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Abstract

Background: Periodontitis is a microbial disease that leads to inflammation in the tooth-supporting tissues of the
oral cavity that is common among the elderly. It is initiated by oral inflammation induced by bacterial dysbiosis.
Choosing an appropriate antimicrobial agent with the right course of drug administration is the key to successful
periodontal therapy. In recent times, with more biomarkers and the development of new technologies, several
point-of-care testing (POCT) platforms have been developed for the diagnosis and monitoring of periodontitis. This
review focuses on oral microbiology and the pathogenesis of periodontitis as well as recent insights into the in situ
gel system for periodontitis.

Design: An exhaustive search was conducted in the following scientific databases Science Direct, Springer, Pub
Med, and Google Scholar to review all relevant literatures. This is a comprehensive narrative review of the literature,
summarizing the perspectives of the authors.

Results: Novel in situ forming gel is introduced at the site that shows a promising potential to overcome one of the
main practical obstacles associated with the treatment of local periodontitis: partial adhesion to the surrounding tissue,
causing in the accidental expulsion of at least parts of the implants from patient’s pockets. This results in a large
residence time of the system at the site of action and uncertainty of the final exposure to the drug.

Conclusion: From the reviewed literature, it is concluded that experimental evidence suggests that the in situ gel-
forming systems can be useful in treating several common diseases of the oral cavity. Future research should focus on
clinical studies to be performed for the in situ gel to make a significant contribution to periodontitis.
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Background
Periodontitis occurs due to gram-negative [1] anaerobic
bacteria and causes inflammation in the disease state of
supporting tissue of the teeth [2]. Worldwide, periodon-
titis is a relatively new inflammatory disease affecting
nearly 60% of the world’s elderly population and 50% of
the adult population [3]. It is also associated with the
Fusobacterium nucleatum, Porphyromonas gingivalis (pg)
[3] “red complex” bacteria, Tannerella forsythia [4], Prevo-
tella intermedia, Actinobacillus actinomycetemcomitans,
Treponema denticola, Dialister pneumosintes, Bacteroides
forsythus, Capnocytophaga species, and Eikenella

corrodens [5]. Primary causes of periodontitis are poor oral
hygiene, alcohol, stress, tobacco, diet, immune disorders,
and systemic diseases. Gram-negative and gram-positive
bacteria form a bacterial plaque on supporting tissue of
teeth, which increases over a period. These bacteria re-
lease collagenases enzymes, antigens, bacterial lipopolysac-
charides, endotoxins, ammonia, and hydrogen sulfide. In
this response, the flow of gingival crevicular fluid increases
in the gingival crevice which carries a large amount of β-
glucuronidase, elastase, prostaglandin, neutrophil, and
proteoglycans that are amenable for gingival inflammation
[6]. Periodontitis sites are marked by a large volume of in-
flammatory cell invasion and vascular proliferation [3].
Periodontium supportive collagen is demolished and re-
sorption of alveolar bone begins. Periodontal pockets
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formed due to migration of gingival epithelium along the
tooth surface. This provides the perfect environment for
the magnification and multiplication of microbes. Figure 1
shows the anatomy of healthy versus pocket formed teeth.
In severe stages, it leads to detaching the teeth from the
gum and finally loss of teeth [2]. Periodontitis is associated
with the development of several systemic diseases such as
cancers, atherosclerosis, Alzheimer’s disease, diabetes [7],
rheumatoid arthritis [4], adverse pregnancy, preterm low
birth weight infants [8], cardiovascular diseases [1], stroke,
inflammatory bowel diseases, and obesity [9].
The treatment of this chronic infection requires antibac-

terial medication. Though, it is difficult to achieve an effect-
ive concentration of the drug at the sites of microbial
infection, periodontal pockets, by the oral administration of
commonly used antibiotics [10]. Besides, the distribution of
the drug in other tissues and organs associated with fre-
quent oral administration would cause both side effects and
antibiotic resistance, especially following long-term therapy.
A desirable intra-pocket delivery system should be a low
viscosity fluid for better penetration at the sites of infection
[11]. The system should also possess good adhesiveness for
retention in the periodontal pockets.
Different delivery systems are also available for the

