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Mutagenicity Survey and Antibacterial Activity of Various Generations of
Poly (Amid Amine) (PAMAM) Dendrimers and Algonac Acid Poly (Amid
Amine) (PAMAM) Dendrimer Nano Composite G2 on Some Enteric
Pathogenic Bacteria
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Background: Nano composites are widely used in medical sciences recently. Identification of chemical mutagens is an important issue
in drug safety.
Objectives: The aim of this study was to investigate mutagenicity and antibacterial activity of various generations of poly (amid amine)
(PAMAM) dendrimers and agonic acid poly (amid amine) (PAMAM) Nano composite G2 on enteric pathogenic bacteria.
Materials and Methods: Disc diffusion method, MIC (minimum inhibitory concentration) and MBC (minimum bactericidal
concentration) determination were performed for antibacterial activity survey. Mutagenic properties were determined by Ames assay.
Results: Various dilutions of PAMAM generations (G2, G3, G4 and G5) and agonic acid PAMAM Nano composite G2 had antibacterial effect
on Escherichia coli, Salmonella enterica, Salmonella typhimurium, Enterococcus faecalis and Staphylococcus aureus. In Ames assay, reverted
colonies were increased by PAMAM generations increasing. Moreover, reverted colonies Ames assay were lower when Nano composite G2
was applied.
Conclusions: PAMAM generations and agonic acid PAMAM Nano composite G2 contain compounds with therapeutic potential and
antibacterial characteristics, which can be used in medicine. Because some chemicals have mutagenic and carcinogenic properties,
identification of these chemical is of great importance.
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1. Background

Algonac acid or alginate is an anionic polysaccharide
found in the cell walls of brown algae. When mixing alginate with water, a viscous gum is formed. This substance
absorbs water quite rapidly in extracted forms. It can
water 200-300 times of its own weight. Pharmacological effects of agonic acid have been proved (1, 2). On the
other hand, polies amid amine (PAMAM) dendrimers are
nanoparticles used in medical sciences. Dendrimers are a
class of hyper branched and Nano scale macromolecules.
All these materials are originated from a nucleus and
described as three-dimensional macromolecules with
branching structures. They have regular structure and
multiple functions in terminal groups and have spaces
between the branches. These empty spaces can accept
guest molecules, so encapsulation of particles in different sizes is possible. For this reason, scientists have used
this material in the treatment of tumors, cancer cells and
viral and bacterial infections (3-5). Today, using nanopar-

ticles in all aspects of human life is quickly progressing.
Because of low toxicity of these substances, nanoparticles are used in medicine (6-9). Nano composite is a multiphase solid material, which one of its phases has one,
two or three dimensions less than 100 nanometers (nm)
in length (10). Antimicrobial activity of Nano composites
has been proved (11). Identifying mutagen materials has
become an important issue in drug safety. Therefore investigating mutagenicity of chemicals can be both valuable and useful in different aspects of medicine (12, 13).
Salmonella typhimurium micro some assay (Ames test) is
an accepted short-term bacterial assay or a biological test
to detect mutagenic potential of chemical compounds
and identifying substances that can produce genetic
damage leading to gene mutation (14, 15).

2. Objectives

For these reasons, this study aimed to investigate antibacterial activity of various generations of poly (amid
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amine) (PAMAM) dendrimers and agonic acid poly (amid
amine) (PAMAM) Nano composite G2 on Escherichia coli,
Salmonella typhi, Salmonella typhimurium, Enterococcus
faecalis and Staphylococcus aureus by disc diffusion, MIC
(minimum inhibitory concentration) and MBC (minimum Bactericidal concentration) determination. Besides, to determine mutagenicity of these materials using the Ames test.

3. Materials and Methods

3.1. Generation and Synthesis of Polyamide-Amine
PAMAM
First, ethylene diamante ethylenediamine (10 g, 0.166
moL) was dissolved in 100 mL of methanol and then acetyl methyl acrylate (94.6 g, 0.751 moL) was added to the
solution at 40°C. The solution was under nitrogen for
24 hours and then ethylenediamine (120 g, 2 moL) was
added providing a whole generation. After repeating
the above mentioned cycle generations 2, 3, 4 and 5 of
PAMAM were prepared.

3.2. Synthesis of Nano composite Alginate Dendrimer G2

First, sodium alginate was admixed with magnetic stirring in 1000 mL of distilled water for 24 hours at room
temperature (27°C). The extra carboxyl groups within it
were chlorinated by thionyl chloride, and then 1 mL of G2
dendrimer was added to the desired solution in strong
acidic pH, so a complex between dendrimer NH 3+ groups
and alginate COO- was built after 24 hours. Then this Nano
composite was mixed with 1 mL of methanol solution
and 2-chloroethyl isothiocyanate was added for 12 hours.
Then dodecyl dimethyl amine was added to the mixture.
Solution was heated at 80°C for 72 hours and placed at
room temperature to get cold. The concentrated solution
was purified with acetone. The purified solution was then
filtered and dried in the oven. Then different concentrations were prepared.

