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Abstract 

Background  Periodontal diseases may benefit more from topical treatments with nanoparticles rather than systemic 
treatments due to advantages such as higher stability and controlled release profile. This study investigated the prep-
aration and characterization of thermosensitive gel formulations containing clindamycin-loaded niosomes and solid 
lipid nanoparticles (SLNs) loaded with fluconazole (FLZ), as well as their in vitro antibacterial and antifungal effects 
in the treatment of common microorganisms that cause periodontal diseases.

Methods  This study loaded niosomes and SLNs with clindamycin and FLZ, respectively, and assessed their loading 
efficiency, particle size, and zeta potential. The particles were characterized using a variety of methods such as dif-
ferential scanning calorimetry (DSC), dynamic light scattering (DLS), and Transmission Electron Microscopy (TEM). 
Thermosensitive gels were formulated by combining these particles and their viscosity, gelation temperature, in-vitro 
release profile, as well as antibacterial and antifungal effects were evaluated.

Results  Both types of these nanoparticles were found to be spherical (TEM) with a mean particle size of 243.03 nm 
in niosomes and 171.97 nm in SLNs (DLS), and respective zeta potentials of -23.3 and -15. The loading rate was 98% 
in niosomes and 51% in SLNs. The release profiles of niosomal formulations were slower than those of the SLNs. Both 
formulations allowed the release of the drug by first-order kinetic. Additionally, the gel formulation presented a slower 
release of both drugs compared to niosomes and SLNs suspensions.

Conclusion  Thermosensitive gels containing clindamycin-loaded niosomes and/or FLZ-SLNs were found to effec-
tively fight the periodontitis-causing bacteria and fungi.
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Introduction
Periodontal diseases refer to the inflammatory destruc-
tion of the gingiva, cementum, periodontal ligament, and 
alveolar bone. Gingivitis and periodontitis are two kinds 
of periodontal disease. Gingivitis is a reversible inflam-
mation of the gingiva, characterized by symptoms like 
redness, bleeding, and swelling. Meanwhile, the spread 
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of gingival inflammation to the periodontal ligament, 
cementum, and alveolar bone can lead to irreversible per-
iodontitis. Periodontitis affects a significant proportion 
of the global adult population, with the mildest (50%) and 
the most severe forms (9.8%). Failure to treat this disease 
can lead to a range of negative consequences including 
tooth loss, lower self-esteem, altered speech, and dimin-
ished quality of life. Moreover, periodontitis can pose a 
risk to general health, as it is a risk factor for cardiovas-
cular disease, diabetes, hypertension, respiratory illness, 
and myocardial and cerebral infarction [1–3]. Several 
factors are associated with an increased risk of periodon-
tal disease, including age, smoking, and diabetes, as well 
as systemic factors such as medication and hormones, 
genetic factors, disorders of the immune system, and a 
history of periodontal surgery [2, 4].

Treatment of periodontal diseases involves local or 
systemic administration of antimicrobial agents. Given 
the potential drawbacks of systemic antibiotics such as 
side effects, bacterial resistance, poor distribution, low 
selectivity, and burst release, local delivery of antibiot-
ics has emerged as a preferred alternative. Due to the 
absence of a topical formulation with these character-
istics in the clinical practice, this approach offers sev-
eral advantages including high drug concentration at 
the infection site, extended drug release, minimal side 
effects, and targeted drug delivery [5]. Furthermore, 
the periodontal pocket is easily accessible from the 
oral cavity. Recently, nanoparticles ranging from 10 to 
1000  nm, capable of entrapping drugs internally, have 
been investigated for their potential in periodontal dis-
ease treatment. This is due to their advantages, includ-
ing prolonged drug release profiles, targeted delivery to 
specific organs, and high drug loadings [6–8].

Niosomes are multilamellar vesicles composed of an 
amphiphilic component and a nonionic surfactant sur-
rounding an aqueous core, which can carry both hydro-
philic and hydrophobic drugs. Nonionic surfactants are 
preferred to cationic and anionic surfactants, because 
they are less irritable, while biodegradable, biocompat-
ible, and non-immunogenic. These nanoparticles can be 
administered via different routes including oral, paren-
teral, and topical. The noisome stability facilitates their 
storage and handling [9].

Solid lipid nanoparticles (SLNs) are composed of 0.1–
30% w/w solid lipid dispersed in an aqueous medium and 
0.5–5% w/w surfactant as a stabilizer if necessary. These 
nanoparticles offer several benefits including a controlled 
release profile, and utilization of nontoxic and biodegrad-
able lipids, besides improving the stability of a compound 
against light, oxidation, and hydrolysis [10].

