 s, annealing at 53°C for 30 s, and
extension at 72°C for 90 s; and a final
incubation at 72°C for 10 min. Amplified PCR
products were analyzed by electrophoresis on
1.5% ethidium bromide-stained agarose gels at

100 volts for 40 min and viewed under UV

illumination (14).

Evaluation of effect of neomycin B on BRV
replication using Flow cytometry: The MA-
104 cells were harvested, fixed and stained
with rotavirus MAb diluted 1/500 in blocking
solution (5% non fat milk in PBS). The
cellular suspensions were analyzed in Dual
laser FACSCalibur flow cytometer (15).

The Kkinetics of BRV growth in MA-104
treated with different concentration of
neomycin after BRV infection: In Post-
infection treatment assay; at time intervals of
zero, 16, 24, 48, and 72h pi, both supernatants
and monolayers were harvested submitted to
three cycles of freezing/thawing. The viral
titers were determined using plaque assay (12).
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Data analysis: Analysis of variance
(ANOVA) (p < 0.05) was done with PROC
GLM of SAS (SAS Institute, Inc.).

RESULTS

Preliminary assessment of Neomycin B
cellular cytotoxicity: Neomycin maintained in
MA-104 cell cultures for 4 days, at the
concentrations of 0.6 to 10 mM did not
demonstrate any change in the cells that could
be considered toxic effect. However, from
20mM to 100 mM cell rounding and clumping
were observed with increasing intensity at
higher concentrations of the neomycin (Figure
1). Since reduction of MTT can only occur in
metabolically active cells the level of activity is
a measure of the viability of the cells. The CCs;
value which is the reduction in cell viability by
50% was 30mM neomycin concentration.

Evaluation of effect of neomycin B on BRV
CPE: In Pre-infection treatment experiment,
and when virus suspension was pretreated with
different concentration of neomycin, no
change was observed either in the intensity or
progression of CPE in comparison to infected
and non-treated cultures. In simultaneous
treatment assay and post-infection assay,
neomycin had effect on the intensity or
progression of CPE with dose dependent
manner i.e. low concentration of neomycin had
no effect on the rate of CPE of BRV (0.6 and 3
mM), in contrast high concentrations of
neomycin 5, 7.5 and 10 mM were able to
inhibit the CPE of BRV by 25%, 58.33% and
91.67% respectively (Table 1).

Evaluation of effect of neomycin B on BRV
replication using IF: Neomycin
concentrations at 5, 7.5 and 10 mM were able
to reduce the intracytoplasmic fluorescence
induced by BRV by 16.67%, 41.67% and
83.33% respectively (Table 1 and Figure2).

Evaluation of effect of neomycin B on BRV
replication using plaque assay: Low
concentration of neomycin (0.6 and 3mM)
didn’t reduce the number of BRV plagues; in
contrast high concentrations of neomycin (5,
7.5 and 10 mM) were able to reduce the
number of plaques (5 and 7.5mM) or
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completely inhibit formation

(10mM) (Figure 3).

Effect of neomycin on RNA synthesis of
BRV: At time interval 48 h pi, there was
decrease in viral RNA by 209.11 and 241.14
ng/ul in supernatant in virus infected and
treated cells with 7.5 and 10mM neomycin
respectively. While there was decrease by
157.42 and 217.1 ng/pl in cell-associated in
virus infected and treated cells with 7.5 and
10mM neomycin respectively. At the
concentrations 5, 7.5 and 10mM neomycin,
there was marked decrease in viral RNA by
707.74, 85267 and 978.62 ng/ul in
supernatant at 72h post infection (Figure 4).

the plaques

Evaluation of effect of neomycin B on BRV
replication wusing Flow cytometry: In
simultaneous treatment assay, neomycin
concentrations of 5, 7.5 and 10 mM were able
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to reduce the percentage of cell infectivity with
BRV by 17.98%, 50.57% and 74.11%
respectively. In post-infection treatment assay,
neomycin concentrations of 5, 7.5 and 10 mM
were able to reduce the percentage of cell
infectivity with BRV by 16.21%, 56.72% and
73.94% respectively, (Table 2 and Figure 5).