treatment of periodontitis such as fibers, stripes, films,
and microparticulate systems. But these systems have
major disadvantages for example due to the application
of fibers, patients experienced discomfort, and at the re-
moval of fiber various degrees of gingival redness [12].
The use of non-biodegradable polymers in stripes and
only temporary clinical improvements after the

completion of treatment are the major disadvantages of
this system. Film thickness and adhesiveness are challen-
ging parameters for preparation, and microparticulate
systems have poor retention of the system into peri-
odontal pocket [13]. To overcome these systems, ex-
ploitation of polymeric in situ gels for controlled release
of various drugs provides several advantages over con-
ventional dosage forms. Sustained and prolonged release
of the drug, easily prepared and administered, has good
stability and biocompatibility characteristics making the
in situ gel dosage forms very reliable. The use of bio-
degradable and water-soluble polymers for the in situ
gel formulations can make them more acceptable and
excellent drug delivery systems, and finally they can be
rapidly eliminated through normal catabolic pathways
that are the major advantages over other delivery sys-
tems [14].
In situ forming gel (ISG) appears to be a good candi-

date to meet the requirements of both low viscosity and
superior adhesiveness [15]. Injectable ISG is a particu-
larly effective drug delivery system. Before administra-
tion, the in situ forming system is in the form of a sol,
and when administered gradually, it becomes a gel or
solid depot [16]. ISG is one of the promising local drug
delivery systems because it has the potential to maintain
high levels of the drug in the gingival crevicular fluid for
long periods to gain the desired clinical benefits [6]. It is
administered as a precursor that turns into a gel at the
sites of action. The phase transition from the solution to
the gel is significant to the success of in situ gels for the
treatment of periodontitis. Numerous in situ gels, such

Fig. 1 Diagrammatic presentation of healthy versus pocket formed tooth. a Anatomy of healthy tooth. b Anatomy of the pocket formed tooth.
A, alveolar bone; b, periodontal ligaments; c, cementum; d, cementum enamel junction; e, sulcus; and f, periodontal pocket
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as temperature-sensitive gels, light-responsive, and pH-
dependent, have demonstrated the potential to achieve
solution-gel transitions in periodontal pockets for adhe-
sion and retention [17].

Main text
Oral microbiology and pathogenesis
More than 700 bacterial taxa have been identified to
date, which inhabits different niches in the oral cavity by
forming biofilms at distinct sites on a tooth (fissures,
approximal surfaces, and gingival crevice) and reflects
the inherent differences in their anatomy and biology.
The oral bacteria have long been considered to be
mostly commensal with only a small proportion being
pathogenic [18]. The oral microbiome is in continuous
interaction with environmental factors and its host [4].
Under homeostatic conditions, the oral microbiome is
stable and in symbiosis with its host. However, environ-
mental perturbations can lead to a shift into dysbiotic
biofilms which can be a causative factor of dental caries
and periodontitis [19]. Periodontal disease is essentially a
mixed bacterial infection that produces inflammatory
destruction of the tissues that surround and support the
teeth. It occurs as a result of a combination of factors,
but its primary cause is bacteria found in dental plaque.
When left untreated, the disease often causes damage to
the affected teeth, accounting for the majority of teeth
lost during adulthood. Periodontitis can also cause
complete dislocation of the tooth from the socket [20].

In general, anaerobic, gram negative, facultative micro-
organisms are the main bacteria related to periodontal
disease [2, 4]. It is particularly impossible to prove that
the involvement of specific microorganisms causes
pathogenesis of periodontitis. Periodontitis bacteria
colonize at the gingival crevice and combined with intra-
periodontal pockets [2]. The biofilm of plaque is formed
at the area of non-self-cleanable. In marginal periodon-
titis, the biofilm originates from the gingival sulcus, and
in the case of advanced periodontal disease, it arises
from the gingival pocket [2].

