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Abstract. Biomimetic dopamine-conjugated polyaspartamides as novel adhesive materials were synthesized and characterized.
These modified polyaspartamides contain three different groups combined with dopamine (DOPA), i.e., γ-amino butyric acid
(GABA), ethanolamine (EA) and octylamine (OA), which are referred to as PolyAspAm (DOPA/GABA), PolyAspAm(DOPA/EA)
and PolyAspAm(DOPA/OA), respectively. These three water-swollen polymer glues show good adhesion (0.1~0.4 MPa)
with various daily-life materials (aluminum foil, glass and paper) as well as some plastic substrates (PET and PMMA). Compared
to the polymers with more hydrophilic groups (GABA and EA), the polymer glue with the hydrophobic alkyl group (OA)
exhibited higher adhesive strength values on most substrates. In addition, when applied to biological porcine skin, these glues
demonstrated adhesion of values of 15~20 kPa with EA- and OA-conjugated polymers. These results suggest the great potential
of dopamine-modified polyaspartamides as versatile and efficient polymeric glues for industrial and biomedical applications.
Keywords: adhesion, polymer glue, biomimetic, polyaspartamide, dopamine

1. Introduction

[1, 7–9]. Marine mussels withstand high-energy wave
impacts in rocky seashore habitats by fastening tightly to surfaces with tough and self-healing proteinaceous fibers, called byssal threads, composed of 25–
30 different types of underwater mussel adhesive
proteins (UMAPs) [10–13]. 3,4-Dihydroxy-phenylalanine (DOPA) residues, which are modified amino
acids, have catecholic functionality and can be found
in UMAPs. The catechol groups of dopamine can
strongly interact with a variety of organic/inorganic
substrates via coordination, covalent bonds, π-π stacking, electrostatic forces, and hydrogen bonding, which
allows mussels to attach to various surfaces such as
glass, plastic, wood and metals in an aqueous environment [11–17].
In 1981, Waite and Tanzer determined that catechols
were responsible for the adhesion of mussels in inhospitable regions under very harsh and wet conditions
[18]. Since this discovery, researchers have focused

Biomimetic materials, which are designed to mimic
biological compounds, have been extensively reviewed as novel materials for various applications
due to their specific functionality and desirable properties [1–3]. Bioadhesive reagents play an important
role in many life systems, and the application potential of these kinds of adhesives has attracted a lot of
research [4, 5]. However, it is difficult to synthesize
bioadhesives that can be applied in aqueous environments that are resistant to water and wave impacts;
this is due to the existence of a weak boundary layer
of water at the interfaces between the adherend and
substrates or to the swelling of the adhesive by water
absorption [6]. Marine mussels (mytilus edulis), such
as the blue mussel, attach to a variety of surfaces in
aqueous environments through the use of a natural adhesive that is incredibly strong and can form durable
bonds to glass, plastic, wood, concrete, and Teflon
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on incorporating DOPA into polymers for a variety
of adhesive applications [18–21]. Stepuk and collaborators introduced a mussel-inspired synthetic adhesive based on the copolymer of dopamine methacrylamide (DMA) with methyl methacrylate (MMA),
which is a copolymer with catechol functionality
[22]. When this coating was subjected to a macroscopic load, effective transfers of mechanical stress
from the metal matrix to the polymer cement improved the strength of conventional PMMA cements
bonded to titanium and aluminum. Matos-Pérez et al.
[23] presented a structure-property study on the simplest mimic of mussel adhesive proteins. They synthesized a series of poly(3,4-dihydroxystyrene-costyrene) by varying the 3,4-dihydroxystyrene content
to test the effect of this content on the bulk adhesion
of the material on aluminum substrates. Their results
showed that increasing the catechol content up to
33% led to an increase in the lap shear adhesion. In
order to explore the role of charge on adhesion,
White and Wilker developed a family of biomimetic
copolymers by incorporating both DOPA and ammonium groups, which can give cationic charges [24].
The bulk adhesion of this dried copolymer was found
to be similar to that of commercial glue. While underwater adhesion was lower than dry adhesion it was
still superior to three popular commercial products.
In 1987, Waite revealed the effect of water on adhesion. He proposed four pathways to explain how the
presence of water affected the adhesion properties.
Mussels can achieve remarkable adhesion to various
surfaces underwater using their byssal threads, which
are heavily decorated with DOPA. Researchers have
been looking for inspiration from mussels to produce
bio-inspired wet adhesives for application as biomedical adhesives [3, 25–27]. Chung and Grubbs described newly designed DOPA-containing terpolymer adhesives that were prepared by the polymerization of three vinyl monomers: acrylic acid (AA),
acrylic acid N-hydroxysuccinimide ester (AANHS),
and N-methacryloyl-3,4-dihydroxyl-L-phenylalanine
(MDOPA), and suggested that these materials could
represent clinically-useful biomedical adhesives [28].
When the DOPA moiety was introduced into the adhesives, the adhesion strength increased by 190% during lap shear tests on wet porcine skin. Jo and Sohn
copied the mechanism of underwater medical adhesives by blending modified DOPA and a triblock

