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A B S T R A C T

Peri-implant diseases are mostly caused by a bacterial infection which leads to inflammation and bone loss at
and around the implant. In this study, minocycline-loaded niosomes prepared by thin-film hydration method
were coated on the dental implant for antibacterial application. Minocycline-loaded-niosomes were character-
ized for drug loading content, encapsulation efficiency and yield. Result demonstrated that the optimum for-
mulation was 3:1 comprising of span 60 and cholesterol which provided the most drug loading content and
encapsulation efficiency. The optimum coating cycles were 120 which could coat the highest content of drug on
coated dental implants. In vitro drug release from the coated implants was studied. Antibacterial activity and
cytotoxicity of the coated implant were also investigated. Results suggested that minocycline-release from the
coated dental implant could be controlled for up to 7 days which was a crucial period after implantation. During
this time, inhibition of Porphylomonas gingivalis was also noticed. In vitro cytotoxicity study revealed that the
coated implant was non-toxic to osteoblast cells. Hence, results suggest that this coating strategy can be used for
antibacterial coating of medical devices.

1. Introduction

Dental implant is the medical device used to replace the missing
teeth. In United States, the number of implant used increase more than
1 million every year [1]. Although success rate of the implant insertion
is more than 90%, an implant failure is still possible, especially peri-
implant diseases [2]. Bacterial infection is one of the factors causing the
failure. Most studies reported that gram-negative anaerobic rod bac-
teria dominated the infection of the dental implants. A red complex
bacterium, Porphylomonas gingivalis, usually had high prevalence at
peri-implantitis areas [3,4]. Preoperative antibiotic usage is an effective
regimen for preventing the implant failure and complications however
improper antibiotics treatment lead to several side effects related with
bacterial resistant, gastrointestinal system, secondary infection, anti-
biotic toxicity, etc. Until these days, antibiotic administration protocols
remain inconclusive among clinicians [2,5]. Hence, new strategies to
prevent the implant failure are still needed.

Implant coating technologies have been earned more attention to
prevent bacterial infection, especially, a local antibiotic delivery since
this function promises the long-term successful implants. Phuengkham,
H. et al. coated silicon tube with chlorhexidine-loaded nanospheres for

antibacterial application and reported that the coated silicones could
prolong drug release over 2 weeks and had antibacterial activity [6].
Layer-by-layer (LbL) technique is the potential strategy that has been
utilized in drug delivery, the nanocarriers are packed into layers and
drug molecules diffused through the layers of coating [7,8]. This
technique can be applied to coat on various medical devices for anti-
bacterial application. In previous studies, silicone catheters were coated
with chlorhexidine-loaded micelles alternated with poly (acrylic acid)
(PAA) using layer-by-layer technique which could prolong drug release
over 10 days [9–11]. Catheters were also coated with chlorhexidine-
loaded poly (ε-caprolactone) nanospheres (PCL-NPs) and sustained re-
lease over 4 weeks [10,12]. Recently, schanz pins were spray coated
with dual antibiotic drugs, vancomycin and gentamicin, loaded in poly
(lactic-co-glycolic) nanoparticles (PLGA-NPs) and demonstrated that
the coated pins could sustain the drug release for several weeks [13].
Niosome is one of the nanoparticles that are used as drug carrier to coat
on implants since the particles can encapsulate both hydrophobic and
hydrophilic drug. Moreover, it has good physical stability and ease of
handling. The particles are the self-assembly vesicles of non-ionic sur-
factant and cholesterol which can protect drug from degradation and
immune system. Previously in our lab, vancomycin-encapsulated
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niosomes were dip coated on bone plates for antibacterial application
and prolonged drug release over 2 weeks. It was demonstrated that the
coated implant could inhibit bacterial growth for long period and the
coating was non-toxic toward the normal cells. Moreover, the coated
bone plates were also evaluated the in vitro and in vivo biocompatibility.
The results revealed no signs of toxicity and inflammation on guinea
pigs and rabbites [14,15].

