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Traditionally, the term antibiotic refers to bacteri-
cides and bacteriostatics, that is, substances produced 
by microorganisms that, at low concentrations, respec-
tively, kill or inhibit the growth of other microorgan-
isms, but cause little or no host damage (1, 14, 27, 33).

These days, the application of cells in research 
laboratories, regenerative medicine, and biotechnologi-
cal productions is growing extensively (9). Cells are 
used in wide-ranging activities, from studies on cell 
proliferation to the production of biologically active 
substances (11, 21). Antibiotics of the beta-lactam 
(penicillin) and aminoglycoside (streptomycin, neomy-
cin, kanamycin, gentamicin) groups are widely used 
to reduce bacterial contamination risks in cell cultures 
(32). In addition, tylosin, tiamutin, enrofloxacin, and 
ciprofloxacin have been used therapeutically as ap-

proximately 5-35% intense mycoplasmas contamina-
tions in cell cultures (8, 17, 18, 21, 32).

Tulathromycin belongs to a new class of triamilide 
macrolides. Its 15-membered ring comprising of 3 po-
lar amine groups distinguishes it from other macrolides 
(13, 30). This semisynthetic derivative of erythromycin 
is used for the treatment and prevention of respiratory 
disease in cattle and swine. The therapeutic success of 
tulathromycin is partially attributed to its pharmaco-
dynamic concentration in the appropriate tissues and 
low inhibitory concentrations against various bacte-
rial pathogens (7, 16, 30). Tulathromycin has a high 
affinity for uptake within bovine neutrophils. The 
antimicrobial properties of tulathromycin alone cannot 
fully explain its effectiveness in clearing the infection 
and inflammation associated with bovine respiratory 
disease (BRD), and recent observations support the 
hypothesis that the drug may promote the resolution of 
inflammation (28, 29) via mechanisms that are not fully  
understood (10).
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Summary

The aim of the study was to evaluate the cytotoxicity of tulathromycin (macrolide antibiotic) on BHK-21 
An30 cells and to determine the effect on FMD (Serotypes; A/TUR/11, O/TUR/07, Asia-1/TUR/15) virus 
propagation in vitro. In the result of MTT tests and cell culture studies, the non-toxic upper concentration of 
the tulathromycin limit for BHK-21 An30 cell culture was determined as 30 µg/ml in terms of cell morphologies 
and numbers. The mean FMD 146S virus particle values produced in BHK-21 An30 cell cultures containing 
30 µg/ml of tulathromycin were found to be 0.47, 0.57 and 0.25 µg/ml; the mean infective titer determined 
as 107.03, 106.23 and 107.40 pfu/ml for A/TUR/11, O/TUR/07 and Asia-1/TUR/15, respectively. In the FMD virus 
cultures produced with medium containing penicillin-streptomycin, the mean values of 146S virus particles 
were determined to be A/TUR/11, O/TUR/07 and the Asia-1/TUR/15 serotypes were 0.50, 0.55, and 0.32 µg/ml,  
respectively, while the mean infective titers were 107.46, 106.62 and 107.73 pfu/ml, respectively. As a result, it was 
concluded that tulathromycin can be used as an antibiotic up to 30 µg/ml in a BHK-21 An30 cell culture and 
in the production media of the FMD virus A, O, and Asia-1 serotypes.
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Foot and mouth disease (FMD) is the most conta-
gious disease in mammals and has great potential for 
causing severe economic loss in susceptible cloven-
hoofed animals. There are seven serotypes of the FMD 
virus (FMDV), namely, O, A, C, SAT 1, SAT 2, SAT 3, 
and Asia-1 (13, 22). The serotypes of FMDV are not 
distributed uniformly around the world. The serotype 
O, A, and C viruses have had the widest distribution 
and have been responsible for outbreaks in Europe, 
America, Asia, and Africa. The FMDV particle is 
roughly spherical in shape, and, about 25-30 nm in 
diameter (20, 25). It consists of the RNA genome sur-
rounded by a protein shell or capsid (15, 23). It causes 
heavy economic losses to the livestock industry, such 
as a high morbidity in adult animals, treatment costs, 
reduced milk production, loss of working ability in 
draught animals in developing countries, reproductive 
disorders, and high mortality in young ones (13, 19, 
24). The control of FMD is a national and regional 
responsibility, and, in many countries, the vaccine may 
be used only under the control of a veterinary author-
ity (20, 35). Sensitive cell culture systems include 
primary bovine (calf) thyroid cells and primary pig, 
calf, or lamb kidney cells. Established cell lines, such 
as BHK-21 (baby hamster kidney) and IB-RS-2 cells, 
may also be used, but are generally less sensitive than 
primary cells for detecting low amounts of infectivity. 
The sensitivity of any cells used should be tested with 
the standard preparations of FMDV (22, 23). The FMD 
vaccine is obtained by producing BHK-21 cells under 
suspended conditions in high capacity reactors (1000, 
3000, and 5000 Lt). The concentration of highly immu-
nogenic FMD 146S particles is of great importance for 
FMD vaccine production (3, 6, 29). The vaccine doses 
to be given to animals in FMD vaccine production are 
calculated in µg/ml of FMD 146S virus particles (5). 
As seen in other cell cultures and vaccine production 
processes, the biggest problems encountered in the 
FMD vaccine production are bacterial and fungal con-
taminations due to antimicrobial resistance. Therefore, 
the aim of our study was to evaluate the cytotoxicity 
of tulathromycin (macrolide antibiotic) in BHK-21 
An30 cells and to determine its effect on the FMD 
virus propagation in vitro.

