
c h a p t e r  I

I n t r o d u c t i o n

Tetanus i s  unique among the vaccine preventable d i se a se  in that  
i t  i s  not communicable. Instead , te tanus  i s  acquired through 
environmental exposure.  Many animals , in  addit ion to  human , can harbor 
and excre te  the organisms.  Also , many animal species,moreover,human are 
susceptable  to  the d i s e a s e .  Spores introduced under the proper 
(anaerobic)  condi t ions  germinate to  v eg e ta t iv e  b a c i l l i ,  which e laborate  
tox in .  The c l i n i c a l  presentat ion  r e s u l t s  from the act ions  of t h i s  tox in  
on the centra l  nervous system (CNS). Prevention of te tanus  can be 
achieved by use of a chemically in a c t iv a t e s  tox in  (toxoid) which induces 
production of n eu tr a l i z in g  a n t ib o d y ( a n t i to x in ) . Tetanus can a lso  be 
prevented by the introduction  of exogenous antibody.  The toxoid  i s  
highly  immunogenic and sa fe  and i s  almost 100% p ro te c t iv e  fo l lowing  a 
primary s e r i e s .

However,somedeveloping cou n tr ie s ,  are unable to  implementfully  
dose programs , r e s u l t in g  in s i g n i f i c a n t  annual morta l i ty  from neonatal  
te tan us .  I t  i s  p o s s ib le  that  the use of l e c i t h i n  and carboxymethyl  
c h i t i n  walled microcapsules,  an e f f e c t i v e  long act ing  tetanus vacc ine ,  
nontoxic ,  biocompat ible,  biodegradableand non-antigen ic  substances ,by  
i n t e r f a c i a l  polymerization technique may help a l l i v i a t e  some of the  
problems a sso c ia ted  with widespread vacc inat ion  in developing cou n tr ie s .

Microcapsules,  small  v e s i c l e s ,  diameters of 1 to  500 microns
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made of nature or s y n t h e t i c  polymer membrane. Microcapsules those  
contain l iq u id  , such as vacc in e ,are  spher ica l  in shape. Important 
funct ions  of m ater ia ls ,  r e le a se  materia ls  into  the external  environment 

in a susta ined  manner.(Ostro,and C u l l i s ,1989 )  A large number of patented  

process are a v a i la b le  for preparing microcapsules for vaccine (Garçon,et  
a l . , 1988)aqueous m a t e r i a l s , i n t e r f a c i a l  polymerization technique i s  one 
appropiate .  The polymerization of polymer membrane occur at the in te r fa c e  
between droplet  of emulsion ,that made sp her ica l  microcapsules.

The susta ined  manner of tetanus toxoid  microcapsules are 
s i g n i f i c a n t l y  longer than adsorbed te tanus  toxoid  ( Reuongchai 1986).  
However the immune response in d i f f e r e n t  v e s i c l e  s i z e  of l e c i t h i n  and 
carboxymethyl c h i t i n  walled tetanus toxoid  microcapsules in mice as 
potency t e s t  and hemagglutination t e s t  had not yet  been reported.

M X o  I~ O O a p  s u i e s

Microcapsules (Gutcho,1976) are composed of a nature or 
s y n t h e t i c  polymeric skin or wall  enc los ing  a l iq u id  core or other body 
of materia l .  The capsule wall i s  iner t  to the substance i t  conta ins ,  
p ossesses  enough s trength  to  allow for normal handling without rupture,  
and i s  s u f f i c i e n t l y  th in  to  permit a high core volume to  wall volume 
r a t i o .  The contents of the capsule are contained within the wall u n t i l  
re leased  by some means that  serve to  b re a k ,cru sh ,m e l t ,d i s so lve ,ru p tu re  
or remove the capsule  s h e l l ,  or u n t i l  the in terna l  phase i s  caused to  
d i f f u s e  out through the capsule wal l .

The diameters of microcapsule are in a range from 1 to  500
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Microns and varying wall th ick n ess .  In most case t i c r o c a p s u le s  contain ing  
s o l i d  p a r t i c l e s  are of nearly the same shape as the s o l i d  , where as 
those  that  contain a l iq u id  or gas are spher ica l  in shape as shown in 
Figure 1.

m o n o -n u c le u s m u l t i - n u c ie l i s
n o n s p h e r ic a l

d o u b l e - w a l l e d s e l f - c o n t a i n e d  MC

Figure 1 Various s tructure  of Hicrocapsules.

There are severa l  important functions of microcapsules in 
pharmaceutical  s c i e n c e s , f o r  example,to control  s o l u b i l i z a t i o n  of drugs i . e  
propranolol  (Roger ,Betageri ,and ch a i ,1990 ) ]  , susta ined  r e le a s e  of
entrapped drugs t i . e ,  immunomodulator ( in ter feron )  and a peptide  hormone 
( c a l c i t o n i n )  (Weiner,Martin and Riaz , 1989 ) « in su l in  (Spangler,  1990),  
chloroquin phosphate and quinine  hydrochloride ( chukwu , Agarwal ,and 
Adikwu, 1991 ; Cromelin.et  a l . ,  1991),  d i c l o f in a c  sodium (Lin and kaoy ,



4

1991),  d iphtheria  toxoid  (Singh,M., S ingh ,A. , and Talvar,1991) , 
thyrotropin r e le a s in g  hormone (Heya,et  a l . , 1 9 9 1 ) , and tr ip t o r ien (R u iz ,  
and B e n o i t , 1991).

In add it ion ,  microcapsules are used in the aims of s i t e  s p e c i f i c  

drug d e l ive r y  system. (Gupta ,1990 ) such as a n t in e o p la s t i c  agents c i . e ,  
doxorubicin , amphotericin B and platinum (Ostro and C u l l i s  , 1989) , 

c i s p l a t i n  ( Crommelin , e t  a l . ,  1991)1 and a n t i p a r a s i t i c  drugs [ i . e ,  
chloroquin phosphate ( Crommelin , e t  a l . , 1991)1.

Other c h a r a t e r i s t i c s  of importance are a l t e r a t i o n s  to  increase  
drug l e v e l s  in blood [ i . e ,  c i s p l a t i n  ( I g a , e t  a l . , 1 9 9 1 )  , chloroquin  
phosphate and quinine hydrochloride (Chukwa, e t  a l . ,  1991)1 , t o  protect  
the drug from b io lo g i c a l  f l u i d  such as d ichlorofenac  sodium from g a s t r i c  
f l u i d  ( Lin and Kao,1991).

More over i t  has an adjuvants e f f e c t  in the formation of 
ant ibod ies  i . e ,  snake venom (Alving , Richards,et  a l . , 1 9 8 6 . tetanus toxoid  
(Davis and G r e g o r ia d is ,1987) .d ip h th er ia  toxoid  (Singh , e t  a l . , 1 9 9 1 ) .

The name of microcapsules are always changed as t h e i r  composit ion  
of the membrane;phospholipids c a l l e d  "liposome" ;s u r fa c tan ts  c a l l e d  
"neosome" e t c . ( P r e s c o t t ,a n d  Nimmo,1990)

1) Method of Preparation (M a r i je v ic ,1978)
A large  number of patented processes are a v a i la b le  for  

preparing microcapsules.  They can be c l a s s i f i e d  roughly into  
physicochemical ,chemical  and p hys ica l  methods. The f i r s t  group inc ludes  
aqueous and organic phase separat ions  and spray-drying methods.
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I n t e r f a c i a l  p o lym er iza t ion , in  s i t u  polymerization,and o r i f i c  method 
belong to  the second group. Included in the th ird  group are the  
e l e c t r o s t a t i c , p h y s i c a l  vapor dep os i t ion ,and  f lu id iz e d - b e d  spray-coating  
methods.Our d isc u ss ion  i s  l im i ted  to  the i n t e r f a c i a l  polymerization that  
i t  i s  used in t h i s  research .

