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ABSTRACT
Antibiotic supplements remain a key component of mammalian cell culture systems, providing
simple and cost-effective preventive measures as well as treatment for bacterial contamination.
However, to a certain extent, antibiotic supplements may also have undesirable activities that
are not consciously recognized. In fact, customary antibiotic supplements in cell cultures exhibit
cytotoxic and cytostatic activity at standard concentrations, as well as altering the biological
patterns of cultured mammalian cells. On the other hand, acquired resistance is a matter of
great concern that may arise as a result of routine and long-term use of antibiotic supplements.
This review addresses the relevance of the use of antibiotic supplements in mammalian cell
culture systems, by highlighting their advantages and disadvantages and providing insight
into the practices of antibiotic-free culture media.
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Introduction
Cell culture is a method by which eukaryotic cells are
grown and propagated in vitro with enriched fluid media
under controlled conditions. The method was first introduced
by Harrison et al. (1), where a small piece of neural tissue
isolated from frog embryos placed in a drop of fresh adult frog
lymph on a sterile cover slip was observed to grow and form
nerve fibers. Since then, the method has been improved and
has enabled various cell-based applications through the use
of sterile plastic consumables, artificial growth media, and
antimicrobial agents such as antibiotics and antifungals (2,3).
One of the earliest uses of cell culture was the propagation of
poliovirus for vaccine production in the 1950s (4), and in the
decades since, the method has been extensively utilized in
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research and industry, especially in the field of biomedical and
pharmaceutical sciences.
Cell culture-based assays are usually performed using
primary cells or cell lines-derived from organisms such as
humans, rats, and mice. Cells isolated directly from these
organisms are called primary cells, while permanently
established cells are called cell lines, and these cells are
either adherent or suspension. The primary cells have a limited
lifespan, but the cell lines are usually indefinite. Presently,
mammalian cell culture systems are either two-dimensional
(2D), three-dimensional (3D) or co-culture (3). In 2D cultures,
cells grow on a flat, rigid surface of standard culture flasks or
plates. On the other hand, 3D cultures involve either the use of
scaffolds or liquid cultures on low-attachment plates, in hanging
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drops or in rotation, and these methods can be carried out in
co-cultures of with different cell types or cellular components.
In in vitro mammalian cell-based studies, bacterial
contamination is a major threat and the culture media are
usually supplemented with antibiotics as a preventive measure.
In particular, the identified contaminated cells will be discarded
rather than treated in order to prevent the risk of persistent
contamination. However, in some circumstances, including
limited cell resources, antibiotic treatment is the ideal way to
rescue contaminated cells. Markedly, although antibiotic use has
been shown to be an effective method for eliminating bacteria
from contaminated cells, it is important to emphasize that their
presence in culture media is not inert (Figure 1). The aim of
the present review is to discuss the relevance of antibioticsupplemented culture media because mammalian cells are
adversely affected by antibiotic supplements, thereby wreaking
an error discovery and further fueling concerns about the rise
of antibiotic-resistant bacteria over routine and continuous use.

Threats to Mammalian Cell Cultures
There are three constant threats in mammalian cell culture
systems, namely, microbial contamination, cross-contamination,
and chemical contamination. These threats can be persistent,
hidden, overlooked, and unrecognized (5). In general, all
contaminants are hazards to the cell culture system and will
affect the reliability and reproducibility of the scientific findings
of a particular experiment.
Microbial contamination is most commonly due to the
presence of microorganisms such as bacteria and fungi that

flourish in cultures (6). These microbes compete for nutrients
and cause a shift in the pH value of the culture media, alter cell
metabolism, hinder cell growth, and often lead to cell death.
On the other hand, cross-contamination is referred to as the
condition of one type of cell contaminated with another type of
cell. The widely known cross-contamination is human cervical
adenoma cells cross-contaminated with many mammalian
cell lines. The gold standard method for authenticating this
type of contamination is DNA profiling based on short tandem
repeat (7). In addition to microbial and biological sources,
contamination may also occur due to chemical residues of
disinfectants or detergents in glassware and impurities or
toxins in water, media, or other reagents used in cell cultures
(8).
It should be noted that microbial contamination is a major
and persistent challenge in mammalian cell culture systems,
and most cases are due to mycoplasmas (6,9,10). They are
the smallest prokaryotes and are difficult to detect either
macroscopically or microscopically. Mycoplasma-contaminated
cell cultures do not cause the culture media turbidity and
pH changes with no apparent effect on cell growth and cell
morphology, and hence remain undetected for many passages
(6,11). In point of fact, mycoplasmal contamination alters the
biological features of host cells. Sokolova et al. (12) discovered
that Mycoplasma bovis sensitized murine T-cell hybridoma 2B4
and several different human cell lines to apoptosis induction.
However, Mycoplasma fermentans has been found to cause
choline deficiency-induced apoptosis in primary rat astrocytes
(13). The impact of Mycoplasma fermentans was also evident