Thermosensitive polymers, especially those with 
mucoadhesive properties, such as poloxamers, chitosan, 

and sodium alginate can undergo a phase transition 
from liquid to gel in response to an increase in tem-
perature (around body temperature). Some researches 
improve advantages of these local formulations such as 
precise drug targeting, high absorption, and increased 
therapeutic efficacy due to prolonged residence time 
[5, 11, 12]. Poloxamer 407 (commercially known as Plu-
ronic®) is a triblock polymer composed of a hydrophobic 
center (polypropylene glycol unit) flanked by two hydro-
philic terminals (polyethylene glycol units). Thermosen-
sitive gelation can be achieved at a certain concentration 
(above 15%). Meanwhile, the gelation temperature is 
concentration-dependent; that is, higher concentrations 
of thermosensitive polymer lead to lower gelation tem-
peratures [13, 14].

Clindamycin and FLZ are rather small molecules with 
molecular weight 461.4 g/mol and 306.27 g/mol respec-
tively. So, it seems they can kind of cross through epi-
thelium of oral cavity. Clindamycin is an antibiotic with 
a wide range of action against gram-positive and aero-
bic microorganisms by binding to the 50  s subunit of 
the bacterial ribosome and inhibiting protein synthe-
sis. Although there is no previous study evaluating local 
absorption of clindamycin and fluconazole in oral cavity 
directly, even if a small amount of them is absorbed from 
the oral cavity, they will be swallowed after administra-
tion finally and could absorb in duodenum. In addition, 
it possesses unique pharmacological properties, such as 
the ability to reduce the adhesion of bacteria to mucosal 
surface epithelial cells. Systemic administration of clinda-
mycin can cause its short half-life and adverse effects like 
nausea, abdominal pain, diarrhea, and increased risk of 
clostridium difficile [15].

Recent studies have shown that yeasts can coexist with 
bacterial infections in periodontal disease and exhibit a 
synergistic relationship with them. For instance, Can-
dida albicans has been found to enhance the viability of 
β-hemolytic streptococci [16]. FLZ is an antifungal drug 
that inhibits the production of ergosterol in the fungal 
membrane. Due to its systemic side effects such as diar-
rhea, vomiting, stomach upset, and rush, there is a grow-
ing interest in developing a local formulation of FLZ [17]. 
The present study was designed to investigate a local dos-
age form comprising a thermosensitive gel containing 
clindamycin niosomes and FLZ solid lipid nanoparticles 
as a potential applicable dosage form that release these 
drugs in extended profiles for the treatment of periodon-
tal diseases.

Materials and methods
Materials
FLZ and clindamycin were respectively supplied by 
Zahravi and Sepidaj pharmaceutical companies (Iran). 
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Pluronic 407® and chloroform were purchased from Bio 
Basic (Canada) and Merck (Germany), respectively. All 
other chemicals were of analytical grade.

Methods
Fourier transform infrared spectroscopy (FT‑IR)
FT-IR spectra of pure clindamycin and FLZ were 
recorded at room temperature and wavelength ranging 
from 450 to 4000 cm−1 (FTIR; Perkin Elmer, USA).

Calibration curve of clindamycin and FLZ
Standard concentrations of clindamycin hydrochloride 
and FLZ were prepared by serial dilution in water. UV 
spectrophotometer (Unico, USA) was used to measure 
the ultraviolet (UV) absorbance of clindamycin hydro-
chloride (at 225 nm) and FLZ (253 nm), and calibration 
curves were plotted.

Preparation of clindamycin‑loaded niosomes
Niosomes were prepared using the thin film hydration 
method, where the mixture of cholesterol and tween 80 
at a molar ratio of 1:19 was dissolved in chloroform and 
then placed in a rotary vacuum evaporator (IKA; Ger-
many) at 60  °C for 30 min to remove chloroform under 
reduced pressure. The resulting thin film was kept in 
a desiccator for 24 h to ensure the complete removal of 
chloroform. The thin film was hydrated with phosphate 
buffer saline (PBS) (pH = 7.4) containing dissolved clinda-
mycin at a rotation speed of 60 rpm at room temperature 
for 30 min. Then, the mixture was sonicated for 20 min 
in a bath sonicator (Elma; Germany) and stored in the 
refrigerator for further evaluations [18, 19].

Preparation of FLZ‑loaded SLNs
SLNs were prepared using the high shear homogenizing 
method. The formulation was comprised of stearic acid 
and FLZ with the molar ratio of 2:1. Initially, stearic acid 
was melted at 75  °C, and then, FLZ was slowly added 
until completely dissolved, resulting in the lipid-drug 
mixture. The aqueous phase, containing 1% tween 80, 
was heated to the same temperature and lipid-drug mix-
ture was added dropwise to the aqueous phase while stir-
ring at 10,000  rpm using a magnetic stirrer (Heidolph; 
Germany). The resulting mixture was cooled to room 
temperature, sonicated for 20  min, and stored in the 
refrigerator for further tests [20].

Differential scanning calorimetry (DSC)
Thermal properties of FLZ-SLNs, unloaded SLNs, 
pure FLZ, stearic acid, tween 80, clindamycin-loaded 
niosomes, unloaded niosomes, pure clindamycin, and 
cholesterol were scanned with a heating rate of 10 C°/min 
between 25–200 °C by DSC (Sanaf Electronics, Iran).