Periodontal pocket
The formation of periodontal pockets is pathologically
dependent on gingival sulcus and is the most important
clinical feature of periodontitis. The continuous pocket
formation leads to destruction of periodontal supportive
tissue, which causes loosening or damage to teeth. Peri-
odontal pocket forms either by microorganisms or their
products and causes deepening of the gingival sulcus. The
bacterial plaque initiates an inflammatory process in the
tissue wall of gingival sulcus and the form pocket. The
normal gingival sulcus turns into a pathological periodon-
tal pocket and depends on the number of bacteria present
in the dental plaque. The mechanism of periodontitis-
induced tooth loss is shown in Fig. 2. The tissues sur-
rounding the gingival, including fibers, are degenerated
due to the exudate product of bacterial cells. Collagen fi-
bers can be lost by two mechanisms, either by local

Fig. 2 Mechanism of periodontitis-induced tooth loss
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immune response or collagenase and lysosomal enzymes
that become extracellular from macrophages and leuko-
cytes at the interface of the ligament and cementum [2].

Periodontitis: types, diagnosis, and treatments
Types of periodontitis
The periodontitis can be classified into two main cat-
egories in which one is chronic periodontitis where
disease progression occurs slowly to moderate rates
[21]. Males and females both are susceptible, while
male’s susceptibility is more than females for chronic
periodontitis [22]. Heavy smokers have a high risk of
occurrence of chronic periodontitis [23] due to an
elevation of catalase (CAT) enzyme, glutathione per-
oxidase (GSH-Px), and reduction in superoxide dis-
mutase (SOD) and glutathione levels in gingival
tissues [24]. The hypo-oxygenated environment is
produced by the smoke components and this favors
the growth of anaerobic bacteria which leads to the
destruction of tissue due to a reduction in vascular
supply [3]. The second one is the aggressive peri-
odontitis (disease progression occurs in rapid rates)
occurs in younger individuals (less than 25 years of
age) [21]. Depressive mood, weight loss, loss of
appetite, and fatigue are strongly related to aggressive
periodontitis. The clinical features of aggressive peri-
odontitis included diastema formation with distolabel
migration of the incisors, sensitivity due to exposed
root, deep dull pain, and periodontal abscess with
lymph node enlargement. Women are highly affected
by aggressive periodontitis [22]. The periodontitis may
classify on the basis of stage, extent and distribution,
and grades. The classification of periodontitis is as
follows [25]:

1. Stages: based on the severity and complexity of
management

Stage I: initial periodontitis
Stage II: moderate periodontitis
Stage III: severe periodontitis with the potential for
additional tooth loss
Stage IV: severe periodontitis with the potential loss of
dentition

2. Based on the extent and distribution

Table 1 Tissue destructive biomarkers in periodontitis

Classification Biomarkers Sample resources References

Biomarkers related to
soft-tissue destruction

IL-1β Saliva [27, 28]

GCF [29]

TNF-∝ GCF [29]

Saliva [27]

AST Saliva [30]

GCF [31]

MMP-8 GCF [32, 33]

Saliva [29]

EA GCF [31, 34]

Biomarkers related to
hard-tissue destruction

PGE2 Saliva [27, 28]

GCF [35]

RANKL GCF [36]

Saliva [37]

OPG GCF [36, 38]

Saliva [38]

Table 2 Comparisons of clinical methods and POCT platforms for periodontitis diagnosis [7]

Methods Inspection Palpation Periodontal probing Radiography POCT platforms

Tools Naked eye Hands and tweezers Various probes 2D/3D radiography equipment Test kits, LOC/paper-
based platform,
wearable devices

Detection contents Color, shape, and
degree of gingival
recession

The texture of the
gingiva, tooth
mobility

Degree of gingival bleeding,
pocket probing depth,
attachment level

Type and extent of
alveolar bone loss

Biomarkers in saliva,
GCF, and oral rinse

Parameters Gingival index
changes

Gingival texture
and tooth mobility
changes

Degree of bleeding and
extent of soft-tissue
destruction

Bone-tissue destruction Levels of biomarkers

Convenience Easy for dentists,
difficult for
non-dentists

Easy for dentists,
difficult for
non-dentists

Easy for the dentist and
in-hospital use, difficult for
non-dentist and on-site use

Easy in well-equipped
settings, difficult in
resource-limited settings

Mostly easy-to-use

Cost Low Low Medium Medium or high Low

Prediction in
progression

No No No No Yes
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a. Localized
b. Generalized
c. Molar-incisor distribution

3. Grades: evidence or risk of rapid progression,
anticipated treatment response

a. Grade A: slow rate of progression
b. Grade B: moderate rate of progression
c. Grade C: rapid rate of progression