Figure 1. Overview and downside of the customary antibiotic supplements in mammalian cell cultures
Pen-Strep: Penicillin-streptomycin, E.g.: For example
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across cytotoxicity as it exerted cytokines-inducing activity in
human monocytes and myelomonocytic cell lines (14).
Uphoff and Drexler (9) have shown that the most common
mycoplasma species contaminating the cell lines is of human
origin, of which about 47% identified by polymerase chain
reaction-restriction fragment length polymorphism method was
Mycoplasma fermentans. Other species have been found in
mammalian cell lines, including Mycoplasma arginini (bovine),
Mycoplasma orale (human), Mycoplasma hyorhinis (swine)
and Mycoplasma hominis (human). Mycoplasmas are spread
from mycoplasma-contaminated cell lines, cell culturist, animalderived sera, origin of cells, and poor aseptic techniques, as well
as cell culture equipment, culture media, and reagents used in the
processing mycoplasma-contaminated cell cultures (6,11,15).
Another potential source of mycoplasma contamination is the
storage of cells in a liquid nitrogen tank in which mycoplasmas
are able to survive in liquid nitrogen without cryopreservation
and are capable of contaminating cryopreserved cells (16).

Antibiotic Supplements in Mammalian Cell Cultures
Antibiotics are classified according to their target on
bacterial cellular components, which are either bactericidal
or bacteriostatic. Bactericidal antibiotics kill bacteria, while
bacteriostatic antibiotics inhibit the growth of bacteria. According
to Perlman (17), there are seven basic requirements for
antibiotic supplements in mammalian cell culture systems; (i)
eliminate the microbial contaminants (bactericidal is preferred
to bacteriostatic), (ii) do not inhibit growth and metabolism
of mammalian cells, (iii) provide protection for the complete
experimental period, (iv) do not affect any ultimate use intended
for mammalian cells, (v) non-toxic and safe, (vi) compatible with
other components in culture media and (vii) inexpensive and not
contain excipients. In addition, Schafer et al. (18) suggested that
the ideal antibiotic supplements should have broad-spectrum
antibacterial and antimycoplasmal activities, but not cause
cytotoxicity. It is important to know that antibiotics are stable in
the cell culture media for three days at 37 °C and they are lightsensitive; therefore, stock and working antibiotics as well as cell
culture media containing antibiotics must be protected from light
(16,17).
At present, one of the most commonly used antibiotic
supplements in mammalian cell cultures is a combination of
penicillin (Pen) (100 U/mL) and streptomycin (Strep) (100
µg/mL) (1% v/v). Pen is a class of β-lactam antibiotics that
works against Gram-positive bacteria, while Strep is a class of
aminoglycoside antibiotic that works against both Gram-positive
and Gram-negative bacteria. Both bactericidal antibiotics exhibit
synergistic interactions, in which inhibition of bacterial cell wall
synthesis by Pen facilitates the entry of Strep into bacteria that
impair bacterial protein synthesis. Nevertheless, both antibiotics
are sensitive to pH and temperature changes (18). Pen has a
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very short half-life at 37 °C and a rapid loss of activity at acidic
and alkaline pH levels, while Strep has an optimum stability at
28 °C or below and a progressive loss of activity at alkaline pH
(18-20). On the other hand, Pen activity has been shown to be
decreased upon addition to the culture media containing serum
and to be completely inactivated following autoclaving (18).
Gentamicin is the second most common antibiotic
supplement used in mammalian cell cultures. According to
Schafer et al. (18), the biological and biochemical properties
of gentamicin are superior than that of Pen and Strep either
given alone or in combination. Gentamicin belongs to the
aminoglycoside group of antibiotics. It is a protein synthesis
inhibitor with bactericidal activity against mycoplasma, Gramnegative, and Gram-positive bacteria. In terms of pH and
temperature stability, gentamicin has been shown to be stable at
37 °C in both acidic and alkaline pH for 15 days and has not been
affected by the presence of serum. In addition, gentamicin was
found to be completely stable following 15 minutes of autoclaving
at 121 °C with 15 lb of pressure (18). Gentamicin with the
standard concentration (50 µg/mL) was demonstrated to have
no noticeable effect on morphology, growth and metabolism of a
number of mammalian cells (18,21). It is usually supplemented
in cell culture media either alone or in combination with other
antibiotics, mainly Pen-Strep.
Other antibiotics used for prophylaxis in mammalian cell
cultures include ampicillin, erythromycin, and kanamycin,
but are less popular. The recommended concentration for
these antibiotics is 100 µg/mL (1% v/v). Ampicillin (β-lactam
antibiotic) is a cell wall synthesis inhibitor with bactericidal
activity against both Gram-positive and Gram-negative bacteria,
while erythromycin (macrolide antibiotic) is a protein synthesis
inhibitor with bacteriostatic activity against mycoplasma
and Gram-positive bacteria. On the other hand, kanamycin
(aminoglycoside antibiotic) is a protein synthesis inhibitor with
bactericidal activity against mycoplasma, Gram-positive and
Gram-negative bacteria (17,22,23). Additionally, fluoroquinolone
(0.5 to 25 µg/mL), combination of fluoroquinolone/macrolide
(25 µg/mL), and pleuromutilin (10 µg/mL)/tetracycline (5 µg/
mL) are anti-mycoplasma antibiotics that have been shown to
be effective in eliminating mycoplasmas from contaminated
cell lines (10,16). Fluoroquinolone is a nucleic acid synthesis
inhibitor with bactericidal activity, while both pleuromutilin and
tetracycline are protein synthesis inhibitors with bacteriostatic
activity. It is important to note that these anti-mycoplasma
antibiotics are not recommended for prophylactic purposes or
are routinely used in cell cultures.
1. Use and Effect of Antibiotic Supplements in
Mammalian Cell Cultures
As far as bacterial contamination is concerned, the