Material and methods
Tulathromycin (Pfizer-CP472.295). The antibiotic in 

the form of a powder was dissolved in distilled water, and 
1,000 ppm stock solution was prepared. The prepared stock 
solution was sterilized by passing through a 0.22 µm porous 
filter. It was used by adding to the cell and virus production 
media according to the study concentrations.

Penicillin (Applichem-A1837) and streptomycin 
(Applichem-A1852). After preparing 10,000 ppm stock 
solutions of the antibiotics by dissolving them with distilled 
water, they were sterilized by filtering through a 0.22 µm 
porous filter. Penicillin 100 IU/ml and streptomycin 50 µg/ml  
were used in the cell and virus cultures.

Cell culture. The BHK-21 An30 cell culture was obtained 
from the cell bank laboratory of the FMD (SAP) Institute.

Culture media (Applichem-A-1321). The Glasgow 
Minimum Essential Medium (GMEM) was used with fetal 
calf serum (Biochrom), inactivated at 56°C for 30 minutes 
and added (5%-10%) to the cell culture.

Viruses. FMD virus serotypes A, O, and Asia-1 type  
(A/TUR/11, O/TUR/07, Asia-1/TUR/15) were obtained 
from the FMD (SAP) Institute.

Methylthiazolyldiphenyl-tetrazolium bromide (MTT) 
test dye (Sigma-5655). The MTT dye was dissolved in 
a RPMI-1640 medium without phenol red, through a filter 
at 0.2 µm filter and kept at –20°C.

Gum Tragacanth (Sigma 9000-65-1). Gum, which is 
used as a coating medium in determining the infective titer, 
was weighed in a proportion of 1.3% and then dissolved in 
distilled water. After autoclaving at 121°C for 20 minutes, 
it was mixed with 2XGMEM medium in an equal volume 
and used by adding 1% sodium bicarbonate.

MTT test for cytotoxicity of tulathromycin in the 
BHK-21 An30 cells. An MTT test was performed to deter-
mine the toxicity of the tulathromycin in a BHK-21 An30 
cell culture. The stock solution of the tulathromycin was 
diluted with a cell culture medium containing 10% FCS, 
and the final concentrations were obtained as 10, 20, 30, 
40, 50, 60, 70, 80, 90, and 100 µg/ml.

BHK-21 An30 cells were propagated as monolayer in 
96 well plates, and a cell culture media with tulathromycin 
was added into the plate as 100 µl/well before incubated 
in a 37°C incubator with 5% CO2. Eight wells from top to 
bottom were used for each concentration of tulathromycin. 
In order to evaluate as a cell control, 16 wells were used for 
the medium without antibiotics, and 5 plates were prepared 
to evaluate at 24, 48, 72, 96, and 120 hours. At the end of 
each incubation period, the plates were taken and observed 
under a microscope, and then the media were removed. 
A free serum medium without antibiotics was placed as 
100 µl into the all wells. Later, an MTT dye (13 µl/well) 
was dissolved at the time of use and added in a dark envi-
ronment. All the plates were covered with aluminum foil 
and left in incubation at 37°C with 5% CO2 for 4 hours. 
At the end of the incubation period, 100 µl of isopropyl 
alcohol was added to each well by observing the formazan 
crystals. It was read at 570 nm in the spectrophotometer 
and the results were recorded (30).

