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Abstract: Hyperbranched antibacterials show much more potential performances than their small molecules due to unique
structure. Polyhexamethylene biguanide (PHMB) functionalized hyperbranched poly(amide-PHMB)s (DPBs) were pre-
pared and their antibacterial properties were investigated using several techniques. The results showed that Gram-positive
organisms were more susceptible than Gram-negative bacteria for DPBs, N', N?, N-tris(2-aminoethyl)benzene-1,3,5-tri-
carboxamide (DT) and PHMB. DPBs had better comprehensive properties than DT and PHMB, and the best one was
DPBI1. SEM and AFM were utilized to investigate the interactions between DPB1 and bacterial membranes of E. coli.
The mode of action of DPB1 was revealed by the morphological images, which was consistent with bactericidal mech-

anism of cationic antibacterial agents.

Keywords: hyperbranched polymer, polyhexamethylene biguanide, antimicrobial activity, antimicrobial mechanism.

Introduction

Dendrimers are novel highly-branched three-dimensional
macromolecules that emanate from a central core and provide
a very high number of end groups in the periphery.' Since
dendrimers can be easily modified with lots of functional
groups and possess tunable inner cavities, highly branched and
surface moieties, the properties of dendrimers are very dif-
ferent from traditional liner analogues, such as low viscosity,
ease of solubility, high reactivity, and high local concentration.
Architecturally similar to dendrimers, hyperbranched polymers
are a type of dendritic macromolecules, which constitute a
novel class of highly branched polymers with a multitude of
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end groups.” Hyperbranched polymers can be prepared using a
one-pot synthesis, so that they are better positioned for indus-
trial applications.

It is well known that bacterial cell surfaces are negatively
charged and often stabilized by the divalent cations, such as
Mg®* and Ca®*" presented in external environment.® Hence,
adsorption onto the negatively charged cell’s surface is
expected to be enhanced with increasing charge density of the
cationic biocides. As mentioned above, hyperbranched poly-
mer can offer a higher local density of functional groups com-
pared with that for model compounds (monomers and
polymers) and it is easily modified.” If polyhexamethylene
biguanide (PHMB) can functionalize hyperbranched polymer
with biologically active end groups, they might be expected to
show the increased antibacterial properties associated with the
high local concentration.'” Meanwhile, because the binding
affinity to the cytoplasmic membrane is the strongest for den-
drimer and hyperbranched biocides, followed by conventional
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polymer biocides, then by small-molecule biocides,” hyper-
branched biocides can be more potential than both polymeric
biocides and small-molecule biocides. Therefore, hyper-
branched compounds have made available new opportunities
for creating more potential antimicrobial agents for both indus-
trial and biomedical applications.

In order to increase the species of effective antimicrobial
products and enhance the antibacterial activities, we designed
and synthesized hyperbranched compounds. In this work,
PHMB was selected as the A2 type monomer on account of its
biodegradability and safety.'"> This was a very important
requirement, especially when these polymers were intended for
use as antimicrobial drugs. Furthermore, N',N* N°-tris(2-ami-
noethyl)benzene-1,3,5-tricarboxamide (DT) was selected as
the A3 type branched center core to increase antibacterial
effect, because its structure contain active biocidal groups
(benzene acyl group). PHMB has been considered as a broad-
spectrum antimicrobial material. Due to its high-water sol-
ubility, non toxicity and excellent antibacterial activity, PHMB
has been widely used for many years, as an antiseptic in med-
icine,"*"¢ textiles, water treatment; as a treatment against fun-
gi'" and disinfection of a variety of solid surfaces such as
contact lenses;”® as a mouthwash.»*> PHMB is a mixture of
polymeric biguanide with different molecular weight and var-
ious combinations of amino (-NH,), guanide [-NH-C(=NH)-
NHS,] or cyanoguanide [-NH-C(=NH)-NH-CN] as end groups.”
Because of those active groups the biguanidine polymer can
react with other compounds.** So, it can be an excellent strat-
egy for synthesizing many more biguanidine derivatives.

Antibacterial hyperbranched poly(amide-PHMB)s (DPBs)
were prepared via A2+B3 reaction with different molar ratios
using one-pot synthesis. The reaction molar ratios of DT and
PHMB were 1:1, 1:2 and 1:3, respectively. The molecular
structures of obtained hyperbaranched products (DPBs) were
characterized by Fourier transform infrared (FTIR) and 'H
nuclear magnetic resonance (NMR) spectra. With loading dif-
ferent molar ratios of PHMB into DT core, the antimicrobial
properties were evaluated by the minimum inhibitory con-
centration (MIC), inhibition zone, UV-vis. Moreover, the anti-
microbial mechanism was revealed by visualizing the bacteria
morphology with scanning electron microscope (SEM) and
atomic force microscope (AFM) images.

