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ABSTRACT 

Various chemical modifications of cellulose 

having applications in Medicine and surgery are reviewed. 

Cellulosic derivatives based on different methods of 

oxidation viz. sodium meta-periodate, NaCl 02 as well as 

NO
2 oxidation are described. Conditions of synthesis, 

chemical characterization, bio-degradation and bio-. 

compatibility of these cellulose derivatives are discussed. 

Most of the possible applicationOof these oxidation products 

for sustained drug delivery were examined. 

Available modes of insulin delivery were critically 

analyzed. Alzet mini osmotic pump was used as a model for 
achieving prolonged insulin delivery in streptozotocin 

diabetised monkeys. Parameters like blood sugar, intra- • 

venous glucose tolerance test were monitored. Osmotic 

pump is able to maintain sustained normoglycemia in 

diabetic monkeys for a period of 8 days. The total 

dosage being less than that raquired when insulin is 

given free. The drawback of the method is that it 

requires surgical implantation of the pump. 

DAC was studied as a biodegradable carrier 

for sustained release of insulin in diabetic rabbits. 

Insulin DAC (Insulin depot) was characterized by spectros-

copy, gel permeation chromatography, and photon correlation 



techniques. Amino acids of insulin involved in binding 

to DAC were determined by amino acid analysis, to be 

Phe, Lys, Arg and Tyr. Sustained insulin delivery upto 

a maximum period of 14 days was observed in diabetic 

rabbit. as model. 

Prolonged topical drug delivery using DAC 

as a carrier was also studied from cellulosic wound 

dressings. Various antimicrobial agents chosen for 

sustained topical delivery were acriflavin, bacitracin, 

neomycin, and dihydrostreptomycin. Different modes of 

binding were attempted. Binding by lyophilization ,was 

found to show both instantaneous and prolonged antimicrobial 

activity indicating the presence of free as well as 

bound antimicrobial agent and was thus more suitable 

for wound dressing than completely immobilized samples. 

Mixture of DAC bound acriflavin, bacitracin, neomycin 

and dihydrostreptomycin was found to have wide spectrum 

antimicrobial activity. Also effect of the polymer on 

wound healing was studied. 6 -Carboxy cellulose (CC) 

and 2,3,6-tricarboxy cellulose (TCC) were evaluated for 

hemostatic activity. Various parameters for blood 

coagulation were studied. The hemostatic activity was 

related to the generation of low pH environment. Lastly 

the spermicidal activity of CC and TCC were evaluated. 

TCC was found to have very good spexmidal activity 

which was again pH dependent. 



CONTENTS 

Abstract 	 Pale 

Chapter 

Abstract 

1 	CeliAilosj.ned 	le and Surgery  

1 
2 

2 

1.1 
1.2 

1.2.1 

Introduction 

Cellulosics and Individual Classes of 
Derivatives 

Cellulose 

1.2.2 Cellulose Esters 	(Organic) 8 

1.2.2.1 Cellulose Acetate (CA) and Its Coesters 8 

1.2.3 Cellulose Esters (Inorganic) 15 

1.2.3,1 Cellulose Nitrate 	(CN) 15 
1.2.3.2 Cellulose Phosphate 	(CP) 16 

1.2.3.3 Cellulose Sulfate 	(CS) 18 

1.2.4 Cellulose Ethers 19 

1.2.4.1 Methylcellulose (MC) and Its Coethers 19 

1.2.4.2 Ethylcellulose (EC) and Its 	Coethers 22 

1.2.4.3 Sodium Carboxymethylcellulose (CMC) 25 

1.2.4.4 2-Hydro)cypropylcellulose (HPC) 30 
1.2.5 Cellulose Graft Copolymers 31 

1.2.6 Oxidation Products of Cellulose 33 

1.2.6.1 Periodate Oxidation of Cellulose 35 

1.2.6.2 NO2 Oxidation of Cellulose 37 

1.2.7 Cellulose Block Copolymers 39 

1.3 Scope of the Present Work 39 

References 42 



Faze 

S nthesis Characterization Biode rade: 
bility and 13io .  

Synthesis, Chemical Characterization  
Introduction 	 63 
Experimental 	 64 
Materials 	 64 
Chemical Modification Procedure 	65 
Periodate Oxidation of Cellulose 	65 
NaBH4 Reduction of DAC 	68 
NaC102 Oxidation of DAC 	68 
50c12 Treatment of DAC 	69 
NO2  Oxidation of Cellulcse and DAC 	70 
Charaaerization.  ''4 	71 
Spectroscopic 	 71 
Periodate Estimation 	 72 
Copper Number 	 73 
Estimation of Carboxylic Acid Groups 	74 
Mechanical Properties 	76 

Effect on pH of Normal Saline 	76 

Swelling Studies 	 77 
Degradation 	 77 
Results and Discussion 	77 

Biocompatibility and Biodegradability 
Biocompatibility 	 87 

Response of the Tissue 
	87 

Normal Wound Healing 
	 88 

Foreign Material and Cellular, Response After Implantatio: 
Biodegradation 
	 92 

Experimental 
	

95 
Materials 
	

95 
Method 
	

96 

Results and Discussion 
	

97 
Conclusion 
	 103 

References 
	 105 

Chapter 2 

Section A 

2.1 
2.2 
2,2,1 
2.2.2 
2,2.2.1 
2.2.2.2 
2.2.2.3 
2.2.2.4 
2.2.2.5 
2.2.3 

2.2.3.1 
2.2.3.2 
2.2.3.3 
2.2.3.4 
2.2.3.5 
2.2.3.6 
2.2.3.7 
2.2.3.8 
2.3 

Section B 
2.4 
2.4.1 

2.4.2 
2.4.3 
2.5 
2.6 
2.6.1 
2.6.2 
2.7 
2.8 



Chapter 3 	Modes of Insulin,a211/uillepent Trends 
pajlq 

3.1 Introduction 109 
3.1.1 Protein Stabilization -110 
3.1,2 Physical Entrapment 114 
3.1,3 Microencapsulation 115 
3.1,4 Liposomes 116 