The i n t e r f a c i a l  polymerization method i s  s u i t a b l e  for  
encapsu la ting  l iq u id s  rather than a s o l i d  phase.Our d escr ip t io n  i s ,  
th ere fo re ,d evo ted  only to  microencapsulation of l i q u i d s , t h i s  process  
c o n s i s t e s  of the fo l lowing s tep s :

1) Dispersion of an aqueous so lu t io n  of a w ater-so lub le  
reactant  or an organic so lu t ion  of an o i l - s o l u b l e  reactant  or an organic  
so lu t io n  of an o i l - s o l u b l e  reactant in to  an organic or an aqueous phase 
with the aid of an appropriate em u ls i f i er  to  y i e l d  a w a t e r - in - o i l  
emulsion or an o i l - i n - w a t e r  emulsion.

2) Formation of polymer membrane on the surface  of l iq u id  
drople ts  i n i t i a t e d  by the addit ion  of a water - inso lub le  reactant  to  the  
w a t e r - i n - o i l  emulsion or a w ater-so lub le  reactant  to  the o i l - i n - w a t e r  
emulsion.

3) Seperation of microcapsules containing water or o i l  from 
the o i l  or aqueous phase.

2) I n t e r f a c i a l  Polymerization Method
Among many e x i s t in g  microencapsulation p ro c es s e s , th e  i n t e r f a c i a l  

polymerization i s  unique making d ir e c t  use of polymerization react ions  
at i n te r fa c e  to  prepare microcapsules.  Researchers at Du Pont have

I waffuRTitm Rimnnหmn ทน 
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developed labolatory  procedures for syn th es iz in g  polyamides,  
polyphthalamides, polysulfonamides,po lyurethanes,and polyphenyl e s t e r s  
by preparing microcapsules are of the condensation type.

Wittbecker and Morgan(1959) found that  the Schotten Baumann 

react ion  of d ia c id  ch lor ides  with compounds conta ining two or more 
a c t iv e  hydrogen atom (-OH,-NH,-SH) can be the b as i s  for a simple,  
v e r s a t i l e  labolatory  process to  prepare polymers,and they designated  
t h i s  process " in t e r f a c i a l  polycondensation"

In t h i s  process the i r r e v e r s i b l e  polymerization of two f a s t -  
reaction  intermediates occurs near the in ter fa ce  of the two phases of a 
heterogenous l iq u id  system. For example , if  we bring an aqueous so lu t ion  

of hexamethylene diamine into  contact with a so lu t io n  of sebacoyl • 
d ic h lo r id e  in carbon t e tr a c h lo r id e  in a beaker at room temperature,we  
can observe at once formation of a th in  polyamide f i lm at the in te r fa c e  
of the two solutions.When we pul l  the f i lm from the interface,more  
polymer forms at once and we can withdraw continuously  a co l lapsed  sheet  
or tube of polymer. The polymer formation can be enhanced by the  
presence in the aqueous phase of an a lk a l i  that  serves  to  n eu tr a l i z e  
hydrogen ch lor ide  generated during the polycondensation reac t ion .

In a homogeneous polycondensation the two d i f f e r e n t  funct iona l  
groups must be present  in equivalent amounts. However, a large excess  of 
one of the intermediates can be to l e r a te d  without l im i t in g  the molecular  
weight in an i n t e r f a c ia l  polycondensation because i t  i s  a heterogenous  
reaction  and the r e a c t iv e  intermediates must d i f f u s e  to  the in te r fa c e ;  
that  i s , r e a c t a n t  equivalence  i s  a t ta ined  in the polymerization zone 
though the whole system i s  unbalanced. Thus,two moles of diamine and one
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We may expect that  i n t e r f a c i a l  polycondensation would f a i l  to  
g ive  high-molecular-weight  polymers ,s ince  hydro lys i s  of one of an d iac id  
ch lor ide  ju s t  before the other reacts  with an amine group or hydrolys is  
of an acid  ch lor ide  group on the end of a growing polymer chain would 
lead to ear ly  termination of the polymerization even i f  reactant  
equivalence i s  maintained in the polymerization zone. Actually,however,  
high molecular weights are obtained from properly run i n t e r f a c i a l  
polycondensation r e a c t io n s , i n d i c a t i n g  that  these  s id e  reac t ions  are 

n e g l i g i b l e .  For instance,Morgan and Kwolek reported that  they can 
prepare condensation polymers with weight-average molecular weights as 
high as 500 ,000.  In the sy n th es i s  of polyam ides ,po lyes ters ,and
polyurethane by melt polymerization,weight average molecular weights  
over 50,000 are hardly obtained even when purity  and equivalence  
requirement are r igorous ly  met.

I n t e r f a c i a l  polymerization reaction  should take place wherever 
the r e a c t ive  intermediates encounter each other .  The loca t ion  may be 
exact ly  at the l iq u id  i n t e r f a c e ,o r  in the organic or aqueous phase.  
Evidence shows that  most water i n s e n s i t i v e  polymers form and grow on the  
organic so lven t  s id e  of the in t e r f a c e .  Although some reac t ions  occur 
primarily at the in t e r f a c e , t h e  polymer accumulates in the organic phase.  
No examples of polymerization in the aqueous phase are known.

The primary funct ions  of the aqueous phase are to  serve as a 
so lv ent  for water-so lub le  reactants  such as diamines and acid  acceptors

mole of  d i a c i d  c h l o r i d e  p ro d u c e  a h i g h  m o l e c u l a r - w e i g h t  p o l y m e r , a l t h o u g h

t h e  s t o i c h i o m e t r i c  r e a c t a n t  r a t i o  i s  u n i t y .

and to  remove by-product acid  from the polymerization zone.  The
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i n te r fa c e  has no s p e c ia l  or ien t in g  or a l ign ing  e f f e c t  on e i t h e r  water or 
o i l  s o lu b le  reactants  but i t  provides a con tr o l l e d  introduction  of 
aqueous reactant  into  an excess  of d iac id  hal ide  in the organic phase 
adjacent to the in te r fa c e  through s o l u b i l i t y  d i f f e r e n c e .

Water-soluble reactants  d i s t r i b u t e  between the aqueous and 
organic phases when the two phases come into  contact with each other.  
Measured equil ibrium p a r t i t i o n  c o e f f i c i e n t s  for a w ater-so lub le  reactant  
in usefu l  so lven t  systems vary from severa l  thousand to l e s s  than unity .  
As an example,the equil ibrium p a r t i t io n  c o e f f i c i e n t s  for  
haxamethylenediamine in severa l  organic so lvent  systems are given in 
ta b le  1. Here,the p a r t i t i o n  c o e f f i c i e n t  i s  def ined  as the r a t io  of the  
concentration of hexamethylenediamine in the aqueous phase to that  in 
the organic phase.  The values can be used to est imate  the r e l a t i v e  
tendency of the diamine to  tra n s fer  into  the organic phase under 
polymerization con d i t ion s .  Polymer formation i s  favorably a f f e c t e d  by a 
large tra n s fer  of the diamine.