3.3. Bacterial Cultures

E. coli (ATCC 31150), S. typhi (PTCC 1609), S. typhimurium
(ATCC 14028), E. faecalis (ATCC 29212) (Pasteur Institute,
Iran) and S. aureus (ATCC 2592) (Difco, USA) were cultured in the form of linear culture on Muller-Hinton agar
(MHA) medium (Merck, Germany) plates and then were
incubated at 35°C for 24 hours. Re-confirmation of these
bacteria was performed at laboratory of Microbiology
Department, Faculty of Medicine, Kurdistan University of
Medical Sciences, Sanandaj, Iran. Laboratory diagnoses
such as gram staining, growth in Eosin-Methylene Blue
(EMB) agar, coagulase, oxidase and catalase and IMViC
tests, microscopic observation of gram negative and positive shapes were performed before initiation of examinations.
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3.4. Suspension Preparation
Fresh cultivated bacterial colonies were suspended in 5
mL of 0.85% normal saline. Suspension was mixed for 15
seconds with a vortex. Then its concentration was adjusted
to 1.5 × 108 CFU/mL based on the standard 0.5 McFarland.

3.5. Determining Antibacterial Activities Using the
Disc Diffusion Method
Agar disc diffusion method was used to determine the
antibacterial activity in this study. Suspension of bacteria (1.5 × 108 CFU/mL) through the lawn culture was
planted on MHA plates by swap. Sterile blank discs with
diameter of 6 mm (Pattan Teb, Iran) were impregnated
with 0.1, 0.01, 0.001, 0.0001 dilutions of PAMAM generations (G2, G3, G4 and G5) and agonic acid PAMAM Nano
composites G2. After drying, standard discs were put on
agar media with sterile forceps inoculated by bacteria.
Positive controls were gentamicin (30 µg) discs (Master
Group Ltd, England) and negative control was a disc containing DMSO. Plates were incubated at 35°C for 24 hours.
This step was performed according to the CLSI standard
(This step was repeated for each bacterium and each dendrimer, separately) (16).

3.6. MIC Determination
MIC determination was performed using the serial dilutions method. First, suspension of bacteria according to
the standard 0.5 McFarland was provided in Müller-Hinton Broth (MHB) (Merck, Germany). Eleven tubes were
considered for this phase. One millimeter of MHB was
added to them. Next, 1 mL of agonic acid (PAMAM) G2 was
added to tubes according to serial dilutions procedure.
In addition, 20 µL of bacterial suspension was added to
the tubes and then incubated at 35°C for 24 hours. Tube
number 11 was considered as the control tube (1 mL MHB
+ 20 µL bacteria suspension). After incubation, MIC was
determined by assessing turbidity. For PAMAM generations, this step was repeated (This step was repeated for
each bacterium and each dendrimer, separately).

3.7. MBC Determination
To determine MBC, tubes without turbidity were taken,
and then cultured in MHA by swap. Plates were incubated
at 35°C for 18 hours. MBC was considered as colony-forming unit (CFU), which is an estimate of viable or fungal
numbers. Minimum concentration that inhibited the
growth of bacteria was considered as MBC. Each step was
repeated three times (This step was repeated for each bacterium and each dendrimer, separately) (17, 18).

3.8. Ames Test, Media Preparation
Media used for the Ames test were Glucose minimum
agar (10% glucose), Top agar with 0.005 mM Biotin-Histidine and nutrient broth (Merck company, Germany) (19).
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3.9. Ames Test, Genotype of S. Typhimurium

S. typhimurium genotypes, strain TA100 was used for
this study. The strain had histidine mutation in the histidine operon and this strain had additional mutations/
genetic alterations, which made these strains more sensitive to chemicals. Strains used in this test were analyzed
for their genetic integrity and spontaneous mutation
rate when frozen cultures were prepared. A strain checking was performed when completing each experiment. It
was performed by nutrient broth overnight cultures as
follows: 1) Histidine dependence, 2) Biotin and histidine
dependence, 3) rfa marker, 4) presence of plasmid PKM101
(Ampicillin resistance), 5) uvr B mutation (Table. 1) (19- 21).

4. Results
4.1. Results of Determining Antibacterial Activities
Using the Disc Diffusion Method
Various generations of PAMAM dendrimers and agonic
acid PAMAM Nano composite G2 on bacteria showed an
antibacterial effect on E. coli, S. typhi, S. typhimurium, E.
faecalis and S. aureus. In this study, by increasing the dilution, inhibition zone around the disc was increased and
optimum sensitivity was observed.