copolymer (PEO-PPO-PEO) to synthesize the triblock copolymer poly(dopamine methacrylamideco-methoxyethyl acrylate-co-2-ethylcyano acrylate)
[poly(DMA-co-MEA-co-ECA), PDMC] [29]. This
novel synthetic copolymer adhesive can be applied
to repair wet living tissues or bone with maximum
stress and modulus values of 165 kPa and 33 MPa,
respectively, in the wet state.
Polyaspartamides are promising water-soluble, nontoxic, nonantigenic, and biodegradable polymers that
can be obtained from the aminolysis of polysuccinimide (PSI), which is the thermal polycondensation
product of the aspartic acid monomer [30–33]. In this
work, we present a mussel-inspired synthetic adhesive based on dopamine-containing polyaspartamide
derivatives that is applicable to various kinds of substrates such as paper, plastic, glass, and metals. In
addition, these polymer glues showed adhesion properties when applied to biological porcine skin. Hence,
this novel and biocompatible polymer glue system has
the potential to be used as a medical bioadhesive,
sealant and industrial glue.

2. Experimental
2.1. Materials
L-aspartic acid (98%+), orthophosphoric acid (98%),
N,N–dimethylformamide (99.8% anhydrous, DMF),
γ-aminobutyric acid (99%+), chlorotrimethylsilane
(99%+), dopamine hydrochloride (DOP), ethanolamine (99%, EA), octylamine (99.5%+, OA), dibutylamine (99.5%+), sodium hydrosulfite (ca. 85%),
acetic acid (99%+), and methanol (99.9%+) were purchased from Sigma-Aldrich. Acetone and ethyl ether
were obtained from DaeJung Chemical Co. (Siheung,
Korea). All of the other chemicals that were purchased
were of sufficient quality and were used as.

2.2. Synthesis of polysuccinimide (PSI)
PSI was prepared and purified using previously reported procedures [30, 34]. L-aspartic acid (30 g) and
o-phosphoric acid (30 g) (50:50 wt. ratio) were put
into a round-bottom flask and mixed at room temperature. The mixture was heated slowly from room temperature to 180 °C under reduced pressure for about
30 min and then maintained at 180 °C for 4.5 h. The
reaction mixture was then cooled and DMF was
added to dissolve the product. The resulting solution
was precipitated in excess water and the precipitate
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was washed several times with water to remove residual phosphoric acid until the solution reached pH 7.
The product was then dried at 70 °C under vacuum
for 3 d to obtain PSI in the form of an off-white powder. The molecular weight was estimated to be approximately 75 000 Da, as calculated from an empirical equation relating the solution viscosity to the molecular weight.

at room temperature for another 24 h. The resulting
mixture was precipitated in 300 mL of cold acetone.
The filtered product was dried in oven at 40 °C for
3 days to obtain the final product (1.93 g).

