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Abstract 

Hydrogels represent a strategic role in controlled and /or sustained drug delivery. 

This polymeric system consists of three dimensional structures that can absorb large 

amount of water or biological fluids and thus can be modified for stimuli response 

release. In the present work  novel hydrogels were prepared by combining   various 

concentrations of 12, 14, 16, 18 and 20% (w/w) pluronic F127 (PF) with 4%(w/w) 

Methylcellulose (MC)  to form injectable implant drug delivery systems. These 

blends formed gels at significantly lower concentrations of PF when compared to 

using PF alone. Furthermore, the gels exhibited cytocompatibility to both mouse 

preosteoblasts (MC3T3-E1) and mouse myoblast (C2C12) cell lines whereas the 

gels of 16 PF, 18 PF and 20 PF were cytotoxic to the cells.  Etidronate sodium 

(EDS) was loaded at a concentration of 4 × 10
−3

 M into these blends for yielding an 

osteogenesis effect.  EDS loaded PF/MC blends exhibited cytocompatibility to both 

the osteoblast (MC3T3-E1) and myoblast (C2C12) cell lines. The EDS loaded gels 

further exhibited significantly greater alkaline phosphatase (ALP) activities 

compared to the pure gels. The ALP activity was found to be greater with increasing 

time. These EDS loaded gels increased proliferation of both cell lines thus indicating 

a bone regeneration effect. In vitro release of EDS from PF/MC blends found to be 

extended for more than 28 days. The in vitro degradation test, showed that MC 

extensively improved the gel strength of the PF and delayed the degradation of the 

gels thus making them more functional for a sustained drug delivery for 

osteogenesis. With the aim of enhancing the sustainability of etidronate in these gel 

systems a simple and inexpensive approach for preparation of drug loaded 

nanoparticles by nanoprecipitation has been employed in the present work. 

Bisphosphonates are drugs used for treatment of bone disorders like Paget’s disease 

and osteoporosis. These bisphosphonates have a very short half-life in circulation 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/poloxamer


vi 

(0.5-2 hr) for which controlled release of bisphosphonates is essential for long term 

therapeutic efficacy. In this work Etidronate, a bisphosphonate, was selected as a 

model drug. Gelatin-etidronate nanoparticles were prepared by nanoprecipitation 

method. These nanoparticles were characterized by Zetasizer and TEM for their size 

and morphology, respectively. The prepared nanoparticles were in the size range of 

100-260 nm. The zeta potential value was found to be +5.86mV. The drug loading 

efficiency was found to be 40%. In vitro drug release studies revealed control 

release of the drug from the polymer matrix. Further these nanoparticles exhibited 

dose dependent cytotoxicity on mouse C2C12 cells. 
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INTRODUCTION 

 In the recent years over the past 30 years  scientists are paying more interest in 

development of sustained drug delivery and controlled drug delivery systems. Among 

these systems the extensive focus has been laid in crafting  of polymeric systems for 

drug delivery applications. In recent times, temperature responsive  gel systems has 

encountered considerable interest in drug delivery. Statistics say that there is 

enhancement of these gel forming systems has been explored  and  their use in 

various biomedical applications including drug delivery  have been reported with 

many patents included. This is due to the merits  obtainable  by in situ polymeric 

delivery systems which include administrating effortlessly, non-invasiveness, and 

reduction in recurrence of administration, better patient compliance and ease.  In situ 

polymeric gel systems present an attractive substitute for attaining systemic drug 

effects for  parental routes, which can be problematic or oral route, which may  lead  

to low bioavailability and which may cause first-pass metabolism, in particular of 

proteins and peptides. Improved  delivery technologies of therapeutic agents by  

controlling the rate at which they enter the blood  stream, besides  developing  new 

drugs or bioactive compounds is the key and major focus area  in improving the drug 

delivery systems in recent studies. [1]. In this regard hydrogels forms  the basis for  

sustained or controlled delivery. These polymers which have a  three dimensional 

structure and  which can swell  to a larger extent with large  amount of biological 

fluids  or water and which can be solid at room temperature and can gel at 

physiological temperature has been a part of controlled or sustained drug delivery 

systems[1,2]. 