I t  had been reported that  the tra n s fer  of p iperazine i s  g rea t ly  
a f f e c t e d  by the pH of the aqueous phase and the p a r t i t i o n  c o e f f i c i e n t  
for p iperazine under condi t ions  s im i lar  to  those used for preparing 
microcapsules.  Their r e s u l t s  are shown graphica l ly  in Figure 2, where 
the logarithm of the nonequilibrium p a r t i t i o n  c o e f f i c i e n t  for p iperazine  
between the aqueous phase and the organic phase,which c o n s i s t s  of 
chloroform and cyclohexane (1:3 V/V) and conta ining surfactant  i s  
p lo t t e d  aga inst  the pH of the aqueous phase.  At any concentration  of 
surfactant  in the organic phase ,the  p a r t i t i o n  c o e f f i c i e n t  decreases
f i r s t  and then l e v e l s  o f f  as the pH of the aqueous phase increases ,
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Table 1 Equilibrium P a r t i t io n  C o e f f i c i en t  of 

Hexamethylene Diamine in Organic Solvent Systems

so lvent

P a r t i t io n  C oe f f i c i en t

K CH 0 m o l e / l i t e r .  
2

Cyclohexane 182 0.40
xylene 50 0.392
CCI* 35 0.40

Ce M ° e 13.8 0.391
CHCl3-CCl4 3 0 : 7 0 ( v/ v ) 6.4 0.39
C1CHeCHeC1 5.6 0.432
CHCl 0.7 0.4573

K = CH c 1 11 at 25 c at equil ibrium with 2 moles of sodium1
hydroxide per mole of diamine in the aquous phase.

in d ica t in g  that  the tra n s fer  of p iperazine increases  i n i t i a l l y  but 
approaches a sa turat ion  value as the pH of the aqueous phase increases ,  
owing to  the fac t  that  pK values of p iperazine are 5.57 and 9 .8 1 .  s ince  
an increase  in the pH of the aqueous phase causes an increase  in the  
number of unprotonated p iperazine molecules ,a  tra n s fer  i s  favored.  The 
tra n s fer  stops increas ing  when a l l  the p iperazine  molecules in the
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aqueous phase take the unprotonated form above pH 10.0 Figure 2 shows 
a lso  that  the presence of surfactant  in the organic phase enhanced the  
tra n s fer  of p iperazine  i r r e s p e c t i v e  of the pH of the aqueous phase and 
the amount transferred  increases  as the surfactant  concentration  
in crea ses .  Although the exact ro le  of surfactant  in promoting the  
tra n s fer  of p iperazine  i s  not f u l l y  s tood ,a  portion of p iperazine  
transferred  should e x i s t  in the s o lu b i l i z e d  form in surfactant  m ice l l s  
s ince  the surfactant  concentrations  they used l i e  wel l  above the  
c r i t i c a l  concentration  for  mice l l  formation of the surfac tan t .

More r e c e n t ly , t h e  chemical s tructure  of the reactants  has been 
found to a f f e c t  the formation of polymer. In the formation of polyphenyl  
e s t e r s  from bisphenols and d ia c id  c h lo r id e s ,  The percentage of reacted  
biphenols  showed a tendency to  deminish with increas ing  surfactant  
concentration  in the organic phase i f  p-phthaloyl  d ic h lo r id e  was used,  
where as the reverse  tendency was observed when sebacoyl d ic h lo r id e  was 
employed d e s p i t e  the fact  that  the nonequilibrium p a r t i t i t o n  
c o e f f i c i e n t s  of the b isphenols were the same in the both cases ,  s in ce  

the two d iac id  ch lor id es  are equally h ighly  r e a c t iv e  with the b isphenols ,  
the discrepancy should a r i s e  from the d i f f e r e n c e  in the molecule 
stru cture  between the two d ia c id  c h lo r id e s .  I t  would be easy for  
sebacoyl  d ic h lo r id e  molecules to  take favorable conformations to  react  
with bisphenol molecules in the organic phase even in the presence of 
high concentrations  of surfactant  because they are f l e x i b l e  owing to  
t h e i r  l in ear  chain.However,the presence of a r ig id  aromatic ring i s  
supposed to  impede the react ion  of p-phthaloyl  d ic h lo r id e  with the  
bisphenols i f  the surfactant  concentrations  i s  high because the chance
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Figure 2 Dependence of nonequil ibriu*  
c o e f f i c i e n t  of piperazine.
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for molecules of d iac id  ch lor ide  to  assume advantageous o r i e n t a t io n s  to  
the reac t ion s  with molecules of b isphenols i s  lower due to  the presence  
of a large  number of surfactant  molecules.

3) Liposome
When phospholipids are d ispersed  in water they spontaneously  

form c lo sed  s tru ctures  with in ternal  aqueous compartment bounded by 
phospholipid b i la y e r  membranes;these s tru ctures  are c a l l e d  "liposomes" . 
R ecent ly ,a  number of workers have prepared phospholipid analogs  
capable of undergoing polymerization react ions ,which  can be used to  form 
l iposomes and which provide some unusual propert ies  ( Ostro , and 
C ul l i s ,1 989  ) Nonphospholipid compounds inc luding  s t e r o l  e s t e r s  and 
even certa in  amphiphil ic  polymers can form v e s i c l e  s tru c tures  which 
resemble phospholipid l iposomes.  Thus, a wide var ie ty  of amphiphil ic  

substances can be used in the formulation of l iposomes.  The choice  of 

chemical c o n s t i tu e n ts  w i l l , o f  course,  in f luence  the c h a r g e , s t a b i l i t y ,  
chemical r e a c t i v i t y  and b i o lo g i c a l  propert ies  of the l iposomal  
preparation.

Due to  the high degree of b iocom p at ib i l i ty  (Wada, 1990 ) ,  
l iposomes were i n i t i a l l y  conceived as d e l ivery  systems for intravenous  
d e l i v e r y .  I t  has s in ce  become apparent that  l iposomes can a lso  be useful  
for d e l ivery  of drugs by other routes of adminis tration  (Ostro,and  
C u l l i s , 1989).  The formular can use s t r a t e g i e s  to  design l iposomes for  
s p e c i f i c  purposes, thereby improving the therapeut ic  index of a drug by 
increas ing  the percent of drug molecules that reach the targe t  t i s s u e , o r
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a l t e r n a t iv e ly ,d e c r e a s in g  the percent of drug molecule that reach s i t e s  
of t o x i c i t y .  C l i n i c a l s  t r i a l  now underway u t i l i z e  l iposomes to  achieve a 
v ar ie ty  of therapeut ic  o b je c t iv e s  inc luding  enhancing the a c t i v i t y  and 
reducing t o x i c i t y  of a widely used a n t in e o p la s t i c  drug (doxorubicin) and 
ant i fungal  drugs(amphotericin B) d e l ive r ed  intravenously ,  other c l i n i c a l  
t r i a l s  are eva luat ing  the a b i l i t y  of l iposomes to  d e l i v e r  intravenously  
immunomodulators to macrophages and imaging agents ( 111 Indium) to  
tumors. Recent s tu d ie s  in animals have reported the d e l ivery  of water-  
in so lu b le  drug into  the eye,and the prolonged r e le a s e  of ant igens (Davis,  
D .,G reg or iad is ,G . ,1989) (tetanus  to x o id , in f lu e n z a  v irus subunit prote ins  

e t c . )  and immunomodulators ( in t e r f e r o n ) ,  these  t r i a l s  and animals study 
provide evidence of the v e r s a t i l i t y  of l iposomes.