The kinetics of BRV growth in MA-104
treated with different concentration of
neomycin after BRV infection: There was
significant decrease in virus titer by 2 logs in
cell-associated at 48 h in virus infected and
treated cells with 7.5mM neomycin. At the
concentrations 7.5 and 10mM neomycin, there
was marked decrease in virus uter in
supernatant at time interval, 48 and 72h post
infection, (Figure 6).

Figure 1. Evaluation of neomycin B cytotoxicity on MA-104.

A- Normal confluent MA-104 cells.

B- MA-104 cells treated with neomycin B showing toxic abnormalities by neomycin B. X 100.

Table 1. Effect of neomycin B on BRY CPE and IF

Neomycin % of CPE % of reduction in | % of fluorescence | % of reduction in
conc. mM CPE of BRV fluorescence
0.6 100x0a 0 100+0a . 0
3 91.67+83a 8.33% 100£0a 0
5 T5+x144a 25% 83.33+83a 16.67%
g 41.67+83b 58.33% 58.33+83b 41.67%
10 833+83¢c 91.67% 16.67 8.3 ¢ 83.33%
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Figure 2. Effect of neomycin on BRV IF.
A- Mock infected cell showing no fluorescence.

B-Virus infected cell stained with NCDV MADb against VP6 labeled with FITC, showing
intracytoplasmic greenish yellow fluorescence.

C-Virus infected treated cell with 5SmM neomycin showing few intracytoplasmic fluorescence in
some cells.

D-Virus infected treated cell with 7.5mM neomycin showing marked decrease in the
intracytoplasmic fluorescence. X 100

Figure 3. Effect of neomycin B on rotavirus Figure 4. Effect of neomycin B on RNA
replications: there is difference in synthesis of BRV.
number of plaques with dose-
dependent decrease.
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Figure 5. Effect of neomycin B on percentage of BRV infectivity using flow cytometry.

Table 2. kinetic Effect of neomycin on percentage of cell infectivity with BRV by Flow
cytometry. The Table represents the mean value of the % of cell infectivity with
BRV # standard error from three independent experiments.

Time post- Virus
infection 0.6mM ImM SmM 7.5mM 10mM Cell Control
Control
{Hour)

0 1.68+0.25a | 1.68+032a | 1.84+035a|2.02+041a] 1.78+0.29a | 2.07+031a | 1.56+0.2Ta
16 4735+19a | 4219 +3ab | 41.49+28ab | 40.15+22ab | 3593 £13b | 53.50x4.1a | 3.13£0.14¢
24 51.29+48a | 4886x3.2a | 41.80+2.8b | 33.5=5.6bc | 28.10£23¢c | 56.70+2.7a | 3.00 £ 0.45d
48 3583 +33a | 381+31a |3258+23a| 22.19+2.2b | 1599 «1.8b | 359 +d4a | 3.80+£0.51 ¢
72 78.74+£843a | T73x£0%a | 65.25+x2ab | 33.7+x4.64b | 2029 +2.0b | 7787 +536a | 4.70 £ 0.59 ¢

Different subscripts in the same column mean significant differences p < 0.05.
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Figure 6. Kinetics of BRV growth in MA-104 treated with different concentration of neomycin
after BRV infection. A- At 16 hPL. B- At 24 h PL. C- At48 h PL. D- At 72 h PL

DISCUSSION

Rotavirus causes world-wide acute viral
gastroenteritis in young animals and children
(16). It also results in important economical
losses in agriculture due to diarrhea in pigs,
sheep and poultry rearing. Newborn calves are
susceptible to rotavirus infection during the
first weeks of life, thus making it difficult to
actively immunize the animals before
exposure to the virulent pathogen (17). Our
goal was a trial to reduce the risk caused by
rotavirus via using of neomycin as
chemotherapeutic agent. In Simultaneous
treatment assay, It was observed that
neomycin B able to inhibit Rotavirus
replication when is added to infected cell
cultures and kept along the experiment which
could be due to an inhibition of wviral
attachment or penetration as is observed in the

case of herpes simplex virus type I (§) or
inhibition of viral nucleic acid synthesis.