 

Smart polymers can be defined as  the polymers that react to small changes in 

surroundings  such as pH or temperature, and also can overcome remarkable property 

changes and they can also be termed as stimuli sensitive polymers. These systems 

gathered numerous  applications in drug delivery and tissue engineering [3]. Thermo 

responsive polymers  are those which have a fine balance between their  hydrophilic 

and hydrophobic groups in their structure, and  their chains tend to collapse or expand 
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upon small change in temperature  around the critical temperature and make new 

adjustments between the polymeric chains and the aqueous medium [2]. Some of the 

examples of sol-gel reversible hydrogels include Pluronics [Poloxamers or PEO-PPO-

PEO triblock polymers are more recently used PEO-biodegradable polyester (PLGA, 

PLLA, PCL) systems. Some of these  are available commercially for their application 

in  modestly invasive injectable solutions (BST-Gel® of BioSyntech and ReGel® of 

Macromed). Block or graft copolymers exhibit thermoreversibility based on 

micellization or micelle aggregation [4,5] as shown in Figure.1. 

 

 

 Figure 1: Sol-gel transition of thermoresponsive polymers [4]. 

Pluronics®  have vast number of applications and some of these pluronics which can be 

used as thermoreversible gels are approved by the FDA and EPA for their use as food 

additives ,agricultural products and pharmaceutical excipient for varoius applications in 

drug delivery systems and injectable systems for tissue engineering [6,7]. polymer 

composition and solution concentration  plays an important role in determining the 

gelation temperature. For instance, PluronicF127 (generic name, polaxamer 407) is a 
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solution at room temperature and can gel at 37 
0 

C but at a concentration of  20 wt% of 

the polymer. They have extensive application in wound healing, burn healing etc [7].  

Pluronic F127 for the effective treatment of otitis media caused by methicillin resistant 

Staphylococcus aureus (MRSA) has been used for the preparation of formulation for the 

local delivery of vancomycin by Lee et al.  Pluronic F127 has an excellent phase 

transition property, which is liquid at 25 
0 

C and becomes solid at physiological 

temperature that makes it suitable for local drug delivery [8]. More recent it has been 

used by mixing with isolated chondrocytes and applied on an osseous surface with a 

brush that formed a sticky gel in a very short time (minutes). It was observed that it could 

form a new cartilage at the bone cartilage interface on the osseous substrate  [9]. Pluronic 

F127 with isolated chondrocytes for testing the formation of tissue after subcutaneous 

injections in mice was also applied as an injectable cartilage formulation. New cartilage 

formation has been demonstrated upon histological examination of all samples 

representing that the polymer-cell suspension is suitable and promising for orthopaedic 

and reconstructive surgery [9].  

The ability of the   Pluronics® or the transition temperature at which it can gel 

(physiological temperature)  made them very suitable systems as injectable drug delivery 

carriers that can form  an in situ drug depot. Pluronic is extensively and most commonly 

used application such as  in sustained delivery of protein and peptides which includes 

insulin, growth factors ,urease, BMP and was also used as an injectable cartilage 

formulation[10]. 

Pluronic F127 also is also applied widely in  cell encapsulation applications either by 

itself or to support cell seeding and attachment in tissue scaffolds because of its 

thermoreversible gelation in water . Aqueous Pluronic F127 solutions gel at physiological 

temperatures at concentrations of 15–20% (w/w),. The viability and proliferation of 

HepG2 (Human carcinoma cell) was determined for both liquid and gel formulations to 

check the efficiency of pluronic F127 . MTT and LDH assays were performed to 

determine the cell concentration and viability over a 5-day period along with the tryptan 

blue assay via hemocytometry and results were confirmed. At lower concentration until 
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5% (w/w) Pluronic F127 (liquid),high viability and  cell proliferation is observed for  

over 5 days. However, at higher concentration of Pluronic i.e at 10% (w/w) , there was a 

significant decline in cell viability and there is no cell proliferation noticed. The cell 

encapsulation in HepG2 cells in at concentrations of Pluronic F127 ranging from 15 to 

20% (w/w) (gel) resulted in complete cell death within 5 days. This holds true for the 

endothelial (HMEC-1) and muscle (L6) cell lines that are evaluated. Cell survival or 

proliferation is not affected by Cell-seeding density. To improve cell viability of these 

pluronics membrane-stabilizing agents such as hydrocortisone, glucose, and glycerol 

were added [11]. The steroid hydrocortisone exhibited marked improvement in viability, 

to more than 70% (with 60 nM hydrocortisone added) as compared to Pluronic alone 

(2%). Based on these results it can be proposed that F127 formulations complimented 

with membrane-stabilizing agents can serve as viable cell encapsulation materials. 