Minocycline is a tetracycline derivative and a broad-spectrum bac-
teriostatic antibiotic which are often used to treat peri-implant diseases.
Nevertheless, many studies reported about local minocycline delivery
that were clinically applied [16,17]. Yao, W. et al. studied a local de-
livery of minocycline-loaded poly (ethylene glycol)-poly (lactic acid)
nanospheres in periodontal pockets of dogs and reported that the na-
noparticles had potential to treat the periodontitis [18]. Kashi, T.S.J
et al. encapsulated minocycline into PLGA nanoparticles and demon-
strated that the loaded particles could inhibit bacterial growth [19].

This study aimed to prepare minocycline-loaded niosomes then
coated on dental implants using LbL technique combined with PCL-NPs
for sustaining and prolonging drug release. Moreover, the coated im-
plants were also studied for drug release profile, antibacterial activity
and cytotoxicity against osteoblast cells. The investigations were also
compared with bare dental implants.

2. Materials and methods

2.1. Materials

Minocycline hydrochloride was purchased from RennoTech CO.,
LTD (Nanjing, China). Span 60 and cholesterol were purchased from
Tokyo chemical industry CO., LTD (Tokyo, Japan). Poly (ε-capro-
lactone) (PCL, Mn 70–90 kDa) and poloxamer 407 (Pluronic® F-127)
were purchased from Aldrich (St. Louis, MO). Poly (lactic acid) (PLA,
MW = 158.4 kDa) was purchased from NatureWorks LLC. (Nebraska,
USA). All solvents were purchased from RCI Labscan Ltd. (Bangkok,
Thailand). Titanium (Grade 4) dental implants were kindly provided by
PW Plus Co., Ltd. (Nakhon Pathom, Thailand). Porphylomonas gingivalis
(ATCC 53978), and mouse osteoblast cell line (MC3T3-E1) were pur-
chased from American Type Culture Collection (ATCC) (Virginia,
America). Human anticoagulated whole bloods were obtained from the
Department of Transfusion Medicine, Siriraj Hospital (Bangkok,
Thailand).

2.2. Methods

2.2.1. Preparation of minocycline-loaded niosomes
Niosome were prepared from span 60 (non-ionic surfactant) and

cholesterol using thin-film hydration method. Firstly, span 60 and
cholesterol were dissolved in chloroform in different proportions; 1:1,
2:1, 3:1 and 4:1 (Table 1). Then the mixture was stirred for 15 min
before chloroform was evaporated to obtain the thin film on a con-
tainer. The film was hydrated with minocycline solution (1 mg/ml) and
stirred for 30 min while blank niosomes was hydrated with DI water.
The fabricated niosomes were sonicated for 30 s using probe sonicator
at 80% amplitude and kept at 4°C.

2.2.2. Preparation of PCL nanospheres
PCL nanosphere was fabricated with an oil-in-water method. The oil

phase was PCL dissolved in ethyl acetate while poloxamer was dis-
solved in the water phase. First, PCL was completely dissolved in 15 ml
ethyl acetate and the mixture was dropped into water containing 0.5%
w/v poloxamer. The energy was provided by probe sonicator at 90 W
throughout the experiment. After fabrication, nanospheres were cen-
trifuged to eliminate un-formed materials and then the fabricated na-
nospheres were re-suspended and freeze-dried to determine yield per-
centage (Eq. (1)).

2.2.3. Minocycline qualification analysis
Minocycline quantity was determined using high-performance li-

quid chromatography (HPLC) (Dionex Ultimate 3400, Thermo Fisher
Scientific, USA) at 265 nm equipped with the reverse phase C18
(4.6 mm × 250 mm, 5 μm) column (Zorbax Eclipse, Agilent
Technologies, USA). Sodium phosphate (100 mM) and acetonitrile
(75:25, v/v) as eluents were performed at the flow rate of 1.0 ml/min
with 30 °C of column temperature [20].