Taking into account the first MTT test results, a new test 
was designed for the tulathromycin by determining new 
concentration ranges. For this purpose, the stock solutions 
of the tulathromycin were added to the cell culture media 
containing 10% serum at the final concentrations of 10, 20, 
30, and 40 µg/ml. MTT tests of antibiotics at new concen-
tration ranges were performed with the same procedure.

The results were evaluated according to the FMD (SAP) 
Institute protocol; A cytotoxicity test (with MTT) formula 
was used as:
% viability = testabsorbansort / Cell Control absorbansort × 100. 

According to the formula; the results were evaluated as 
non-toxic (> 90% cell viability), low toxic (60-90% cell 
viability), moderately toxic (30-59% cell viability), and 
toxic (< 30%).
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Effect of tulathromycin on morphology and prolifera-
tion of BHK-21 An30 cell. The cell culture media (GMEM) 
were prepared in final concentrations of 10, 30, 50, 80, 90, 
and 100 µg/ml using stock solutions of the antibiotics of 
the tulathromycin and the control group (penicillin-strep-
tomycin). The BHK-21 An30 cells were trypsinized and 
resuspended with the antibiotic-free medium and divided 
into flasks. The GMEM prepared with antibiotic solutions 
were added into the flasks and incubated at 37°C with 5% 
CO2 for 48 hours. At the end of the 48th hour, the monolayer 
ratio of the cells was observed. The media in the flasks were 
poured and made trypsinization. The cells in each flask were 
resuspended with their own media, and the cell numbers and 
morphological features were recorded with the burker slide 
method. According to the results obtained in the first concen-
trations, a second concentration range was determined, and 
the cell culture media were prepared as final concentration 
10, 20, 30, and 40 µg/ml, and the test was repeated three 
times at the new concentration rates. At the end of 48-hour 
incubation periods of the cells, the monolayer ratios of the 
cells were observed, and the cell numbers and morpho-
logical properties of the cells resuspended by trypsinization 
were determined by using the burker slide method.

Effect of tulathromycin on the FMD virus propaga-
tion. The A, O, and Asia-1 serotypes of the FMD viruses 
with the ratio of 1 virus to 50-100 cells were inoculated into 
BHK-21 An30 cells propagated with the medium contain-
ing tulathromycin and control group antibiotics (penicillin-
streptomycin) up to the 3rd passage level in 25 cm2 flasks. 
After the incubation period for the virus adsorption, the virus 
propagation medium with tulathromycin and penicillin-
streptomycin as put into each flask. The flasks were incu-
bated in an incubator at 37°C with 5% CO2, and 100% CPE 
formation times were recorded in the cells. After 100% CPE 
was seen in the cells, the flasks were frozen and thawed, 
and then centrifuged at 3,000 rpm for 10 minutes. The same 
procedures were repeated three times.

Detection of FMD 146S virus particle. The SDG 
(Sucrose Density Gradient) method was performed accord-
ing to the FMD Institute protocol. A linear gradient was 
obtained with a stratification in the ultra-centrifuge tube 
with 45% sucrose at the bottom and 15% sucrose at the top 
by the help of the gradient maker. A total of 0.5 ml FMD 
virus sample was added slowly over the gradient and then 
the tubes were centrifuged at 41,000 rpm for 2 hours at 4°C 
in a vacuum environment of ultra-centrifuge. After that, the 
samples were placed on the apparatus by piercing the tube 
bottom through the 60% sucrose at a suitable flow rate to 
pass through with a computer-connected UV detector on 
254 nm. When the sample passed through the detector, the 
appropriate absorbance width set, and the Chroma Simple 
software program was started. After providing the peak in 
the program, the start and end point of the peak was drawn, 
and then finally the 146S amount of sample was measured 
in µg/ml.

