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Since various adducts, containing different guest components 

but based on same host lattice normally belong to same space 

group and possess almost similar unit cell dimensions, 

therefore, adduction was employed for development of 

suitable isomorphic systems for microencapsulation of a 

drug. 

Vitamin A palmitate was selected as a model drug 

candidate and urea and bile acids as adductors. 	Urea 

normally forms adducts with long straight-chain compounds. 

Vitamin A palmitate which does not form adduct with urea 

under any known conditions was successfully included in urea 

in the presence of rapidly adductible endocyte to yield 

coadduct or coinclusion compound. Formation of coinclusion 

compound was confirmed by differential scanning calorimetery 

(DSC), X-ray-diffraction and infra-red spectroscopy. 

Minimum amount of rapidly adductible endocytes required 

per unit weight of drug for coinclusion with urea was 

experimentally determined by a modified method based on 

temperature rise. Studies revealed a gradual decrease in 

heat of decomposition (owing to transformation from 

hexagonal to tetragonal form), heat of fusion and 

decomposition temperature with corresponding increase in 

endocytic fraction of vitamin A palmitate in urea based 

coinclusion compounds. This phenomenon is attributable to 

distortion of crystalline lattice by vitamin A palmitate 

(iv) 



ABSTRACT 

Novel microcapsules have been conceptualised in present 

investigations so as to overcome most of the disadvantages 

of conventional microcapsules for containment applications 

of lowdose drugs. Appropriate simple and inexpensive 

techniques have also been developed for preparation of these 

microcapsules. 

Proposed technique envisages cocrystallization of a 

drug and an isomorphic carrier from a common solvent to 

yield cocrystals which are subsequently employed as seeds in 

a supersaturated solution of the same carrier in a liquid 

which is a nonsolvent for the drug. Carrier is allowed to 

crystallise onto the surface of cocrystal seeds leading to 

formation of microcapsules which are subsequently separated 

from mother liquor and dried. 

Aforementioned technique can only be accomplished if an 

appropriate isomorphic carrier is available for a particular 

drug. Survey of crystallographic data from literature 

revealed difficulties in obtaining suitable isomorphic 

carrier for numerous drugs owing to existence of 230 space 

groups and wide variation in unit cell dimensions. 

Therefore, in order to increase versatility of the 

technique, alternate 	means such as interstitial solid 

solution and adduction were explored for developing suitable 

isomorphic systems for microencapsulation of lowdose drugs. 



a highly substituted endocyte. Experimental data was also 

subjected to regression analysis and correlations with 

average error ranging from 2.06% to 11.7% were obtained. 

Various urea based inclusion/coinclusion compounds 

containing vitamin A palmitate and fatty acids were 

prepared. These compounds were subjected to infra-red 

spectroscopy, elemental analysis, polycrystalline X-ray 

diffraction and DSC. Urea which normally exists in 

tetragonal structure (space group P421m) transforms to 

hexagonal structure (space group P61 22) upon adduction. 

Since this change is accompanied by alteration in 

interatomic bonds, therefore, infra-red spectroscopical 

analysis provided valuable information for confirming 

formation 	of 	coinclusion/inclusion 	compounds. 

Polycrystalline X-ray diffraction data of various 

inclusion/coinclusion compounds not only confirmed hexagonal 

structure but also revealed isomorphism between these 

inclusion/coinclusion compounds. 

Microcapsules of vitamin A palmitate were prepared by 

the proposed technique by employing fine crystals of urea-

vitamin A palmitate-palmitic acid coinclusion compound 

(UVPP) as seeds in supersaturated solution of urea-palmitic 

acid inclusion compound (UPA) to yield microcapsules 

comprising of UVPP as core coated with UPA. Other urea 

based microcapsules of vitamin A palmitate were similarly 

prepared. 
(v ) 



Like urea, deoxycholic acid and other bile acids were 

also investigated on similar lines. Adducts of vitamin A 

palmitate and fatty acids with bile acids were prepared and 

subjected to evaluation for polycrystalline X-ray 

diffraction, DSC and elemental analysis. After establishing 

isomorphism, fine crystals of deoxycholic acid-vitamin A 

palmitate adduct were microencapsulated by deoxycholic acid-

stearic acid adduct by the proposed technique. 

All the microencapsulated products were evaluated by 

transmission electron microscopy (TEM). Transparent 

coatings were clearly visible onto the surface of darker 

core containing vitamin A palmitate as one of the 

components, thus confirming successful accomplishment of 

preparation of novel microcapsules by the proposed 

technique. 

