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                     Abstract 
 Localized drug delivery (LDD) is  one of the unmet needs for the treatment of various localized medical conditions like 

infections, cancer, pain, etc. Several hydrogel-based modalities are now being developed for drug delivery, tissue regenera-

tion, treating diseases, and postoperative physiological response. Local anesthetics are one of the most widely used medicine 

in pain management. Unfortunately, there are several drawbacks associated with local anesthetics such as repeated dosing, 

short duration of action, and dose dumping. However, some drug carriers based on nanoparticles (NPs) have been used to 

overcome the problems associated with local anesthetics, but these NPs exhibit minimal residence time at the injected site. 

In the current study, we report a thermosensitive hydrogel based on chitosan and β-glycerophosphate as a cross-linker can be 

a promising approach for sustained and localized drug delivery drugs. These hydrogels exhibited a phase transition from sol 

(4 °C) to gel at physiological temperature (37 °C) that can prolong the half-lives by sustained release of the local anesthetics. 

The hydrogel entrapping calcein (hydrophilic model drug) exhibited sustained release, and by utilizing its fl uorescence, its 

release from the gel was visually monitored in real-time. 
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      Introduction 

 Localized drug delivery (LDD) is a typical and challeng-

ing problem for delivering and maintaining drug at the 

site of administration. Several drug carriers have been 

used for LDD. A variety of medications are currently 

used to overcome the postoperative pain management, for 

instance, corticosteroids, non-steroidal anti-inflammatory 

drugs, opioids, and anesthetics (Foley et al.  2013 ; Joshi 

et al.  2016 ). Though, systemic administration of opioids 

creates unwanted and detrimental side effects such as res-

piratory inhibition, nausea, vomiting, allergies, neutrophil 

dysfunction, drowsiness, and sedation (Moradkhani et al. 

 2018 ; Zhang et al.  2018 ; Mahmoud et al.  2013 ). In recent 

times, the application of local anesthetics has attracted 

substantial scientific attention. However, repeated dos-

ing of anesthetics agents is associated with potential sys-

temic toxicity (Fu et al.  2017 ). As such, to address the 

drawbacks associated with local anesthetics, several drug 

carriers have been used based on microparticles, nano-

particles, and liposomes. Nanoparticles could extend the 

time duration of analgesia, but these nano-systems can 

quickly diffuse from the injection site (Foley et al.  2013 ) .  
Bupivacaine is one of the widely used hydrophilic drugs 

as a numbing medicine helpful in blocking of the nerve 

impulse with the increased potency (Fredrickson et al. 

 2012 ; Lee et al.  2012 ). A liposomal formulation for the 

prolonged release of bupivacaine is used for pain man-

agement (Baxter et al.  2013 ). However, the accessibility 

of these formulations is limited due to its high cost. In 

addition to it, the lipids in liposomes are prone to undergo 

oxidation leading to dose dumping (Epstein-Barash et al. 
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 2009 ). Thus an efficient and economical alternate is 

needed for localized delivery of drugs with controlled 

release. 

 In the current work, we have used chitosan and 

β-glycerophosphate (cross-linker) based thermosensitive 

hydrogel matrix as a gel depot for localized drug deliv-

ery. The hydrogel matrix possesses a phase transition of 

chitosan from sol to gel that is triggered at physiological 

temperature (Scheme  1 ). Calcein, a hydrophilic fluores-

cent dye, was used as a model drug as the  pK  a  value of 

calcein is similar to a variety of local anesthtic agents. In 

addition to it, the inherent fluorescence aids in monitor-

ing and visualizing the real-time drug release.         

    Materials and methods 

   Materials 

 Chitosan was procured from Sigma, β-glycerophosphate 

was obtained from Alfa Aesara. Calcein dye and MTT 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-

mide was procured from SRL chemicals. All the other 

reagents used were of analytical grade. 

    Cell culture and maintenance 

 NIH 3T3 is a normal mouse fibroblast cell line; it was 

obtained from CCMB Hyderabad. The cells were sterile 

cultured in growth medium, DMEM (Sigma, USA) + 10% 

fetal bovine serum (FBS, Himedia, India). The growth 

media was supplemented with antibiotics (penicillin and 

streptomycin). 

    Preparation of chitosan/β-glycerophosphate 
hydrogel 

 The hydrogel was prepared by fi rst dissolving the poly-

mer (1.5% w/v chitosan) in 0.1 % of acetic acid until a 

clear solution was obtained. On the other hand, 25% of 

β-glycerophosphate was dissolved in ice-cold distilled 

water. The chitosan solution was then neutralized by adding 

β-glycerophosphate in a dropwise manner until pH 7.4 was 

achieved. The prepared solution was then placed at 4 °C 

until further use (Qin et al.  2018 ). 