Entrapment efficacy (EE)
The two formulations were centrifuged (Sigma 2016kl; 
Germany) at 13,000  rpm for 90  min at 4  °C to separate 
free drug from the drug-loaded noisome and FLZ-SLNs. 
The clear supernatants were then separated and analyzed 
using a UV spectrophotometer at 225 and 253 nm, respec-
tively. The percentage of drug entrapment efficiency (EE 
%) was calculated using the following equation:

Particle size and zeta potential
Mean diameter of niosomes and SLNs, as well as zeta 
potential at 25  °C were determined using Dynamic 
Light Scattering (DLS) (Zetasizer; Malvern, UK).

Transmission electron microscopy (TEM)
The shape of FLZ-SLNs, unloaded SLNs, clindamycin 
loaded niosomes, and unloaded niosomes was deter-
mined using a transmission electron microscope (Zeiss; 
USA). A drop of each sample was placed on the surface 
of a carbon coated copper grid and allowed to dry for 
10 min prior to examination.

In‑vitro drug release of FLZ‑SLNs and clindamycin‑loaded 
niosomes
The in-vitro drug release of each formulation was eval-
uated using a dialysis sac (cut-off = 12,000  Da). Two 
mL of each formulation was transferred to the sac and 
placed in 100 mL PBS at pH = 7.4. The sac was stirred 
on a heater stirrer (Heidolph; Germany) at 100 rpm and 
37  °C. Equal volume samples were withdrawn at pre-
determined intervals and replaced with fresh PBS. The 
concentration of clindamycin and FLZ were measured 
using UV spectrophotometer.

Preparation of clindamycin‑loaded noisome and FLZ‑loaded 
SLNs thermosensitive gel
18% w/v of Pluronic®407 was slowly added to the 
clindamycin-loaded noisome and FLZ-loaded SLNs at 
5 °C while stirring until completely dissolved, and then 
refrigerated for further tests [13, 14].

Gelling temperature measurement
After adding 18% w/v Pluronic®407 to the clindamycin-
loaded noisomes and FLZ-loaded SLNs, the mixture was 
heated gradually from room temperature (25  °C) using 
a heater stirrer with magnetic stirring while monitoring 
the temperature using a thermometer. The temperature 
at which the magnetic stirring ceased was recorder.

EE% = [total drug − drug in supernatant/total drug] × 100
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Viscosity measurement
The viscosity of the formulated gel was measured at 25 °C 
using a cup and bob viscometer (AMETEK Brookfield; 
USA) with spindle number 5 at the torque rate of 53%.

In‑vitro drug release of the prepared gel
In-vitro drug release of the prepared gel was done using 
three vertical Franz diffusion cells with nitrocellulose 
membrane (pore size 0.45 µm and diameter 47 mm) and 
PBS at pH = 7.4 as the receiver phase at 37  °C and stir-
ring at 100 rpm. Samples were collected at predetermine 
intervals and replaced with an equal volume of fresh PBS. 
The concentration of clindamycin and FLZ in the sam-
ples was determined using a UV spectrophotometer.

Antimicrobial activity of clindamycin‑loaded niosomes 
and niosomal gel
Standard concentrations of clindamycin in water 
(0.25, 0.125, 0.0625, 0.03125, 0.015625, 0.0078, 0.0039, 
0.001953, 0.00097, 0.000488  mg/ml) were prepared. 
Staphylococcus aureus and Lactobacillus were cul-
tured in Muller Hinton agar and MRS agar, respec-
tively. They were incubated in an incubator for 24  h; 
for Lactobacillus, the incubation was performed in an 
anaerobic jar in the incubator (Memmert; Germany). 
The minimum inhibitory concentration of clindamy-
cin for Staphylococcus aureus and Lactobacillus were 
0.6 ng/ml and 2 µg/ml, respectively. The diameters of 
the growth inhibition zone of the standard concentra-
tions were measured using the disk diffusion method. 
The linear range of the resulting diagrams was identi-
fied and a clindamycin concentration within this range 
was selected as the positive control. The unloaded 
niosomes as negative control, selected concentrations 
of clindamycin as the positive control, clindamycin-
loaded niosomes (at the same concentration as the 
positive control), and clindamycin-loaded niosomes 
gel were evaluated three times using the disk diffusion 
method [21–23].

Antifungal activity of FLZ‑SLNs and FLZ‑SLNs gel
Standard concentrations of FLZ in water (10, 5, 2.5, 
1.25, 0.626 mg/ml) were prepared. Candida albicans (C. 
albicans) was cultured in Sabourraud dextrose agar and 
incubated for 24 h. Measuring the diameters of growth 
inhibition zones using disk diffusion method revealed 
an almost linear diagram. The minimum inhibitory 
concentration of FLZ for C. albicans was 0.125 mg/ml. 
A concentration was selected as the positive control. 
Unloaded SLNs as the negative control, selected FLZ 
concentration as the positive control. FLZ-SLNs, and 
FLZ-SLNs gel were evaluated three times using disk dif-
fusion method [24, 25].