Neomycin had to be present at the time of
infection to exert maximal effect, whereas the
addition of the antibiotic 1 h post-infection had
no effect (8). As results indicated that the
neomycin affects at early stages of HSV-1.
Thus, when the first steps of infection have
occurred, the presence of neomycin does not
interfere with the further, normal course of
infection.

To determine whether the inhibitory effect
of neomycin on rotavirus replication was due
to inhibition of the initiation, replication
phases of rotavirus replication, the cells were
treated with different concentrations of
neomycin B varying from 0.6 to 10 mM before
and after viral infection.
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In in-vitro assays when neomycin was
added to the cell cultures before, during, after
infection and treatment of virus with neomycin
(0.6, 3, 5, 7.5 and 10mM) results indicated that
pre-incubation of virus with neomycin for 30
minutes at 37°C and pretreatment of MA-104
with neomycin does not affect replication of
BRV. The inhibition of BRV replication
occurs when the drug is added to the MA-104
after infection indicates that the drug affects a
step of viral replication other than penetration
suggesting that the effect could involve a step
related to the synthesis of the viral genome
which evaluated by IF, plaque assay and flow
cytometry. The drugs are simultaneously
interacting with the lower and upper stem
regions of HIV (9). Rotavirus RNA synthesis
of both plus and minus RNA involves the
recognition of RNA promoters. In the
particular case of minus-strand synthesis,
according to the predicted structure at the 3
end of the viral RNA seems to suggest the
presence of a stem and loop structure similar
to the aptamers, which have been shown to be
able to bind either neomycin B or tobramycin
(18).

RNA can be considered as a target for
therapy and the detailed understanding of the
mode of action of RNA-binding drugs should
aid the rational design of novel therapeutics
{19). To test the hypothesis that neomycin
inhibition of viral replication occurs through
inhibition of viral RNA production, the effect
of neomycin on RNA levels of infected cells
with BRV was estimated. By treatment of cells
with neomycin using concentrations of 5, 7.5
and 10mM neomycin there was marked
decrease in viral RNA by 707.74, 852.67 and
978.62 ng/ul in supernatant at 72h post
infection respectively. These results explain
the hypothesis that viral RNA considered a
target for Neomycin. These results are
consistent with previous study which showed
that the neomycin has a cleavage effect on
HIV RNA oligonucleotides (20).

In kinetics of BRV growth in MA-104
treated with different concentration of
neomycin after BRV infection, there was
significant decrease in virus titer by 2 logs in
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cell-associated at 48 h in virus infected and
treated cells with 7.5mM neomycin. At the
concentrations 7.5 and 10mM neomycin, there
was marked decrease in virus titer in
supernatant at time interval, 48 and 72h post
infection (Figure 6).

Qur result indicated that 10mM neomycin
concentration (9mg neomycin in 1 ml media)
was within the range of therapeutic dose of
neomycin and reduced BRYV replication by
73.94%. The therapeutic dosages of neomycin
are 10 to 20 mg/kg body weight for cattle, 10
mg/ kg body weight for sheep and 10 to 30
mg/kg body weight for chickens, turkeys and
ducks. The duration of treatment is 3 to 7 days
for poultry and up to 14 days for large animals
(21).

In conclusion, it was observed that
neomycin B is an inhibitor of BRV replication
in-vitro particularly when the drug is added to
infected cells and kept along the experiment;
pre-incubation of BRV with neomycin and
pretreatment of MA-104 with neomycin do not
affect replication of BRV. It was detected that
neomycin has inhibitory effect on rotavirus
replication in-vitro with dose-dependent
manner; as concentration of neomycin (0.6,
and 3mM) didn’t affect BRV replication,
while concentration (5, 7.5 and 10mM) has
been shown to reduce the rate of BRV
replication.

Further studies on the mechanism of
neomycin inhibition to rotavirus replication,
on the effect of neomycin on BRYV at different
time in-vivo (lab animal and natural host),
human rotavirus in-vitro, on rotavirus protein
expression, and on live attenuated strain of
BRYV need to be done.
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