Infective titer of FMD virus. To determine the infective 
titer and examine the plaque characters of the FMD viruses 
produced in the BHK-21 An30 cell culture with media con-
taining penicillin-streptomycin and tulathromycin, dilutions 
of the FMD virus from log10 10–1 to 10–6 were performed, 

and 100 µl of each virus dilution was inoculated into the 
monolayer BHK-21 An30 cell culture prepared in 6-well 
plates. The plates were incubated at 37°C with 5% CO2 for 
1 hour, after which 3 ml GMEM medium with 50% GUM 
was added to each well of the plate. The plates were incu-
bated again at 37°C with 5% CO2 for 48 hours. At the end 
of the period, the media were emptied and a 2 ml staining 
solution prepared with crystal violet was added to each 
plate well. Finally, the staining solution on the plates was 
drained and then washed three times with deionized water. 
To evaluate the plaque test result, the most recent dilution 
with plaques were counted, and the infective titer PFU/
ml was calculated using the formula (the dilution with the 
plaques X logarithm of the mean plaque number/inocula-
tion volume) (3).

Statistical analysis. All the data were analyzed with 
Shapiro-Wilk and Levene Statistical tests. According to 
these two statistical results, the Independent Samples t-Test 
was performed for each of the three studies to detect the 
differences of the levels of the FMD 146S viral particles 
and infective titers of the FMD virus serotypes between the 
control in the BHK-21 An30 cell culture with the media 
containing penicillin-streptomycin and the other one con-
taining 30 µg/ml tulathromycin. The statistical results were 
evaluated on the 95% confidence interval. The SPSS 22.0 
(Inc., Chicago II, USA) software was used.

Results and discussion
MTT test for cytotoxicity of tulathromycin in the 

BHK-21 An30 cells. The test was performed at the 
end of the 5-day incubation periods of the BHK-21 
An30 cells produced by GMEM media, which were 
prepared with an antibiotic concentration started from 
10, 20, 30, 40, 50, 60, 70, 80, 90, and 100 µg/ml. Then 
the cell viability was measured at 100% and above the 
absorbances in all the dilutions of the penicillin-strep-
tomycin. The cell viability in the cell culture, includ-
ing the tulathromycin at a concentration of 40 µg/ml,  
was measured at 87.95% and continued to decrease 
at subsequent concentrations with an absorbance of 
69.09% in 100 µg/ml (Fig. 1).

Fig. 1. MTT test for the cytotoxicity of tulathromycin and 
penicillin-streptomycin on BHK-21 An30 cells
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The MTT test was performed in the second concen-
tration ranges started from 10, 20, 30, and 40 µg/ml  
via the evaluation of the first MTT test results. The 
cell viability was measured at 100% and above absor-
bances in the BHK-21 An30 cell cultures produced 
with a medium containing penicillin-streptomycin. The 
cell viability was measured at over 90% in the BHK-21 
An30 cell cultures produced with the media containing 
10 µg/ml and 30 µg/ml tulathromycin. Meanwhile, the 
cell viability was decreased from 72.89% to 50.94% 
in the last concentration of the cell cultures with a me-
dium containing tulathromycin at the concentrations 
between 40 and 100 µg/ml and above.

Effect of tulathromycin on morphology and 
proliferation of BHK-21 An30 cell. As a result of 
passages with the BHK-21 An30 cell, it was observed 
that the cell numbers produced media containing tu-
lathromycin at 10 and 30 µg/ml concentrations which 
were equivalent to the control group cell numbers at 
each passage. At 50 µg/ml and above concentrations, 
it was seen that the cell coverage rate and numbers 
decreased and degenerations started in the cell mor-
phology (Tab. 1). As a result of repeated passages with 
the BHK-21 An30 cell by narrowing the concentration 
ranges, it was observed that the cell numbers passaged 
medium with tulathromycin at 10, 20, and 30 µg/ml 
concentrations were equivalent to the control group 

cell numbers in each passage. At 40 µg/ml concentra-
tion, the cell coverage rate and numbers decreased and 
degenerations started in the cell morphology (Tab. 2). 
The 30 µg/ml of Tulathromycin was determined as an 
upper limit, and the BHK-21 An30 cells were repli-
cated for the FMD virus inoculation.

Effect of tulathromycin on the FMD virus propa-
gation. Following the inoculation of the A, O, and 
Asia-1 serotypes of the FMD virus in 25 cm2 flasks, it 
was noted that 100% CPE was observed at an average 
of 30 hours in A/TUR/11, 21 hours in O/TUR/07, and 
24 hours in Asia-1/TUR/15 FMDV, respectively. 146S 
virus particle and infective titer tests were performed 
from the virus suspension after by freezing-thawing the 
flasks and centrifuging at 3,000 rpm for 10 minutes.