Statistical analyses
Quantitative results were expressed as mean ± standard 
deviation. Statistical differences were analyzed by using 
ANOVA (P < 0.05).

Results and discussion
FT‑IR
FT-IR spectra of pure clindamycin and FLZ were 
obtained (Fig.  1) to identify both drugs based on the 
functional group corresponding to each wavelength of 
clindamycin and FLZ as shown in Table 1.

Calibration curve of clindamycin and FLZ
The calibration curves of clindamycin and FLZ were pre-
pared using a UV spectrophotometer at 225 and 253 nm, 
respectively (Fig. 2). Both calibration curves were almost 
linear and they were subsequently utilized for other tests, 
including in-vitro drug release and the percentage of 
entrapment efficacy.

Differential scanning calorimetry (DSC)
DSC thermograms were obtained by plotting heat flux 
against temperature. Thermograms were obtained for 
pure clindamycin, cholesterol, tween 80, unloaded noi-
some, clindamycin-loaded niosomes, FLZ, stearic acid, 
unloaded SLNs, and FLZ-SLNs (Fig. 3). The endothermic 
and exothermic peaks for each sample are summarized 
in Table  2. According to the table, endothermic peaks 
of clindamycin and FLZ are not seen in the diagrams of 
clindamycin-loaded niosomes and FLZ-SLNs that means 
both of drugs are successfully entrapped in nanoparticles. 
In noisome formulation we do not see endothermic peaks 
of cholesterol and tween 80 because of their participation 
in the structure and the new peak around 60 °C is due to 
the formation of lipid bilayers. Also in SLNs formulations 
endothermic peaks of tween 80 and stearic acid are not 
seen and the new peak around 65 °C in FLZ-SLNs formu-
lation is due to the formation of the structure.

Entrapment efficacy
The EE% was 98% ± 0.3 for clindamycin-loaded niosomes 
and 51% ± 0.7 for FLZ-SLNs. Previous studies have shown 
that incorporating cholesterol in the niosomes structure 
increases the loading of water-soluble drugs, such as clin-
damycin [26]. High EE% of clindamycin loaded niosomes 
is also because of high water solubility of clindamycin in 
the core of niosomes. Increasing the proportion of lipid 
leads to higher loading of fat-soluble drugs like FLZ. 
Additionally, the use of solid lipids with longer chains and 
more hydrophobic properties can increase drug loading 
[17]. In this study, the use of stearic acid with long chains 
at a ratio of 0.33% w/w resulted in an average loading of 
FLZ inside the SLNs.
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Particle size and zeta potential
The mean diameters of loaded niosomes and FLZ-SLNs 
were 243.03 nm and 171.97 nm, respectively (Fig. 4). The 
difference in size between these two formulations can be 
attributed to the use of different manufacturing methods, 
different concentration of surfactant, and the incorpora-
tion of different lipids with varying proportions in their 
structure [27]. Generally, both formulations are in the 
nanometer size that leads them reach to the infected cells 

and then release the loaded drug at the site of infection. 
One of the reasons of low particle size of SLNs is the low 
lipid ratio of 0.33%w/w stearic acid. The higher the lipid 
ratio, the larger the particle size [28]. Also, tween 80 as a 
surfactant in nanoparticles leads to the larger size in com-
parison with other surfactants. In this study tween 80 
concentration of SLNs formulations (1%w/v) is more than 
the niosomes formulations (0.95%w/v). Increasing the 
concentration of surfactant decrease the particle size of  

Fig. 1  FT-IR spectra: a pure clindamycin, b pure FLZ
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Table 1  Wavelengths of the functional groups of clindamycin and FLZ in the FT-IR spectra

Functional groups of clindamycin Wavelength of functional 
groups of clindamycin

Functional groups of FLZ Wavelength of 
functional groups 
of FLZ

C-O cyclic ether stretching 1151.31/1079.14 C = C stretching of aromatic ring 1620

S-C-H bending 1251.54/1309.92 3013.9

N–C = O stretching of amid carbonyl group 1682.96/1551.95 C-H stretching of aromatic ring

C–Cl stretching 861.25  CH2 stretching  2964.1

C-N stretching 1451.24

C–C stretching 1042.67

C-H stretching 2921.84/2962.86

O–H stretching 3263.7

Fig. 2  Calibration curve: a clindamycin, b FLZ

Fig. 3  Thermograms of DSC
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Table 2  Sum of thermograms of DSC descriptions

Samples Endothermic peak Exothermic peak

Clindamycin 150 °C (melting point of clindamycin)  ——————

Cholesterol 45 °C and 145 °C, the endothermic peak at 45 °C is due to the transformation of cho-
lesterol crystal polymorphs into each other, while the endothermic peak at 145 °C 
corresponds to the melting point of cholesterol