3 .1 )  Nature of Lipid B i layer  V es ic le
Liposomes c o n s i s t  of amphiphil ic  l i p i d s  (Brajtburg,  1990 ) 

t y p i c a l l y ,  phospholipid ( e g . l e c i t h i n )  having a polar headgroup and two 
long f a t t y a c id  chains.  They are spher ica l  v e s i c l e s , 30-100 nm in diameter,  

formed by one or severa l  concentr ic  l i p i d  b i la y e r s  ,4 -5  nm th ick  as 
shown in Figure 3, enc los ing  an aqueous core .  The double-chain  
amphiphiles include various phospholipids such as p hosphat idy l -cho l ine ,  
and the corresponding ser ine ,e thanolamine  and i n o s i t o l  d e r iv a t iv e s  as 
shown in Figure 4. when derived  from natural sources(soy  bean,egg yolk,  
or brain t i s s u e ) . t h e s e  l i p i d s  contain unsaturated f a t t y  acid groups.  
Natural l i p i d s  may be hydrogenated to  obtain more s t a b le  l iposomes.  
Other two-chain amphiphiles inc lude ammonium s a l t s  such as d i-hexadecyl
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Figure 3 A s e c t io n  of e le c tro n  . icrograph of 1 n e g a t i . e l y  
Stained mult i lamel lar  l iposomes.
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dilaet.hy 1 ammonium ch lor id e  as shown in Figure 5.

Figure 5 Dihexadecyl  dimethyl ammonium chlor ide .

B i layer  v e s i c l e ,  however , represent only one type of several  

p o s s i b l e  assem bl ies  formed by amphiphil ic  l i p i d s .  Figure 6 show the type 
of l i p i d  assem bl ies  that  can form spontaneously under the right  
c o n d i t io n s ;  sp h e r ic a l  and cy l in d r ic a l  m ic e l l s ,  unilamellar and 
m ult i lam e l lar  v e s i c l e s ,  f l a t  b i la y e r s ,  and inverted s tru ctures .  The 
assembly type a c t u a l l y  formed i s  largely  determined by the shape of the 
amphiphi l ic  molecule ,  s in g l e - c h a in  l ip id s  such as sodium dodecyl s u l f a t e  
and c e t y l  tr im ethy l  ammonium bromide can be thought of as cones ,with  a 
bulky head group at the base and a s in g l e  chain leading to the apex. For 
such molecules the e n e r g e t i c a l l y  most favorable assembly i s  the m ice l l .  
Two-chain l i p i d s  resemble truncated cones or cy l inders .  These form 
b i l a y e r s ,  a f l a t  b i l a y e r  would be the most s t a b le  forms ; due to i t s e l f  ,
forming v e s i c l e s .
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Solute T ypes: o H ydrophilic ma Lipophilic 0»  Amphiphilic
Figure 6 Assembl ies  formed by l ip id  amphiphiles.
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3.2 ) Phospholipid
The phospholipids include a l l  l ip o id a l  c o n s t i tu e n t s  that  

contain phosphorus in t h e ir  molecules.  They appear to  be e s s e n t ia l  
components of every plant and animal c e l l  and have been categorized  as 
l e c i t h i n  , cephal ines  and sphingomyelins.

The chemical composit ion in a l l  cases  i s  revealed  through 
q u a n t i ta t iv e  measurement of the products r e s u l t in g  from hydro lys i s  under 
various con d i t io n s .  The only phospholipid  with pharmaceutical  
ap p l ica t ion  are the l e c i t h i n .

The L ec i th ins
When completely hydrolysed,  each molecule of a l e c i t h i n  y i e ld s  

two moleculesof fa:.ty acid  and one molecule each of g ly c e r o l ,  phosphoric  

acid and a b ia s i c  nitrogenous compound (u sua l ly  c h o l in e ) .
The f a t t y  acids obtained from l e c i t h i n  on h ydro lys i s  are 

usually  o l e i c ,  p a lm it ic  and s t e a r i c .  The phosphoric acid may be attached  
to  the g ly c er o l  in e i t h e r  an a- or the p- pos i t ion , form in g  a-  
glycerophosphoric acid or p-glycerophosphoric a c id ,r e s p e c t iv e ly ,a n d  
producing the corresponding s e r i e s  of l e c i t h i n s  which are known as oc- 
and p - l e c i t h i n s .  The representa t ions  below are in the zw i t ter ion  
( in te rn a l  s a l t )  form. Each s e r i e s  of l e c i t h i n  may d i f f e r  in the fa t ty  
acid attached to  the g ly c e r o l .  The naturaly occuring l e c i t h i n s  are of
the « -v a r i e t y .
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Commercially, l e c i t h i n  i s  obtained by ex trac t ion  processes  from 
egg yolk,  brain t i s s u e  or soybeans.  Ovolecithin  ( v i t e l l i n )  from ca lves  
brains ,  areused as e m u ls i f i e r s  (most ant iox idants  and s t a b i l i z e r s  in 
foods and pharmaceutical  preparat ion) .  Leci th in  o x id ize  read i ly  on 
exposure to  a i r  and,simultaneously,darken in co lor .

3 .3 )  Preparation of C a r b o x y e th y lc h i t in
Flaky c h i t i n  (Namyo Kasie Chemicals ,Ltd. , Tokyo) was washed with 

a methanolic HCL so lu t io n  to  remove the coloured m ater ia ls ,and  the  
d eco lo r ized  c h i t i n  was wash three  t imes with ethanol and dried .  After 50 
g of the dried c h i t i n  had been mixed throughly with 200 g of 11 N NaOH 
s o l u t i o n ,  the mixture was s tored  in a r e fr ig e ra to r  at -2 0 ° c to  make i t
s w e l l .  The swollen c h i t i n  was added with s t i r r i n g  to  isopropanol



20
conta in ing  100 g of sodium monochloroacetate,  and the temperature was 
kept at 4 c for 2 hoursjthe react ion  was then allowed to  proceed at room 
temperature for 24 hours.  At the end of t h i s  per iod,  isopropanol was 
removed by f i l t r a t i o n  and the react ion  product,CM ch i t in ,w as  d i s s o lve d  
in 1500 ml of deionized  water.  The so lu t ion  was n eu tra l i z ed  with HCl 
so lu t io n  and d ia ly sed  against  de ionized  water for 48 hours.  Acetone was 
added to  the d ia ly sed  so lu t io n  to  separate  CM c h i t i n  and the  

p r e c ip i ta te d  polymer was dried and pulver ized .  The chemical s tru c ture  of 
CM c h i t i n  i s  shown in Figure 7.

CH;0CHiC0iH
------ 0.

OH

0 N /  H h \ J  ------0  -ๆ

' j h c o c h . ( HiOCHiCO.II ท 11 h

H /
/ h

CHi OCHiCOjH 
----0

N
v „
NHCOCHj

Figure 7 Carboxymethyl c h i t in .

3 .4)  Tetanus Toxoid Hicrocapsules Using Leci th in  as Polymeric Henbrane 
and Carboxymethylchitin as s t a b i l i z e r

Using microcapsule for human , the b iophys ica l  and biochemical  
p ro p ert ie s  had been considered in comparison with those  of natural  
mammalian c e l l s  because i t  i s  feared that  the chemicals used in the  
preparation  may be trapped in the human body or may cause immunoligical  
reac t ion s  before  they are degraded in the body. Thus , the use of such
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non t o x ic  , biocompatible , biodegradable and non an t igen ic  substance as 
l e c i t h i n ,o n e  type of p h o sp h o l ip id , i s  required to  prepare microcapsules  
as polymeric membrane and carboxymethyl c h i t in  as s t a b i l i z e r .