3.1.5 Osmotic Pump 117 
3,1.6 Covalent Binding 118 
3.1.7 Biodegradable Carriers 119 
3.1.8 Affinity Binding 122 
3.1.9 The State of Art 123 
3.2 Sustained Insulin Delivery 124 
3.2.1 Alzet Osmotic Minipump 124 
3.2.2 Experimental Diabetes 125 
3.3 Experimental 128 
3.3.1 Materials 128 
3.3.2 Methods 128 
3.3.2.1 Preparation of Standard Insulin Solution 128 
3,3.2.2 Loading of the Alzet Mini Osmotic Pump 129 
3.3.2.3 Blood Sugar Estimation 130 
3.3.2,4 Experimental Diabetes 134 
3.3.2.5 Intravenous Glucose Tolerance Test (IGTT) 137 

3.3.2.6 In Vitro Release 138 
2,3.2.7 In Vivo Insulin Release from Alzet Mini- 138 

Osmotic Pump 
3.4 Results and Discussion 139 
3,4,1 Experimental Diabetes 139 
3.4.2 In Vitro Release of Insulin 141 
3.4.3 Blood Sugar Estimation 141 
3,4.4 In Vivo Insulin Release 141 
3.5 Conclusions 143 

References 145 



(iv ) 

Page 

Chapter 4 Insulin-DAC Depot: Characterization and 

In Vivo Studies  

4.1 	Introduction 	 149 

4.1.1 	Chemistry of Insulin 	 150 
4.2. 	Experimental 	 153 

4.2,1 	Materials 	 153 

4,2,2 	Methods 	 153 
4.2.2.1 	Immobilization of Insulin and Loading Level154 

4.2.2.2 	Reduction of Immobilized Insulin Depot 	154 
4.2.2.3 	Gel Permeation Chromatography 	 155 

4.2.2.4 	Amino Acid Analysis 	 156 
4.2.2.5 	Bioactivity of Insulin Depot and Sustained 

Release 	 162 
4.3 	Results and Discussion 	 162 
4.3.1 	Conditions of Immobilization 	 162 
4.3.2 	Loading of Insulin 	 163 
4.3.3 	In Vitro Insulin Release 	 16/1. 
4.3.4 	Nature of the Release Insulin 	 165 
4.3.5 	Amino Acid Analysis 	 1671 

4.3.6 	In Vivo Release 	 172 
4.4 	Conclusions 	 175 

References 	 177 



(v) 

p age 

Chapter Antimicrobial Wound Dress ing 

5.1 Introduction 178 

5.1_.1 Choice of Antimicrobial Agents 180 

5.1.2 Need for a Carrier and Use of Cellulosics 183 

5.2 Experimental 185 

5.2.1 Materials 185 

5.2.2 Binding of Acr, Bac, Neo , Str 185 

5.2.3 In Vitro Release 187 

5.2.4 Antimicrobial Activity 187 

5,2,5 Wound 	Hcaling 191 

5.3 Results and Discussion 192 

5.3.1 Binding Characteristics 192 

5.3.2 IR Spectroscopy 193 

5.3.3 In Vitro Release 194 

5.3.4 Antimicrobial ..Activity 194 

5.3.5 Wound 	Healing 205 

5.4 Conclusions 207 

References 2Ict 

Chapter 6 

Section A Bioabsorbable.-. Thrombocrenic Cellulosics  

6 , 1 	Introduction 
	 212 

6.1.1 	Platelet Function 
	 212 

6.1.2 	Blood Coagulation 
	 215 



(vi) 

Pam 

6.1.3 	Techniques for Achieving Hemostasis 	216 

6.1.3.1 	Mechanical Procedure 	216 

6.1,3.2 	Thermal Agents 	 218 

6.1.3.3 	Chemical Agents 	 219 

6.1.4 	Cellulosic Hemostatic Agents 	220 

6.2 	Experimental 	 221 

6.2.1 	Materials 	 221 

6.2.2 	Methods for Evaluating Hemostatic Activity221 

6.2,2.1 	Lee White Whole Blood Coagulation Time 	222 

6.2.2.2 	Bleeding Time by Modified Ivy's Method 	222 

6.2.2.3 	Plasma Recalcification 	223 

6.2.2.4 	Partial Thromboplastin Time (PTT) 	224 

6.2.2.4 	Partial Thromboplastin Time Kalolin (PTTK) 224 

6.2.2.5 	Platelet Adhesion Test 	225 

6.2.2. .6 	Polymer Hemoglobin Interaction 	226  

6.2.2.7 	Scanning Electron Microscopy. 	226 

6.3 	Results and Discussion 	227 

6,4 	Conclusion 	 236 

Section B ERermicidal Activity  

6.5 	Introduction 	 238 

6.6 	Experimental 	 239 

6.6.1 	Materials 	 239 

6.6.2 	Methods 	 239 



Pqat: 

6.7 	Results and Discussion 	241 

6.7.1 	Effect of Polymer on Human Sperm 	 241 

6.7.2 	Scanning Electron Microscopic Studies 	243 

6.8 	Conclusions 	 24 

References 	 244 

Chapter 7 Summary and Conclusions 	247 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

