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Highlights:

(I) Egg yolk lecithin liposomes were compounded with polyhexamethylene biguanide
hydrochloride (PHMB), and tea tree oil was introduced simultaneously to form a lecithin
liposome-tea tree oil-polyhexamethylene biguanide hydrochloride complex (Lip-TTO-PHMB), so
as to reduce the toxicity of PHMB.

(2) It was confirmed that Lip-TTO-PHMB had good biocompatibility while retaining antibacterial
activity, which provided a novel strategy for developing high-efficiency, low-toxic antibacterial

biomaterials.
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[ Abstract ] Objective To prepare a lecithin liposome-tea tree oil-polyhexamethylene
biguanide hydrochloride complex (Lip-TTO-PHMB) and to investigate its in vitro antibacterial
activity and biocompatibility. Methods This study was an experimental research including group
design, factorial design, and repeated measurement design. Lip-TTO-PHMB was prepared by the
thin-film hydration method. Through single-factor experiments combined with the Box-Behnken
response surface methodology, the optimal preparation condition for Lip-TTO-PHMB was
determined as follows: mass ratio of lecithin to cholesterol of 3.77: 1.00, volume fraction of tea tree
oil of 0.64%, and volume fraction of polysorbate 80 of 0.13%. The model-predicted encapsulation
efficiency was 51.035%. Lip-TTO-PHMB was prepared under the optimal preparation condition and
its encapsulation efficiency was measured. Mouse fibroblasts L929 were divided into lecithin
liposome-polyhexamethylene biguanide hydrochloride (Lip-PHMB) group, Lip-TTO-PHMB group,
and polyhexamethylene biguanide hydrochloride (PHMB) group treated with the corresponding
materials, with the final mass concentrations of PHMB adjusted to 62.5, 31.3, and 15.6 pg/L, and the
cell viability was detected by the thiazolyl blue tetrazolium bromide assay. Another batch of L929
cells were divided into the same groups as before and treated with the corresponding materials with
the final mass concentration of PHMB at 15.0 ug/L, and the cell viability was detected by live/dead
cell staining. The sample size for the above experiments was 4. Human immortalized keratinocytes
(HaCaT) were divided into control group cultured with serum-free MEM medium, and PHMB group
and Lip-TTO-PHMB group treated with the corresponding materials with the final mass
concentration of PHMB at 15.0 pg/L. The scratch test was performed to detect the cell migration
rates at 24 and 48 h after scratch (with the sample size of 3). The minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC) of PHMB against Staphylococcus aureus ATCC
6538 and Escherichia coli ATCC 8739 were determined by the broth microdilution twofold dilution
method, with the sample size of 5. Results The measured encapsulation efficiency of
Lip-TTO-PHMB was (52.35+0.24)%, which was close to the model-predicted value. After 24 h of
culture, at PHMB final mass concentrations of 62.5, 31.3, and 15.6 pg/L, the viability of L929 cells in
Lip-PHMB group and Lip-TTO-PHMB group was significantly higher than that in PHMB group (P<
0.05), and the viability of L929 cells in Lip-PHMB group was significantly higher than that in
Lip-TTO-PHMB group (P<0.05). After 24 h of culture, the viability of L929 cells in PHMB group was
significantly lower than that in Lip-PHMB group and Lip-TTO-PHMB group (with P values both <
0.05). At 24 and 48 h after scratch, the migration rates of HaCaT cells in Lip-TTO-PHMB group were
significantly higher than those in PHMB group (P<0.05); at 48 h after scratch, the migration rate of
HacCaT cells in control group was significantly higher than that in PHMB group (P<0.05). The MICs of
Lip-PHMB, Lip-TTO-PHMB, and PHMB against Staphylococcus aureus were 31.3, 15.6, and 15.6 pg/
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mL, respectively, and those against Escherichia coli were 31.3, 15.6, and 7.8 pg/mL, respectively. The
MBCs of Lip-PHMB, Lip-TTO-PHMB, and PHMB against Staphylococcus aureus were 20, 10, and 15
pug/mL, respectively, and those against Escherichia coli were 30, 20, and 20 pg/mL, respectively.
Conclusions The prepared Lip-TTO-PHMB can retain excellent antibacterial activity and possess

favorable biocompatibility.
[ Key words ] Biocompatible materials;
Polyhexamethylene biguanide hydrochloride; Tea tree oil;

Cell migration assays;
Cytotoxicity; Antibacterial

Lecithin liposomes;
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Figure 1
liposomes and Lip-TTO-PHMB

The particle size distributions of empty lecithin
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Figure 3  Cell viability of three groups of mouse fibroblasts 1.929
treated with materials with PHMB at different final mass

concentrations after 24 h of culture

Lip-TTO-PHMB F £ £ # e fy , 2 IR BE LE 451 T B
TR M BT A I 1 it 8l 1 5 e e A o JOEL ] i
%AWEEW@%HEEEWZI&H%E%%)T@ FEL#% 25 Wy ik

aod /U DU e Rl A i o AR PR 1 S L B B2
%rﬂi/}ﬁ‘i 75 RS i 1A R o> KT 29 0. 8% 1Y

4A 4B BHTEERER - CBUA S BRALE N IE  x20;4D. 1M A
TR (2 + s, FEAKC R 4)

Figure 4 Cell viability of three groups of mouse fibroblasts L929
after 24 h of culture
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Figure 5 Cell migration status of three groups of HaCaT cells at

different time points after scratch
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