Detection of FMD 146S virus particle. In the 
FMDV suspensions produced three times with the 
virus media containing the control group antibiotics 
(penicillin-streptomycin), the mean value of the FMD 
146S virus particle was detected as 0.52, 0.47, and 
0.53 µg/ml for A/TUR/11; 0.6, 0.55 and 0.52 µg/ml  
for O/TUR/07; and 0.32, 0.28 and 0.37 µg/ml for 
Asia-1/TUR/15 FMDV. The mean values of the FMD 
146S virus particle in the virus cultures made with the 
medium containing tulathromycin were 0.47 µg/ml for 
A/TUR/11, 0.54 µg/ml for O/TUR/07, and 0.25 µg/ml 
for Asia-1/TUR/15 (Tab. 3).

Tab. 1. Cell numbers and confluent ratios in first monolayer cell cultures

Antibiotics Amount  
(µg/ml)

Cell Study 1 Cell Study 2 Cell Study 3

Confluent (%)  Count Confluent (%) Count Confluent (%) Count 

Control  
(Penicillin-Streptomycin)

 10 100 1.1 × 106 100 9.5 × 105 100 1.0 × 106

 30 100 1.0 × 106 100 8.5 × 105 100 1.0 × 106

 50 100 1.0 × 106 100 8.0 × 105 100 9.0 × 105

 80 100 1.0 × 106 100 8.0 × 105 100 9.5 × 105

100 100 1.0 × 106 100 9.0 × 105 100 8.0 × 105

Tulathromycin

 10 100 1.0 × 106 100 8.5 × 105 100 9.0 × 105

 30 100 9.0 × 105 100 8.5 × 105 100 8.0 × 105

 50  90 7.5 × 105  70 5.7 × 105  70 6.0 × 105

 80  90 7.5 × 105  60 4.3 × 105  60 5.2 × 105

100  90 7.5 × 105  60 4.2 × 105  60 5.0 × 105

Tab. 2. Cell numbers and confluent ratios in second monolayer cell cultures

Antibiotics Amount (µg/ml)
Cell Study 1 Cell Study 2 Cell Study 3

Confluent (%)  Count Confluent (%)  Count Confluent (%)  Count

Control  
(Penicillin-Streptomycin)

10 100 1.1 × 106 100 9.5 × 105 100 1.0 × 106

20 100 9.5 × 105 100 1.0 × 106 100 9.5 × 105

30 100 1.0 × 106 100 9.5 × 105 100 1.0 × 106

40 100 9.5 × 105 100 1.0 × 106 100 1.0 × 106

Tulathromycin

10 100 9.6 × 105 100 9.5 × 105 100 9.0 × 105

20 100 1.0 × 106 100 9.5 × 105 100 8.5 × 105

30 100 1.0 × 106 100 9.0 × 105 100 9.0 × 105

40 100 7.0 × 105  90 7.5 × 105  80 7.5 × 105
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Infective titer of FMD virus. In the plaque tests, 
the FMD viruses produced with a medium contain-
ing penicillin-streptomycin were determined to be 
107.46, 106.42 and 107.73 pfu/ml for serotypes A/TUR/11,  
O/TUR/07 and Asia-1/TUR/15, respectively. The FMD 
infective virus titers produced with a medium contain-
ing tulathromycin were determined as 107.03, 106.23 and 
107.40 pfu/ml for the serotypes A/TUR/11 O/TUR/07 
Asia-1/TUR/15, respectively (Tab. 4).

Statistical analysis. The results of the 146S virus 
particles produced in the BHK-21 An30 cell cultures 
with tulathromycin for the FMDV serotype A/TUR/11 
showed a statistically significant increase (p < 0.05). 
In other studies of the FMDV serotypes, the data was 
very close numerically. It was determined that the 
tulathromycin had a positive effect. However, a sta-
tistically significant difference was found in the lower 
mean values of 146S virus particles compared to the 
control group antibiotics (penicillin-streptomycin). To 
compare with the infective titers, close values were 

found, but a statistically significant decrease was ob-
served (p < 0.05).