 ——————

Tween 80 Broad endothermic peak at 40 °C -100 °C, boiling point of tween 80 190 °C (flash point of tween 80)

Unloaded noisome 60 °C, due to the formation of niosomes. The disappearance of the endothermic 
peaks of cholesterol and tween 80 indicates their participation in the formulation 
structure

 ——————

Clindamycin-loaded niosomes 62 °C, 97 °C, the endothermic peak observed at 62 °C is attributed to the formation 
of niosomes. The endothermic peak of clindamycin disappeared, indicating suc-
cessful entrapment of the drug within niosomes. The endothermic peak observed 
at 97 °C corresponds to solvent evaporation

FLZ 145 °C, melting point

Stearic acid 75 °C, stearic acid melting point

Unloaded SLNs 78 °C and, 105 °C. The endothermic peaks of tween 80 and stearic acid are not seen 
due to their participation in the formulation structure. The endothermic peak 
at 105 °C is due to solvent evaporation. The endothermic peak at 78 °C is attributed 
to stearic acid that did not incorporate into the formation of the SLNs structure

FLZ-SLNs 65 °C. The endothermic peak of FLZ is not seen, indicating that the drug is success-
fully entrapped. Nor are the endothermic peaks of tween 80 and stearic acid seen 
due to their participation in the formulation structure. The endothermic peak at 65 °C 
corresponds to the formation of the structure

Fig. 5  Mean zeta potential: a niosomes, b FLZ-SLNs

Fig. 4  Results of DLS regarding the mean diameters: a niosomes, b FLZ-SLNs
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nanoparticles [29]. So higher concentration of tween 
80 in SLNs formulations is one of the reasons of its 
lower size.

The mean zeta potential of clindamycin-loaded niosomes 
and FLZ-SLNs were -23.3 and -15, respectively (Fig. 5). Zeta  

potential refers to the charge at the interface between 
a solid surface and the surrounding liquid medium. It 
serves as a reliable index to assess the state of the nano-
particles surface and predict the long-term stability 
of a colloidal dispersion. Particle diameter profoundly 

Fig. 6  a Unloaded niosomes, b loaded niosomes, c unloaded SLNs, d loaded SLNs

Fig. 7  Profile 1: clindamycin-loaded niosomes, Profile 2: clindamycin-loaded niosomes in gel formulation, Profile 3: FLZ-SLNs, Profile 4: FLZ-SLNs 
in gel formulation
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impacts the zeta potential, as small diameter particles 
are more susceptible to the Brownian motion of the fluid 
flow and neighboring particles, resulting in a higher 
absolute value of the effective zeta potential. A negative 
zeta potential of sufficient magnitude is indicative of 
stable formulation.

TEM
The obtained results demonstrated that both formula-
tions of niosomes (with and without clindamycin) and 
SLNs (with and without FLZ) are spherical and almost 
monodispersed. Moreover, the entrapped clindamy-
cin and FLZ did not exhibit any signs of crystallization 
despite their ability to form crystals. Additionally, no par-
ticle aggregation was observed (Fig. 6).

Gelling temperature and viscosity measurement
The two main prerequisites for an effective in-situ gel-
ling system are viscosity and gelling temperature. The 
formulation should possess the desired viscosity to pro-
vide optimal coverage of the affected area upon admin-
istration. Furthermore, the formulation must undergo a 
rapid solution-to-gel transition upon contact with the 
affected site to ensure its efficacy [20, 30]. The gel under 
study exhibited a viscosity of 2132 cp at the gelling tem-
perature of 33 °C.

In‑vitro drug release from FLZ‑SLNs 
and clindamycin‑loaded niosomes and the prepared gel
All four formulations showed complete drug release 
within 24  h, with both niosomes and SLNs display-
ing rather similar release profile. Niosomes formulation 
release the drug slower than SLNs formulation. One rea-
son is the higher specific surface area due to the smaller 
particle size of SLNs nanoparticles that cause faster drug 
release. Also, high surfactant concentration of SLNs 
(1%) can cause faster drug release in comparison with 
niosomes formulation [29]. The release of drugs from the 
gel formulations was slower than that from niosomes and 
SLNs, likely due to the presence of a polymer matrix cre-
ated by poloxamer in the gel formulation (Fig. 7).

Antimicrobial activity of clindamycin‑loaded niosomes 
and niosomal gel
Figure  8 displays diagrams of the inhibition diameter 
zone of S. aureus and Lactobacillus casei versus the 
standard concentration of clindamycin in water. The 
inhibition diameter zones of all formulations against S. 
aureus and Lactobacillus casei are summarized in Table 3 
and Fig.  9. Measuring the inhibition zone of diameter 
expressed the sensitivity of the bacteria, which defines 
the bacteria as resistant (≤ 9  mm), moderately sensitive 
(10–11  mm), or sensitive (≥ 12  mm) to the antibiotics 
[31]. Statistical analysis of the results indicated that clin-
damycin was released from the noisome formulations 
including clindamycin-loaded niosomes and niosomal 
gel within 24 h and significantly affected both S. aureus 
and Lactobacillus casei, in comparison with the positive 
control.

