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Abstract Cancer is currently one of the leading causes of death worldwide. Anticancer drugs can be given either 

by the conventional drug delivery systems including solid dosage forms, Injectable dosage forms and infusions 

or using the Novel drug delivery systems including targeted drug delivery dosage forms such as liposomes and 

nanoparticles etc.The objective of present investigation is to formulate and evaluate the In situ forming mainly 

Temperature induced and pH induced gelling Injectable hydrogels of an anticancer drug Dacarbazine using 

delivery vehicle Chitosan.All selected temperature induced and pH induced Hydrogels showed sustained drug 

release for a period of 10 hours. Optimized Formulation showed maximum percent drug release. In results it was 

found that optimized formulations are safe, effective, homogeneous, injectable and stable for delivery of 

Dacarbazine and this approach represents an attractive technology platform for the delivery of other clinically 

important Anticancer  drugs. 
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Introduction 

Cancer is the leading cause of deaths worldwide. Every year millions of people died of cancer either due to lack 

of treatments or due to highly expensive and painful treatment. Conventional dosage forms are subjected to so 

many limitations. Most of the drug content is released soon after administration, causing drug levels in the body 

to raise rapidly, peak and then decline sharply, leading to unacceptable side effects at the peaks and inadequate 

therapy at the troughs [1-5]. Due to the short period of actions, repeated injections are often required, which can 

lead to exacerbation of side effects and inconvenience. Anticancer drugs can be given either by the conventional 

drug delivery systems including solid dosage forms, Injectable dosage forms and infusions or by the Novel drug 

delivery systems including targeted drug delivery dosage forms such as liposomes and nanoparticles etc [6-10]. 

The smartness of any material is the key to its ability to receive, transmit or process a stimulus, and respond by 

producing a useful effect. Hydrogels are ‘smart’ or ‘intelligent’ in the sense that they can perceive the prevailing 

stimuli and respond by exhibiting changes in their physical or chemical behavior, resulting in the release of 

entrapped drug in a controlled manner [11-16].  
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Figure 1: Structure of Dacarbazine 

The objective of present investigation is to formulate and evaluate the In situ forming mainly Temperature 

induced and pH induced gelling Injectable hydrogels of an Anticancer drug ‘Dacarbazine’ which is ananti-

metabolite used in the treatment of certain neoplastic diseases, severe psoriasis, and adult rheumatoid; in order to 

render it target specific in nature and to maintain its high concentration at the target site for an extended time 
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period. Dacarbazine, Figure 1, is a synthetic analog of naturally occurring purine precursor 5-amino-1H-

imidazole-4-carboxamide (AIC) [17-20]. 

Material and Methods 

Materials 

Dacarbazine was purchase from Zydus Cadilla, Mumbai, India, Chitosan was purchase from SD Fine Chemical 

Limited, New Delhi, β-Glycero Phosphate from Central Drug House, New Delhi and Glycerol Mono Oleate 

from Esteel Chemicals Pvt. Ltd. Ahmadnagar. Equipments and instruments used in Stimuli sensitive Hydrogels 

Preparation are Electrical balance (Essae Technologies Pvt. Ltd.), Digital pH meter and USP-I Dissolution 

Apparatus, Model 912 (Elico India Ltd), Brookfield Viscometer (Brookfield Engineering Laboratories Inc., 

USA), UV-Vis spectrophotometer, UV-1700 (Shimadzu Corporation, Kyoto, Japan) and FTIR (Perkin Elmer) 

etc. 

Methods 

Pre-formulation studies 

Pre-formulation studies gives the information needed to define the nature of the drug and provide a framework 

for the drug combination with pharmaceutical excipients in the dosage form [21-23]. In Pre-formulation we have 

study the melting point using capillary method, Solubility studies in distilled Water, methyl alcohol and acetone., 

X-ray diffractometry for determine the solid structure of Drug, FT-IR Spectroscopy for compatibility between 

drug and polymers and  the absorbance of the solutions was measured at λmax 258 nm using UV-Vis 

spectrophotometer. A graph of Concentration vs. Absorbance was plotted for determination of percentage purity 

of drug. 