Furthermore, promotion of cell viability with hydrocortisone may be generally useful 

wide range of encapsulation materials [11]. 

Temperature-sensitive block copolymers bearing polyethylene oxide( PEO), are capable 

of  mimicking  the  extracellular matrix at the same time enabling the formulation of 

aqueous systems  easily syringable at room temperature that can  lead to highly 

viscoelastic gels that gel  at 37 ºC[12,13]. One more major advantage is the  low surface 

tension of the gels that allows  the loading of proteins without denaturing in the aqueous 

phase of the hydrogel, while the transition from sol-to-gel makes the sustained release 

possible under physiological conditions  [14,15]. Very few studies are carried out with 

polypropylene fumarate-PEG[16] and poly(ethylene oxide)-poly(propylene oxide)-

poly(ethyleneoxide) for tissue engineering applications, However pluronic in situ gelling 

systems facilitated to regulate the delivery of BMP-2 and BMP-7 [17] when compared to 

other  biodegradable polymers, such as PLA or PLGA, which may not be completely 

reabsorbed and sometimes they appear as voids or black holes in the formed bone when 

verified radiographically .In addition, Pluronic can be completely restored by the new 

bone [18]. Except for minor accumulation in the urine, brain, lung and liver, pluronics are 

rapidly excreted in the urine, and there is no risk of reproductive and/or developmental 

toxicity [18,19]. 
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Pluronic F127 has been studied extensively as an in-situ drug delivery system in delivery 

of many drugs. However, very few papers reported the cytotoxicity of Pluronic F127. 

Pluronic F127 at a concentration above 10 % is found to be cytotoxic on, endothelial 

(HMEC-1) and muscle (L6) cell lines [11]. But for Pluronic F127 to form 

thermoreversable systems, the concentrations should be above 16% which render the gels 

cytotoxic. Taking this problem into concern in the present work we wish to reduce the 

cytotoxicity of in-situ gelling systems by combining these pluronics with polysaccharides 

to form conjugated systems. 

 

Owing to the biodegradable nature of the polysaccharides along with their thermo 

reversible ability they have been extensively studied for the development of hydrogel 

systems which can be used both for sustained drug delivery and tissue engineering. 

 A water-soluble polymer and cellulose polysaccharide derivative, methyl cellulose is 

widely used as a pharmaceuticals excipient as binder or thickener, foods, ceramics, etc. 

MC usually experiences a two-stage thermoreversible gelation in aqueous solution above 

a critical micellar temperature. Results suggest that different salts have different effect on 

gelation temperature. However, for pure Methyl cellulose solution, gelation temperature 

is always occur in the region of ∼50–70 ◦C[20], and therefore it cannot be used  as an 

injectable product for gelation in vivo at 37 
0
C. So instead of modifying the polymer by 

chemical crosslinking or grafting or by using harsh solvents they can be blended with 

other polymers .Blending is an vital method for modifying and/or improving the physical 

properties of polymeric materials, and thus escalating the range of their application. 

Further various blends are used in tissue engineering applications [20,25]. 

 

In order to enhance the osteogenic efficiency of these thermoreversable gels, they can be 

loaded with bisphosphonates. Bisphosphonates are chemically analogs of pyrophosphates 

that has a non hydrolysable P-C-P backbone with two side chains R
1 

and R
2
.The two 

phosphonate groups assist  in both binding to bone mineral and for its anti resorptive 

activity. Bisphosphonates are majorly classified into two types based on the groups 

present on the side chains. The mechanism of action of bisphophonates is briefly 
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described as in Figure.2.The presence of hydroxyl groups or amino group in the R
1 

chain 

improves the binding to calcium minerals. Similarly the presence of nitrogen or amino 

group on the R
2
 side chain affects the binding to hydroxyapatite and also enhances the 

anti resorptive property[21]. Based on this the bisphosphonates are classified as Nitrogen 

containing bisphosphonates which act by inhibiting (Farensyl diphosphate synthase) in 

melovonate pathway eg palmidronate, alendronate, ibandronate etc) and non—nitrogen 

containing bisphosphonates which act by incorporation into ATP(eg :clodronate, 

tiludronate and etidronate). Though nitrogen containing bisphosphonates are the first 

choice of drugs for bone resorption, it was reported that these bisphosphonates cause 

necrosis at injection site whereas etidronate is cytoprotective[22]. 