2.3. Synthesis of polyaspartamide derivative
PolyAspAm(DOPA/GABA)
First, 0.97 g of PSI (corresponding to 0.01 mol of
succinimide unit) was dissolved in 20 mL of DMF.
Then, 6.5 mmol of γ-aminobutyric methyl ester hydrochlorides (GABAME), an ester derivative of γaminobutyric acid (GABA) as the synthesis shown
in our previous report [35], and 6.5 mmol of dibutylamine (DBA) were dissolved in 20 mL of DMF. This
solution was then added to the PSI solution under
vigorous stirring at room temperature. After reaction
for 5 days, 0.01 mol of DOP and 0.005 mol of DBA
were added. The reaction was carried out under a nitrogen atmosphere in the presence of 0.05 g of sodium hydrosulfite. The reaction mixture was placed in
an 80 °C water bath and stirred for 24 h. The resulting mixture was precipitated in 300 mL of cold acetone, from which the product, PolyAspAm(DOPA/
GABA), was separated by filtration. The product was
dispersed in a pH 10 solution of sodium hydroxide
in distilled water; additional sodium hydroxide solution was dropped into the dispersion to maintain
its pH at about 10. The mixture was stirred overnight
and then hydrochloric acid was dropped into the solution until its pH was stabilized at pH 4.0. The resulting solution was filtered, dialyzed, and lyophilized
to obtain a solid polymer (2.11 g).
2.4. Synthesis of polyaspartamide derivative
PolyAspAm(DOPA/EA)
First, 0.97 g of PSI (corresponding to 0.01 mol of
succinimide units) was dissolved in 20 mL of DMF.
Then, DOP (100 mol%, based on the succinimide
units) and 3.6 mL of dibutylamine were added. The
reaction was carried out under a nitrogen atmosphere
in the presence of 0.05 g of sodium hydrosulfite. The
reaction mixture was placed in an 80 °C water bath
and stirred for 24 h. Subsequently, 50 mol% of EA
was added slowly to the reaction mixture and stirred
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2.5. Synthesis of polyaspartamide derivative
PolyAspAm(DOPA/OA)
First, 0.97 g of PSI (corresponding to 0.01 mol of
succinimide units) was dissolved in 20 mL of DMF.
Then, DOP (100 mol% based on the succinimide
units) and 3.6 mL of dibutylamine were added. The
reaction was carried out under a nitrogen atmosphere
in the presence of 0.05 g of sodium hydrosulfite. The
reaction mixture was placed in an 80 °C water bath
and stirred for 24 h. Subsequently, 50 mol% OA was
added to the flask, which was then heated at 70°C and
stirred for 6 h. The resulting mixture was precipitated
in 300 mL of cold acetone. The filtered product was
washed and dried at 40 °C under vacuum for 3 days
to obtain the final product (2.15 g).
2.6. Characterization and measurements
NMR: 1H NMR spectra of samples were acquired
using a Unity Inova-500 (Varian, Palo Alto, CA, USA)
spectrometer.
Fourier-transform infrared spectroscopy
The structures of PolyAspAm derivatives were analyzed by means of Fourier transform infrared spectroscopy (FT-IR, Perkin Elmer System 2000 FT-IR).
Measurement of water absorption capacity
The water absorbency and swelling rate were measured in DI water. A certain amount of dry polymer
powder (Wd) was weighed and then placed in distilled water until near-equilibrium swelling was obtained. The weight of the swollen polymer was subtracted to obtain the pure weight of the swollen gel
(Ws) resulting from the dry polymer. The swelling
percentage was simply calculated as shown by Equation (1):
Water absorption =

RWs - Wd W

Wd

(1)

Bulk adhesion tests
Lap shear testing was performed on a UTM (QC508E, Cometech, Taiwan) with a 100 N load cell at
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a speed of 15 mm·min–1. Adhesion forces, expressed
in Pascals [Pa], were obtained by dividing the shear
force (in Newtons) by the adherend overlap area.
Each DOPA-containing polyaspartamide was mixed
with the same weight of DI water (for example 0.5 g
of polymer in 0.5 mL of water) and the resulting viscous paste was spread on the substrate to cover the
overlapping area using substrates of the same size
(length: 7.5 cm, adhesion area: 2.0 cm in length
×2.5 cm in width).

Figure 1. Synthesis of dopamine-conjugated polyaspartamides

γ-aminobutyric acid (GABA), ethanolamine (EA),
and octylamine (OA) and the reaction yield of three
derivatives were 80~85%. The structures and compositions of PSI and the polyaspartamide derivatives
were confirmed by 1H NMR spectroscopy using
DMSO-d6 as the solvent (Figure 2). The methine proton (at 5.3 ppm) of the initial succinimide ring disappeared completely during the series of aminolysis
reactions, suggesting a quantitative ring opening to
produce the PolyAspAm derivatives. For these three
polymers, the aromatic protons of the dopamine
phenyl groups were observed at around 6.5 ppm
(three peaks). In the case of PolyAspAm(DOPA/
GABA), two peaks at 1.6 and 2.2 ppm were assigned