Diagnosis and treatments
According to the National Health and Nutrition Exam-
ination Survey data, about 11% of the earth populations
are alive with severe periodontitis. Periodontitis has

wide-spreading and is related to the development of sev-
eral systemic diseases. Prevention is better than cure and
is beneficial to oral health for the prevention of peri-
odontitis. Proper diagnosis and treatment becomes very
important for a patient suffering from periodontitis.
Periodontal inspection, probing, palpitation, and radiog-
raphy (current clinical diagnostic methods) cannot meet
the requirements to detect periodontitis. Therefore,
there is an urgent need to develop a rapid and cost-
effective method for diagnosing periodontitis [7]. As a
sample source, different biological fluids have been used
and in which different types of biomarkers have been
evaluated [26]. Biomarkers related to periodontitis can
indicate the current severity of the disease [7].

Biomarkers as diagnostic agents The definition of bio-
markers as established by the National Institute of

Table 3 Various principle and targets in LOC platforms, paper-based platforms, and chairside platforms for periodontitis diagnosis

Classification Principle Sample Targets References

LOC platforms Electrophoretic immunoassays Saliva C-reactive protein [41]

IL-6

TNF-∝

Sandwich ELISA Saliva C-reactive protein [42]

MMP-8

IL-1β

PCR Bacterial culture Pi [43]

Aa

Pg

Td

Sandwich ELISA GCF Calprotectin [44]

Paper-based POCT platforms Sandwich ELISA Subgingival plaque Pg [45]

Sandwich ELISA GCF MMP-8 [46]

Sandwich ELISA Saliva Pg [47]

Sandwich ELISA Saliva MMP-8 [48]

Sandwich ELISA Saliva MMP-8 [49]

MMP-9

Modified Griess reaction Saliva Nitrite [50]

Proteolytic reaction Saliva Pg [51]

Proteolytic reaction Saliva Neutrophil elastase [52]

Cathepsin-G

Chairside platforms DNA hybridization Laboratory and clinical specimens Aa, Pg [53]

Microbiological Sandwich enzyme immunoassay Subgingival samples Aa, Pg, Pi [53, 54]

BANA hydrolysis reaction Subgingival plaque Pg, Td [53]

DNA hybridization Microbiological samples Aa, Pg, Td, Tf [53]

Chemical reactions GCF Bacterial toxins and proteins [53]

Biochemical Enzymatic digestion reaction GCF Neutral proteases [53]

Enzymatic catalysis reaction GCF AST [53, 55]

Sandwich enzyme immunoassay GCF, saliva Various related bacterial [56]
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Health. It may be defined as “the biological, biochemical,
anthropometric, physiological, etc. characteristics, which
are objectively measurable, capable of identifying physio-
logical or pathological processes, or a pharmacological
response or a therapeutic intervention” [26]. Periodon-
titis biomarkers can be detected within 20min, onsite
with the help of POCT. LOC (lab-on a chip), paper-
based platforms, and chairside tests are the POCT-based
platforms and use in the diagnosis of periodontitis. Lat-
eral flow assay (LFA) and microfluidic paper-based assay
device (μPADS) are two main paper-based POCT plat-
forms that have been developed and used.

Biomarkers associated with periodontitis To deter-
mine the periodontal sensitivity, specificity, and stages of
periodontitis (like occurrence, development, and recov-
ery) numbers of biomarkers have been identified. These
biomarkers can be divided into various classes that de-
pend on their sources and related lesions [7]. The details
regarding various tissue destructive biomarkers in peri-
odontitis are described in Table 1.
An elevated level of alkaline phosphatase also used as

a diagnostic marker for periodontitis associated with
postmenopausal women [39]. In aggressive periodontitis,
the biomarker 8-hydroxyoxyguanosine (8-OHdG) in sal-
iva can be used to assess the severity [40]. Table 2
showed the comparison of clinical methods and POCT
platforms for periodontitis diagnosis, and Table 3 indi-
cates various principles and targets in LOC platforms,
chairside platforms, and paper-based platforms for peri-
odontitis diagnosis.