Various microencapsulated products and core materials 

were also analysed by scanning electron microscopy for 

surface characteristics. 

Accelerated stability studies revealed adducts to be 

more stable than the drug alone while microencapsulated 

vitamin A palmitate based on urea as well as deoxycholic 

acid exhibited many times more stability than the 

corresponding adducts constituting the core material. 

(vi) 



Various microencapsulated products as well as 

corresponding core materials were analysed for content 

uniformity. Core materials exhibited excellent content 

uniformity owing to homogeneity of the coinclusion compounds 

whereas microencapsulated products showed some deviation. 

This may be attributable to somewhat uneven coating of 

microcapsules as revealed by TEM. 	However process 

optimization can easily overcome this problem. 

Multicomponent polymeric coating in impermeable 

conventional microcapsules can easily be replaced by 

crystalline coating consisting of only one or two components 

in novel microcapsules leading to reduced material cost and 

decreased possibility of incompatibility between various 

components. 	Since coating in proposed microcapsules is 

actually an extension of core lattice, therefore, problems 

associated with poor adhesion between core and coating are 

easily overcome. 

Investigations reveal that these microcapsules can 

serve as viable inexpensive alternative to conventional 

microcapsules for containment applications for lowdose 

drugs. 	Since vitamin A palmitate was employed only as a 

model drug, therefore, further studies are necessary to 

exploit the vast potential of this technique for numerous 

other drugs for multiplicity of applications of diverse 

nature. 



CONTENTS 

CHAPTER 	 TItLE 	 PAGE NO. 

1 INTRODUCTION 1 

1.1 Preamble 1 

1.2 Microcapsules and microencapsulation 1 

1.3 Importance of microencapsulation 4 

1.4 Various microencapsulation processes 
and their limitations 6 

1.5 Novel microcapsules 10 

1.6 Advantages of novel microcapsules 
over conventional microcapsules 

10 

2 LITERATURE REVIEW 15 

2.1 Introduction 15 

2.2 Coacervation-phase separation 15 

2.3 Air-suspension coating 24 

2.4 Complex emulsion method 28 

2.5 Spray drying and spray congealing 33 

2.6 Pan coating 37 

2.7 Powder bed 42 

2.8 Interfacial polymerization 45 

2.9 In-situ polymerization 49 

2.10 Miscellaneous processes 52 



CHAPTER TITLE PAGE NO. 

3 THEORETICAL BACKGROUND 59 

3.1 Introduction 59 

3.2 Nature of coating in conventional 
microcapsules 59 

3.3 Novel microcapsules 62 

3.4 Conclusion 75 

4 SELECTION OF SUITABLE ISOMORPHIC SYSTEMS 76 

4.1 Introduction 76 

4.2 Characteristics of an ideal model 
drug/carrier 76 

4.3 Isomorphic systems based on 
substitutional solid solution 78 

4.4 Isomorphic systems based on 
interstitial solid solution 90 

4.4.1 	Preparation of phase diagram 
of ergocalciferol-PEG 20,000 
system 91 

4.4.2 	Polycrystalline X-ray 
diffraction 96 

4.5 Adduct based isomorphic systems 105 

5 CHEMISTRY AND PHARMACOLOGY OF VITAMIN A 
PALMITATE 110 
5.1 Introduction 110 

5.2 Occurrence and sources of vitamin A 111 



CHAPTER TITLE PAGE NO. 

5.3 

5.4 

Nomenclature of vitamin A 

Stereochemical aspects 

111 

112 

5.5 Chemical properties of vitamin A 115 

5.6 Physiological functions 118 

5.7 Signs and symptoms of deficiency 
of vitamin A 118 

5.7.1 	Symptoms of vitamin A 
deficiency in animals 119 

5.8 Absorption, fate and excretion 120 

5.9 Vitamin A requirements 122 

6 ESTIMATION OF VITAMIN A PALMITATE 126 

6.1 Introduction 126 

6.2 Significance of bioassay for vitamin A 126 

6.3 Physical and chemical methods for 
estimation of vitamin A 128 

6.4 Analytical technique employed for 
present investigations 134 

6.4.1 	Preparation of standard curve 
of vitamin A palmitate 148 

7. UREA BASED ADDUCTS FOR DEVELOPMENT OF SUITABLE 
ISOMORPHIC SYSTEMS FOR MICROENCAPSULATION OF 
VITAMIN A PALMITATE 149 

7.1 Introduction 149 

7.2 Urea as a metabolic product 150 

(x) 



CHAPTER 	 TITLE 	 PAGE NO. 