 

 

Figure 2: Bisphosphonates mechanism of action [24] 
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  Bisphosphonates have long history in mitigating bone regeneration. Srisubut et al were 

successful in regenerating bone by incorporating Alendronate in bioactive glasses [23].  

Similarly, Gao et al used zoledrinoic acid in combination with fibroblast growth factor 

for bone regeneration in osteoporosis model. In addition to the above mentioned uses in 

bone regeneration bisphosphonates can also be used in various conditions like Paget 

disease, breast cancer and prostate cancer [24].  

However, bisphosphonates have few disadvantages like poor bioavailability (less than 

2% oral absorption). Owing to this nature of these drugs other routes of administrations 

like intravenous, subcutaneous and intramuscular were investigated. Even intravenous 

(IV) route also suffers major drawbacks like higher excretion rates which cause payload 

in the kidneys.   Thus local delivery of bisphosphonates came into existence which could 

deliver the treatment to the site with minimal systemic side effects. Liposomes, 

nanoparticles and microparticles were explored for local delivery of these drugs.  

Intra articular delivery of bisphosphonates was achieved by nanoparticle liposomes 

enhance their potency by a factor of 20–200 [25]. Chitosan microspheres of different 

composition as drug carriers have also been explored for injectable delivery systems [26]. 

Extended release of clodronate was achieved by incorporating drug in biodegradable 

polylactide based microspheres which showed in vitro release of up to 70 days [27,28]. 

Similarly, Sol–gel derived silica microspheres have also been tested for this drug delivery 

systems [29,30]. Most of the bisphosphonates were formulated either in 

nano/microparticle forms along with silica based drug delivery systems because of their 

ability to be degraded by innate osteoblasts. Many stratagies were explored for these 

types of delivery systems like sol-gel method, adsorption of drug on to silica particles, 

incorporation into mesoporous silica etc. [30]. All the methods for drug-incorporation 

have their own advantages, and the right method should be chosen based on the end use. 

However, these delivery systems present a rapid release of drug due to mesoporous 

nature of the silica and controlled release of drug is essential for induction of 

osteogenesis. In our study we investigated the feasibility of formation of nanoparticles of 
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etidronate with gelatin by nanoprecipitation method and evaluated the osteogenic effect 

of these nanoparticles.      

 

Similarly, injectable gels occupy a vital role in delivering osteogenic molecules. 

Injectable scaffolds offer advantages over solid scaffolds because of their fluidic nature, 

non-invasive method. These gels can be loaded with various drugs and growth factors to 

promote osteogenesis. Owing to all these reasons injectable gels provide a wide platform 

for delivering drugs. Chitosan- Alginate gels loaded with cells and BMP-2 were 

fabricated for inducing osteogenesis. gelatin based biocompatible nanoparticles will 

provide an alternative for conventional treatment making a sustained release of the 

drug[31]. 

Polymeric nanoparticles (NPs) have provided several advantages which may involve 

relatively high intestinal uptake probably due to particle size and charge properties. 

Numerous advantages of gelatin such as availability of functional groups that are easily 

accessible, low antigenicity, and which can offer many opportunities for pairing with 

crosslinkers and targeted ligands, make it a desirable biomaterial [32]. Furthermore 

gelatin is widely used as  in parentral formulations and also stabilizer in vaccines. In this 

study,  a simple, rapid instantaneous method is used for preparation of NPs from different 

polymers as it does not require any kind of comprehensive treatment such as, usage of 

harsh chemicals/solvents, sonication and  high temperature. Gelatin type A is basic in 

nature with many amino groups which will entrap etidronate which is negatively charged 

to give a complexation product. Type of gelatin is chosen based on the entrapping drug 

molecule. The aim of the present work is to perform preliminary studies on cytotoxicity 

and release properties of prepared NPs. 
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OBJECTIVES 

1. To prepare and characterize etidronate loaded methyl cellulose- pluronic F127 

thermoreversable gels. 