Experimental

Materials. Ethylenediamine and 1,6-hexamethylenediamine

(A.R.)) were obtained from Chengdu Kelong Chemical
Reagents Co., Ltd. (Chengdu, China). Concentrated sulfuric
acid, sodium chloride, trimesic acid, dicyandiamide (A.R.) and
Agar (gel strength > 1300 g/cm?, Biosharp, Japan) were pur-
chased from Sinopharm Chemical Reagent Co. Ltd. (Shang-
hai, China). Beef extract and peptone were obtained from
Beijing Aoboxing Biotech Co., Ltd (Beijing, China). All
reagents were used as received without further purification.

Escherichia coli (E.coli ATCC25922) and Staphylococcus
aureus (S. aureus ATCC209P) were kindly provided by the
Institute of Sichuan Antibiotic Industry, State Pharmaceutical
Administration of China.

Synthesis of Hyperbranched Polymers. 1,3,5-tri(meth-
oxycarbonyl)benzene (1): A solution of trimesic acid (21 g),
methyl alcohol (250 mL) and concentrated sulfuric acid
(5§ mL) was refluxed for 2 h. Two-thirds of the methyl alcohol
was removed by distillation. After cooling, precipitation was
removed by filtration and dissolved in 300 mL of ether. The
filtrate was poured into water and then extracted with ether.
The ether solutions were combined, washed thoroughly with
water and dried by anhydrous sodium sulfate. The ether was
removed and the solid ester was recrystallized from methyl
alcohol. 1,3,5-Tri(methoxycarbonyl)benzene was obtained
with a yield of 96% (24 g). 'H NMR (300 MHz, CDCl;, ppm):
5 3.98 (s, 9H), 8.86 (s, 3H).

N',N® N*-tris(2-aminoethyl)benzene-1,3,5-tricarboxamide
(DT): In a three-neck round-bottomed flask (250 mL) equipped
with a magnetic stirrer, a solution of compound 1 (8 g), eth-
ylenediamine (6 g), methyl alcohol (100 mL) was refluxed for
12 h under nitrogen atmosphere. All the methyl alcohol and
ethylenediamine were removed by vacuum distillation. DT
was obtained with a yield of 86% (10 g). '"H NMR (300 MHz,
CD;0D, ppm): 8 2.86 (t, 6H, J=7.6), 3.48 (t, 6H, J=6.7), 8.44
(s, 3H).

Polyhexamethylene Biguanide (PHMB): Equal molar
ratios (1:1) of dicyandiamide and hexamethylene diamine were
put into a 250 mL three-neck flask; the mixture was mechan-
ically stirred while reaction temperature was kept at 150 °C for
2 h. Then the product was obtained after cooling. 'H NMR
(300 MHz, d-DMSO, ppm): 8 1.30 (s, 4H), 1.43 (s, 4H), 3.10
(s, 4H). FTIR (cm™): 3321 (brm), 2930 (s), 2855 (s), 2174 (m),
1660 (s), 1546 (s), 1435 (m), 1358 (m), 1280 (m), 1198 (s),
1151 (s), 720 (w), 610 (w).

Hyperbranced Polymer: In a three-neck round-bottomed
flask (100 mL) equipped with a magnetic stirrer, a mixture of
DT and PHMB was mechanically stirred while reaction tem-
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perature was kept at 150 °C for 2 h under nitrogen atmosphere.
A white solid product was received after cooling. "H NMR
(300 MHz, D,O, ppm): 8 1.30 (s, 24H), 1.53 (s, 24H), 2.81 (s,
6H), 3.11 (s, 24H), 3.43 (s, 6H), 8.24 (m, 3H). FTIR (cm™):
3376 (brm), 3168 (s), 2933 (s), 2859 (s), 1654 (vs), 1546 (s),
1475 (m), 1157 (s), 815 (w), 582 (brm).

Characterization of Hyperbranched Polymers. FTIR
(KBr) spectra of the hyperbranched polymers were recorded
by a Nicolet MX-1E Fourier transfer infrared spectrometer
(Nicolet Japan). '"H NMR spectra (AM 300 MHz nuclear mag-
netic resonance, Bruker USA) were used to characterize their
molecular structures.

