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Abstract

The effect of four antibiotics (amikacin, clindamycin, cephalothin and vancomycin) was investigated considering that
bacterial infection in fibroblasts cultures is a very frequent event. The investigation included the effect of the
antibiotics on fibroblast growth and on the activity of the enzyme glucocerebrosidase. The antibiotics were added to
the fibroblast cultures and cell growth was evaluated by counting the number of cells and their viability. After cell
harvesting, the enzyme activity and content of protein were measured. The results allowed us to conclude that none
of the antibiotics affected the cellular number nor the cellular viability. The content of protein decreased when
cephalothin and clindamycin were added to the cultures, and glucocerebrosidase was affected in the presence of
amikacin. Vancomycin did not interfere with any of the parameters analyzed, so it was chosen to be used in cell
cultures to prevent the contamination by gram positive bacteria.
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Introduction

Bacterial contamination is a common event in labora-

tories that deal with culture of tissues. Often these problems

are related to inadequate handling, washing and steriliza-

tion of the material as well as contamination of the culture

medium, serum, and reagents (Freshney, 2000).

Our laboratory is located inside a university hospital

and cultivates fibroblasts from skin biopsy, chorionic villus

and amniocytes, which are obtained from patients with a

high risk for inborn errors of metabolism. The diagnosis of

these diseases is performed by enzymatic analysis of these

materials. Although the fibroblasts are cultured in a care-

fully sterilized and clean environment, the contamination

of one or several cultures sometimes occurs. This is a very

serious event, since some samples will not be able to be rec-

ollected because many patients live in distant locations or

have already died.

Fibroblasts cultures from skin biopsy are the most af-

fected by bacterial and fungal contamination. In the last ten

years, approximately 20% of all cultures have been con-

taminated, resulting in a significant loss of material and

time. Consequently, in these cases, the diagnosis could not

be made, causing several problems for patients and their

families.

When we find bacteria in a fibroblast culture, we al-

ways discharge the contaminated material in order to avoid

further contamination of healthy cultures.

The bacteria found in fibroblast cultures belong to

gram-negative and gram-positive groups, which means

there is a wide spectrum of antibiotics capable of prevent-

ing the infection efficiently (Russell, 1998).

There is no mention in the literature concerning the

effect of antibiotics on fibroblast growth and metabolism;

only penicillin, gentamicin and amikacin are quoted by the

manufacturers of culture media as preventing bacteria con-

tamination. According to these manufacturers, these antibi-

otics can prevent and eliminate the bacteria and do not

interfere with fibroblasts metabolism and morphology. Al-

though these three antibiotics have been recommended,

they do not prevent the whole spectrum of bacteria. Even

though we can choose a specific antibiotic for a specific

bacteria, we must face the fact that the dose of the drug,

more often than not, is ineffective.

We still do not know what is the real effect of antibi-

otics on fibroblasts cultures. If these compounds act on cel-

lular reproduction, they would affect fibroblast growth and

development and consequently damage the enzymatic anal-

ysis to be performed later.
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The aim of this study was to evaluate the effect of four

antibiotics (amikacin, clindamycin, cephalothin and

vancomycin) on fibroblast cultures and the possibility of

introducing their use in the culture laboratory routine. The

introduction of these drugs in fibroblast cultures would pre-

vent the bacterial contamination of these cells, avoiding

loss of material and harm to patients.

Material and Methods

Cell culture
Skin fragments from 20 different patients were col-

lected under absolutely aseptic conditions and immediately

transferred to sterile Petri dishes containing HAM-F10 cell

culture medium plus 20% fetal calf serum. These fragments

were cut into several pieces (explants). The explants were

transferred to the polystyrene cell culture flask Falcon T25

type containing HAM-F10 cell culture medium plus 20%

fetal calf serum. When cells from the explants presented ad-

equate growth, fibroblasts were detached from the bottom

of the flask with 0.25% trypsin-EDTA solution and trans-

ferred to two new sterile flasks containing HAM-F10 cell

culture medium plus 10% fetal calf serum. The cultures

were kept in an incubator at 37 °C (Coelho and Giugliani,

2000). This procedure was repeated until we obtained a suf-

ficient number of flasks for the addition of antibiotic. All

participants signed an informed consent and our study was

approved by the Ethics and Scientific Committee of Hospi-

tal de Clínicas de Porto Alegre.

After antibiotic addition, the cells were counted and

submitted to viability tests. The fibroblasts were then re-

moved from the flask with trypsin-EDTA solution and

washed three times with PBS buffer. After centrifugation,

the pellet containing the cells was kept frozen at -40 °C un-

til protein content determination (Lowry et al., 1951) and

assay of enzyme activity.