Method for In situ Hydrogel Preparation 

In- situ hydrogels were prepared by using Dacarbazine. The delivery vehicle used was Chitosan which has both 

thermos sensitive and pH sensitive properties. Chitosan solution formulated at physiological pH remains liquid at 

low temperature and turn into gel when heated; this property of chitosan was used for the preparation of 

Temperature sensitive Hydrogels. At the same time , acidic solutions of chitosan when exposed to alkaline pH or 

body biological pH lose this charge and form viscous gels, Hence it can also be used for preparation of pH 

sensitive Hydrogels [24-26]. 

For the preparation of Temperature Sensitive Hydrogels, Chitosan solution of desired concentration was 

prepared by stirring accurately weighed quantity of Chitosan along with suitable quantity of 0.1M Acetic acid for 

3 hours. Drug solution was prepared by dispersing weighed amount of drug in solution of β-Glycero Phosphate 

prepared in Phosphate buffer pH 7.4. In 5 ml of chilled Chitosan solution, 5 ml of drug and β-Glycerophosphate 

solution was added drop wise with continuous stirring to obtain clear and homogenous liquid in a final volume 

of 10 ml, solution were than sterilized by autoclaving at 120 °C for about 30 minutes. The final solutions were 

mixed an additional 10 min at 4 °C and were filtered by membrane filtration using cellulose membrane. 

Formulation (TF) design for preparation of Temperature sensitive Hydrogels is reported in Table 1. 

Table 1: Formulation design for Temperature sensitive Hydrogels 

Contents Quantity (% w/w) 

TF1 TF2 TF3 TF4 TF5 

Drug 0.5 0.5 0.5 0.5 0.5 

Chitosan 1.5 1.5 1.5 1.5 1.75 

β -Glycero Phosphate 10 12 15 18 15 

0.1 M Acetic Acid QS QS QS QS QS 

Phosphate buffer pH 7.4 QS 

10 gm 

QS 

10 gm 

QS 

10 gm 

QS 

10 gm 

QS 

10 gm 

 

For the preparation of pH Sensitive Hydrogels, weighed quantity of Drug and Chitosan in desired concentration 

wasstirred with suitable quantity of 0.33 M Citric acid for 3 hours. This solution was cooled to 4 °C. To cooled 

Chitosan and Drug solution Glycerol Mono Oleate in desired amount was added drop wise with continuous 

stirring to obtain clear and homogenous liquid in a final volume of 10 ml. The final solutions were mixed an 

additional 10 min at 4 °C and were filtered by membrane filtration using cellulose membrane [27-28]. Prepared 
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pH sensitive formulations were than sterilized by autoclaving at 120 °C for about 30 minutes. Formulation (PF) 

design for preparation of pH sensitive Hydrogels is reported in Table 2. 

Table 2: Formulation design for pH sensitive Hydrogels 

Contents Quantity (% w/w) 

PF6 PF7 PF8 PF9 PF10 

Drug 5 5 5 5 5 

Chitosan 0.7 0.7 0.5 0.5 0.7 

Glycerol mono Oleate 3 4 3 4 7 

0.33M Citric acid QS QS QS QS QS 

Phosphate buffer pH 7.4 QS  

10  gm 

QS  

10  gm 

QS  

10  gm 

QS 

 10  gm 

QS  

10  gm 

 

Evaluation of Prepared formulations 

Prepared formulations were evaluated using the parameters of pH, Drug content, In vitro gelation studies, In 

vitro viscosity studies, in vitro release studies, Drug Release Kinetics studies, Sterility, Pyrogens Testing and 

Stability studies etc. 

All the developed Hydrogel formulations were evaluated for pH by using digital pH meter. The drug content of 

all the formulation was determined by diluting 1 ml of the formulation to 100 ml with pH 7.4 phosphate buffer. 