As the i n t e r f a c i a l  polycondensation technique,  two s tep  of 
e m u ls i f i c a t io n  required for preparation of th ese  microcapsules.  Tetanus 
toxoid  was d ispersed  as f in e  drople ts  in a l e c i t h i n  so lu t io n  in 
dichloromethane , a v o l a t i l e  organic so lven t  to  y i e l d  a w/ 0  type  
emulsion.  Then , these  w/o emulsion was d ispersed  in as aqueous 
carboxymethyl c h i t i n  so lu t io n  to  g ive  a w/o/w type complex emulsion.  
Removal of the organic so lvent  by evaporation from the complex l e f t  an 
aqueous suspension of the te tanus  toxoid  microcapsules.

4) Factor A ffec t  s i z e  D is tr ib ut ion
The s i z e  of microcapsules i s  never uniform and var ies  over a 

fa i r y  wide range. The s i z e  d i s t r ib u t io n  of microcapsules has been 
in v e s t ig a te d  by microscopy and in some cases  by use of a Coulter counter.
The fa c to rs  a f f e c t i n g  the s i z e  d i s t r ib u t io n  have been s tud ied .  In an 

e f f o r t  to control  the mean diameter of hemoglobin loaded poly 
(hexamethylene sebacamide) microcapsules,  Chang,Macintosh,and Mason 

founded that the mean diameter i s  s trongly  a f f e c te d  by the concentration  
of the e m u ls i f i e r  and mechanical a g i ta t i o n  used in the em u ls i f i ca t io n  
step  of the preparation though they did not present a s i z e  d i s t r ib u t io n  
curve.  However,the presence of hemoglobin at high concentration  in the  
so lu t io n  to be encapsulated prevented formation of the microcapsules  
with diameters l e s s  than 20 micron even at high concentration  of

I " « ร , ส ิร ิ า บ น Î * ยบว,
!ร.irniKW'fPIyipirii \
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e m u ls i f i e r  and made i t  d i f f i c u l t  to  analyze the r e s u l t s  because the  
exact r o le  of hemoglobin in forming the microcapsules i s  s t i l l  unknown.

In order to  surmount t h i s  d i f f i c u l t y , a n  attempt was made to  
se t  up s i z e  d i s t r ib u t io n  curves for water-containing microcapsules  
prepared under various con d i t ions .  The r e s u l t s  are described below.  
Increasing mechanical a g i t a t i o n  in the absence of an e m u ls i f i e r  makes 
the s i z e  d i s t r ib u t io n  narrower and sharper,whereas the presence of an 
e m u ls i f i e r  at concentrations  over a certa in  value reduces the e f f e c t  of 
mechanical a g i t a t i o n .  At a constant mechnical a g i t a t i o n , t h e  s i z e  

d is t r i b u t io n  curve becomes s teeper  and narrower f i r s t  and then remains 
almost unchanged as the e m u ls i f i e r  concentration increase s .  Figure 8 and 
9 g ive  some of the s i z e  d i s t r i b u t i o n  curves for  poly(hexamethylene  
phthalamide) microcapsules in aqueous d i s p e rs io n s .  These f ind ings  seem 
to ind ica te  that  the s i z e  d i s t r i b u t i o n  of microcapsules prepared by 
i n t e r f a c i a l  polymerization technique i s  determined by the em u ls i f i ca t io n  
condit ions  s in ce  the e f f e c t s  of e m u ls i f i e r  concentration  and mechanical  
a g i t a t i o n  on the microcapsule s i z e  are q u i te  s im i la r  to  those  on the  

droplet  s i z e  in mechanically prepared emulsions.
I n t e r e s t in g ly  enough , however ,i t  was demonstrated that  varying  

the chemical s t ru c ture  of intermediate reactants  used in the
polymerization s tep  a lso  g re a t ly  exer ts  an in f luence  on the s i z e  
d i s t r i b u t i o n .  Figure 10 shows the s i z e  d i s t r i b u t i o n  curves for  water-  
conta in ing  poly(phthaloy l  p ip e r a z in e ) , poly(hexamethylene sebacomide), 
and p o ly ( d ie th y l  ether p iperazine) microcapsules prepared under exact ly  
the same con d i t ion s .  Therefore , the  d i f f e r e n c e  in s i z e  d i s t r ib u t io n  must 
have arisen  from the d i f f e r e n t  polymerization c h a r a c t e r i s t i c s  for each
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Figure 8 E ffec t  of s t i r r i n g  on the s i z e  d i s t r ib u t io n
of microcapsules.



Figure 9 E ffec t  of the concentration  of sorbi tan t r i o l e a t e  
on the s i z e  d i s t r ib u t io n  of microcapsules at
constant s t i r r i n g .
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Figure 10 s i z e  d i s t r ib u t io n  curves of poly(phthaloyl  
p ip e r a z in e ) , poly(hexamethylene sebacomide), 
and p o ly ( d ie th y l  ether p iperazine)microcapsules .
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combination of reac tan ts .  However,no comparative study of polymerization  
c h a r a c t e r i s t i c s  of the three  combination of reactants has so far been 
carr ied  out,  and consequently ,no conclusion  can be drawn at present on 
the mechanism by which the s i z e  d i s t r ib u t io n  i s  determined.

In Figure 11 a s i g n i f i c a n t  change in the s i z e  d i s t r ib u t io n  of 
p o ly ( d ie th y le th e r  piperazine)microcapsules can be seen caused by an 
increase  in the polymerization temperature,  s in ce  the polymerization  
rate  increases  with temperature,an increase  in the molecular weight of 
the membrane polymer i s  expected.  In f a c t , t h e  i n t r i n s i c  v i s c o s i t y  of the  
polymer c o n s t i t u t in g  p o ly ( d ie th ly  ether p iperazine ) microcapsules,  a 
measure of the molecular weight of t h i s  polymer,was found to  double when 
the polymerization  temperature rose from 3° to  30ว0. I t  was argued,  
t h e r e f o r e , t h a t  the microcapsule s i z e  i s  c l o s e l y  r e la te d  to  the i n t r i n s i c  
v i s c o s i t y  of membrane polymer. s im i la r y ,a  reduced i n t r i n s i c  v i s c o s i t y  
gave r i s e  to  a r i s e  in the microcapsule s i z e .  This was accomplished by 
decreasing  the reactant  concentration  or adding a monofunctional
reactant  ( a terminating agent of p olym erizat ion)to  the so lu t io n  of the  
d ifu n c t io n a l  reactant .

As a consequence,a hypothesis  was put forward that  the
broadening of the s i z e  d i s t r i b u t i o n  i s  produced by formation of large  
microcapsules at an ear ly  s tage  of the polymerization react ion  through 
coa lesen ce  of primary emulsion p a r t i c l e s  with membrane of i n s u f f i c i e n t  
strength  and coverage to  prevent them from u ni t ing  with each other to  
form large secondary p a r t i c l e s ,p r o v id e d  the polymerization rate  i s  not 
high.  Since the polymerization react ion  could be s t i l l  going on at t h i s  
and l a t e r  s t a g e s , t h e  membrane on the secondary p a r t i c l e  surface  might
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Figure 11 s i z e  d i s t r i b u t i o n  curves of p o ly ( d i e t h ly  ether
piperazine) microcapsules prepared at 30 c and 3 c.
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have rapidly  th ickened enough to  r e s i s t  further  coa lescence  from 
occuring.