antibiotic-supplemented culture media has become a key
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approach. Indeed, antibiotics have caused undesirable side
effects in cultured cells differently depending on the cell types.
For example, gentamicin exerted a significant cytostatic effect
on rabbit keratocytes only at a concentration of 3,000 µg/
mL (24). On the other hand, in human osteoblast-like cells,
gentamicin engendered a dose-dependent cytostatic effect at
concentrations of 100 µg/mL and above (25). Gentamicin, on
the other hand, induced cytotoxic effects on human embryonic
stem cells (hESCs) during directed differentiation towards
hepatic and neural fate at a concentration of 10 µg/mL, but did
not affect undifferentiated hESCs (26). Induction of apoptotic
cell death by gentamicin in different types of renal cell lines and
rat embryonic fibroblasts has been shown to be dose- and timedependent (27). Here, the advantages and disadvantages of the
use of antibiotic supplements in mammalian cell cultures are
summarized as follows.
1.1. Advantages
In primary culture, the use of Pen-Strep-supplemented
phosphate buffer saline (PBS) to rinse the cells during initial
isolation and Pen-Strep-supplemented culture media has been
shown to be effective in preventing bacterial contamination
(28). Equally important, mycoplasma-contaminated cells can be
treated with antibiotic classes such as tetracyclines, macrolides,
fluoroquinolones, and pleuromutilins. These anti-mycoplasma
regimens have been shown to be effective in eliminating
mycoplasma from contaminated cells, 96% of which were
permanently mycoplasma-free (10). In either case, antibiotic
supplements may be needed when working with precious cells
and limited cell resources, either in culture media or alternatively
in PBS for cell washing.
1.2. Disadvantages
Despite the efficacy of antibiotics in the elimination and
prevention of bacterial contamination in mammalian cell cultures,
it has indeed been shown to alter the biological features of cells
at cellular and molecular levels (26,29-31). Uphoff et al. (10)
reported that around 3 to 11% of cell culture losses were due to
anti-mycoplasma antibiotics-induced cytotoxicity. On the other
hand, the universal prophylactic approach, such as Pen-Strep,
is generally thought to cause cytotoxic, cytostatic, and other
undesirable effects on mammalian cells at higher concentrations
than recommended. As a matter of fact, Varghese et al. (26)
showed that Pen-Strep (100 U/mL-100 µg/mL) did not affect
the viability of undifferentiated hESCs after 2- and 5-day posttreatment, but induced apoptotic cell death without significant
reduction in cell viability on day 10 of neural differentiation.
Standard 1% Pen-Strep-supplemented culture medium has also
been demonstrated to induce changes in HepG2 human liver
cancer cells at molecular level (31). Then again, Bertram (32)
found that Pen with a concentration of 100 U/mL suppressed
3-methylcholanthrene (MCA)-induced malignant transformation
of mouse embryo cells (C3H/10T1/2). The inhibitory effect of Pen
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on MCA-induced malignant transformation in C3H/10T1/2 cells
has also been discovered to be dose-dependent. On the other
hand, a study discovered that Pen (150 U/mL) did not inhibit
muscle development in primary culture of chick myoblasts (33).
Table 1 summarizes the reported side effects of the antibiotic
supplements on mammalian cells identified in this literature
review.
Accordingly, the use of antibiotic supplements in
mammalian cell cultures requires careful consideration as the
drawbacks are greater than the benefits. It is important to point
out that antibiotics exhibit concentration-dependent effects and
the response of different mammalian cells to different antibiotic
supplements may vary. In the light of pharmacodynamic
interactions, the presence of antibiotic supplements in culture
media could potentially interact with any type of test agent
(32,34). The resulting interaction may increase or decrease
the effect of a particular agent and ultimately lead to improper
scientific results. With this in mind, studies that focus on
cytotoxicity or anticancer screening, as well as any mammalian
cell-based assay, are better not to use antibiotic-supplemented
culture media.
2. Prophylactic Practice in Mammalian Cell Cultures
From the mid-19th century to the present, the use of
Pen-Strep- or gentamicin-supplemented culture media or a
combination of both to prevent bacterial contamination remains
widespread. Kuhlmann (23) stated that the use of antibioticsupplemented culture media was unsuitable because
antibiotics interfered with cultured cells, yielding incomparable
culture conditions and unreliable findings. On the other hand,
regular use of antibiotics is not recommended as it may delay
detection and mask low levels of bacterial contamination
(5,15). Furthermore, the use of antibiotic-supplemented culture
media for unnecessarily prolonged periods could contribute to
an increase in antibiotic-resistant bacteria, which may result
in unmanageable bacterial contamination in mammalian cell
culture systems (10,15). One group found that the general
prophylactic use of Pen-Strep was insensitive to prevent and
eliminate mycoplasmal contamination. Gram-negative, such
as Klebsiella species, Providencia species, and Pseudomonas
aeruginosa as well as one out of five strains of the Grampositive Staphylococcus aureus have indeed been shown to
be resistant to Pen-Strep (21). Additionally, Kastrop et al. (20)
discovered that 91.4% of the bacterial strains were either Penor Strep-resistant or both, and most of which were Escherichia
coli.
From now on, the use of prophylactic antibiotics should be
limited and discouraged for long-term routine use. Antibiotic
supplements certainly do not provide an optimal preventive
effect without aseptic techniques and a biological safety cabinet
while performing cell culture work. By all means, bacterial-
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Table 1. Side effects of antibiotic supplements on mammalian cells
Antibiotic (s) (Concentration)