2.2.4. Particle size and morphology of minocycline-loaded niosomes
After niosome preparation, niosomes were determined size and zeta

potential by dynamic light scattering (Zetasizer Nano ZS, Malvern, UK)
at 25 °C.

The morphology of minocycline-loaded niosomes were observed
under a transmission electron microscope (TEM). Niosomes were di-
luted with deionized water and then dropped on copper grids. The grids
were incubated in a petri dish which had cotton containing 2% osmium
tetroxide, at room temperature overnight. Then, the prepared samples
were observed under TEM (JEM-2100, Japan) at 100 kV.

2.2.5. Determination of yield, encapsulation efficiency and drug loading
content

Drug-loaded niosomes were determined for the yield, encapsulation
efficiency (EE) and drug loading content. First, free drug was removed
from niosomes by centrifuging at 18,000 rpm at 4 °C for 35 min. The
pellet was suspended in DI water and then freeze-dried to get the
powder. The powder was then weighed and calculated for the yield (Eq.
(1)) and also dissolved in dichloromethane and water to qualify en-
capsulated minocycline. The extracted solution was measured for drug
amount and then calculated EE and drug loading content (Eqs. (2) and
(3)). The experiments were done in triplicate.

= ×Yield
Weight of nanoparticles

Theoretical total amount of nanoparticles
(%) 100

(1)

= ×Drug loading
Amount of encapsulated drug in niosomes

Weight of nanoparticles
(%) 100

(2)

= ×

Encapsulation efficiency
Amount of encapsulated drug in niosomes

Initial amount of drug

(%)

100
(3)

2.2.6. In vitro release study of minocycline-loaded niosomes
Before an observation of minocycline-loaded-niosomes release pro-

file, niosomes were also separated from the free drug by centrifuging as
described in Section 2.2.5. Then, drug-loaded niosomes were trans-
ferred into a dialysis bag which molecular weight cut-off at 15 kDa
(MWCO, Spectrum Labs, USA). The bag was immersed into phosphate
buffer saline (PBS, pH 7.4) and incubated in an incubator shaker at
37 °C and 90 rpm. At selected time intervals, 15 ml of solution was
changed and replaced with 15 ml of fresh PBS. Free minocycline was
also studied. The collected medium was determined for drug con-
centration by HPLC.

Table 1
Formulations of niosomes.

S: C ratio Span 60 (mg) Cholesterol (mg) Minocycline (mg)

1:1 50 50 20
2:1 66 34 20
3:1 75 25 20
4:1 80 20 20

N. Wongsuwan, et al. Journal of Drug Delivery Science and Technology 56 (2020) 101555

2



2.2.7. Layer-by-layer (LbL) coating of dental implants
Dental implants were coated with niosomes using a spray-coater

machine which a sliding speed of a spray gun was 0.2 cm/s. Before
coating, the implants were cleaned and prepared the surface with 5 mM
sodium hydroxide (NaOH) overnight at 60 °C. The first layer of coating
was 2% w/v PLA where the implants were dipped into PLA solution
(PLA dissolved in DCM) for 3 s and then implants were sprayed with
niosomes for 30, 60, 90 and 120 cycles. Every 30 cycles, the implant
was again dipped into PLA solution including the outer layer of coating.
After finish the niosome coating, the coated implants were spray coated
with 50 cycles of PCL nanospheres and kept in zip bags.

2.2.8. Characterization of coated dental implants
Drug loading on coated implants were determined after implant

extraction. Drug on implants were dissolved in DCM and water and then
drug content was measured using HPLC. The experiment was carried
out in triplicate.

Morphology of the implant was examined under SEM. The coated
implant was coated with gold for 15 min and observed under SEM
(JEPL, JSM-6400, Japan) at 5 and 10 kV.

2.2.9. In vitro drug release of coated dental implants
The release profile was carried out by immersing the coated im-

plants in phosphate buffer saline (PBS, pH 7.4) and artificial saliva (AS,
pH 6.8). The coated implants were immersed into 1 ml PBS and AS and
the implants were placed in the incubator shaker at 37 °C. The whole
solutions were collected and replaced with fresh solutions at the se-
lected time intervals. The collected samples were measure drug con-
centration followed Section 2.2.3.