In conclusion, although the effect of this study 
result was not observed as being equivalent to the 
penicillin-streptomycin control group, the level of  
30 µg/ml tulathromycin in the virus-producing media 
showed a positive activity and resulted in the same 
infective titer when compared to the control group 
values. Finally, it was concluded that this concentration 
of tulathromycin could be used as an alternative in the 
virus culture media.

The most widely used antibiotics in cell cultures are 
penicillin (50-100 IU/ml), streptomycin (50-100 µg/
ml), and gentamicin sulfate (50-100 µg/ml). In addi-
tion, kanamycin sulfate (100 µg/ml), neomycin sul-
fate (50 µg/ml), ampicillin (100 µg/ml), carbenicillin  
(0.1-75 µg/ml), chloramphenicol (5 µg/ml), cipro-
floxacin (10 µg/ml) and tetracycline (10 µg/ml) are 
commonly used as antibiotics in cell cultures. These 
rates recommended for antibiotics were determined 

Tab. 3. Amounts of FMD 146S viral particles produced with medium containing tulathromycin

Treatments Items

Levels of FMD 146 S viral particles (µg/ml)

A Tur.11 O Tur. 07 Asia-1 Tur.15

Mean
Value

(x)
SD SEM p

value

Mean
Value

(x)
SD SEM p

value

Mean
Value

(x)
SD SEM p

value

Control Study 1 0.517 0.007 0.020
0.001

0.600 0.012 0.004
0.069

0.320 0.01 0.007
0.003

Tulathromycin (30 µg/ml) Study 1 0.548 0.013 0.050 0.620 0.023 0.008 0.280 0.02 0.008

Control Study 2 0.470 0.012 0.004
0.001

0.554 0.010 0.004
0.038

0.280 0.02 0.008
0.025

Tulathromycin (30 µg/ml) Study 2 0.414 0.01 0.005 0.530 0.020 0.009 0.252 0.01 0.006

Control Study 3 0.530 0.025 0.009
0.001

0.522 0.013 0.005
0.001

0.365 0.01 0.006
0.001

Tulathromycin (30 µg/ml) Study 3 0.450 0.017 0.006 0.462 0.017 0.006 0.230 0.02 0.008

Total values for Control Study 1-2-3 0.505 0.01 0.004
0.001

0.559 0.007 0.002
0.002

0.321 0.01 0.004
0.001Total values for 

Tulathromycin (30µg/ml) Study 1-2-3 0.470 0.009 0.003 0.537 0.01 0.004 0.254 0.01 0.004

Explanation: control – includes penicillin-streptomycin; SD – standard deviation; SEM – standard error mean; p – significance (p < 0.05)

Tab. 4. Infective titers of FMD virus produced by media with tulathromycin

Treatments Items

Infective titers of FMD serotypes (pfu/ml)

A Tur.11 O Tur. 07 Asia-1 Tur.15

Mean
Value

(x)
SD SEM p

value

Mean
Value

(x)
SD SEM p

value

Mean
Value

(x)
SD SEM p

value

Control Study 1 7.75 0.01 0.005
0.001

6.72 0.021 0.008
0.001

8.14 0.01 0.006
0.001

Tulathromycin (30 µg/ml) Study 1 7.48 0.02 0.009 6.46 0.014 0.005 8.02 0.01 0.005

Control Study 2 7.21 0.02 0.009
0.001

6.00 0.01 0.007
0.004

7.43 0.02 0.010
0.001

Tulathromycin (30 µg/ml) Study 2 6.76 0.03 0.011 5.96 0.02 0.008 7.10 0.02 0.010

Control Study 3 7.43 0.02 0.010
0.001

6.53 0.033 0.012
0.001

7.62 0.04 0.010
0.001

Tulathromycin (30 µg/ml) Study 3 6.85 0.06 0.020 6.28 0.039 0.014 7.03 0.06 0.020

Total values for Control Study 1-2-3 7.463 0.018 0.006
0.001

6.417 0.01 0.003
0.001

7.730 0.01 0.007
0.001Total values for 

Tulathromycin (30 µg/ml) Study 1-2-3 7.033 0.032 0.012 6.234 0.015 0.005 7.390 0.01 0.007

Explanation: as in Tab. 3.
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for serum-containing media. These rates are usually 
reduced by 50% due to the increased cytotoxic effect 
of antibiotics in serum-free conditions. In addition, at-
tempts are made to expand the effects of antibiotics by 
combining them to create synergistic effects (4, 26, 27).