Cells/Cell line

Significance

Reference

Fluoroquinolones
(3, 30, 300 and 3,000 µg/mL)

Rabbit keratocytes

Antiproliferative

Seitz et al. (24)

Gentamicin
(100, 300 and 700 µg/mL)

Human osteoblast-like
cells

Antiproliferative; decrease ALP activity

Isefuku et al. (25)

Gentamicin (10-200 µg/mL) with
hESCs (post hepatic and
or without Pen-Strep
neural differentiation)
(100 U/mL-100 µg/mL)

Antiproliferative; induce apoptosis; decrease
the gene expression of neural stem cell
Varghese et al. (26)
markers

Gentamicin (2 mM)

Rat embryonic fibroblasts;
LLC-PK1; MDCK

Induce apoptosis

El Mouedden et al.
(27)

Pen-Strep (50, 100 and 200 U/
µg/mL); gentamicin
(10, 25 and 50 µg/mL)

hiPSC-CMs

Induce electrophysiological changes;
decrease the gene expression of sodium
and potassium ion channels

Hyun et al. (29)

Ciprofloxacin (10 µg/
mL); ampicillin (20 µg/mL);
kanamycin (25 µg/mL)

MCF10A, PAEC, HMEC,
CACO-2 and NHDF

Induce oxidative stress and mitochondrial
damage

Kalghatgi et al. (30)