Porcine skin preparation and test
Porcine skin samples were cut into rectangular pieces
(7.5 cm in length ×2.0 cm in width) and washed with
a sodium chloride aqueous solution. These were then
soaked for 12 h in a PBS buffer solution (pH = 7.4)
[36]. For the adhesion test, polyaspartamide glues
were spread on two pieces (2.0 cm×1.5 cm cross
area) of the porcine skin surface. The adhesion test
was carried out as described above.
In vitro cytotoxicity test
The cytotoxicity of polyaspartamide derivatives
were measured by an MTT assay in vitro. 293T cells
in 2 mL media were settled in 6-well plate, and cultured for 24 h at 37 °C and 5% CO2 atmosphere.
Media was changed with 2 mL fresh media, and then
three different polymers were placed in the well with
a certain concentration (0.01, 0.03, 0.05, 0.1, and
0.2 mg·mL–1). In case of PolyAspAm(DOPA/OA)
with poor solubility, a well dispersion was obtained
by adding 5% DMSO in the cell culture medium.
The cell and polymer were further incubated for 24 h.
Then, these mixtures were removed from the well.
Afterward, 100 µL of MTT solution (5 mg/mL) was
added and the plate was incubated at 37 °C for another 3 h. After removing the medium, 1.6 mL of
DMSO was added to each well and incubated at
60 °C for 1 h. 200 μL of cell sample was transferred
into 96 wells plate and the absorbance was checked
via microplate reader at a wavelength of 570 nm.

3. Results and discussion
3.1. Synthesis and characterization of
polyaspartamide derivatives
As shown in Figure 1, polyaspartamide derivatives
were synthesized from PSI by means of successive
aminolysis reactions using quantitative amounts of

Figure 2. 1H NMR spectra of (A): PSI, (B): PolyAspAm
(DOPA/OA), (C): PolyAspAm(DOPA/EA) and
(D): PolyAspAm(DOPA/GABA)
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Table 1. Amount of each pendant group in polyaspartamide derivatives determined from 1H NMR analysis
PolyAspAm(DOPA/GABA)
DOPA
GABA

Content
[mol%]
49
51

PolyAspAm(DOPA/EA)
DOPA
EA

Figure 3. FTIR spectra of PSI and the three different polyaspartamides

to the characteristic methylene protons of the GABA
pendant. Alternatively, in PolyAspAm (DOPA/OA),
the peaks at 0.8, 1.1 and 1.2 ppm were assigned to the
characteristic methylene protons of the octyl pendant. Table 1 lists the compositions of the polyaspartamide derivative copolymers. Figure 3 shows the FTIR transmittance spectra of polysuccinimide (PSI),
PolyAspAm(DOPA/GABA), PolyAspAm(DOPA/EA)
and PolyAspAm(DOPA/OA). PSI showed a characteristic band at 1706.8 cm–1, which was attributed to
the absorption of the imide ring. For the three polyaspartamide derivative polymers, the broad bands
around 3294 cm–1 were assigned to –OH and –NH
groups of the polymers. The peaks related to succinimide disappeared and new peaks related to amide I
and amide II bands appeared at around 1645 and
1518 cm–1. The absorption bands around 1382 and
1280 cm–1 could be assigned to the phenolic C–O–H
of the catechol group in dopamine. In addition, the
spectrum of PolyAspAm(DOPA/OA) showed two
characteristic bands at 2960.1 and 2931.1 cm–1, which
were attributed to the absorption of alkyl –CH3 and
–CH2. In the case of PolyAspAm(DOPA/GABA),
the characteristic band at 1721.7 cm–1 is assignable
to C=O carbonyl stretching. As a result, NMR and
FT-IR analyses confirmed the successful synthesis
of the polyaspartamide derivative polymers.
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Content
[mol%]
47
53