2. To investigate the osteogenic potential of etidronate methyl cellulose- pluronic 

F127 thermoreversable gels 

     3. To prepare and characterize Etidronate gelatin nanoparticles and to check their          

cytocompatibility  
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Significant Results & Discussion 

Preparation of pluronic/methyl cellulose (PF/MC) samples 

Different concentrations of PF solutions ranging from 16, 18 and 20% w/w were prepared 

by following Lin et al., 2004.  4% MC solutions were prepared by dispersing MC in 

purified water with constant mixing at cold condition.  Required amount of PF was then 

added in the MC solution to get concentrations ranging from 12 to  20% w/w of PF in 

MC (4% w/w) and these blends were labeled as  12PF/MC to  20PF/MC, respectively. 

The final blends were thoroughly dissolved and kept at 8ºC ensuring complete 

solubilization. For cytotoxicity testing PF and MC powder samples were UV sterilized 

and dissolved in sterile water under aseptic condition. [33].  0.2 g of corresponding 

PF/MC gels or PF were added to a 24-well plate and allowed for gelation followed by 

addition of PBS (1 mL) in each well. After incubating the plates for 1 day  the extracts  of 

PBS were sterilized by filteration. The filtered   solutions (100 µl) were further studied 

for the cytotoxicity [33]. Etidronate sodium (EDS) at concentrations ranging from 10 
-4

 to 

10 
-5

M has been previously found biocompatible to various cell lines [34].  

Viscosity of the samples  

The rheologies of the gels were measured by Malvern Instruments, Gemini HR-nano, UK 

with geometry of cone plate at (diameter 4cm, angle1). Silicone oil is used to prevent 

evaporation of these samples from the corners. The flow curves of different gel 

combinations of gels (20 %PF alone and highest and lowest concentration of blends with 

EDS) at room temperature are shown in Figure.3. As the concentrations of PF increased 

in the blends the viscosity also increased. 20PF/MC/EDS gels showed higher viscosity 

than that of 20PF/EDS clearly indicating the role of PF. Thus MC and PF play a vital role 

in influencing the viscosities of the systems displaying pseudo plastic behavior.  These 

behaviors could help in easy flow of the liquid through the syringe which is required for 

parenteral use. 
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Figure 3: Shear rate-viscosity flow curves for samples containing various concentrations 

of PF, 4% w/w MC  and 4 x10 
-3

M EDS (EDS) at 25ºC. 

Evaluation of cytotoxicity 

C2C12 and MC3T3-E1 cell lines were used to determine cytotoxicity [35]. The cells at a 

density of 2 x10 
4
 cells per well were plated in 96-well plates. The cells were incubated in 

DMEM at 37ºC, 5% CO2 for 24 h. 100 µL of the extract solutions from different blend 

were inoculated and incubated in DMEM at 37 ºC, 5% in an CO2 incubator for 1 day. 

Zinc acetate at a concentration of 100µg/ml  was used as positive control and the  

medium for cell culture was used as negative control respectively [36]. After incubation 

media was removed and washed with 100µL of PBS followed by addition of  MTT 

reagent 100 µL  Cells were incubated for 4 h at 37 ºC [37] followed by addition of  

DMSO and the absorbance was measured at 570 nm using a Beckmans coulter 

microplate reader, CA, USA.  Similarly cytotoxicity of EDS was also determined. All the 

gel samples of blends were also evaluated for cytotoxicity. There is a considerable 

difference in the cell viability of the PF and PF/MC on MC3T3-E1 cell (Figure.4). 16PF 

and 18PF gels showed cell viability of 65%. 20PF gels were found to be highly toxic with 

cell viability of 61.1%. In contrast PF/MC blends showed excellent biocompatibility on 

MC3T3-E1 cells. The 12 and 14PF/MC blends showed superior cell viability than the 
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media alone (p < 0.5). Similar kind of results were obtained on C2C12 cells. Presence of 

MC as a membrane stabilizing agent could enhance the biocompatibility of 

pluronic.[40,41]  

 

Figure 4: Cytotoxicity of various concentrations of PF and the blends of PF and 4% (w/ 

w) MC on MC3T3-E1 cells. Cytotoxicity of positive (cell culture medium) and negative 

(100 ppm zinc acetate) controls are also shown. Data are shown as mean SD, n = 8 per 

group; *p < 0.05, **p < 0.001. 
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Figure 5: Cytotoxicity of (A) various concentrations of EDS and (B) the blends of 4 x10 

-3
M EDS, 4% (w/w) MC and various concentrations of PF on MC3T3-E1 cells. 

Cytotoxicity of positive (cell culture medium) and negative (100 ppm zinc acetate) 

controls are also shown. Data are shown as mean SD, n = 8 per group; *p < 0.001. 