Antibiotic addition
Amikacin 250 mg/mL was added to cultured

fibroblasts at a final concentration of 11, 22 and 33 µg/mL;

cephalothin 250 mg/mL was added to cultured fibroblasts

at a final concentration of 1.5, 3 and 4.5 µg/mL;

clindamycin 198 mg/mL was added to cultured fibroblasts

at a final concentration of 1, 2 and 3 µg/mL and

vancomycin 50 mg/mL was added to cultured fibroblasts at

a final concentration of 2, 4 and 6 µg/mL. All concentra-

tions used were higher than the minimum inhibitory con-

centration (MIC) of antibiotics studied and used against the

majority of microorganisms encountered in a hospital envi-

ronment (Goodman and Gilman, 1996). In all experiments

we used a control culture without antibiotic. The cultures

were incubated with the antibiotic at 37 °C for 10 days.

Photograph
All cultures were photographed before and after the

antibiotic addition in an inverted microscope Nikon

Diaphot with Kodak Ektachrome film.

Cell count and viability test
Cells were counted microscopically after the antibi-

otic addition (day 10), using a hemocytometer. Cellular vi-

ability was measured by the trypan blue method (Cellis and

Cellis, 1998) dividing the number of viable cells by the to-

tal number of cells (viable and dead).

Enzyme assay

β-glucocerebrosidase activity was determined by the

method of Peters et al. (1976) using 4-methylumbelliferyl-

β-D-glucopyranoside as a substrate. The assay mixture

contained 200 µL of substrate dissolved in distillated water

at a concentration of 10 mM, 100 µL of 0.54 M citrate-

phosphate buffer, pH 5.5, and 40 µL of fibroblasts

(10-20 µg of protein) previously diluted in 0.9% sodium

chloride. The incubation was at 37 °C for 1 h. The reaction

was stopped with 3 mL of 0.5 M glycine-sodium hydroxide

buffer, pH 10.3, and the fluorescence was read in a Hitachi

F-2000 spectrofluorometer (excitation and emission wave-

length of 365 and 450 nm, respectively).

Statistical analysis
Data are reported as mean ±SD. The comparison

among treatments using three distinct antibiotic concentra-

tions and one without antibiotic culture was performed by

one-way ANOVA followed by Tukey test whenever neces-

sary. The Student t-test for unpaired samples was used to

compare two groups. The analysis was performed using the

statistical software package SPSS/PC+, version 3.0, and the

level of significance was set at p < 0.05.

Results

The four antibiotics, in all the concentrations used,

did not significantly increase or decrease the number of

cells cultured (Table 1). Ten days after the antibiotics addi-

tion, the cells were photographed in order to observe their

morphology and number. In figures 1 to 4 it can be seen that

the quantity of cells did not change and this finding is in ac-

cordance with the results presented in Table 1. Moreover,
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Table 1 - Effect of in vitro administration of amikacin, cephalothin,

clindamycin and vancomycin on number of fibroblasts.

amikacin cephalothin clindamycin vancomycin

Without

antibiotic

5.46 ± 1.13 6.57 ± 1.33 6.43 ± 1.15 7.83 ± 0.35

C1 5.09 ± 1.91 8.42 ± 1.73 7.12 ± 1.05 7.17 ± 0.76

C2 5.33 ± 1.64 9.14 ± 3.63 6.70 ± 1.46 7.02 ± 1.06

C3 5.37 ± 1.39 7.62 ± 2.02 6.52 ± 1.04 6.49 ± 1.46

Data are expressed as mean x 105 cells ±SD. All groups contain 5

fibroblasts cultures. Amikacin: C1 = 11 µg/mL, C2 = 22 µg/mL and

C3 = 33 µg/mL; cephalothin: C1 = 1.5 µg/mL, C2 = 3 µg/mL and

C3 = 4.5 µg/mL; clindamycin: C1 = 1 µg/mL, C2 = 2 µg/mL,

C3 = 3 µg/mL; vancomycin: C1 = 2 µg/mL, C2 = 4 µg/mL and

C3 = 6 µg/mL.



the morphology of the fibroblasts did not change after the

addition of the four antibiotics (Figures 1 to 4).

Table 2 shows the results of the cellular viability test.

As we can observe, there is no significant difference in

fibroblast viability after antibiotic addition.

The content of protein in the cultures significantly de-

creased (Figure 5) when we added clindamycin

[F(3,4) = 22.99; p < 0.005] and cephalothin [F(3,4) = 11.01;

p < 0.02].

β-glucocerebrosidase activity increased in the pres-

ence of amikacin 22 and 33 µg/mL [F(3,4) = 21.49;

p < 0.005] (Figure 6). The other antibiotics, in all concen-

trations used, did not alter the enzyme activity.

Discussion

We know that bacterial infection control in cell cul-

ture laboratories is a constant challenge and since the effect

of antibiotics on fibroblasts growth, morphology, viability

and metabolism is unknown, this study intended to evaluate

the effect of four antibiotics, which act on a significant

number of bacteria present in hospitals, on in vitro

fibroblast cultures without bacterial contamination.

Penicillin, according to the literature, is the most

commonly used antibiotic in fibroblast cultures. It can be

used alone or with streptomycin or gentamicin, preventing

bacterial contamination, but their effects on fibroblasts

seem unclear (Harrison and Rae, 1997).

In this study, we tested four other antibiotics:

amikacin, clindamycin, cephalothin and vancomycin,

which act either on gram-positive or in gram-negative bac-

teria. All concentrations used were superior to the mini-

mum inhibitory concentration (MIC).