Antibacterial Properties. The qualitative and quantitative
antimicrobial activities of antibacterials were demonstrated by
several techniques. The MIC was determined by broth double
dilution method.”” In order to study the inhibition effect of
hyperbranched DPB against bacterial growth, E.coli and S.
aureus strain were grown on an agar plate, and their fresh col-
onies were transferred with the help of a sterilized loop into a
shake flask, which was then incubated in an incubator shaker
for 18 h at 37 °C at a shaking speed of 150 rpm under aerobic
conditions. Culture media containing required nutrients was
used for the cultivation.”® 0.2 mL of the bacterial suspension
was transferred into each test tube and then 1.8 mL of different
concentrations of antibacterial were added in triplicate starting
from 1000 to 0.1 ug-mL™" (different tested concentrations were
1000, 100, 10, 1 and 0.1 ug'mL™") into test-tubes just before
inoculating with bacteria. 0.2 mL of the bacteria suspension
was also added into 1.8 mL of double distilled water for the
purpose to serve as a blank sample while measuring their OD
at 700 nm. All these test tubes were placed in an incubator
shaker for 24 h at 37 °C with a shaking speed of 150 rpm.
There was a good linearity relationship between the bacterial
biomass and the value of optical density at 700 nm. Therefore,
the number of the bacteria of control groups and treated groups
were monitored on the U-2010 spectrophotometer (Hitachi,
Japan) by measuring the optical density at 700 nm. Then the
results were expressed as the percent inhibition of bacterial
growth. Inhibition percent was calculated by following eq. (1):

OD-,, control-OD,,, assa
700 700 yxlOO%

(M

Combined Antimicrobial Susceptibility Test. In order to
investigate the effect of blending modification on the anti-

Inhibition percent =

0D, control

bacterial activities, the combined antimicrobial susceptibility
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tests between DT and DPB against E.coli were determined by
paper strip test.”’ Two strips of filter paper that had been
respectively dipped the antibacterial agent were placed ver-
tically on the agar plate surface (see Figure 4(a)) that was inoc-
ulated with experimental strain (E.coli). Cultured at 37 °C for
24 h, the combined effect between antibacterial agents was
determined according to the shape of the bacteriostatic zone.

SEM Analysis. The preparation method of sample for SEM
analysis: after centrifuging at 3000 rpm for 3 min, the E.coli
cells were washed twice with PBS and redispersed with PBS
solution. Hyperbranched polymer DPB1 with various con-
centrations were added into E.coli suspension and the mixtures
were shaken for 30 min. Glutaraldehyde solution (2.5%) was
added into the untreated E.coli and treated E.coli suspensions
in order to fix the surface morphology of bacterial cells. Then
the E.coli suspensions were centrifuged at 3000 rpm for 3 min,
washed with PBS for three times and redispersed in PBS. The
E.coli cells were dehydrated through a gradient series of eth-
anol (50, 70, 80, 90 and 100%, respectively) for 15 min and
then air-dried in a vacuum desiccator. The images were
observed with scanning electron microscope (SEM, Leitz-
AMR-1000).

AFM Analysis. The untreated E.coli and treated E.coli sam-
ples were processed sequentially through the step of fixation,
dehydration, dispersion. Then the E.coli cells were dropped
onto a silicon wafer and air-dried in a vacuum desiccator. The
morphological and profile images of E.coli were observed via
atomic force microscopy (AFM, Veeco Nanoscope Illa Mul-
timode, USA).

Results and Discussion

Synthesis of Hyperbranched Biguanide Polymers. In
this work, we designed and synthesized novel antibacterial
functionalized DPBs by chemical doping of DT and PHMB
with different reaction molar ratios. PHMB was firstly syn-
thesized by condensation reaction from hexamethylene
diamine and dicyandiamide, and then we integrated the anti-
microbial property of hyperbranched polymers synthesized
with PHMB and branched central core (DT). The reaction
scheme was shown in Scheme 1. Hyperbranched products of
DPB1, DPB2, DPB3 were obtained by npr:mppye = 1:1, 1:2 and
1:3, respectively. The molecular structure of PHMB and
hyperbaranched DPBs were characterized by FTIR, 'H NMR
spectra.