4.2. Results of MIC and MBC Determination of Different Dilutions of Various Generations of PAMAM
Dendrimers and Algonac Acid PAMAM Nano Composite G2

MIC and MBC of various generations of PAMAM were
increased by generations increasing. For E. coli, optimum
MIC (0.001) was related to G3, G4 and G5 and optimum

MBC (0.001) was related to G5. For Nano composite G2,
effective MIC (0.001) was similar to G3, G4 and G5 MIC
and effective MBC (0.01) was similar to MBC of G3 and G4.
For S. typhi, MIC (0.001) in G4 and G5 and MBC (0.001) in
G5 showed higher antimicrobial effect. Optimum MIC
(0.001) of Nano composite G2 was similar to G4 and G5
MIC and its MBC (0.01) was similar to G4 MBC. Besides,
for S. typhimurium, E. faecalis and S. aureus, optimum MIC
(0.0001) was related to G4 and G5. S. typhimurium in G5
and also E. faecalis and S. aureus in G4 and G5 showed better MBC (0.001) than other generations. For S. typhimurium and S. aureus, more effective MIC (0.001) of nanocomposite G2 was similar to G2 and G3 MIC and for E. faecalis,
optimum MIC (0.0001) of Nano composite G2 was similar to G4 and G5 MIC. Optimum Nano composite G2 MBC
(0.01) for S. typhimurium was similar to G4 MBC and in S.
aureus was similar to G2 and G3 MBC. Furthermore, more
effective MBC of Nano composite G2 was 0.0001 for E. faecalis. Therefore, optimum inhibitory dilutions of generations of PAMAM and Alginic acid PAMAM Nano composite
G2 were similar almost. Serial dilutions for MIC and MBC
are shown in Tables 2 and 3.

4.3. Results of Ames Test

Inhibitory percentage of the agonic acid PAMAM Nano
composites G2 used in the Ames test was 70.78%. Inhibitory percentage of the PAMAM generations used in the
Ames test were 69.47%, 68.42%, 64.21% and 64.21% for
Table 1. Characteristics of S. Typhimurium Genotypes, Strain
TA100 in This Study
Mutation (Strain) Deletion Mutation
his G46 (TA100)

LPS Defect

Plasmid

rfa

pKM101

bio-his uvr B

Table 2. MIC Determination of Various Generations of PAMAM Dendrimers and Algonac Acid PAMAM Nano Composite G2 on Enteric
Pathogenic Bacteria
Bacteria

E. coli

S. typhi

S. typhimurium
E. faecalis
S. aureus

PAMAM G2

PAMAM G3

PAMAM G4

PAMAM G5

Algonac acid PAMAM Nano composite G2

0.01

0.001

0.001

0.001

0.001

0.01

0.01

0.001

0.001

0.001

0.001

0.001

0.0001

0.0001

0.001

0.001

0.001

0.0001

0.0001

0.0001

0.001

0.001

0.0001

0.0001

0.001

Table 3. MBC Determination of Various Generations of PAMAM Dendrimers and Agonic Acid PAMAM Nano Composite G2 on Enteric
Pathogenic Bacteria
Pathogenic Bacteria
E. coli

S. typhi

S. typhimurium
E. faecalis
S. aureus

PAMAM G2

PAMAM G3

PAMAM G4

PAMAM G5

Algonac Acid PAMAM Nano Composite G2

0.1

0.01

0.01

0.001

0.01

0.1

0.1

0.01

0.001

0.01

0. 1

0. 1

0.01

0.001

0.01

0.01

0.01

0.001

0.001

0.0001

0.01

0.01

0.001

0.001

0. 01
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the G2, G3, G4 and G5, respectively. Numbers of reverted
colonies were increased by generations increasing and
significant differences were observed. Reverted colonies
were lower when Nano composites G2 was used instead
of PAMAM generations in Ames test.

4.4. Results of Statistical Analysis

ANOVA result showed significant difference for all returned colonies. The maximum difference between the
mean of returned colonies was related to sterile distilled
water and sodium aside with six colonies and P value of
0.001. Between different generations of PAMAM, the least
difference was related to PAMAM-G2, G3, G4 and G5 compared to sterile distilled water and DMSO regarding the
number of returned colonies, respectively. P value for
PAMAM-G2 was 0.014 and the mean of returned colonies
was 65.95. Moreover, different generations of PAMAM
showed no significant difference. However, Kruskal-Wallis test showed significant difference between sodium
aside and other tested materials. A significant difference
was shown between test and control groups (P < 0.05).
Ames assay performed on water, sodium aside and agonic
acid PAMAM Nan Composites G2 are shown in Figures 1 - 3.