This study aimed to use tulathromycin as an an-
tibiotic in BHK-21 An30 cell cultures (and widely 
used in FMD vaccine production), as an alternative 
to some currently available antibiotics (penicillin and 
streptomycin).

In a study to determine the toxicity of some macro-
lide group antibiotics (tilmicosin-TILM, tylosin-TYL 
and spiramycin-SPI) at different concentrations (50- 
-1000 µg/ml) on the BHK 21 cell cultures (cell line 
from young hamster kidneys), it was reported that spi-
ramycin did not have a significant effect on the viability 
in cells up to 125 µg/ml, but the cells rapidly lost their 
viability at 150 and 200 µg/ml, and complete deaths 
occurred in cells above 300 µg/ml. In the same study, 
it was reported that 70% of sub vital formations were 
detected even at 50 µg/ml of BCC cells (10). In our 
present study, cell viability was measured as 100% in 
all the dilutions of the penicillin-streptomycin in the 
MTT test, and the cell viability was found to be over 
90% in the BHK-21 An30 cell cultures produced with 
the media containing tulathromycin of 10 and 30 µg/ml,  
and it was observed in concentrations between 40 and 
100 µg/ml, and above that the cell viability dropped 
from 72.89% (40 µg/ml) to 50.94% in the last con-
centration (100 µg/ml). In the present study it was 
observed that the toxicity amount (40 µg/ml and above) 
in the BHK-21 An30 cell culture for the tulathromycin 
in the macrolides antibiotics group was higher than 
the amount for the spiramycin (above 125 µg/ml) and 
tylosin (above 500 µg/ml) reported by Fülöpová et al. 
(10), but lower than the values reported for tilmicosin 
(0-50 µg/ml).

At the end of the three passages of the BHK-21 
An30, with the cells made with the medium contain-
ing tulathromycin in concentrations of 10, 20, and 
30 µg/ml, it was observed that the cell numbers were 
equivalent to the cell numbers of the control group 
(penicillin-streptomycin) in every passage. At 40 µg/ml  
concentration, it was determined that the cell cover-
age rate and numbers decreased and degenerations 
occurred in the cell morphology.

FMD, one of the most devastating diseases of live-
stock, can cause significant economic losses world-
wide, and remains the most important constraint to 
international trade in live animals and animal products 
(15, 19, 29). FMDV is divided into seven serotypes 
with no cross-protection conferred among those sero-
types (23, 35). Vaccination is very important in com-
bating the FMD disease. The production of vaccines 
against the FMD disease is carried out in suspended 
BHK cell cultures (5, 23). One of the most important 
problems encountered during vaccine production is 
the bacterial contamination of the cell cultures. The 

use of antibiotics as a preservative against bacterial 
contamination, which is one of the biggest problems 
in the production of cell cultures, has become im-
perative, especially in large-scale systems (28, 31, 
32, 34). Gentamycin, penicillin, and streptomycin are 
routinely used for protective purposes against bacterial 
contamination in the production of large volumes of 
FMD vaccine.

The concentration of highly immunogenic FMD 
146S particles is of great importance for FMD vac-
cine production (3, 6, 29). Vaccine doses to be given 
to animals in FMD vaccine production are calculated 
in µg/ml of FMD 146S virus particles (5). In the study 
conducted by us, the average FMD 146S virus particle 
amounts obtained in the vaccine suspension produced 
by the medium containing penicillin-streptomycin 
(A/TUR/11, O/TUR/07, and the Asia-1/TUR/15 were 
0.50 µg/ml, 0.55 µg/ml and 0.32 µg/ml, respectively) 
and were observed to be very close to the amount of 
146S FMD virus particle produced with the medium 
containing 30 µg/ml of tulathromycin (A/TUR/11,  
O/TUR/07, and Asia-1/TUR/15 were 0.47 µg/ml,  
0.53 µg/ml and 0.25 µg/ml, respectively).

In conclusion, tulathromycin is suitable for the use 
of up to 30 µg/ml according to the spectrum of action, 
and can be used in the BHK-21 An30 cultures against 
contaminations caused by bacteria and the FMD vac-
cine production process.
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