Aliquot of 1 ml was withdrawn and further diluted to 10 ml with buffer. Dacarbazine concentration was then 

determined at 258 nm by using UV-Vis spectrophotometer (UV-1700).The gelling capacity of all the 

formulation was determined by placing a drop of the system in a vial containing 2 ml of pH 7.4 Phosphate buffer 

freshly prepared and equilibrated at 37 °C and visually assessing the gel formation and noting the time for 

gelation and the time taken for the gel formed to dissolve. The lowest scores (+) were assigned to those products 

in which the phase transition occurred only after 60-90 sec. and the formed gels collapsed within 1-2 h. The 

highest scores (+++) were assigned to those products for which the phase transition commenced within 60-90 

sec. and the gels so formed were stable for about 7-10 h. The moderate scores (++) were assigned to the 

products, which could form the gel in 60-90 sec. but failed to maintain gel structure for more than 3 h. The 

viscosity of prepared pH sensitive and Temperature sensitive Hydrogel formulations measured at 10 rpm was 

used for purposes of determining residence time of drug in the body. 

The in vitro release of Dacarbazine in all the formulations was studied through cellophane membrane using a 

USP I dissolution testing apparatus. The dissolution medium used was pH 7.4 Phosphate buffer freshly prepared. 

A 2-ml volume of the gelled formulation was accurately kept in Cellophane membrane, previously soaked 

overnight in the dissolution medium to form a cellophane pouch. Cellophane membrane pouch having drug was 

put in the cylindrical basket [29-30]. The cylindrical basket  was attached to the metallic driveshaft and 

suspended in 900 ml of dissolution medium maintained at 37±1°C .The dissolution medium was stirred at 50 

rpm. Aliquots, each of 5-ml volume, were withdrawn at regular intervals and replaced by an equal volume of the 

dissolution medium. The aliquots were analyzed by UV-Vis spectrophotometer at 258 nm. 

To find out the mechanism of drug release, 60 % drug of release data was first fitted in the Korsmeyer-Pappas 

model. Where Log of cumulative percent drug released was plotted against Log Time. According to this model if 

‘n’ is b/w 0.45 to 0.5 the Fickian mechanism, 0.5 to 0.8 the Non-Fickian and if 0.8 to 1.0 Case-II transport i.e. a 

zero-order mechanism is governing the drug release mechanism from the gels. 

For pyrogens testing three rabbits (2.50 kg) were selected. Formulation in a dose of 10 ml/kg of body weight was 

injected in the ear vein of rabbit and injection was completed within 10 seconds. Rectal temperature after giving 

the formulation was recorded at 1, 2 and 3 h. and rise in temperature was determined. Two formulations (one 

from each) from Temperature induced and pH induced gelling formulations were subjected to stability studies at 

ambient humidity conditions at 2 to 8 °C, room temperature (25 °C), 37 °C and 60 °C for a period of one month. 

The samples were withdrawn after 7, 15 and 30 days and were evaluated for Drug content. 

Results and Discussion 

Melting point of Dacarbazine was found to be in the range of 214-216 ºC. Dacarbazine was found to be freely 

soluble in water and methanol.Powder X-ray Diffraction Pattern of Dacarbazine is indicate the crystal structure, 
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reported in figure 2, using UV-Vis spectrophotometer λmax of Dacarbazine was found to be 287 nm. UV 

spectrum and calibration curve in Phosphate Buffer solution pH 7.4 is reported in Figure 3. 

 

 
Figure 2: Powder X-ray Diffraction Pattern of Dacarbazine 

 

 
Figure 3: Spectrum diagram and calibration curve of Dacarbazine 

There were no Compatibility of pure drug Dacarbazinewas found with the polymers Chitosan, β-

Glycerophosphate and Glycerol Monooleate. The individual FT-IR spectra of the pure drug and Physical 

mixtures of Dacarbazinewith polymers are reported in the Figure 4. The pH of the formulations was found to be 

satisfactory and was in the range of 6-7.4, Table 3.The drug content was found to be in acceptable range for all 

the formulations. Percent drug content of Temperature Sensitive formulations TF1,TF2,TF3,TF4 and TF5  was 

found to be 97.4%,95.05%, 97.3%,97.9% and 95.15% respectively while pH Sensitive formulations PF6, PF7, 

PF8, PF9 and PF10 was found to be 98.05%,97.25%, 98.1%, 98.35% and 98.85% respectively, Table 3. 