The hypothesi s  seems to  account for  the process of formation  
of frequent ly  observed double microcapsules , that  i s  those  conta ining a 
number of a small  microcapsules in s id e  them, sh iba e t  a l .  gave the  
fo l lowing  exp lanat ion:as  the r a t io  of surface  area to  volume i s  larger  
for small  l iq u id  drop le ts  than for the large  o n es , th e  tr a n s fer  of 
diamine from the aqueous to  the organic phase is  greater  for the former 
than for  the l a t t e r ,  thereby leading to  accumulation of diamine on and 
around the droplet  surface .  The accumulation of diamine at the in te r fa c e  
should f a c i l i t a t e  formation of polymer. Accordingly,newly formed small  
microcapsules have a r e l a t i v e l y  th ick  membrane and can penetrate  on 
c o l l i s i o n  into  large  ones with a very th in  membrane. The membrane of 
large  microcapsules i s  capable of growing enough to  patch up the poles  
formed by the penetrat ion  of small  microcapsules as the polymerization  
reac t ion  s t i l l  cont inues .  Although the hypothesis  i s  a t t r a c t i v e , t h e r e  

are many problems to  be so lved ,such  as the ro le  of the e m u l s i f i e r ,b e f o r e  
i t  becomes acceptable .

5) Membrane Thickness
A r e l a t i v e l y  large  number of papers deal  with the membrane 

th ick ness  of microcapsules prepared by phase separat ion  and i n t e r f a c i a l  
polymerization methods.The membrane th ickness  of microcapsules depends 
on the method by which they are prepared.Microcapsules obtained by phase 
seperat ion  have a membrane th ick ness  of the order of micrometers,whereas
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those  prepared by i n t e r f a c i a l  polymerization p ossess  a th ickness  in the  
nanometer range s in ce  the membrane th ickening in the l a t t e r  case i s  
r e s t r i c t e d  by the l im i ted  s o l u b i l i t y  of reactants  in the phase to  be 
encapsulated.

Miyano and Hondo, who measured the wall  th ickness  with an 
e lec tro n  microscope,reported  that  gelatin-gum arabic microcapsules  
conta ining d ibuty l  phthalate  of the average of 2 6 .G microns have a wall  
th ick ness  of 0 .4  microns. Those microcapsules were prepared by aqueous 
phase separat ion using a system c o n s i s t in g  of 6 .0  gm. each of g e la t in  
and gum a r a b i c , 10.0 gm. of d ibuty l  phthalate ,and 1000 gm. of aqueous 
a c e t i c  acid  s o lu t io n  at pH 4 .3 .  The capsules  were imbedded in an epoxy 
res in  mass a f t e r  hardening with formaldehyde and spray drying.  The epoxy 
res in  mass was then s l i c e d  with a microtome to make specimens for  
e lec tro n  microscopic observat ions .  It  should be noted,however ,that  the  
authors determined the wall th ickness  of the microcapsules in a dry 
s t a t e .  In water the wall  th ickness  may be larger  due to  sw el l in g  of 
gelatin-gum arabic complexs,which depend on the degree of hardening with  
formaldehyde.

Recent ly,  Luu e t  a l .  have estimated  the wall  th ickness  of 
g e l a t i n  gum arabic microcapsules conta ining eprazinone,  a l iq u id  organic  
base.  F i r s t  they ca lc u la te d  the wall  th ickness  from the mean 
fflicrocapsule r ad iu s , th e  r a t io  of the encapsulated l iq u id  mass to  the  
t o t a l  mass of the microcapsules,and the d e n s i t i e s  of the encapsulated  
l iq u i d  and of the coat ing .  Second,d irect  measurements of wall th ickness  
were made on the microcapsules imbedded in a g e l a t i n  mass under an 
o p t i c a l  microscope f i t t e d  with a micrometer and an immersion o b je c t iv e .
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The g e l a t i n  mass was s l i c e d  prior  to the measurements with a congelation  
microtome a f t e r  hardening.  The r e s u l t s  obtained by these  in d ir e c t  and 
d i r e c t  methods with s i e v e  separated samples are given in Table 2 and 
in d ic a te  that the wall  th ickness  i s  f a i r l y  constant whatever the  
■ icrocapsuls s i z e .

Table 2 Wall Thickness of Oi l-Containing G e lat in -  
Gum arabic Microcapsules

Mean radius,micron

Mean th ick ness , micron

Indirect  method Direct method

140 ะ 6.7
200 5.0 6.8
300 6.8 7.0
375 5.9 6.6

From S.N. Luu e t  a l . ,  by permission of the American Pharmaceutical  
Associât ion,Washington,D.c.

For severa l  kinds of water-loaded polyamide microcapsules
prepared in a way s im i la r  to  that  used by the procedure; the average  
menbrane th ick ness  , h , could be ca lc u la te d  (Takamura , e t  a l . , 1 9 7 3 )  by
fo l lowing  equation ;
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h = พ„P/PdA

There พ111 i s  the weight of microcapsules membranes in unit  
volume of aqueous d ispers ion  , assuming the complete react ion  of diamine 
with d ia c id  c h lo r id e .  A , The t o t a l  surface  area of microcapsules in 
unit  volume of aqoeous d isp ers io n ,  p , percentage of diamine reacted.  
Pd, the d en s i ty  of the microcapsules membrane was obtained by 
multip ly ing  the s p e c i f i c  grav ity  of the membrane by the d en s i ty  of water.

The s p e c i f i c  grav ity  was determined pycnometr ica lly  in the  
conventional way using dried powder samples prepared by c o l l e c t i n g  , 
washing , and drying (under reduced pressure) of the membrane a f te r  
breaking down microcapsules by ce n tr i fu g a t io n .

T e t a n u s

Tetanus i s  a g lo ba l  d i se a se  that  accounts for approximately 50% 
of neonatal  deaths and 25% of infant  deaths . ( S t a n l e y , J . , and Cryz,ธ. 
,1990) Current e s t im ates  of worldwide morta l i ty  are 800,000 deaths per 
year from neonatal  te tanus and 120,000 to  300,000 deaths per years from 
nonneonatal te tan us .  This high incidence i s  a d d i t io n a l ly  t r a g i c  because  
the d i s e a s e  i s  lar g e ly  preventable  by appropriate immunization. The WHO 
Expanded Program on Immunization(EPI) has been working toward greater  
vaccine coverage p a r t i c u la r ly  in developing c o u n t r i e s , i n  the hope that  
te tanus  w i l l  someday become a rare d i s e a s e .

Tetanus i s  probrably recognized as d i s t r i c t  ones ear ly  in
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human h i s t o r y  because of the constancy of symptom p resenta t ion .  The
f i r s t  medicals d esc r ip t io n  of te tanus  appears in the writ ing  of 
Hippocrates , but the e th io logy  of tetanus was unknown u n t i l  1884. 
Carle and Rottone demonstrated that  the contents of a pustule  from a 
f a t a l  human case led to  t y p i c a l  symptoms in rabbits  when in je c te d  into
t h e ir  s c i a t i c  nerves;  the d i se a se  could subsequently be passed to  other
rabbits  from in fe c te d  nervous t i s s u e .  Inoculation  of s o i l  samples into  
animals a l so  r e su l ted  in te tan us .  Gram-posit ive b a c i l l i  were often  noted 
in the exudate at the inocu lat ion  s i t e  but gen era l ly  not in nervous  
t i s s u e ,  leading N ico la ier  to  hypothesize  that  a poison produced at the  
s i t e  of inocu lat ion  led to  the nervous system symptoms. In 1886, spored-  
forming b a c i l l i  were observed in the exudate obtained from a human case.  
In 1889,the spores of the causat ive  organism, C l o s t r i d i u m  t e t a n i  

(Fairweather e t  a l . , 1 9 9 0 ) , in contrast  to  the v eg e ta t iv e  organisms,were  
shown to  surv ive  heating and germinate under anaerobic con di t ions:
i n je c t io n  of pure cu l tu res  caused reproducible  d i se a se  in animals.  After  
i n d e n t i f i c a t i o n  and p u r i f i c a t i o n  of the tox in  in 1890 , i t  was shown that  
repeated inocu lat ion  of animals with minute q u a n t i t i e s  of tox in  led to  
the production of ant ibod ies  in survivors that n eu tra l i z ed  the e f f e c t s  
of to x in .  Preparations of these  ant ibod ies  derived from animal sera,  
p a r t i c u l a r ly  of horses,became the f i r s t  means of preventing and tr e a t in g  
the cause of te tan us .  Further research culminated in the preparation of 
"ant i tox in"-chem ica l ly  in a c t iva te d  toxin,now termed"toxoid" in 1924. 
These preparetions induced a c t iv e  immunity against  the d i s e a s e  prior  to  
exposure.