PolyAspAm(DOPA/OA)
DOPA
OA

Content
[mol%]
52
48

3.2. Water absorption capacities of
polyaspartamide derivatives
The water absorption capacities of the three different
polymers, PolyAspAm(DOPA/GABA), PolyAspAm
(DOPA/EA) and PolyAspAm(DOPA/OA), were
measured. Figure 4 shows the water absorption curves
for the samples in deionized (DI) water. In the case of
PolyAspAm(DOPA/OA), which contains hydrophobic octyl (C8) groups, the initial rapid swelling appeared to reach equilibrium within several hours,
and the water absorption value was approximately 1.
The water absorption capacity was found to vary depending on the functional group that was introduced.
When the hydrophilic GABA moiety was introduced
onto polyaspartamide, the swelling of PolyAspAm
(DOPA/GABA) occurred over a longer period of time
and exhibited a much higher degree of swelling with
a water absorption value of approximately 6.5. The
water absorption capacity of PolyAspAm(DOPA/
EA) was about 5, which was slightly lower than that
of PolyAspAm(DOPA/GABA). This suggests that the
–OH group gives highly polar and hydrophilic character but has a smaller effect compared to –COOH;
this was expected. The overall relative water absorption capacity among these three polyaspartamide
polymers was in the order of PolyAspAm(DOPA/
OA) < PolyAspAm(DOPA/EA) < PolyAspAm(DOPA/
GABA).

Figure 4. Water absorption of polyaspartamide derivatives
in DI water
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Figure 5. Image of dopamine-conjugated polyaspartamide
derivative glue

3.3. Adhesion properties of polyaspartamide
derivative glues
The preparation of polyaspartamide glue was demonstrated using the PolyAspAm(DOPA/EA) polymer
as one sample. Typically, 0.05 g of a PolyAspAm
(DOPA/EA) un-adhesive powder was mixed with
0.05 mL of DI water to form a very sticky paste-like
glue, as shown in Figure 5. Because the strong hydrogen-bond formation in the polymer can induce
intensive aggregation and chain entanglement, limiting the solubility in water, the polymer did not dissolve in water even after prolonged exposure [28].
To quantify the adhesion behavior, a widely-used lap
shear test method was employed. Of the many parameters affecting adhesion, the substrate onto which a
material is bonded is one of the most important [21].
Figures 6a and 6b show the preparation of the sample for lap shear testing. Figure 6c demonstrates the
adhesion and adhesive power on aluminum adherend
using polyaspartamide glue. When a 100 g weight was
suspended to the lower aluminum substrate, there was
no rupture between the two substrates, as can be observed in the actual image.
In general, substrates can be divided into low-surfaceenergy plastics and high-surface-energy metals. It is
typically easier to obtain strong adhesion to a highenergy, rough surface [21]. Figure 7 shows the bulk
adhesive strengths for three different adherends that
are conventionally used as daily-life materials (aluminum foil, glass and paper). In the case of aluminum
foil, the bulk shear adhesive strength values were
0.10±0.006 MPa for PolyAspAm(DOPA/GABA),
0.19±0.025 MPa for PolyAspAm(DOPA/EA), and
0.28±0.015 MPa for PolyAspAm(DOPA/OA). Interestingly, the PolyAspAm(DOPA/OA) polymer, which
has hydrophobic alkyl pendants, exhibited much higher adhesion strengths compared to the other two
polymers. The explanation for this result is not simple,

Figure 6. Schematic illustration of bulk shear strength test
(a, b), and an actual image of lap shear test using
aluminum foil substrate (c)

but a decrease in the weak boundary layer of water
at the interfaces between the adhesive and substrate
presumably results in enhanced adhesive strength.
Conversely, the polymer conjugated with hydrophilic
GABA showed the lowest adhesive strength. In the
same manner as the aluminum foil, the glass and
paper adherends also exhibited the highest shear adhesive strengths for the PolyAspAm(DOPA/OA) glue
with values of 0.39±0.024 MPa and 0.40±0.006 MPa,
respectively. For the paper with surface roughness,
it showed highest shear adhesive strength values,
where the failure occurred at the inner part of the
paper and not at the interface. This suggests that the
real adhesive strength can be much higher than the
measured strength value.
From the test on the water absorption capacity as
described above, the overall relative hydrophilicity