Treatments
The treatment of periodontitis is very challenging because
the distribution of the drug in the periodontal pocket is
generally not very noticeable and the flow of the gingival
sulcus quickly removes the drug from the site of action
[57]. For example, it is possible that material is renewed in
a 5-mm deep periodontal pocket 40 times per hour [58]. At
present, the conventional nonsurgical periodontal treat-
ment primarily consists of scaling and root planning (mech-
anical removal of bacteria). Although the geometry of the
patient’s pocket may be unfavorable for complete removal,
it causes patient discomfort, and in various cases, pathogens
recolonize cavities after treatment. To minimalize the risk
of recurrence of pathogenic microorganisms, it has been
proposed to use different antimicrobial agents in combin-
ation with root planning [59]. This includes tetracycline,
doxycycline, metronidazole, azithromycin, minocycline, and
tetracycline hydrochloride [60]. An important challenge in
this drug treatment is proper administration. The systemic
administration leads to the exposure of drugs to the entire
organ, resulting in undesirable side effects, and multiple
dose leads to the development of bacterial resistances [61].

Mouthwash does not allow satisfactory concentrations of
drug to be reached in periodontal pockets. Local drug deliv-
ery systems, releasing the active agent at a controlled rate
over a predetermined period directly at the site of action,
are currently considered as the most favorable approach.
An ideal drug delivery device should exhibit ease of deliv-
ery, good retention at the site of administration, and prefer-
ably control drug release.

In situ gel system In situ drug delivery systems, offer
an interesting potential to overcome this crucial obs-
tacle. These are liquid preparations that can be easily
injected into the periodontal pocket and then (after solv-
ent replacement) hardened to form a gel with a custom
geometry [62]. The gel in situ remains in the form of a
solution under nonphysiological conditions and forms a
gel in physiological conditions under the control of stim-
uli such as pH, temperature, ions, and solvent present in
the oral cavity [63, 64]. In situ gel provides the drug re-
lease at a controlled rate directly to the target site which
reduces side effects, thus improving patient compliance
[65]. The main advantages of the implants of formation
in situ are as follows: they can easily be injected into
periodontal pockets, harden to form a solid implant with

Table 4 Various thermosensitive polymers [67, 68]

Polymer classes Examples

Polysaccharides Cellulose derivatives (methyl cellulose,
HPMC)

Xyloglucan

Chitosan and glycerophosphate

N-isopropylacrylamide
copolymers

Poly (N-isopropylacrylamide-co-acrylic acid)

Poly(N-isopropylacrylamide)/poly (ethylene
oxide)

Poloxamer systems Poloxamer188, poloxamer 407

Carbomer Poly (acrylic acid)

Poly (ethylene oxide)/poly
(D, L-lactic acid-co-glycolic
acid)

Poly (lactic-co-glycolic acid)-poly
(ethylene oxide)-poly (lactic-co-glycolic acid)

Miscellaneous Poly (organophosphazene) derivatives

Poly (1,2-propylene phosphate)

Table 5 Various pH-sensitive polymers [69, 70]

Polymer classes Examples

Polymers containing
anionic group

Based on poly (acrylic) acid-like carbapol,
carbomer

Polymers which
polymerized at neutral pH

Polyvinylacetal, diethylaminoacetate

Miscellaneous Cellulose acetate phthalate, polymethacrylic
acid, polyethylene glycol, pseudo-latexes,
and latex

Yadav et al. Future Journal of Pharmaceutical Sciences            (2020) 6:33 Page 6 of 13



customized geometry, the time-controlled release of
drugs, and no need to remove the empty remnants [66].

Various mechanisms for ISG
ISG formation due to physiological stimuli

Temperature triggered ISG systems These systems are
injectable liquids that can be provided in the body in a
minimally invasive manner before solidifying within the
desired tissue, organ, or body cavity [67]. The concept
relates to the development of mucoadhesive formula-
tions comprising a temperature-activated solution to gel
transition polymer over a temperature range of 25–
37 °C. The polymers with a low critical solution
temperature of around 32 °C undergo a phase transition
at body temperature. For ISG systems, various thermo-
sensitive polymers may be used shown in Table 4.

pH triggered in situ gelling systems A polymer having
a basic group or an acid group is included in the class of
pH-sensitive polymers. These types of polymers
polymerize during exposure to different physiological/
environmental pH due to proton acceptance or release.
The solution-gel transition occurs due to a change in
physiological pH that forms in situ gel [69]. Numerous
pH-sensitive polymers are used in ISG are described in
Table 5.