2.2.10. Determination of minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of minocycline, niosome and
nanosphere

MIC and MBC of minocycline, blank niosome, minocycline-loaded
niosome and PCL nanosphere were determined using a microdilution
method. Firstly, 100 μl of desired concentration of samples were added
to 96-well plate and diluted with anaerobic broth using two-fold serial
dilution to obtain the different concentration of the samples. Bacterial
inoculum (1 × 106 CFU/ml approximately) was added to wells and
incubated in an anaerobic environment at 37 °C for 3 days. Two control
groups which were sterile control group and growth control group were
also done. The sterile groups were samples in media without bacteria
while the growth group was bacteria in media without the drug or
samples. The minimum concentration which had no growth of P. gin-
givalis was the MIC. All wells which had no visible growth were spread
on blood-anaerobic agar and incubated in the anaerobic environment at
37 °C for 5 days. The MBC was the minimum concentration of drug
which completely inhibited the growth of bacteria on the agar.

2.2.11. Antibacterial activity of coated implants
Coated and uncoated dental implants were incubated with P. gin-

givalis (ATCC 53978). Bacterial inoculum was prepared by culturing in
anaerobic broth and incubated in anaerobic atmosphere at 37°C over-
night. The implants were immersed in 100 μl of inoculums
(3 × 106 CFU/ml) and 900 μl of anaerobic blood broths and then the
mixtures were incubated anaerobically in incubator shaker at 37°C. The
mediums were changed every day with fresh medium. After 1, 3, 5 and
7 days of incubation, the incubated mediums were spreaded on anae-
robic blood agar plates to determine the bacterial concentrations
around implants.

The adhesive bacteria on dental implants were also observed. After
incubation, one of the implants was fixed with 2.5% glutaraldehyde and
washed with distilled water twice. The implants were dehydrated with
series of ethanol at 30, 50, 70, 95 and 100% for 10 min and at 100% for
three times. After samples were prepared using critical point dryer, they
were observed under SEM. All experiments were done in triplicate.

2.2.12. Cell culture
Osteoblast (MC3T3-E1) cells were maintained in an alpha-MEM

medium, which was supplemented with 10% and 1% v/v fetal bovine
serum and penicillin-streptomycin. Cells were cultured in 5% CO2 hu-
midified environment at 37 °C for 24 h. After incubation, cells were
washed twice with PBS and eluted with 5% trypsin-ethylenediamine-
tetraacetic acid (EDTA). The detached cells were centrifuged at
1500 rpm at 4 °C and resuspended with fresh mediums. Cell con-
centrations were determined by trypan blue exclusion method.

2.2.13. In vitro cytotoxicity
The cytotoxicity was evaluated with minocycline-loaded-niosome

coated implants, blank-niosome coated implants and PCL-NPs coated
implants while control groups were fresh media and uncoated implants
extracted in media. All samples were extracted in alpha-MEM media by
incubating in the incubator shaker at 37 °C for 24 h. Before testing,
1 × 104 cells of MCT3T-E1 cell were seeded into 96-well plates and
incubated for 24 h. Then, cells were washed with PBS 3 times and
treated with different concentration of samples. After 24 h of incuba-
tion of cells and samples, the culture mediums were removed and each
well was added with 110 μl MTT solution (2 mg/ml in serum-free
culture medium). Plates were incubated at 37 °C for 2 h. The MTT
solutions were gently removed and DMSO was added. The absorbance
of samples was measured at 570 nm using microplate reader (Multiskan
RC, Thermo, USA). Cells viability percentage was calculated followed
equation (4).