Antifungal activity of FLZ‑SLNs and FLZ‑SLNs gel
Figure 10 illustrates the diagram of the inhibition diam-
eter zone of Candida albicans versus standard concen-
tration of FLZ in water. Figure 11 and Table 4 show the 
inhibition diameter zones for all formulations. Interpre-
tation of the inhibition zone of diameter expressed the 
sensitivity of the fungi, which defines them as resistant 
(≤ 14 mm), moderately sensitive (15–18 mm), or sensitive 
(≥ 19 mm) to the fluconazole [32]. Statistical analysis of 
the results showed that both formulations had significant 

Fig. 8  Profile 1: inhibition diameter zone of S. aureus versus standard 
concentration of clindamycin. Profile 2: inhibition diameter zone 
of Lactobacillus casei versus standard concentration of clindamycin

Table 3  Inhibition diameter zone of S.aureus and Lactobacillus casei against different formulations (mm)

Formulation Microorganism Inhibition diameter 
of formulation

Inhibition diameter of 
positive control

Inhibition diameter of 
negative control

P value

Clindamycin-loaded niosomes S.aureus 29 ± 1 32 ± 1 0 0.94

Clindamycin-loaded niosomes in gel S.aureus 30 ± 1 31 ± 1 0 0.97

Clindamycin-loaded niosomes Lactobacillus casei 28 ± 1 30 ± 1 0 0.96

Clindamycin-loaded niosomes in gel Lactobacillus casei 29 ± 1 31 ± 1 0 0.88
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effects in comparison with the positive control, as evi-
denced by the P values.

Conclusions
The mean particle size range of the prepared niosomes 
and SLNs was in the nanometer range, and their 
entrapment efficiency were acceptable. The ther-
mosensitive gel transitioned from a sol to a gel state 
at 33  °C, and the release profiles of both gel formu-
lations showed 60% release after 7  h and complete 
drug release within 24  h. The thermosensitive gel of 
niosomes loaded with clindamycin and SLNs loaded 
with FZL had a similar effect to the positive control 
on typical oral cavity bacteria such as S. aureus Lac-
tobacillus casei and typical oral cavity fungi such as 
Candida albicans, respectively, in  vitro. The results 

Fig. 9  a Inhibition diameter zone of S. aureus: 1) negative control, 2) positive control, 3) clindamycin-loaded niosomes. b Inhibition diameter zone 
of S. aureus: 1) negative control, 2) positive control, 3) niosomal gel. c Inhibition diameter zone of Lactobacillus casei: 1) negative control, 2) positive 
control, 3) clindamycin-loaded niosomes. d Inhibition diameter zone of Lactobacillus casei: 1) negative control, 2) positive control, 3) niosomal gel

Fig. 10  Diagram of the inhibition diameter zone of Candida albicans versus standard concentration of fluconazole

Fig. 11  Inhibition diameter zone of Candida albicans: 1) negative 
control, 2) positive control, 3) FLZ-SLNs, and 4) FLZ-SLNs gel
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showed these formulations can be administered as 
injectable gels in prefilled syringe. At room tempera-
ture, they are in solution form at room temperature, 
but upon injection into the periodontal pockets, they 
transform into mucoadhesive gels. These gels exhibit 
sustained drug release for 24  h and effectively eradi-
cate pathogens. Therefore, these formulations can be 
proposed for in vivo studies.

Abbreviations
SLNs	� Solid Lipid Nanoparticles
FZL	� Fluconazole
DSC	� Differential Scanning Calorimetry
DLS	� Dynamic Light Scattering
TEM	� Transmission Electron Microscopy
EE	� Entrapment Efficiency

Acknowledgements
The present article was extracted from a Pharm D thesis (No. 11479) written by 
Zahra Saeidi. We gratefully acknowledge the invaluable contributions of Ms. 
Farzaneh Rasooli for her meticulous proofreading, editing, and enhancement 
of the English structure in this manuscript.

Authors’ contributions
All authors contributed to the study conception and design. Literature review 
was done by RG and AE. The experiments were performed by ZS and FM, and 
supervised by AE. Data analysis and curation was done by MR and RG. The 
manuscript was drafted by ZS and FM. All authors read and approved the final 
manuscript.

Funding
The authors declare that no funds, grants, or other support were received dur-
ing the preparation of this manuscript.

Availability of data and materials
The datasets generated and/or analyzed during the current study are available 
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was ethically approved by the Ethics Committee of Shahid Sad-
oughi University of Medical Sciences and Health Care Services (No. 11479).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 17 October 2023   Accepted: 2 May 2024

References
	1.	 Romandini M, Baima G, Antonoglou G, Bueno J, Figuero E, Sanz M. 