Tetanus i s  usua l ly  a s so c ia te d  with the in troduction  of
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environmentally ubiquitous spores of c . t e t a n i  in to  wounds or in fe c t io n  
of the umbilicus of in fan ts (n eon ata l  t e ta n u s ) .  The spores germinate in 
an anaerobic environment r e s u l t in g  in the production of te tanus tox in .  
After an incubation period of t y p i c a l l y  severa l  days,  the tox in  produces 
a d i s i n h i b i t i o n  of the centra l  nervous system r e s u l t in g  in v io l e n t
spasms of the s k e l e t a l  muscles of the body. Tetanus may involve  loca l  
muscle groups near the s i t e  of in f e c t i o n  or be gen era l iz ed .  Trismus or 
lockjaw i s  a common f ind ing .  Generalized tetanus i s  p a r t i c u la r ly  ser ious  
and may require  therapy with strong muscle re laxants  and a s s i s t e d  
v e n t i l a t i o n .  A n t ib io t i c s  to  prevent p r o l i f e r a t io n  of the b ac te r ia  and 
te tanus  immune g lobu l in  are a l so  components of therapy.

Tetanus tox in  i s  synthes ized  by the bacterium as a s in g l e  
polypeptide  chain of approximately 150,000 Da. (Hel ting  ,and Fugelhad,  
1979) molecule can be cleaved by c l o s t r i d i a l  proteases  to  form two 
chains l inked by a d i s u l f i d e s  bond. The heavy chain binds to
g a n g l io s id es  present  on neural c e l l s  and i s  thought to  be involved in
receptor recogni t ion  and i n t e r n a l i z a t i o n  of the tox in .  As has been found
with other b a c t e r ia l  t o x i n s , t h e  l i g h t  chain appears to  be the a c t iv e  
chain.  The molecular mechanism of act ion  of the tox in  i s  not yet  
understood.

1) Manufacturing
Production of a t y p i c a l  te tanus  toxoid  begins with the growth of 

a h ig h - y ie ld in g  s t r a in  of c l o s t r i d i u n  t e t a n i  in a l iq u id ,  nonantigenic  
medium. After a s u i t a b l e  per iod,  the cu l ture  supernatant f l u i d
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( e x t r a c e l lu la r  tox in )  and/or c e l l s  - ( i n t e r c e l l u l a r  tox in )  are harvested  
and are usua l ly  p u r i f i e d  f u r th e r ,o f t e n  by alcohol  or s a l t  f r a c t io n a t io n .  
Most manufacturers d e tox i fy  (toxoid) the crude tox in  before  p u r i f i c a t i o n ,  
in part for  the s a fe ty  of production personnel.

The toxoiding  process involves  treatment of the tox in  with a 
d i l u t e  so lu t io n  of formaldehyde for a period of days or weeks,during  
which time the product may be t e s t e d  for t o x i c i t y  in animals.  The 
product i s  labeled  as tetanus toxoid  only when i t  no longer e x h ib i t s  any 
s ign s  of te tanus  t o x i c i t y ,  when the bulk toxoid  has been p repared , i t  may 
be mixed with other ant igens (as in the case of DTP(diphtheria,tetanus,  
p e r t u s s i s ) , for  example)and/or combined with an in s o lu b le , in o rg a n ic  s a l t  
( e . g . , aluminium phosphate) to  enhance i t s  immunogenicity. Numerous 
v a r ia t io n s  in the process out l ined  here are used commercially and r e su l t  
in acceptable  vacc ines .  The WHO has prepared a d e t a i l e d  manual for the  
production and control  of te tanus  toxo id  (WHO,1977).  Common requirements  
include assessment of s t e r i l i t y , p o t e n c y  in animal te s t s ,p u r i ty , f r e e d o m  
from t o x i c i t y , freedom from reversion  to  t o x i c i t y ,a n d  product s t a b i l i t y .

2) Immune Testing of Tetanus Toxoid
Immune t e s t i n g  , the most important to  evaluate  the toxo id  to  be 

valuable  enough for immunization usage.  The method in t h i s  way i s  
occupied by potency t e s t i n g  and determinating of antibody.

2 .1) Potency Testing (WHO,1990)
Each f i n a l  bulk of te tanus  toxoid  s h a l l  be t e s t e d  for

immunizing potency by comparison with a nat iona l  reference  material
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ca l ib r a te d  aga inst  the appropriate in terna t ion a l  standard. The t e s t  
s h a l l  involve  the inocu lat ion  of groups of gu inea-p igs  (weight 250-350 g) 

or mice (weight 14-20 g provided t h a t ,  in a s i n g l e  t e s t ,  the indiv idual  
weights of the mice s h a l l  not vary by more than 3 g ) .  Three d i l u t i o n  of 
both the f i n a l  bulk and reference  material  s h a l l  be used.  After  
immunization,the animals s h a l l  be challenged with a l e t h a l  or p a ra ly t ic  
chal lenge  dose of tox in  given by the subcutaneous route,  standard
s t a t i s t i c a l  method s h a l l  be used to  c a l c u la t e  the potency of the f i n a l  
bulk.  The methos adopted and i t s  in terpre ta t io n  s h a l l  be approved by the  
national  contro l  authori ty .

2 .2 )  Antibody Determination
There are severa l  s e r o lo g i c a l  t e s t s  had been developed to  

determine the antibody l e v e l .  Among these  are p ass ive  hemagglutination  
(PHA) , enzyme immunoassays (EIA) , radioimmunoassays ( RIA),
immunofluoroassay (IFA) , l a t e x  agg lu t in a t in  and a var ie ty  of methodds 
using agar ge l  p r e c ip i t a t i o n  (Hardegru,et al  ,1970; Wang,et a l . , 1982 ; 
and Sedgwick,et  a l . , 1 9 8 3 )  All  t e s t s  can be s p e c i f i c ,  but s e n s i t i v i t y  
v a r i e s .  IFA ,agar ge l  d i f f u s i o n  ,and la tex  agg lu t in at ion  are the l e a s t  
s e n s i t i v e .  In genaral any one of the techniques  i s  u se fu l  provided
c o rre la t io n  with tox in  n eu tr a l i z a t i o n  has been performed. The evaluation  
of these  most o f ten  involved pass ive  hamagglutination techniques ,  that  
has a good c o r r e la t io n  with tox in  n e u t r a l i z a t i o n ,  p a r t i c u la r ly  at high  
t i t e r s .  In regard to  s p e c i f i c i t y  , a PHA measures both IgG and IgM. 
Studies  in d ica te  that  IgG i s  a b e t t e r  n e u tr a l i z e r  of tetanospasmin than 
IgM. Hence , t i t e r s  detec ted  ear ly  in an immunization by PHA,

I \ \ b \ \ A q
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p a r t i c u la r ly  a f t e r  the f i r s t  dose,  may not represent  n eu tr a l i z in g  
a n t i t o x in .  EIA , RIA and IFA can measure s p e c i f i c  immunoglubulin but at  
low l e v e l s  of a n t i t o x in ,  they may in d ica te  higher l e v e l s  than those  by 
n eu tr a l i z a t i o n  assays  in mice. This f ind ing  has been in part a t tr ibu ted  
to  more ready d e tec t io n  by EIA, RIA, and IFA of low a f f i n i t y  IgG, which 
may not be n eu tr a l i z in g  .

a) P ass ive  Hemagglutination Test
The hemagglutination method i s  a convenient procedure to  d etec t  

and a scer ta in  the concentration of IgG and IgM agg lu t in at in g  antibodies  
to  p ro te in s ,  blood group substances ,  and haptans.  I t  i s  p a r t i c u la r ly  
s e n s i t i v e  in d e tec t in g  IgM s in ce  small concentrations  of these
a nt ibod ies  may y i e l d  s i g n i f i c a n t  t i t e r s ,  d i sp rop ort iona te ly  high in 
comparison with hemagglutionation by IgM. The hemagglutination react ion  
may d etec t  ant igen-  antibody complexs.