 

 

 



14 
 

In this study 3 and 4% w/w MC blends are studied. Further, the different formulations  of 

PF with 4% w/w MC showed a greater cytocompatibility than the control  which lead us 

to choose  4% w/w MC  for other studies in this work . EDS concentrations at less than 

10 
-3

M were found to be non-toxic to both cells. In order to prove the same concept 

etidronate at  concentrations ranging from 10 
-2 

M to 10 
-7 

M has been evaluated for 

cyctotoxicity Figure.5A.  

1 mg/mL (4 x10 
-3

 M) concentration of EDS has showed biocompatibility on MC3T3-E1 

cells along with PF/MC blends. When the 1 mg/ml of EDS was loaded in these gels, the 

cell viability of the osteoblast cells were similar to negative control. But the lower 

concentrations of PF showed  better compatibility than  high PF concentrations but at the 

same time  statistically not different as shown in Figure.5B 

Osteogenic differentiation of the prepared gels 

The ALP activity was measured as a marker of osteogenic differentiation using para-

nitrophenyl phosphate (pNPP) method [38]. The ALP activity was determined at different 

time points starting from 1, 3, 5 and 7 days. Cells grown on the gels were lysed at 4ºC 

using required quantity  of Triton X for a period of 30 min. The so obtained cell 

suspension was centrifuged at 12000 g at 4ºC for 15 min. 100 µL of the supernatant was 

moved  to a new well plate followed by the addition of  500 µL of  substrate mixture (20 

mM pNPP). The total mixture was incubated at 37ºC for 30 min. NaOH was added to 

stop the reaction and the absorbance was measured using a micro plate reader at given 

wavelength. Osteogenic efficiency of all PF/MC and PF/MC/EDS  were shown in  

Figure. 6A & 6B.  There is profound enhancement of ALP activity on MC3T3- E1 cells 

in presence of gels  from day 1 to day 7. Higher the concentration of  PF  resulted in 

higher ALP activity. 20PF/MC blend with maximum PF concentration showed notable  

increase in ALP activity compared to the control (p < 0.001).  
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Figure 6: Time course of changes in the ALP activity of various concentrations of PF (A) 

in 4% (w/w) MC and (B) in 4% (w/w) MC and 4  x 10  
-3 

M EDS  on MC3T3-E1 cell line 

(mean SD, n = 4 per group; compare to the control (A) *p < 0.05, **p < 0.01, ***p < 

0.001, (B) p < 0.001 for all PF/MC/EDS blends). 

In vitro drug release  

Membrane less method was used to monitor the release of EDS (1 mg/mL) from the gels 

[33]. . Liquid preparation of PF alone and PF/MC  blends with etidronate  were  

transferred to flat-bottomed vial having internal diameter of  18 mm  and allowed it to 

form a gel and incubating it at 37ºC for 5 min.  On top of the gel  8 mL of 0.9% NaCl 

w/w solution was placed gently. 3ml of samples were collected at preset time points and 
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restored with same amount of NaCl [39]. Collected samples were Cu-complexation with 

CuSO4 in acidic pH (2.8) using  HNO3 and analyzed by UV Spectrophotometer Agilent 

Technologies, USA at a wavelength of 240 nm [40,41]. PF gels showed slow release of 

hydrophilic drugs such as vancomycin and mitomycin C [42]. In present study similar 

release pattern was observed for EDS which is hydrophilic. Release profiles of EDS from 

20PF and all the combinations of PF/MC are shown in  Figure.7.  It was found that there 

is an early burst of release from the gels followed by a prolonged release during later 

days. Pluronic alone at concentration of 20% (20PF) could sustain the drug release for 5 

days only. But blends of PF/MC could prolong the release and could hold the drug for 28 

days. This could be due to entrapment of EDS on the surface of micelles [42]. Dense 

internal structure of high concentration of PF, presence of MC and viscosity of the blends 

played active role in retarding the release of EDS from the blends. 