In situ gel formation due to ion-activated system A
change in the ionic strength of the instilled solution
causes gelation. The gelation rate is determined by

the osmotic gradient around the surface of the gel.
Change in ionic strength of the instilled solution in-
duces the gelation. The rate of gelation is determined
by the osmotic gradient around the surface of the gel.
Some electrolytes such as Ca2+, Mg2+, and Na+ cat-
ions are present in fluids available in the mouth cav-
ity and play a vital role in the initiation of gelling
when the solution introduced into body cavities. Ex-
ample of polymers: alginates, hyaluronic acid, and gel-
lan gum or gelrite [69].

In situ gel formation due to solvent exchange The gel
solidifies due to the solvent exchange taking place with
the surrounding aqueous environment.

Swelling It is also one of the important mechanisms to
form in situ gel; in this method, material absorbs water,
which is available in the surrounding environment and
expands to occupy the desired space [69]. An example of
such material is glycol monooleate (myverol 18-99),
which is lipid and polar. Lyotropic liquid crystalline
phase structures form due to swelling of that polar
lipids. It has bioadhesive properties and in vivo can be
degraded by enzymatic action [71].

Diffusion Drug release from the system follows two
mechanisms, namely diffusion, and erosion, of which
diffusion is a more reliable and accurate mechanism.
Movement of the atom, ions, and molecules from a
region of higher concentration to a region of lower
concentration is known as diffusion and it is driven

Fig. 3 Mechanism of gel formation and drug release. Reproduced with the permission from Juvekar et al. [6]. Solvent exchange occurs from the
polymeric solution. Gel solidification during coagulation of the polymeric solution and simultaneously diffusion of the drug takes place, later than
polymeric degradation either by surface erosion or throughout the polymeric matrix system. System with fast phase inversion dynamics implant
shows burst release of drug, whereas system with slow phase inversion dynamics, the burst release is not observed
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Table 6 Various in situ gel systems

Drugs Polymers/solvents Result References

Temperature-sensitive systems

Moxifloxacin hydrochloride Methylcellulose, carbopol 934P, poloxamer 407,
gellan gum

A formulation containing gellan gum 0.245% w/v,
poloxamer 407 19.072% w/v shows gelling time 102 s,
temperature 36 °C and drug release 98% at 9 h

[17]

Ornidazole and doxycycline
hyclate

Chitosan-vanillin cross-linked polymer, pluronic
F127 (P127) and pluronic F68 (P68)

In the treatment of periodontal pocket infection
microspheres loaded in situ gel (MLIG) implant gives
various desired properties in one system including
biodegradability, biocompatibility, stability,
syringebility, mucoadhesivity, prolonged release,
patients compliant, and cost-effective.

[16]

Levofloxacin (LVF) and
metronidazole (MZ)

Poloxamer 407, chitosan A combination of chitosan 1.5% w/v and poloxamer
407 gives mucoadhesive, thermoresponsive, and
controlled release of drugs up to 48 h.

[74]

Simvastatin Poloxamer 407, methylcellulose A combination of 25% poloxamer 407 and 5%
methylcellulose gives thermoresponsive injectable gel
at body temperature. It also gives a controlled release
of drug up to 10 days.

[75]

Curcumin Pluronic F127 (30% w/v), carbopol P934 (1% w/
v)

1% w/v of carbopol P934 and 30% w/v of pluronic
F127 give double response (pH sensitive and
thermoresponsive) in one system.

[76]

Levofloxacin and
metronidazole

Chitosan In the periodontal disease treatment, chitosan is
effective as well as is a good carrier for drug delivery.

[77]

Articaine hydrochloride Pluronic F-127, HPMC K-100/carbopol 934P A combination of articaine hydrochloride (4% w/w),
pluronic F-127 (20% w/w), and hydroxyl propyl methyl
cellulose (0.1% w/w) gives prolonged analgesia or local
anesthesia, thermoresponsive, and sustained release of
drug respectively.