 Calcein entrapping hydrogel was prepared by fi rst making 

a stock solution of calcein in basic pH (1 mg/ml). From the 

stock, 500 μg was added to the β-glycerophosphate solution. 

The chitosan solution was later reacted with this mixture to 

achieve calcein entrapping hydrogel, as shown in Scheme  2 .         

    In vitro drug release 

 In vitro drug release was assessed by following the direct 

suspension method briefl y; the prepared hydrogels were 

placed at 37 °C to cross-link the gel at the bottom of the 

tube. The tubes were inverted to confi rm the proper cross-

linking of the hydrogel. Later 10 ml PBS solution was added 

on top of the gel. The gel containers were incubated at 37 °C 

at 50 rpm. At specifi ed time intervals, the supernatant was 

withdrawn from the tubes, and fl uorescence was recorded at 

Ex: 495 nm Em: 515 and was replenished with fresh media 

(Mahanta et al. 2019). 

    In vitro biocompatibility assessment 

 For the assessment of biocompatibility, NIH-3T3 cells were 

plated in 6 well plates (1 ×  10 5  cells/well). The cells were 

  Scheme 1       Phase transition 

of chitosan from solution to 

gel triggered by physiological 

temperature  
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incubated overnight for proper attachment, the gels were cast 

into a 10 mm plugs and were cross-linked by exposing to 37 

°C for 10 min. Following the cross- linking, the gel plugs 

were placed on a six-well plate containing pre-attached 

NIH-3T3 cells. The plugs were submerged in the media, 

and plates were incubated for 24 and 48 h. In the control 

samples, the same amount of PBS was added. By the end 

of the incubation period, the plugs were removed, and the 

media was replaced with colorless media containing MTT 

0.5 mg/ml and incubated for four h. The plates were then 

washed, and the dye was extracted in DMSO. The absorb-

ance was recorded at 470 nm and plotted against the control 

(Mahanta et al. 2019; Hong et al. 2019). 

     Results and discussion 

   Thermosensitive hydrogel formation 

 Chitosan is a linear polysaccharide made up of two diff er-

ent unit’s β--linked D-glucosamine and N-acetyl- D -glu-

cosamine. These linear polysaccharides are cross-linked by 

β-glycerophosphate at the physiological temperature. The 

combination of chitosan with β-glycerophosphate leads to 

the formation of a gel by phase transition. Thermosensi-

tive hydrogel showed the phase transition of chitosan from 

solution (4 °C) to gel (37 °C) triggered at physiological tem-

perature (Scheme  1 ). The gelation time of chitosan poly-

saccharide from sol to gel was around ~ 10 minutes at the 

physiological temperature (37 °C) (Fig.  1 a). The thermo-

sensitive hydrogel formed by the irreversible cross-linking 

of chitosan and β-glycerophosphate (Fig.  1 b). This hydrogel 

is relevant for the depot formation. These thermosensitive 

hydrogel aims to off er a local anesthetic depot system at the 

target site. The depot system could help decrease local and 

systemic toxicity and can enhance the permeability. Here 

we report calcein as a model drug as most of the anesthetic 

agents used in clinics are hydrophilic and exhibit  pK  a  values 

beyond 7.4 pH, which is similar to calcein. Thus calcein can 

be considered as a hydrophilic model drug for in vitro stud-

ies (Becker et al. 2006). In addition to it, the fl uorescence 

for calcein aids in quantifi cation and visualization of the 

release. When calcein was entrapped in chitosan hydrogel 

  Scheme 2       Preparation of calcein entrapping chitosan hydrogel  

  Fig. 1        a  Sol–gel transition of chitosan within 10 min of incubation at 

physiological temperature.  b  Irreversible crosslinking forming a depot  
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the body used as an osteogenic supplement (Zhou et al. 

 2015 ). The combination of these two naturally occurring 

components leads to the formation of biocompatible ther-

mosensitive hydrogel matrix. The biocompatibility of Ch/

GP gel and temperature mediated Sol-Gel transition aids in 

the formation of a stable drug depot when injected subcuta-

neously. In addition to it, the sustained drug release makes 

it a potential candidate for the localized drug delivery of 

anesthetic agents.         

     Conclusion 

 Thermosensitive hydrogel provides a platform for a sus-

tained drug release for a prolonged duration. In the present 

study, an injectable chitosan gel-based hydrogel matrix con-

sisting of calcein as a model drug has been used. The hydro-

phobic interaction of chitosan polysaccharide and cross-

linking of β-glycerolphosphate provides a phase transition 

under the aqueous condition. The hydrogel matrix exhibited 

sol/gel transition under the physiological temperature that 

further control the drug release. Collectively, this thermo-

sensitive hydrogel matrix acts as a long-lasting analgesia 

system, which could off er immense potential for sustained 

drug delivery. 
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