	

7.3 	Urea as protein supplement for 
ruminant animals 
	 152 

	

7.4 	Properties of urea 
	 153 

	

7.5 	Urea as adductor 
	 155 

7.5.1 	Adduction of vitamin A 
palmitate in urea 	162 

7.5.2 	Preparation of UVP 	169 

7.5.3 	Preparation of UVPP 	173 

	

7.6 	Determination of minimum ratio of 
readily adductible and nonadductible 
endocytes for formation of coinclusion 
compound with urea 
	 180 

	

7.7 	Preparation of various isomorphic 
core and coating materials for 
microencapsulation of vitamin A 
Palmitate 	 194 

	

7.8 	Infra-red spectroscopic analysis 	202 

	

7.9 	Elemental analysis of urea based 
inclusion/coinclusion compounds 	222 

	

7.10 	DSC studies of urea inclusion compounds 	231 

7.10.1 Effect of endocytic fraction 
of vitamin A palmitate on 
decomposition temperature in 
urea coinclusion compounds 

7.10.2 	Effect of endocytic fraction 
of vitamin A palmitate on 
heats of decoMposition and 
fusion in urea coinclusion 
compounds 

7.11 	Conclusion 	 260 

244 

250 



CHAPTER 	 TITLE 	 PAGE NO. 

8 	X-RAY DIFFRACTION OF UREA INCLUSION COMPOUNDS 	263 

8.1 	Introduction 	 263 

8.2 	Role of polycrystalline X-ray 
diffraction in characterization 
of urea inclusion compounds 
	264 

8.3 	Determination of polycrystalline 
X-ray diffractograms of various 
urea inclusion/coinclusion compounds 	266 

8.4 	Conclusions 	 297 

9 	ADDUCTION WITH BILE ACIDS FOR DEVELOPMENT 
ISOMORPHIC SYSTEMS FOR MICROENCAPSULATION 
OF VITAMIN A PALMITATE 	 298 

9.1 	Introduction 	 298 

9.2 	Bile and bile acids 	 299 

9.3 	Deoxycholic acid and adductor 	302 

9.4 	Preparation of bile acid inclusion 
compounds 	 310 

9.5 	DSC analysis of bile acid adducts 	313 

9.6 	Elemental analysis of DCA inclusion 
Compounds 	 319 

9.7 	Polycrystalline X-ray diffraction of 
DCA inclusion compounds 	319 

9.8 	Conclusions 	 331 



CHAPTER 	 TITLE 	 PAGE NO. 

10 MICROENCAPSULATION OF VITAMIN A PALMITATE 
BY PROPOSED TECHNIQUE 
	

332 

10.1 
	

Introduction 	 332 

10.2 
	

Preparation of urea based microcapsules 
of vitamin A palmitate 
	334 

10.3 	Preparation of DCA based microcapsules 
of Vitamin A palmitate 	338 

10.4 
	

Transmission electron microscopical 
analysis of microcapsules 
	340 

10.5 
	

Scanning electron microscopical 
analysis of microcapsules 
	346 

10.6 
	

Conclusions 	 352 

11 EVALUATION OF MICROENCAPSULATED VITAMIN A 
PALMITATE FOR STABILITY AND CONTENT UNIFORMITY 

	
354 

11.1 	Stability of pharmaceutical dosage 
forms 	 354 

11.1.1 	Stability of vitamin A 
palmitate 	 355 

11.1.2 	Thermogravimetric analysis 	358 

11.1.3 	Accelerated stability studies 	363 

11.1.4 	Conclusions regarding 
stability 	 384 

11.2 	Content uniformity 	 :386 

11.2.1 	Evaluation of various products 
of vitamin A palmitate for 
content uniformity 	:387 

11.2.2 	Conclusions regarding content 
uniformity 	 :390 



CHAPTER 	 TITLE 	 PAGE NO. 

12 RESULTS AND DISCUSSION 	 392 

	

12.1 	Novel microcapsules 	 392 

	

12.2 	Significance of isomorphism in 
proposed technique 	 393 

	

12.3 	Alternate techniques for preparation 
of novel microcapsules 	394 

	

12.4 	Development of various adduct based 
isomorphic systems for microencapsulation 
of vitamin A palmitate 	396 

	

12.5 	Effect of endocytic fraction of 
vitamin A palmitate on decomposion 
of urea coinclusion compounds 	399 

	

12.6 	Preparation and evaluation of 
novel microcapsules 	 400 


	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
	Page 14
	Page 15