 

 

Figure 7: In vitro release of EDS from the gels of 20PF and the blends of various 

concentrations of PF and 4% (w/w) MC and 4 x 10 
-3

M EDS at 37ºC (mean ±SD n=3) 
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Preparation of gelatin-etidronate nanoparticles 

Preparation and characterization of nanoparticles: 

Nanoparticles (NPs) were prepared by Nano precipitation method which was described 

elsewhere [32]. 5 mg of etidronate disodium was dissolved in 2 mL of distilled water 

followed by addition of 40 mg of gelatin with continuous stirring for 30 min at 50 °C and 

solution was labeled as solution A. This solution A is then added drop to drop  to 30 mL 

of ethanol containing 1.28 g of pluronic F127. Final pluronic F127 to gelatin mass  was 

maintained at 32:1. The so obtained colloidal solution was then centrifuged and freeze 

dried. Similarly, blank gelatin NPs were also prepared by same procedure without the 

drug. The freeze dried samples were weighed and the yield of NPs obtained was 

calculated . Blank particles are calculated similarly. The drug loading efficiency was 

determined using Equation.1. The zeta potential, size distribution and poly dispersity 

index (PDI) was measured using zetasizer (Zetasizer Nano ZS90, Malvern, UK). 

Furthermore, the morphology of particles was analyzed by Transmission Electron 

Microscopy (TEM JEOL-2010). The average size of blank NPs was 107.2 nm and that of 

drug loaded gelatin NPs was 262 nm. The mean size of drug loaded gelatin NPs was 

slightly higher than that of blank gelatin NPs . Particle size of the NPs is dependent on 

the concentration of ethanol;Higher the concentration of ethanol, the lower the particle 

size. In our experiments we have used 90% ethanol in order to achieve minimum 

solubility of gelatin and etidronate. The zeta potential  

values and PDI values were given in Table.1. Generally, the lower PDI values indicated 

the homogeneity of the dispersion.  

 

Table 1. Mean size, zeta potential and poly dispersity index of gelatin and gelatin-

etidronate nano particles. 

Parameter Gelatin nanoparticles Drug loaded gelatin nanoparticles 

Mean particle size 107.2 ± 3.27 (nm) 262 ± 5.64 (nm) 

Zeta potential + 5.83 mV + 1.98 mV 

Polydispersity index (PDI) 0.231± 0.005 0.509 ± 0.005 
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Because of high ethanol concentration used in this study, the PDI is slightly high . Zeta 

potential values of blank and drug loaded nanoparticles differed because of interaction 

between positively charged gelatin and negatively charged etidronate.  Pure gelatin 

nanoparticles with unoccupied aminogroups showed higher positive charge than the drug 

loaded nanoparticles.  

 

Equation 1. Entrapment efficiency of the nanoparticles 

 

EE = (Total amount of drug–free drug / total amount of drug) *100 

 

Invitro release 

 

5 mg of NPs were diluted with 5 mL of PBS 7.4 and loaded in dialysis membrane with 

molecular cutoff of 14,000 to 20,000 KDa and this membrane was immersed in 50 mL of 

the release medium. The experiment was carried out at 37 °C at 40 rpm in a shaking 

incubator (Diahan Labtech Co. Ltd). Sample (2 mL) was withdrawn at regular intervals 

and replaced with fresh PBS (pH 7.4). The samples were analyzed by copper 

complexation method at 240 nm as previously described [40,41]. PBS 7.4 is shown in 

Figure.8. The release of etidronate from gelatin NPs was found to be in a sustained 

manner. The initial burst release may be attributed to the etidronate that was accumulated 

at the surface of NPs that could easily diffuse to the external medium . The percentage 

release from the NPs increased consistently and reached a plateau at about 12 h. The 

modified release of etidronate may be attributed to the polyelectrolyte complexation 

between the acid groups of etidronate and the amine groups of gelatin protein matrix . 
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Figure 8: In vitro release of etidronate from gelatin-etidronate nanoparticles 

 

Biocompatibility 

Initial biocompatibility of the prepared NPs was conducted on C2C12 cell lines by MTT 

assay. C2C12 Cells at a density of 3 × 10
4
 cells/well were seeded in 96-well plates and 

incubated at 37°C for 24 h, followed by media removal and washings with PBS. 

Different concentrations of NPs were inoculated ranging from 50 to 250 μg/mL. 