Figure 7. Lap shear strength test of polyaspartamide derivative glues on daily-life materials (aluminum foil,
glass, and paper)
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among the three polyaspartamide derivatives polymers came out in the order of PolyAspAm(DOPA/
OA) < PolyAspAm(DOPA/EA) < PolyAspAm(DOPA/
GABA). Comparing the bulk adhesive strengths for
three different adherends which are conventional dailylife materials and plastics, PolyAspAm(DOPA/OA)
glue exhibited higher adhesive strength values for
most of the substrates than those of PolyAspAm
(DOPA/EA > PolyAspAm(DOPA/GABA), suggesting that the lower water absorption capacity (or hydrophilicity) of polymer glue show the higher adhesive strength values. To summarize, above adhesive
property results indicate that dopamine-containing
polyaspartamide derivative glues can act efficiently
as adhesives for various daily-life substrates. The
strong adhesive strength can be ascribed to the adhesive function of dopamine, forming strong hydrogen and coordination bonds that combine with the
hydrophobic interaction to enhance the cohesion of
polyaspartamide glues.
Obtaining strong adhesion between plastics is a challenging task. In Figure 8, the three polyaspartamide
glues showed relatively strong adhesion for three arbitrarily chosen plastics. For the PET and PMMA substrates, shear adhesive strength values of 0.22±0.032
and 0.31±0.019 MPa for PolyAspAm(DOPA/OA),
0.15±0.011 and 0.17±0.019 MPa for PolyAspAm
(DOPA/EA), and 0.09 and 0.06 MPa for PolyAspAm
(DOPA/GABA) were obtained, respectively. The relative adhesive strengths among these three different
polyaspartamide glues were in the order of PolyAspAm(DOPA/OA) > PolyAspAm(DOPA/EA) > PolyAspAm(DOPA/GABA), which was the same order

Figure 9. Image depicting the measurement of porcine skin
adhesion

observed for the conventional materials described
above. For PET and PMMA plastics, attractive interactions caused by dipole-dipole interaction and
hydrogen bonds between polyaspartamide and ester
groups (hydrogen acceptors) on PET and PMMA
may be responsible for the observed adhesive properties. As is well known, these plastic materials possess relatively hydrophobic surface character; thus,
the polyaspartamide conjugated with hydrophobic
octyl groups seemed to exhibit higher adhesive
strength due to the enhanced hydrophobic interactions between the adhesive and adherends. In addition, π-π stacking interactions may represent another
important interaction for the adhesion between
DOPA-polyaspartamide and PS substrates. PS is a
hydrocarbon-based polymer with aromatic benzene
pendants.
Because it is similar to the human dermis, porcine
skin is commonly used for adhesive testing of biomedical applications [28]. Figure 9 represents a typical adhesion test set-up, where two pieces of wet
porcine skin are prepared (the left image of Figure 9).
After spreading the polymer glue on the porcine skin

Figure 8. Lap shear strength test of polyaspartamide derivative glues on several plastic substrates (PET,
PMMA, and PS)

Figure 10. Lap shear strength test of polyaspartamide derivative glues on the porcine skin surface
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the glues with relatively hydrophilic groups (GABA
and EA), the polyaspartamide glue with a hydrophobic alkyl group (OA) exhibited higher adhesive
strength values for most of the substrates. Furthermore, these polymer glues were applied to biological
porcine skin and demonstrated adhesion strengths of
15~20 kPa with EA- and OA-conjugated derivatives.
In conclusion, molecularly-engineered DOPA-polyaspartamides possess great potential to be used as
versatile polymeric adhesives for both industrial and
biomedical applications.
Figure 11. Cell viability of polyaspartamide derivatives using
MTT assay

surface, the samples were overlaid and compressed
by a weight (90 g) for 10 min. As shown in Figure 10,
the stress-strain behavior of PolyAspAm(DOPA/
GABA) revealed a very low strength (4 kPa). This is
probably due to the hydrophilic nature and waterswelling properties of the GABA functional groups,
leading to a weak water boundary layer at the interfaces. The glue made from PolyAspAm(DOPA/OA)
showed a much higher shear adhesive strength of
19 kPa, which is about 4.75 times greater than that
of PolyAspAm(DOPA/GABA). Due to its moderately hydrophilic nature, the PolyAspAm(DOPA/EA)
glue showed an adhesive value of 14 kPa, which falls
in between the values of the two other glues.
The vitro cytotoxicity of three different polyaspartamide derivatives of PolyAspAm(DOPA/GABA),
PolyAspAm(DOPA/EA) and PolyAspAm(DOPA/
OA) were assessed using the MTT assay. The 293T
cell line was used. It was suggested that the cell viability was determined to be nearly above 80% at all
five different concentrations for these three polymers
(Figure 11). This result indicated that the prepared
polyaspartamide derivative polymers have low cytotoxicity and are well biocompatible with potentially usefulness in biomedical applications.
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