It was reported™ that there were five characteristic peaks for
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Scheme 1. Synthesis of hyperbranched polymer.

guanidine compounds as following: Ly at about 3300 cm™,
Vey at 1689-1650 cm™, Sy at about 1640 cm™ and vey at
about 1300 cm™!, " at about 1620-1560 cm™. The FTIR
spectrum of the PHMB was shown in Figure 1. The FTIR
spectrum revealed bands at 3321 (brm), 1660 (s), 1546 (s), 1280
(m) cm™, corresponding to the biguanide group in PHMB. The
2855 and 2930 cm™ peaks were assigned to the CH,-Sym-
metric stretching vibration (ss), CH;-ss mode, respectively.

The FTIR spectra of hyperbranched polymers (DPBs) were
shown in Figure 2. The signals in the functional group region
at 3376, 1654, 1546, 1157 cm™ were due to biguanide groups.
Phenyl groups showed absorption for the C-H units at
3168 cm™ and also lied in the range from 780 ¢cm™ (in the fin-
gerprint region). The strong infrared absorption band of the
C=0 and the conjugated N-C(=N)-N stretching vibration were
observed at 1654 cm™. With the increase in the content of
PHMB, the N-H stretching vibration peak appeared at
3376 cm™ became stronger slightly. The results confirmed that
copolymerization took place as expected.

There were three characteristic peaks for "H NMR spectra
(d-DMSO) of PHMB as following: 1.30, 1.43, 3.10 ppm. 'H
NMR spectra (D,0O) of DPB1 showed sharp peaks at 1.31,
1.53 and 3.11 ppm, belonging to CH, units in PHMB. The
peaks at 2.81, 3.43 and 8.24 ppm were observed and assigned
to methylene and penyl groups in DT, respectively. According
to the integral area of different hydrogen protons in Figure 3,
the methylene protons’ ratio between ethyl and hexyl group in
DPBI1 was 12:72. Meanwhile, because DPB1 was obtained by
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Figure 1. FTIR spectrum of PHMB.
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Figure 2. FTIR spectra of DPBs.

nprhpmvs = 1:1, we were able to calculate the molar mass of
PHMB was about 1200 g/mol.

In terms of FTIR and 'H NMR spectra, we could conclude
that DPBs were synthesized successfully.

Antibacterial Activity. The novel synthesized hyper-
branched compounds were evaluated for their antibacterial
activities against Gram-negtive (E.coli) firstly. The results of
the inhibition zone, the minimum inhibitory concentration
(MIC) were summarized in Table 1. The diameter of the inhi-
bition zone of FE.coli was studied using disk diffusion
method.”’ The average diameters of the inhibition zone of
DPBI1, DPB2 and DPB3 against E.coli were 6.8, 6.0 and
5.9 cm, respectively. Determined by double dilution method,
MIC of DPB1, DPB2 and DPB3 for E.coli were found to be
64, 64, 128 ppm, individually. These data suggested that DPB1
had a more excellent antibacterial activity than DPB2 and
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Figure 3. '"H NMR spectra of DPB1 in D,0.

DPB3. Meanwhile, MIC values of the hyperbranched DPBs
were less than that of PHMB (256 ppm) and DT (128 ppm),
which indicated the doping by chemical bond and structure
modification could effectively improve the antibacterial activ-
ity of the antibacterials (see Table 1).

The bacterial growth inhibition rates of DPBs with various
concentrations against E.coli (a) and S. aureus (b) were
observed by UV-vis. The results were shown in Figure 4. As
can be seen in Figure 4(a), treated with DPBs for 24 h, the
E.coli inhibition rate enhanced with increasing concentrations.
For example, the E.coli growth inhibition rates of DPB1 were
44.8%, 44.8%, 70.4%, 94.4% and 100%, when the concen-
trations were 107, 10°, 10", 10* and 10° pg'mL"', separately.
Figure 4(a) showed that DPBs inhibited the growth of E.coli at
a level as low as 10 pg'mL™" and effectively killed them at
100 pg-mL"'. Similar results were reported for D3CINC12.2
The E.coli growth inhibition rate of DPB1 was higher than
DPB2 and DPB3. That result may be due to the different spa-
tial conformation of hyperbranched polymer. Because of the
more compact nature of hyperbranched polymer, the more