= ×Cells viability
Absorbance of cells treated with samples

Absorbance of untreated cells
(%) 100

(4)

3. Results

3.1. Characterization of minocycline-loaded niosomes

Niosomes were fabricated with non-ionic surfactant as amphiphilic
structure of membrane, and cholesterol which provided rigidity and
stability of the particles [21]. Minocycline-loaded niosomes (MNs) were
successfully prepared using thin film hydration method following the
protocol from Section 2.2.1 and characterized for the yield, en-
capsulation efficiency and drug loading content. The ratio of span 60
and cholesterol was standardized in order to find the optimum nio-
somes as shown in Table 2. It was noticed that the drug loading content
and encapsulation efficiency were increased when the surfactant ratio
was increased. Therefore, 3:1 proportion was selected to further studies
of the particle size and zeta potential. From Table 3, particle size of MNs
was larger than blank niosomes due to an interaction between the bi-
layer structure and the drug that made mutual repulsion and increased
particle size [21]. On the other hand, it was observed that blank and
MNs had negative charge on the surfaces because of the hydroxyl group
appeared in cholesterol. This negative charge provides electrostatic
repulsion between particles and thus leads to the higher stability of the
formulation [22]. Morphology of minocycline-loaded niosomes was
also observed under TEM as shown in Fig. 1. The micrographs displayed
that the vesicles had spherical shape with bilayer structure (arrow

Table 2
Characteristics of minocycline-loaded niosomes.

S: C ratio Yield (%) Drug loading (%) Encapsulation
efficiency (%)

Niosome 1 : 1 76.7 ± 15.4 3.80 ± 0.84 16.72 ± 0.36
2 : 1 83.2 ± 6.62 3.69 ± 0.35 18.29 ± 0.28
3 : 1 68.0 ± 1.02 5.26 ± 0.37 21.43 ± 1.19
4 : 1 78.4 ± 1.40 3.47 ± 1.10 15.74 ± 6.00

*S: span 60, C: cholesterol.
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points).

3.2. In vitro release of minocycline from niosomes

Minocycline release profile from niosomes compared to non-en-
capsulated drug was shown in Fig. 2. The release study was carried out
in PBS (pH 7.4) while shaking at 37 °C. The result demonstrated that
free minocycline released more than 95% within 3 h while drug from
niosomes provided the controlled and prolonged release for 48 h. The
release curve exhibits an initial burst release of minocycline for 3–12 h
followed by a sustained release at least for 48 h. The initial burst release
was also noticed with other studies [23,24] where drug release reached
more than 60% in 12 h.

3.3. Coating and characterization of dental implants

We have designed a highly specialized coating for dental implants in
order to prolong the minocycline release. In this strategy, dental im-
plants were spray coated with minocycline-loaded niosome using au-
tomatic spraying machine with 30, 60, 90 and 120 cycles of niosomes to

investigate the maximum drug loading. One cycle of spray coating is
equivalent to two spray layers, i.e., the movement of nozzle horizon-
tally one round back-and-forth. In this study, the first layer was con-
trolled at 2% PLA in order to create a porous substrate [14]. 4% PLA
was also considered but results showed very thick layer and the pre-
sence of air bubbles after DCM was evaporated. In order to prolong the
release of the drug, we also decided to dip coat with 2% PLA after every
30 spray cycles. PLA was commonly applied to coat on medical devices
due to its biodegradable and biocompatible properties [25].

PCL-NP coating on the outer layers of implant was also prepared in
this study. Niosome spray coated implants were again spray coated with
50 cycles of blank PCL-NSs which had 177.3 ± 1.4 nm of particle size,
in order to create the barrier to decrease the burst release of drugs.

From Table 4, it could be noticed that drug loading content on
implants were increased when the number of cycles were increased. For
this study, 120 cycles were selected for further studies and character-
ized. This was because the amount of drugs was enough to prolong the
release over 1 week. Fig. 3 demonstrates the difference between coated
and uncoated implants. The coated implant (Fig. 3C and D) showed the
smooth and shiny surface of homogenous coating while the uncoated
implant (Fig. 3A and B) displayed rough titanium surface. The thickness
of the coating was 52.95 ± 0.94 μm as shown in Fig. 3E.