We began analyzing the fibroblast number and mor-

phology. It can be observed that none of the antibiotics

studied altered the number of cells in culture, inhibiting

their growth, or their morphology. These results can be

seen in the photographs and by the number of cells counted.

When we compare the fibroblast cultures before and

after the antibiotic addition we can see that these com-

pounds did not alter the cellular viability.

We observed that after cephalothin or clindamycin

addition the number of cells remained the same, but there

was a significant reduction in the cellular protein content.

Maybe these substances are not acting on fibroblasts pro-

tein content, but interfering with the method of protein

measurement used. According to Ludmil et al. (1993), sev-

eral compounds can cause interference in the results when

we use the Lowry et al. (1951) method to measure protein.

This fact could have occurred in this study.

Even though these two antibiotics did not decrease

the content of protein, they interfered in its measurement.
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Figure 1 - Photograph of fibroblasts without (a) and after amikacin 11 µg/mL (b), 22 µg/mL (c) and 33 µg/mL (d) addition. (X 40).
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Figure 2 - Photograph of fibroblasts without (a) and after cephalothin 1.5 µg/mL (b), 3 µg/mL (c) and 4.5 µg/mL (d) addition. (X 40).

Figure 3 - Photograph of fibroblasts without (a) and after clindamycin 1 µg/mL (b), 2 µg/mL (c) and 3 µg/mL (d) addition. (X 40).



This can lead to erroneous results when we express the en-

zymatic activity by mg of protein.

Our group works with diagnosis and follow-up of

lysosomal storage diseases, a group of inborn errors of me-

tabolism. The most frequent of these diseases in our coun-

try is Gaucher Disease (Coelho et al., 2001). This disease is

characterized by deficiency of glucocerebrosidase activity,

which can be measured in leukocytes or fibroblasts. Be-

cause of this, we decided to choose glucocerebrosidase as

the reference enzyme in this study.

Glucocerebrosidase activity in human fibroblasts var-

ies from 350 to 1110 nmol/h/mg of protein. As the range of

activity is very wide and the number of samples in this

study was very limited, we opted to express the results in

percentage of enzyme activity. We compared the enzyme

activity of control cells, which did not receive the antibiotic
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Figure 4 - Photograph of fibroblasts without (a) and after clindamycin 1 µg/mL (b), 2 µg/mL (c) and 3 µg/mL (d) addition. (X 40).

Figure 5 - Effect of antibiotics added to fibroblast cultures on its protein

content. The results (mean ±SD) are expressed as % of protein content of

cells that received antibiotics in relation to those without this drug (100%).

* statistical difference from 100%, p < 0.05.

Figure 6 - Effect of antibiotics added to fibroblasts cultures on

glucocerebrosidase activity. The results (mean ±SD) are expressed as % of

enzyme activity of cells that received antibiotics in relation to those with-

out this drug (100%). * statistical difference from 100%, p < 0.05.



(100%), with the enzyme activity of cells that received one

of the four antibiotics. This decreased the variability of data

facilitating statistical analysis.

Our results showed that there was no difference in en-

zyme activity of control cells in relation to those that re-

ceived clindamycin, cephalothin or vancomycin. When we

added amikacin to the fibroblast cultures we observed that

this antibiotic, at the concentration of 22 µg/mL, increased

glucocerebrosidase activity. In Gaucher Disease, the en-

zyme activity is very low. If amikacin is added to fibroblast

cultures of these patients, we can observe an increase in

glucocerebrosidase activity and this could be interpreted as

if these patients were not affected.

The results obtained in this work show that it is possi-

ble to add an antibiotic, at least vancomycin, to fibroblast

cultures in order to prevent bacterial infection without al-

tering the number, protein content and glucocerebrosidase

activity in these cells. This is in accordance with the obser-

vations of Dumontel et al. (1998), which described that

vancomycin did not modify the activity of the enzyme

sphingomyelinase, another lysosomal enzyme.

Vancomycin, which is an antibiotic that kills gram-

positive and gram-negative bacteria like Staphylococcus

aureus and S. epidermidis, will help to avoid contamina-

tion, preventing loss of biological material.

Additional tests with other antibiotics and other en-

zymes and their activities should be measured in biochemi-

cal laboratories associated with cell culture labs. Amikacin

could be a second option, since it did not interfere in other

enzyme activities.
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Table 2 - Effect of in vitro administration of amikacin, cephalothin,

clindamycin and vancomycin on viability of fibroblasts.

Antibiotic Without antibiotic With antibiotic

amikacin 33 µg/mL 50.00 ± 2.26 48.76 ± 0.07

cephalothin 4.5 µg/mL 72.60 ± 3.60 76.30 ± 0.98

clidamycin 3 µg/mL 71.20 ± 6.50 73.15 ± 10.9

vancomycin 6 µg/mL 54.55 ± 3.60 60.05 ± 2.47

Data express the % of viable cells as mean ±SD. All groups consisted of 5

fibroblast cultures.