[15]

Solvent exchange systems

Doxycycline hyclate Bleached shellac, agarose, hexane, glyceryl
monostearate, dimethyl sulfoxide, N-methyl pyr-
rolidone, 2-pyrrolidone

All in situ gel gives their solvent release more than 7
days with release rate order DMSO > NMP > PYR.
Among these solvents, PYR is best because drug
release is effectively retarded from in situ gel and in
situ microparticle due to the high viscosity of
bleached shellac in PYR.

[78]

Doxycycline hyclate Glyceryl monostearate, dimethyl sulfoxide, N-
methyl pyrrolidone, 2-pyrrolidone

Thermal degradation of the polymer could delay, due
to their high intermolecular strength. In situ
microparticles of glyceryl monostearate with DMSO
give delayed thermal degradation.

[79]

Doxycycline hyclate Bleached shellac, dimethyl sulfoxide, N-methyl
pyrrolidone, 2-pyrrolidone

By dissolving of bleached shellac in dimethyl sulfoxide,
NMP, PYR, and in a eutectic mixture, in situ forming
gels can be prepared. The result was as follows:
viscosity, eutectic mixture > PYR > DMSO > NMP and
velocity of gel formation, DMSO > NMP > PYR >
eutectic mixture. Slow exchange of solvent and
highest degradation was the problems with the PYR
solvent. Preparation of eutectic mixture cannot be
given by needles due to their high apparent viscosity.

[80]

Doxycycline hyclate Eudragid RS, N-methyl pyrrolidone, clove oil The addition of clove oil retarded the solvent
exchange and prolonged the release of doxycycline
hyclate from Eudragid RS in situ gel. When the
amount of Eudragid RS was increased then the
transformation of liquid to gel was more rapid during
in vitro testing.

[57]

Chlorhexidinedihydrochloride PLGA, HPMC, N-methyl pyrrolidone Loss of formulation accidentally from gingival pockets
can be reduced in comparison with available
commercial products in the market.

[63]

Metronidazole Glycerol monooleate, N-methyl pyrrolidone In the treatment of CP (chronic periodontitis), reduced
side effects and enhanced bioavailability achieved by
using the intra pocket system of lyotropic liquid

[81]
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by a concentration gradient. In situ gel formation
which is based on the diffusion method, polymer
matrix precipitated because solvent diffuses from
polymer to surrounding tissue (Fig. 3) [72]. An ex-
ample of a solvent that is useful for such system is
N-methyl pyrrolidine [69]. Diffusion is dependent on
the porosity of the polymer matrix, which eventually

depends on the pore formation process during the
phase inversion. The diffusion of the drug takes place
during the coagulation of the polymeric solution. Ero-
sion is the phase of drug release seen during the
polymeric degradation where the molecular weight of
the polymer gradually reduces over 15 kDa. Polymer
erosion is observed either over the surface or

Table 6 Various in situ gel systems (Continued)

Drugs Polymers/solvents Result References

crystal.

Doxycycline hyclate Bleached shellac, N-methyl pyrrolidone, dimethyl
sulfoxide, 2-pyrrolidone, glyceryl monostearate

P. gingivalis, S. aureus, and S. mutans are effectively
inhibited by doxycycline hyclate-loaded bleached shel-
lac in situ microparticles. And it gives sustained drug
release for a period of 40 days in vitro with a Fickian
diffusion mechanism.

[82]

pH-responsive systems

Doxycycline α-methoxy-ω-amino-poly (ethylene glycol), N, N,
dimethylformamide (DMF)

Mineralized doxycycline nanoparticles manufactured
with block copolymer that provides drug release with
pH sensitivity. Template mineralized with calcium
carbonate. At normal pH of gingival drug release from
nanoparticles retarded due to mineral structure, but in
acidic pH of gingiva which occurs due to bacterial
biofilm provides controlled release of antibiotics.

[83]

Curcumin Polyethylene glycol (PEG) 400, sodium lauryl
sulfate (SLS), tri-ethanol amine (TEA), pluronic
127, carbopol P 934, propylene glycol (PG)

1% w/v of carbopol P 934 and 30% w/v of pluronic
F127 give a double response (pH sensitive and
thermoresponsive) in one system. The formulation
which contains 2% curcumin gives the most accepted
results related to pH, gelling temperature, and
controlled release of drugs for long periods.