3.4. In vitro release of coated dental implants

Minocycline release from coated dental implants with and without
PCL-NPs were studied in PBS (pH 7.4) and AS (pH 6.8) at 37 °C. The
samples were collected and drug concentration was analyzed as de-
scribed in section 2.2.8. From Fig. 4A and B, an initial burst release
from coated implants without PCL-NPs were 18% and 15% in PBS and
AS respectively, while coated implants with PCL-NPs as the outer layers
exhibited the lower burst release in PBS and AS for 4% and 2%, re-
spectively. Therefore, the results indicated that PCL-NPs coating ap-
proach could decrease the initial drug release. The burst release was
required to have sufficient drug amount after surgery in order to inhibit
and eliminate the local bacteria at the implant site [23]. From Fig. 4C
and D, it was observed that after the burst release, niosome coated
dental implants could sustain and prolong drug release over MIC for at
least 1 week. In PBS at day 1, 3, 5 and 7, drugs released from niosome
coated implants with PCL-NPs were more than 10, 5, 3 and 2 fold
higher than the MIC, respectively while drugs released from niosome
coated implants without PCL-NPs were more than 10, 7, 2 and 2 fold
higher than the MIC, respectively. In AS, drug release shows similar
pattern to PBS. At day 1, 3, 5 and 7, drugs released from niosome coated
implants with PCL-NPs were more than 13, 11, 7 and 4 fold higher than
the MIC, respectively while drugs released from niosome coated im-
plants without PCL-NPs were more than 16, 11, 6 and 3 fold higher than
the MIC, respectively. Nevertheless, minocycline had low water solu-
bility (50 mg/ml) therefore the drug slowly released from the system
which could be described by Korsmayer-Peppas model (Power law):

⎜ ⎟
⎛
⎝

⎞
⎠

= +
∞

M
M

log n log t log kt

(5)

Mt/M∞ is the fractional drug release in time t, k is the kinetic
constant of the coating system and n is the exponent indicating release
mechanism. N < 0.5 indicates a Fickian diffusion, 0.5 < n < 1.0

Table 3
Size and zeta potential of blank and minocycline loaded niosomes (3:1).

Size (nm) PDI Zeta potential (mV)

Blank-niosomes 346.8 ± 7.8 0.667 ± 0.028 −31.0 ± 1.0
MN-niosomes 446.7 ± 38.8 0.629 ± 0.142 −43.2 ± 3.6

Fig. 1. TEM image (30000 × with scale bar 150 nm) of minocycline-loaded
niosomes.

Fig. 2. In vitro release profiles of minocycline-loaded niosome and free mino-
cycline in PBS pH 7.4 at 37 °C.

Table 4
Drug loading content on coated dental implants.

Number of coating cycles (cycles) Amount of minocycline (mg)

30 0.48 ± 0.03
60 1.25 ± 0.14
90 1.76 ± 0.09
120 2.35 ± 0.15
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Fig. 3. Scanning electron microscope images of uncoated dental implants with A) 80 × and B) 1000 × and coated dental implant with C) 80 × and D) 1000 × . E)
represents the thickness of the coating. F) represents the amount of minocycline with respect to the number of cycles.
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indicates a non-Fickian diffusion and n > 1.0 indicates non-Fickian
diffusion and zero-order release [26]. The release profiles of niosome-
PCL NPs-coated implants in PBS and AS were fitted with the model and
analyzed their r-square (r2) and n. R-square of the release mechanisms
in PBS and AS were 0.9959 and 0.9949, respectively. This demonstrated
that minocycline released from niosome exponentially followed the
power law. This model had 2 drug transport mechanism, diffusion and
relaxation, which could be classified according to n values. From the
release profile, n values of the release studies in PBS and AS were 0.032
and 0.036, respectively. This indicated that the drug release through
niosomes by diffusion rather than nanoparticles relaxation followed
Fickian model [27].

The release kinetics could also be described with Weibull model.