IR Spectra of Pure Drug (Dacarbazine)

IR Spectra of Final Temperature Sensitive Formulation

IR Spectra of Final pH Sensitive Formulation

 
Figure 4: FT-IR spectra of Dacarbazine and Formulation. 
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Table 3: pH and Percent Drug Content pH Sensitive and Temperature Sensitive Hydrogels 

pH Sensitive 

Formulations 

pH %Drug Content 

± S.D 

Temperature Sensitive 

Hydrogels 

pH %Drug Content 

± S.D 

TF1 7.2 97.4 ± 0.85 PF6 6.1 98.05 ± 0.21 

TF2 7.3 95.05 ± 0.21 PF7 6.2 97.25 ± 0.78 

TF3 7.0 97.3 ± 0.85 PF8 6.0 98.1 ± 0.14 

TF4 7.2 97.9 ± 0.42 PF9 6.2 98.35 ± 0.35 

TF5 7.3 95.15± 0.92 PF10 6.1 98.85 ± 0.49 

 

Results of gelling capacity of all Temperature Sensitive and pH Sensitive formulationsare reported in table 4.3D 

Response surface plots, Fig. 5,of viscosity indicate ofallpH Sensitive Hydrogels that viscosity increased in 

proportion with viscofying agent both at lower and higher concentration of gelling agent. On the basis of gelling 

capacity and viscosity PF7, PF8 and PF9 and PF10 showed optimum results within the desired range. Hence, 

these four pH Sensitive formulations were subjected for further evaluation parameters. Temperature Sensitive 

Hydrogels, Formulations TF2, TF3 and TF4 showed optimum results for gelling capacity and viscosity Hence 

three Temperature Sensitive formulations were selected and subjected for further evaluation parameters. 

 

Table 4: In vitro Gelling capacity and viscosity studies of Temperature Sensitive Hydrogels  

and pH sensitive Formulation 

Temperature 

Sensitive 

Formulation code 

Gelling 

Capacity 

Viscosity at 

10rpm  

(Pa-s) 

pH sensitive 

Formulation 

code 

Gelling 

Capacity 

Y2 

Viscosity at 

10rpm 

(Pa-s)  

TF1 ++ 1.876 PF6 ++ 2.993 

TF2 +++ 3.645 PF7 +++ 2.856 

TF3 +++ 3.954 PF8 +++ 2.947 

TF4 +++ 4.382 PF9 +++ 3.364 

TF5 ++ 2.205 PF10 +++ 3.482 

Fig. 5: 3D response surface plot for viscosity and Gelling Capacity in pH Sensitive Hydrogels 

 

In vitro release profile of selected Temperature Sensitive and pH Sensitive formulations of Dacarbazine is 

reported in Table 5 and Figure 6. It was found that cumulative percent drug release was 79.97 %, 84.31 % and 

86.22 % for formulation PF8, PF9 and PF10 and 87.91 %, 88.22 % and 91.19 % for formulation TF2, TF3 and 

TF4 respectively after 10 hours. The in vitro release data indicated that the formulations TF4 and PF10showed 

better sustained effect than corresponding Temperature Sensitive and pH Sensitive formulations. 
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Table 5: In Vitro Drug Release Profile of Optimized Formulation 

Time (h.) 

 

Formulation 

Mean % cumulative release 

TF2 TF3 TF4 PF8 PF9 PF10 

0.25 10.03 13.95 12.04 16.7 17.44 17.96 

0.5 15.11 21.78 15.64 20.4 23.47 21.25 

0.75 22.41 28.97 20.4 24.21 29.18 29.82 

1 28.87 36.69 28.76 29.93 35.74 36.69 

2 35 41.25 37.86 33.52 41.57 41.56 

3 40.08 48.34 42.52 40.29 46.33 47.28 

4 46.75 53.52 48.97 46.75 52.68 54.68 

5 52.36 59.45 56.17 51.83 58.81 59.76 

6 59.02 64.63 64.1 55.53 63.36 65.37 

7 65.05 70.13 68.97 59.34 69.18 71.19 

8 71.19 77.96 75.21 65.48 74.47 76.48 

9 79.87 82.72 85.26 68.76 81.77 83.68 

10 87.91 88.22 91.19 79.97 84.31 86.22 

 

 

 
Figure 6: Graph for % in vitro drug release 

The regression coefficient (r) and ‘n’ values of zero order, first order, Higuchi matrix, Pappas and Hixson-

Crowell are tabulated in Table 6, for all optimized formulations. From the table it is clear that Temperature 

Sensitive Hydrogels the best fit model was Zero order, while ‘n’ exponent value for is b/w 0.5 to 0.8 indicating 

that formulation is released by non fickian diffusion mechanism or by anomalous diffusion in a controlled 

manner andin the case of pH sensitive Hydrogels the best fit model was Zero order suggesting swelling 

controlled diffusion. 