[76]

Secnidazole,
serratiopeptidase

Alginate/HPMC, propylene glycol In situ gel system formulated by using alginate with
hydroxyl propyl methyl cellulose and secnidazole-
serratiopeptidase, which provides controlled release of
drugs for more than 10 h

[84]

Ion-activated system

Metronidazole Gellan gum, thioglycolic acid Esterification of gellan gum with thioglycolic acid
provides thiol conjugation. Conjugation of gellan-
thioglycolic acid characterized by decreased sensitivity
of gellan gum to cation-activated gelation. And
mucoadhesive property increased due to thiolation.

[85]

Doxycycline HCL Sodium alginate, HPMC, mannuronic acid,
guluronic acid, human serum with calcium

The formulation consists of alginate and HPMC with
the function of gel former and viscosity enhancer
respectively. A similar composition to GCF, that is
serum, provides sol-gel phase transformation upon
mixing. The formulation provides sustained drug re-
lease over a period of 12 days.

[86]

Photopolymerization-based system

– Carboxymethyl chitosan (CMCS), chitosan,
glycidyl methacrylate dimethyl sulfoxide (DMSO)

Developed a system with biodegradable polymer and
photo-initiator: visible light lamp (420–480 nm). The
gelation time of formulation decreased by photo-
initiator.

[87]

Redox in situ gel system

– PEG possessing sulfanyl groups at both ends
(SHPEG-SH), methanol and chloromethyl styrene
(CMS)

Saita et al. successfully developed a redox injectable
gel and applied it to the rat associated with
periodontitis. And the result was sustained release of
drug from the gel, oxidative damage reduced in
periodontal area, and gingival blood flow recovery,
which was due to ROS scavenging activity of redox
injectable gel in the periodontal area. Additionally, P.
gingivalis inhibited by RIG and bone loss prevented.

[88]
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throughout the polymeric matrix system [17]. Overall,
the drug release from a solid implant may occur by
the diffusion of the drug through water-filled pores,
by the erosion of the implant or by osmosis. The sud-
den drug release observed in the lag period between
administration of the formulation and further solidifi-
cation of the implant is the burst release. It is seen
due to the phase inversion dynamics taking place be-
tween the polymeric solution and the aqueous envir-
onment. A controlled burst release, however, can be
beneficial in certain ISG to obtain a steady-state pro-
file. A highly miscible solvent shows fast diffusion of
the solvent in the aqueous environment. This system
shows the burst release of the drug. The resultant im-
plant further has large pores from where the drug re-
lease is immediate. In the case of solvents with low
water miscibility, the burst release is not observed
due to slow phase inversion dynamics. The implant
has fine pores that extend the drug release still fur-
ther. The biodegradation of the system is slow as
compared to the implant formed by fast diffusion of
the solvent [73].

In situ gel formation due to photopolymerization
Photopolymerization is commonly used to form bioma-
terials in situ. A mixture of monomer and photo-
initiator get polymerized at long ultra violet (UV)-visible
wavelengths [69]. The long UV-visible wavelengths are
preferred for the photopolymerization. Generally, short
UV-visible wavelengths are not used because it biologic-
ally harm and can limit penetration of tissue [71]. Acry-
lates are commonly used as polymerizable groups
because photopolymerization occurs rapidly with rapid
photo-initiators. Dimethoxy-2 phenylacetophenone and
camphorquinone act as photo-initiators for UV-
photopolymerization and visible-photopolymerization,
respectively [71]. Various in situ gel drug delivery sys-
tems based on various triggered systems are described in
Table 6.

Conclusion
The injectable in situ gel formation system offers the re-
markable potential for the treatment of periodontitis,
which allows the controlled release of drugs regarding
site-specific management. The in situ injection gel for-
mation system offers great potential for the treatment of
periodontitis, allowing the timing of drug release to be
controlled based on the treatment of the particular site.
They are intensively sticking to teeth’ surfaces and pro-
vide adequate mechanical strength to assure reliable and
prolonged residence times in periodontal pockets. The
spotlight is likely to remain on the in situ gel-forming
system with an array of polymers that have synergistic
action in optimally combating and reversing the

periodontal. This summarizes the state-of-the-art tech-
nology of local periodontal therapy. The focus in the
coming years should be on in vivo profiling of these
systems.
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