Periodontitis, edentulism, and risk of mortality: A systematic review with 
meta-analyses. J Dent Res. 2021;100:37–49.

	2.	 Harvey JD. Periodontal microbiology. Dent Clin North Am. 
2017;61:253–69.

	3.	 Cardoso EM, Reis C, Manzanares-Céspedes MC. Chronic periodontitis, 
inflammatory cytokines, and interrelationship with other chronic dis-
eases. Postgrad Med. 2018;130:98–104.

	4.	 Kumar S. Evidence-based update on diagnosis and management of 
gingivitis and periodontitis. Dent Clin North Am. 2019;63:69–81.

	5.	 Kida D, Karolewicz B, Junka A, Sender-Janeczek A, Duś I, Marciniak D, et al. 
Metronidazole-loaded porous matrices for local periodontitis treatment: 
In vitro evaluation and in vivo pilot study. Appl Sci. 2019;9:4545–63.

	6.	 Zięba M, Chaber P, Duale K, Martinka Maksymiak M, Basczok M, Kowal-
czuk M, et al. Polymeric carriers for delivery systems in the treatment of 
chronic periodontal disease. Polymers (Basel). 2020;12:1574.

	7.	 Goyal G, Garg T, Rath G, Goyal AK. Current nanotechnological strategies 
for an effective delivery of drugs in treatment of periodontal disease. Crit 
Rev Ther Drug Carrier Syst. 2014;31:89–119.

	8.	 Pakzad Y, Ganji F. Thermosensitive hydrogel for periodontal applica-
tion: in vitro drug release, antibacterial activity and toxicity evaluation. J 
Biomater Appl. 2016;30:919–29.

	9.	 Muzzalupo R, Tavano L. Niosomal drug delivery for transdermal targeting: 
recent advances. Res Rep Transderm Drug Deliv. 2015;4:23–33.

	10.	 Pardeike J, Hommoss A, Müller RH. Lipid nanoparticles (SLN, NLC) 
in cosmetic and pharmaceutical dermal products. Int J Pharm. 
2009;366:170–84.

	11.	 Rashidah N, Rajabalaya R, David S, Dhaliwal J, Jagjit S. Current status of 
local drug delivery systems in the treatment of periodontal diseases. J Res 
Dent Maxillofac Sci. 2019;2:1–5.

	12.	 Tariq M, Iqbal Z, Ali J, Baboota S, Talegaonkar S, Ahmad Z, et al. Treatment 
modalities and evaluation models for periodontitis. Int J Pharm Investig. 
2012;2:106–22.

	13.	 Boonlai W, Tantishaiyakul V, Hirun N, Sangfai T, Suknuntha K. Thermo-
sensitive Poloxamer 407/Poly(Acrylic Acid) hydrogels with potential 
application as injectable drug delivery system. AAPS PharmSciTech. 
2018;19:2103–17.

	14.	 Sheshala R, Quah SY, Tan GC, Meka VS, Jnanendrappa N, Sahu PS. 
Investigation on solution-to-gel characteristic of thermosensitive and 
mucoadhesive biopolymers for the development of moxifloxacin-
loaded sustained release periodontal in situ gels. Drug Deliv Transl Res. 
2019;9:434–43.

	15	 Luchian I, Goriuc A, Martu MA, Covasa M. Clindamycin as an alterna-
tive option in optimizing periodontal therapy. Antibiotics (Basel). 
2021;10(7):814.

	16.	 Waltimo TM, Sen BH, Meurman JH, Ørstavik D, Haapasalo MP. Yeasts in 
apical periodontitis. Crit Rev Oral Biol Med. 2003;14:128–37.

	17.	 El-Housiny S, Shams Eldeen MA, El-Attar YA, Salem HA, Attia D, Bendas ER, 
et al. Fluconazole-loaded solid lipid nanoparticles topical gel for treat-
ment of pityriasis versicolor: formulation and clinical study. Drug Deliv. 
2018;25:78–90.

	18.	 Ruckmani K, Sankar V. Formulation and optimization of zidovudine 
niosomes. AAPS PharmSciTech. 2010;11:1119–27.

	19.	 Akbarzadeh I, Shayan M, Bourbour M, Moghtaderi M, Noorbazargan H, 
Eshrati Yeganeh F, et al. Preparation, optimization and in-vitro evaluation 
of curcumin-loaded niosome@ calcium alginate nanocarrier as a new 
approach for breast cancer treatment. Biology. 2021;10:173.