Table 1. Antibacterial Activity of Antibacterials

Diameter of

Antibacterials MIC inhibition zone
(ppm) (cm)
PHMB 256 4.0
DT 128 42
DPBI1 (npr:nppye = 1:1) 64 6.8
DPB2 (nyr:nppvs = 1:2) 64 6.0
DPB3 (npr:npuve = 1:3) 128 5.9
Physical doping (7pr:#pume = 1:1) 128 4.4
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antibacterial cationic biguanide groups were encapsulated with
increasing contents of PHMB in DPBs. The inhibition rate of
DPBs against Gram-positive bacteria strain (S. aureus) was
shown in Figure 4(b). The results also indicated that the inhib-
itory effect increased with an increasing concentrations of
hyperbranched DPBs. For instance, at 1 ug-mL", the hyper-
branched DBPs inhibited the growth of S. aureus, but the bac-
teria could adjust to the environmental stress and survive. At a
higher concentration (10 pg-mL™"), the growth inhibition rate
increased very rapidly, almost 100%. With increasing the con-
tent of PHMB, the inhibition rate of DPBs declined. Compared
with DPBs against E.coli strain, the growth inhibition rate of
DPBs against S. aureus was significantly higher. The reason of
this phenomenon was the difference in the structures of cell
walls of Gram-positive and Gram-negative bacteria. In the
Gram-positive bacteria, there were plenty of pores that allowed
external molecules to come into the cell easily.””> However,
there were two-layer membrane and cell wall in the Gram-neg-
ative bacteria. The outer membrane was a potential barrier
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Figure 4. Growth inhibition rate of DPBs with various concentra-
tions against E. coli (a); S. aureus (b).
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against foreign molecules. Consequently, DPBs could more
effectively kill Gram-positive bacteria than Gram-negative
bacteria.

Combined Antimicrobial Susceptibility. As we know, the
blending modification includes three types of physical blend-
ing, chemical blending, and physical/chemical blends, which
can change the antibacterial activity of components. Taking
two antimicrobial agents for an example, the combined effect
of antibacterial agents utilizing the paper strip method used to
define synergism, antagonism, and indifference (Figure 5(a)).
In order to further verify the chemical blending could enhance
the antibacterial activity, we observed combined antimicrobial
susceptibilities of DT and PHMB against E.coli by paper strip
test. From Figure 5(b), we noted no significant difference
between DT and PHMB on inhibition area, which demon-
strated the combined effect between DT and PHMB was indif-
ferent. In other words, the physical doping of DT and PHMB
could not improve their antibacterial activity. However, the
diameter of inhibition zone of chemical blending product
DPBI1 (6.8 cm) against E.coli was bigger than that of DT
(4.2 cm) and PHMB (4.0 cm) (see Figure 6), which evidenced
the chemical modification of DPB1 with specific hyper-
branched structure had more excellent antibacterial properties
than physical blending.

Figure 7 displayed antibacterial effects of DT, PHMB, DPB1
with different concentrations against E.coli and S. aureus via

- - -- antagonism

-.indifference

- synergism

Figure 5. (a) Schematic diagram of the combined antimicrobial sus-
ceptibility test; (b) combined test of PHMB and DT against E. coli.

Figure 6. Inhibition zone of PHMB, DT and DPB1 against E. coli.

ODygpum- The results suggested the inhibition effect of anti-
bacterials against E.coli became stronger in the order of
PHMB < DT < DPBI. For Gram-positive bacteria (S. aureus),
bactericidal activity of antibacterials was consistent with
Gram-negative bacteria. For example, at 10 pg'mL’, the
OD1gum Value of hyperbranched DBP1 was 0.03, however, that
of DT and PHMB were 0.28 and 0.20, respectively. At a higher
concentration (100 pg-mL™), the bacteria could be effectively
killed by all antibacterial agents. In summary, all experimental
results showed that DPBs had better comprehensive antibac-
terial properties than DT and PHMB for Gram-positive and
Gram-negative bacteria, and the best one was DPBI1.
Antimicrobial Mechanism of Hyperbranched DPB
Revealed by SEM. SEM which could clearly provide the
information of bacterial surface, was used to reveal the mor-
phologic change of the microbial cells after treated with anti-
bacterial agents. Figure 8 showed the morphological images of
the fresh E.coli and the E.coli after the treatment. As can be