Table 6: Model fitting for the Release Profile of optimized formulation Using 5 Different Models 

Formulaiton 

 

r
2
 Korsmayer- 

Pappas 

Best Fit 

model 

Release 

mechanism 

Hixson 

Crowell 

Zero 

Order 

Higuchi 

Matrix 

First 

Order r
2

 n 

TF2 0.998 0.952 0.982 0.998 0.978 0.63 Zero Non Ficknian 

TF3 0.997 0.973 0.992 0.998 0.989 0.53 Zero Non Ficknian 

TF4 0.999 0.948 0.982 0.985 0.977 0.597 Zero Non Ficknian 

PF8 0.997 0.974 0.979 0.978 0.983 0.452 Zero Ficknian 

PF9 0.998 0.986 0.991 0.986 0.996 0.451 Zero Ficknian 

PF10 0.998 0.979 0.990 0.991 0.992 0.465 Zero Ficknian 
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Results of Pyrogens Testing is reported in table 7, it was found that Temperature Sensitive formulations (less 

than 0.6). Hence formulations passed the Pyrogens test. 

Table 7: Pyrogens testing of Stimuli Sensitive Injectable Formulations 

Formulations S. No. of rabbit Rise in Temperature (°C) Average rise in Temperature  

in the period of three hours After 1 h After 2 h After 3 h 

Blank Rabbit  0.1 0.1 0.0 0.06 

PF10 Rabbit-A 0.2 0.3 0.4 0.3 

Rabbit-B 0.5 0.7 0.6 0.6 

TF4 Rabbit-C 0.3 0.5 0.4 0.4 

Rabbit-D 0.5 0.6 0.4 0.35 

From the stability studies it was confirmed that Stimuli Sensitive formulations of Dacarbazine remained most 

stable at ambient temperature (25 °C) and humidity, Table 8. 

Table 8: Stability studies of optimized formulation 

Formulations Storage Conditions 
Percent Drug Content (%) 

7 Days 15 Days 30 Days 

TF4 5±3 °C, 60± 5% (Ambient Humidity) 98.97 95.48 92.39 

25±2 °C, 60±5 % (Ambient Humidity) 98.79 96.64 94.28 

37±2 °C, 75±5% Relative Humidity 98.26 95.91 92.75 

60±5 °C 96.59 93.72 82.91 

PF10 5±3 °C, 60± 5% (Ambient Humidity) 98.97 95.48 92.39 

25±2 °C, 60±5 % (Ambient Humidity) 98.79 96.64 94.28 

37±2 °C, 75±5% Relative Humidity 98.26 95.91 92.75 

60±5 °C 96.59 93.72 82.91 

 

Conclusions 

Preformulation studies showed that there is no interaction b/w drug and excipients to formulate the in-situ 

forming hydrogels. The drug content of the prepared formulations was within the acceptable range, and ensures 

dose uniformity. All selected temperature induced and pH induced Hydrogels showed sustained drug release for 

a period of 10 hours. Formulation TF4 and PF10 showed maximum percent drug release. 

The Drug release Kinetics studies it was observed that all the selected temperature induced and pH induced 

gelling hydrogel formulations followed the zero order drug release and ‘n’ value b/w 0.5 to 0.89, suggesting 

swelling controlled diffusion and Non Fickian transport mechanism. Results of pyrogens test confirmed that all 

the selected formulations were sterile and Pyrogens free.All these findings show chitosan/GP and chitosan/GMO 

gel to be a safe, effective, homogeneous, injectable and stable formulation for delivery of Dacarbazine and this 

approach represents an attractive technology platform for the delivery of other clinically important Anticancer  

drugs. 
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