Pen-Strep (1% v/v)

HepG2

Induce global changes in the gene
expression and chromatin landscape

Ryu et al. (31)

Gentamicin (50 and 100 µg/mL)

C3H/10T1/2

Antiproliferative

Bertram (32)

Strep (50 and 100 µg/mL)

Chick embryo muscle cells

Delay myogenesis

Moss et al. (33)

Gentamicin (0.1 mM)

MDCK-C11

Antiproliferative; induce morphological and
ultrastructural changes, and increase in
intracellular calcium level

Coutinho et al. (35)

Gentamicin (50 and 200 µg/mL)

hMSCs

Inhibit osteoblastic cell differentiation

Kagiwada et al. (36)

Pen-Strep
(100 U/mL-100 µg/mL)

Human adipose-derived
MSCs

Antiproliferative; increase the gene
expression of MSCs, adipose tissue, and
osteoblastic markers

Skubis et al. (37)

Pen; gentamicin; ciprofloxacin
(100 µg/mL)

Human osteoblasts

Antiproliferative; decrease ALP activity

Rathbone et al. (38)

Gentamicin (10 mM)

LLC-PK1

Induce apoptosis

Choi et al. (39)

Gentamicin (100 µg/mL);
Murine ESCs
Pen-Strep (100 U/mL-100 µg/mL)

Antiproliferative; reduce cell differentiation
efficiency

Cohen et al. (40)

Gentamicin
(100 and 500 µg/mL)

Human embryonic lung
fibroblasts

Antiproliferative

Litwin (41)

Gentamicin (1,000 µg/mL)

Human keratinocytes

Antiproliferative

Cooper et al. (42)

Pen (5 mM); Strep (5 mM);
gentamicin (3 mM)

Rat hepatocytes

Inhibit protein synthesis and protein
degradation

Schwarze and
Seglen (43)

Pen-Strep
(1,000 µg/mL-33 µg/mL)

Rat adipocytes

Induce changes in heparin-releasable
lipoprotein lipase activity

Goldstein and
Johnson (44)

Pen (100-300 U/mL);
gentamicin (6.5-50 µg/mL);
Strep (50 µg/mL)

Mice brain cells

Inhibit sulfatide synthesis

LLC-PK1

Antiproliferative; decrease intracellular
cyclic adenosine monophosphate
level; increase the number and size of
lysosomes, and the activity of N-acetyl-β-Dglucosaminidase, aminopeptidase, and ALP

Gentamicin (1 mM)

Amonn et al. (45)

Hori et al. (46)

LLC-PK1: Pig kidney epithelial cells, MDCK: Madin-Darby canine kidney epithelial cells, hiPSC-CMs: Human induced pluripotent stem cell-derived cardiomyocytes,
MCF10A: Human mammary epithelial cells, PAEC: Primary human aortic endothelial cells, HMEC: Primary human mammary epithelial cells, CACO-2: Human
intestinal epithelial cells, NHDF: Normal human diploid skin fibroblasts, HepG2: Human liver cancer cells, C3H/10T1/2: Mouse embryo cells, hMSCs: Human
mesenchymal stem cells, ESCs: Embryonic stem cells, ALP: Alkaline phosphatase, Pen-Strep: Penicillin-streptomycin
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free mammalian cell cultures can be achieved without relying
on antibiotic supplements, but by following standard aseptic
techniques along with a clean and well-maintained cell culture
environment and equipment. In any scenario, the potential
for bacterial contamination cannot be completely eliminated.
Consistent practice of good aseptic techniques and sterilization
of all consumables and reagents warrant the use of antibiotic-free
culture media. It is important to note that bacterial contamination
can occur at any stage of cell cultures and must therefore be
visually and routinely assessed for the evidence of contamination.
In addition, it is suggested that the newly purchased
mammalian cell line be thawed and maintained in antibioticfree culture media in order to be able to rule out possible
contamination due to Gram-negative and Gram-positive
bacteria, yeast as well as mould. Then again, due to the high
prevalence of mycoplasmal contaminations in mammalian cell
lines, it is necessary to authenticate that the cells are free of
them. Mycoplasmas, however, are difficult to detect by visual
observations and are mostly identified by molecular-based
assays (6,9,12). Mycoplasma-contaminated cell cultures are
often occult, but are known to cause changes in cellular and
molecular signatures of cells (12-14).
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