Figure 1. Ames Assay Result on Water as Negative Control

Figure 2. Ames Assay Result on Sodium Aside as Positive Control
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Figure 3. Ames Assay Result on Algonac acid PAMAM Nano Composites G2

5. Discussion
Dendrimers Nano composites are organic-inorganic hybrid nanoparticles synthesized by dispersing very small
inorganic domains in nanoscopic polymeric networks.
They are used for biomedical applications. Our results
showed that various generations of PAMAM and agonic
acid PAMAM Nano composites G2 had antibacterial effect
on E. coli, S. typhi, S. typhimurium, E. faecalis and S. aureus. Researchers have shown application of dendrimers,
dendritic and different Nano composite structures in
medicine (11, 20, 21). Palomba et al. showed that silver
polystyrene Nano composites had antimicrobial activity against E. coli (11). In another study Saadatmand et al.
from Iran showed antimicrobial properties of chitosanTio2 Nano composite against E. coli and S. aureus and also
its usage on sterile gauze pads (22). In our study, PAMAM
Nano composites G2 (MIC: 0.001, MBC: 0.01) showed
antibacterial effects against E. coli. Nanoparticles have
antibacterial activities and different electronic, optical,
mechanical, magnetic, and chemical properties. Nevertheless silver polystyrene Nano composites showed antibacterial activities against E. coli in a similar way to our
study. Valipour et al. from Iran showed that Nano composites containing ZnO and TiO2 nanoparticles exhibit
antibacterial activity against E. coli and S. aurous (23). In
addition, our results indicated that Alginic acid PAMAM
Nano composite G2 had antibacterial activity against E.
coli, S. typhi, S. typhimurium, E. faecalis and S. aureus. Winnicka et al. in Poland showed that PAMAM dendrimers G2
have antibacterial activity against S. aureus (24). Xue et al.
in China reported that amino-terminated PAMAM G2 has
antibacterial activity. In our study, antibacterial properties of PAMAM generations were shown.
Antibacterial mechanism of PAMAM is unknown, but
several studies have proved that its antibacterial activity
is related to PAMAM generation and G2 has better antibacterial activity (25). Cytoplasmic membrane of bacterial cell is a target for many antimicrobial agents. In addition, different studies have shown that hydroxyl and
Int J Enteric Pathog. 2014;2(4):e20012

Shahbazi B et al.
carboxylic acid terminated PAMAM dendrimers showed
antibactericidal activities on bacterial cell wall. Therefore, they can penetrate bacterial cell and release intracellular compounds and eventually destroying the bacteria cell (24, 26). Considering increased antibacterial drug
resistance, these chemicals can be used as antibacterial
agents. Nonetheless, different studies have shown mutagenicity of different chemicals by the Ames test. Shahhosseiny et al. in Iran using the Ames test on S. typhimurium
TA98 and TA100 reported the presence of mutagenic substances in Tehran's air pollutants (27). In another study,
Partoazar et al. in Iran investigating 57 urine samples of
medicine laboratory personals using the Ames test by S.
typhimurium (TA98) showed that these samples caused
mutagenicity (28). However, some studies showed that
PAMAM dendrimers have genotoxicity effects on cells
(25, 29). In our study, Ames test showed that different
generations of PAMAM (G2, G3, G4 and G5) had mutagenicity effects and reverted colonies were increased by
higher-generation of PAMAM dendrimers. The Ames test
has specific features such as sensitivity and specificity; so
different materials can be used in this test (30). Pounikar
and Dawande using the Ames test showed that ethidium
bromide, sodium aside, hair dye, colors and food additives had mutagenic response on auxotrophic strain (his) and induced reversion mutation (his+). Results of Ames
test in this study showed that inhibition percent of G2,
G3, G4, and G5 were 69.47%, 68.42%, 64.210% and 64.21%,
respectively. Different materials used in Ames assay may
produce a reproducible dosage and it increases the number of reverting colonies in strains of S. typhimurium (31).
Akyil and Konuk in Turkey showed pesticide mutagenicity by the Ames test on TA97, TA100, and TA102 strains of S.
typhimurium (32). S. typhimurium strain TA100 was used
for our study, because Salmonella strains have different
mutations in various genes of histidine operon. Salmonella mutagenicity test is designed to detect chemicals
able to induce mutagenesis. Application of PAMAM in
Nano medicine is increased, but taking into account the
toxicity of PAMAM, usage of these materials should be
with caution. In our study, it was shown that reverted colonies were lower when Nano composite G2 was applied
in the Ames test, so it is a better and safer antibacterial
substance compared to PAMAM generations. In conclusion, safety of these materials must be considered before
applying them and also toxicity of these compounds
should be evaluated by in-vivo and in-vitro studies.
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