(a)
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Figure 7. Antibacterial effects of DT, PHMB, DPB1 with different
concentrations against E. coli (a); S. aureus (b).
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seen in Figure 8(a), the rod-like E.coli showed a unique ellip-
soid shape, and its surface membrane was integrated and
smooth. In the presence of DPB1 at low concentration
(50 ppm< MIC of DPBI), the rodlike morphology (E.coli)
almost remained intact. However, there were many obvious
grooves on the cell surface (see Figure 8(b)). The results indi-
cated that the first effect of DPBI in E.coli suspension was to
interact with cytoplasmic membranes directly and to disturb
the membranes, which also supported previous reports that the
cell membrane was the principal target of cationic antibacterial
agents,’” such as quaternary ammonium compound (QACS),
guanidine and biguanide derivatives. At a higher concentration
of DPB1 (200 ppm), most of E.coli strains were damaged
severely and died, but there were still little bacterial cells have
not been completely destroyed, in the form of collapsed rods
(see Figure 8(c)). The SEM morphology showed that E.coli
lost its discernable inner and outer membranes, which indi-
cated most of the intracellular components had leaked via
deformed membrane, such as K ions, DNA, and RNA.

AFM. The effect of the hyperbranched compound DPB1 on
the E.coli’s cell surfaces was also examined by AFM. Figure
8 showed the AFM morphological and profile images of E.coli
for (a) the control samples without DPB1, (b) samples in the
presence of DPB1 at low concentration (50 ppm) and (c) sam-
ples in the presence of DPB1 at a high concentration
(200 ppm). Morphological characterization of the E.coli’s cells
generally showed typically rod-shaped cells of 250-300 nm
height and 1.6-2.5 um length. Often the cells also showed
many pili or fimbria, typically extended on the glass surface.™
The profile image in Figure 9(a) showed the E.coli’s cell with
1.5 pm length and 250 nm height, and the surface structure of
the native E.coli was smooth. The morphological image in Fig-
ure 9(a) showed that there are many pili around the bacteria
cell, which was also markedly observed by SEM image (Fig-
ure 8(a)). Figure 9(b) showed the influence on morphology of
E.coli treated at low concentration of DPB1 for 30 min. The
morphological image in Figure 9(b) displayed that E.coli’s sur-
face had a few differences to the control bacteria, for instance,

(a) The fresh E.coli

(b) E.coli treated with 50 ppm of
DPB1 for 30 min

(c) E.coli treated wiith 200 ppm of
DPBI1 for 30 min

Figure 8. SEM images of E. coli treated with hyperbranched DPB1 with different concentrations.

T T 3 E I s

(a) The untreated E. coli (control)

(b) E. coli treated with
50ppm of DPB1

(¢) E.coli treated with
200ppm of DPBI1

Figure 9. AFM images of untreated E. coli and E. coli treated with hyperbranched DPB1 with different concentrations.
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the surface became rough. This phenomenon could also be evi-
dently observed in profile image and SEM image (see Figure
8(b)). The height of bacterial cells reduced from 250 to
150 nm in the profile image, which indicated that few E.coli’s
contents (potassium ions and phosphate) maybe have leaked
from bacterial membrane, leading to the shrinkage of cells. It
can be seen in Figure 9(c), the surface of E.coli was damaged
severely, when they were treated with DPB1 at 200 ppm (a
higher concentration) for 30 min. Due to the collapse of the
E.coli’s membranes, most of the intracellular components were
leaked, including DNA and RNA, leading to the death of
E.coli. The height on the AFM profile graph reduced below
90 nm, which was also able to explain that the intracellular
components were leaked.

AFM and SEM results could be interpreted on the basis of
adsorption onto the bacterial cell surface, binding to the cyto-
plasmic membrane, disruption and disintegration of the cyto-
plasmic membrane, release of electrolytes such as potassium
ions and phosphate, release of nucleic materials such as DNA
and RNA, and the death of the cell, which were consistent with

the typically mode of action of cationic antibacterials.”*?

Conclusions

Since bacteria is negatively charged and the dendrimers or
hyperbranched compounds have a high positive charge density,
electrostatic interactions quickly bring them into contact with
each other, which means that hyperbranched compounds have
made available new opportunities for creating more potent
antimicrobial agents for both industrial and biomedical appli-
cations. In this study, we demonstrated that it was feasible to
synthesize the hyperbranched biguanide based antibacterial
agents. Antibacterial DPBs that PHMB was integrated on DT
branched central core was prepared via A2 + B3 reaction with
different mole ratios using a one-pot synthesis. The antibac-
terial experimental results showed that DPBs, especially
DPBI, had better comprehensive properties in the antibacterial
area due to blending and structure modification. The anti-
microbial mechanism of DPBs was revealed by visualizing the
bacteria morphology with SEM and AFM images. The results
were consistent with the typically mode of action of anti-
bacterials, such as guanidine and QACs.
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