Table 4  Inhibition diameter zone of Candida albicans versus different formulations (mm)

Formulation Microorganism Inhibition diameter of 
formulation

Inhibition diameter of 
positive control

Inhibition diameter of 
negative control

P value

FLZ-SLNs Candida albicans 20 ± 1 22 ± 1 0 0.93

FLZ-SLNs gel Candida albicans 20 ± 1 24 ± 1 0 0.92



Page 12 of 12Saeidi et al. BMC Oral Health          (2024) 24:551 

	20.	 Mohammadi F, Giti R, Meibodi MN, Ranjbar AM, Bazooband AR, Ramezani 
V. Preparation and evaluation of kojic acid dipalmitate solid lipid nano-
particles. J Drug Deliv Sci Technol. 2021;61:102183.

	21.	 Rams TE, Feik D, Slots J. Staphylococci in human periodontal diseases. 
Oral Microbiol Immunol. 1990;5:29–32.

	22.	 Fritschi BZ, Albert-Kiszely A, Persson GR. Staphylococcus aureus and other 
bacteria in untreated periodontitis. J Dent Res. 2008;87:589–93.

	23.	 Kõll-Klais P, Mändar R, Leibur E, Marcotte H, Hammarström L, Mikelsaar 
M. Oral lactobacilli in chronic periodontitis and periodontal health: 
species composition and antimicrobial activity. Oral Microbiol Immunol. 
2005;20:354–61.

	24.	 Jabri B, Iken M, Ait-Ou-Amar S, Rida S, Bouziane A, Ennibi OK. Candida 
albicans and Candida dubliniensis in periodontitis in adolescents and 
young adults. Int J Microbiol. 2022;2022:4625368.

	25.	 Unniachan AS, Jayakumari NK, Sethuraman S. Association between 
Candida species and periodontal disease: A systematic review. Curr Med 
Mycol. 2020;6:63–8.

	26.	 Joshi S, White R, Sahu R, Dennis VA, Singh SR. Comprehensive screening 
of drug encapsulation and co-encapsulation into niosomes produced 
using a microfluidic device. Processes. 2020;8:535.

	27.	 Trucillo P, Campardelli R. Production of solid lipid nanoparticles with a 
supercritical fluid assisted process. J Supercrit Fluids. 2019;143:16–23.

	28.	 Vitorino C, Carvalho FA, Almeida AJ, Sousa JJ, Pais AA. The size of solid 
lipid nanoparticles: an interpretation from experimental design. Colloids 
Surf B Biointerfaces. 2011;84:117–30.

	29.	 Emami J, Rezazadeh M, Varshosaz J. Formulation of LDL targeted nano-
structured lipid carriers loaded with paclitaxel: a detailed study of prepa-
ration, freeze drying condition, and in vitro cytotoxicity. J Nanomater. 
2012;2012:1–10.

	30.	 Harish N, Prabhu P, Charyulu R, Gulzar M, Subrahmanyam E. Formulation 
and evaluation of in situ gels containing clotrimazole for oral candidiasis. 
Indian J Pharm Sci. 2009;71:421–7.

	31.	 Sarker MMR, Islam KN, Huri HZ, Rahman M, Imam H, Hosen MB, et al. 
Studies of the impact of occupational exposure of pharmaceutical work-
ers on the development of antimicrobial drug resistance. J Occup Health. 
2014;56:260–70.

	32.	 Moges B, Bitew A, Shewaamare A. Spectrum and the in vitro antifungal 
susceptibility pattern of yeast isolates in Ethiopian HIV patients with 
oropharyngeal candidiasis. Int J Microbiol. 2016;2016:3037817.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Thermosensitive and mucoadhesive gels containing solid lipid nanoparticles loaded with fluconazole and niosomes loaded with clindamycin for the treatment of periodontal diseases: a laboratory experiment
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Materials
	Methods
	Fourier transform infrared spectroscopy (FT-IR)
	Calibration curve of clindamycin and FLZ
	Preparation of clindamycin-loaded niosomes
	Preparation of FLZ-loaded SLNs
	Differential scanning calorimetry (DSC)
	Entrapment efficacy (EE)
	Particle size and zeta potential
	Transmission electron microscopy (TEM)
	In-vitro drug release of FLZ-SLNs and clindamycin-loaded niosomes
	Preparation of clindamycin-loaded noisome and FLZ-loaded SLNs thermosensitive gel
	Gelling temperature measurement
	Viscosity measurement
	In-vitro drug release of the prepared gel
	Antimicrobial activity of clindamycin-loaded niosomes and niosomal gel
	Antifungal activity of FLZ-SLNs and FLZ-SLNs gel
	Statistical analyses


	Results and discussion
	FT-IR
	Calibration curve of clindamycin and FLZ
	Differential scanning calorimetry (DSC)
	Entrapment efficacy
	Particle size and zeta potential
	TEM
	Gelling temperature and viscosity measurement
	In-vitro drug release from FLZ-SLNs and clindamycin-loaded niosomes and the prepared gel
	Antimicrobial activity of clindamycin-loaded niosomes and niosomal gel
	Antifungal activity of FLZ-SLNs and FLZ-SLNs gel

	Conclusions
	Acknowledgements
	References