= − −M x τ100(1 exp( / ) )d (6)

M orMt/M∞ is the cumulative release, x is the release time and τ is time
period that drug is release 63.2%. d is a shape parameter which defines
release mechanism. d ≤ 0.967 indicates a Fickian diffusion,
0.967 < d < 1.775 indicates an anomalous transport and d ≥ 1.775
indicates a Case-II transport [28,29]. After the model fitting, r-square of
the release studies in PBS and AS were 0.9995 and 0.9998, respectively
while the d values of release studies in PBS and AS were 0.026 and
0.034, respectively. Since both d values were below 0.967, the drug
released through niosomes by Fickian diffusion which was in ac-
cordance with the results of Korsmayer-Peppas model. This could be
concluded that the coating could sustain and prolong release of the drug

for over 1 week in oral cavity.

3.5. Antibacterial activity

MIC and MBC of minocycline, blank niosomes, minocycline-loaded
niosomes and PCL nanospheres against P. gingivalis were determined
that could inhibit bacterial growth as shown in Table 5. MIC and MBC
of minocycline-loaded niosomes were 158.3 and 316.7 μg/ml, respec-
tively while blank niosomes and PCL NPs did not have antibacterial
activity. Niosome-PCL NPs-coated dental implants were incubated with
P. gingivalis and studied the antibacterial activity compared with un-
coated dental implants as described in Section 2.2.11. Bacteria were
cultured with implants for 1, 3, 5 and 7 days then the colony counting
was performed. Fig. 5 showed the relative bacteria number with initial
concentration of uncoated and coated implants. The result indicated

Fig. 4. In vitro release of minocycline from niosome coated dental implants with and without PCL-NPs in PBS pH 7.4 and AS pH 6.8. A and B show the cumulative
release in PBS and AS, respectively. C and D show minocycline release at particular time in PBS and AS, respectively.

Table 5
MIC and MBC values of minocycline, blank niosome, PCL nanosphere and
minocycline-loaded niosome against P. gingivalis.

Minimum inhibitory
concentration (MIC)

Minimum bactericidal
concentration (MBC)

Free minocycline 0.4 μg/ml 50 μg/ml
Blank niosomes No effect No effect
PCL nanospheres No effect No effect
MN-loaded niosomes 158.3 mg/ml 316.7 mg/ml
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that the coated implants could significantly inhibit and suppress bac-
terial growth compared to uncoated implants. These dental implants
were also observed for biofilm-formation behavior of bacteria under
SEM. In Fig. 6E – H, bacteria began to colonize on the surface of un-
coated implants after 1 day and continuously proliferated to form the
biofilm. Meanwhile, bacteria started to adhere on the surface of coated
implants after 3 days and slowly increased their number (Fig. 6A–D)
due to the minocycline release from niosomes which helped to suppress
the bacterial growth. Hence, the drug-loaded niosome coated implants
suggested its efficient antibacterial activity.

3.6. Cytotoxicity test

The cytotoxicity was studied with osteoblast cells MC3T3-E1 in
order to evaluate the toxic effects of coated implant on the bone cells
[30]. Fig. 7 shows the percentages of cell viability of uncoated and
coated implants with blank niosome, PCL NPs and niosome-PCL NPs.
The result indicated that uncoated and coated implants had more than
85% cell viability in all dilutions hence, exhibited no toxicity to os-
teoblast cells. Therefore, the coating was biocompatible and safe to use
in biomedical applications.

4. Conclusion

Minocycline-loaded niosomes were successfully optimized and
coated on dental implants by layer-by-layer spray coating. The coating

had the ability to sustain and prolong drug release for over 1 week and
had satisfactory antibacterial activity which prevented bacterial infec-
tion after implant insertion. Moreover, the coated implants were bio-
compatible and non-toxic to osteoblast cells and safe to use for implant
applications. Although further investigation was required such as pre-
clinical and clinical studies yet the data encouraged that the coating
method could be applied to other medical devices and biomedical ap-
plications.
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