Subsequently, the cell viability was determined by measuring the absorbance at particular 

wavelength by  using microplate reader. The biocompatibility of gelatin-etidronate NPs 

significantly decreased at a concentration of 200 μg/mL Figure.9. However, the NPs 

increased the biocompatibility of etidronate than that of free drug which exhibits 

cytotoxicity at a concentration less than 2.5 μg/mL (100 μM) to many cell lines. 
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Figure 9: Cytotoxicity of gelatin-etidronate nanoparticles at various etidronate 

concentrations 
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CONCLUSIONS 

PF/MC gels were prepared with improved biocompatibility and enhanced stability 

excluding toxic chemicals and organic solvents which would suffice the needs for drug 

delivery and tissue engineering. PF at a concentration of about 12% could gel in presence 

of MC which are rendered non-cytotoxic by the presence of MC. This is supported by 

increase in cell viability of MC3T3-E1 and C2C12 cells in the presence PF/MC gels 

when compared to pure PF gels. Polymer blends of 12PF/MC, 14PF/MC showed sol state 

at room temperature and as a gel at 37ºC. This property can be effectively used for 

injecting the gels at the site and subsequent gelation for controlled release of the active 

substances.  The Etidronate  loaded gels showed increased osteogenisis of MC3T3-E1 

cells and  moreover they showed osteogenic differentiation of  C2C12 (myoblasts) cells 

that usually would not express ALP.  The invitro release profile of the blends PF/MC had 

a sustained release of EDS for 28 days. Therefore, these gels would be able to sustain the 

release of EDS as these gels can be  injected at the site of application that would enhance 

its application in bone remodeling. NPs of gelatin-etidronate and gelatin nano particles 

were effectively prepared by nano precipitation method with satisfactory drug loading 

efficiency. The low PDI values (< 1) indicated homogeneity of the NPs. The NPs 

exhibited slow release without much burst release. The cytotoxicity of etidronate was 

markedly reduced in the gelatin NPs, thus enhancing the biocompatibility of etidronate. 

Hence gelatin-etidronate NPs are promising means for bone related disorders. 
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APPENDICES 

APPENDIX A 

Conditions for determination of Etidronate by UV –Visible spectrophotometer 

  prepared samples by dissolving required amount in 1.5mmoles of copper sulphate and  

  1.5mmoles of nitric acid pH 2.8 and measured absorbance at 232 nm 

 a. Standard curve used for Invitro release experiments 

  Table 2. Concentration Vs Absorbance for determination of standard curve of   

Etidronate by   

   UV-Visible spectrophotometer 

         

 

  

 

 

 

 

 

 

   

 

 

 

Concn in 

ppm absorbance 

10 0.156 

20 0.207 

30 0.257 

40 0.321 

50 0.365 

60 0.423 

70 0.502 

80 0.541 

90 0.603 

100 0.656 

200 1.206 
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   Figure 10. Standard Curve of Etidronate by UV Visible Spectrophotometer 
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APPENDIX B 

CELL CULTURE MEDIA 

1.Alpha Minimum Essential Medium (α MEM) Gibco®  

α MEM (α Minimum Essential Medium) is widely used for mammalian cell cultures. α 

MEM can be used with a variety of suspension and adherent mammalian cells, including 

osteoblasts, keratinocytes, primary rat astrocytes, and human melanoma cells. MEM α is 

a modification of Minimum Essential Medium (MEM) that contains non-essential amino 

acids, sodium pyruvate, lipoic acid, vitamin B12, biotin, and ascorbic acid. This product is 

made with Earle’s salts. MEM α contains no proteins, lipids, or growth factors. 

Therefore, MEM α requires supplementation, commonly with 10% Fetal Bovine 

Serum (FBS). MEM α uses a sodium bicarbonate buffer system (2.2 g/L), and therefore 

requires a 5–10% CO2 environment to maintain physiological pH. 

2.DMEM (Dulbecco's Modified Eagle Medium) Gibco® 

DMEM (Dulbecco's Modified Eagle Medium) is a widely used basal medium for 

supporting the growth of many different mammalian cells. Cells successfully cultured in 

DMEM include primary fibroblasts, neurons, glial cells, HUVECs, and smooth muscle 

cells, as well as cell lines such as HeLa, 293, Cos-7, and PC-12. DMEM is unique from 

other media as it contains 4 times the concentration of amino acids and vitamins than the 

original Eagle's Minimal Essential Medium. DMEM contains no proteins, lipids, or 

growth factors. Therefore, DMEM requires supplementation, commonly with 10% Fetal 

Bovine Serum (FBS). DMEM uses a sodium bicarbonate buffer system (3.7 g/L), and 

therefore requires a 5–10% CO2environment to maintain physiological pH. 
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