In p ass ive  hemagglut inat ion,  red c e l l s  are agg lut inated  by 
a nt ibod ies  d ir e c ted  aga inst  antigens that  have been coupled chemically  
to the red c e l l  surface .  Thus the red c e l l  now serves simply as a 
convin ient  , v i s i b l e  ind ica tor  of an antigen-ant ibody in te r a c t io n .

The f i r s t  s tep  in the assay i s  to  "senai t ize"  the red c e l l s  to  
couple the des ired  antigen to  them. Because i t  i s  gen era l ly  recognized  
that prote in  ant igens cannot be adsorbed d i r e c t l y  on to  normal
ery th rocy te s .  This s tep  g re a t ly  increase  the s e n s i t i v i t y  of the  
a gg lu t in at ion  reac t ion .

General methods a v a i la b le  for  coating  ant igens on red blood
c e l l s  are using b i fu n c t io n a l  reagents ,  such as tannic  acid or
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b is d i a z o t i z e d  benzidine (BDB) to  achieve covalent bonding between the  
antigens and the red c e l l s .

This assay i s  performed in tubes or l i c r o t i t e r  p la t e s  by adding 
a f i x i n g  number of the s e n s i t i z e d  red c e l l s  to  doubling d i l u t i o n s  of the  
antiserum. The rec ipocal  of the h ighest  d i l u t i o n  to  g ive  a v i s i b l e  
a g g lu t in a t io n  react ion  d e f in es  the t i t e r  of the antiserum as shown in 
Figure 12(Kimball ,1986).  The react ion  i s  st rongly  p o s i t i v e  in the f i r s t  5 
w e l l s ; t h e  bottom of each of these  w el l s  i s  covered with a sheet of 
a gg lut inated  red c e l l s .  Wells 6-9 show increas ing ly  weak r e ac t ion s .  The 
s o l i d  "botton" of s e t t l e s  red c e l l s  in wel l  10 i s  a negat ive  reac t ion .

Figure 12 Pass ive  hemagglutination t e s t

I t  i s  frequently  observed in hemagglutination t i t r a t i o n  that  the  
f i r s t  few tube with the most concentrated a n t i s e r u m ,fa i l  to  agg lu t in ate  
the t e s t  c e l l s  while higher d i l u t i o n s  a gg lu t in ate  s u c c e s s f u l l y .  This  
phenomenon i s  c a l l  the prozone e f f e c t .  A mechanism may account that  at 
high concentrat ions  of a n t ib od ie s ,  each of the an t igen ic  s i t e s  on the  
red c e l l s  may be occupied by a unshared antibody molecules ,  preventing
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c r o s s - l in k in g  of the c e l l s  (Wier,1967) However the use of standard 
s e r i a l  d i l u t i o n s  e l im ina tes  t h i s  d i f f i c u l t y  ( S t i t e s , e t  a l . , 1 9 8 2 ) ,  and the  

units /m l  of the t e s t  sampls are c a lcu la ted .

b) Coupling of Diazonium Compounds to  Red Blood C ell Reaction 
The coupling react ion  been used widely for a ttaching  the antigen  

to  red blood c e l l s  in the BDB pass ive  hemagglutination reac t ion .  I t  i s  
employed for d e tec t io n  of ant ibod ies  in immune sera produced in 
experimental  animals or in sera of a l l e r g i c  ind iv idu a ls  .

In reac t ion ,  the diazonium funct iona l  group reacts  read i ly  with  
the phenol ic  ( t y r o s y l ) , h i s t i d y l  , amino , and carboxyl group of p ro te ins .  

The simple organic chemical benzid ine ,on  treatment with n i trous  acid  
(NaNOe and HCl), i s  converted to  the b i fu n c t io n a l  b i s -  
d ia zot izedb en z id ine  (BDB), which can react  with the appropriate group in 
the d i f f e r e n t  prote in  molecules.

From t h i s  react ion  the aromatic amines react with n i trous  acid  
to form diazonium s a l t .  At s l i g h t l y  a lk a l in e  pH a diazonium s a l t  w i l l  

couple to  s id e  chains of a prote in  molecule. I f  the number of moles of  
diazonium s a l t  used i s  comparable to  the number of moles of ty ros in e  , 
h i s t i d i n e ,  and ly s in e  res idues  in the prote in  , the reaction  y i e ld s  
mainly monosubstituted ty ros in e  and h i s t i d i n e  and d i s u b s t i t u t e d  ly s in e  
groups;coupl ing occurs through l inkages in each case .  Some react ion  with  
arginine  and tryptophan may a lso  take p lace .

The react ion  with ty r os y l  s id e  chains proceeds as shown in
Figure 13.
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Figure 13 Couple react ion  with tyrosy l  s ide  chain.

When r e l a t i v e l y  large amounts of the diazonium s a l t s  are employed, 
d is u b s t i t u t e d  of ty ros in e  and h i s t i d i n e  and more ex ten s ive  reaction  

with arg in ine  and tryptophan res idues  may occur.

c) Precautions in Interpretation  of Results obtained with the 
Hemagglutination Procedure.

General precaut ion to be taken in a l l  s e r o l o g i c a l  experiments  
have been adequately d escr ibes  elsewhere.  I t  i s  necessary to  pay 

p a r t i c u la r ly  a t t e n t io n  in a l l  hemagglutination assays to  f a l s e  p o s i t i v e  
and occas ional  f a l s e  negat ive  reac t ion .  Inclusion  of appropriate  
c o n tro ls  and a standard in each t e s t  w i l l  guard aga inst  t h i s  being  
caused by fa u l ty  reagents .  Some puta t ive  i n h ib i t o r s ,  however, do not act  
by enter ing  into  a complementary react ion  with the antibody combinding 
s i t e ,  but rather render the erythrocytes  inagg lut in ab le  by changing
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there  surface  p ro p er t ie s .  F r e q u e n t l y , s p e c i f i c i t y  of lack of i t  can be 
ascerta ined  by s u f f i c i e n t  d i l u t io n  of the substance t e s t e d .  However some 
a c id ic  polymers,  l i p i d s ,  or aldehydes w i l l  u n s p e c i f i c a l l y  prevent  
a gg lut ionat ion  even at high d i l u t i o n s .  Such an e f f e c t  given by 
substances as d i f f e r e n t  as the Vi antigen of gram negat ive  b ac ter ia  , 
formaldehyde , and some phospholipids can usually  be recognized by the  
s im i la r  a c t i v i t y  of th ese  substances in a large number of d i f f e r e n t  
hemagglutination system.other substances may u n s p e c i f i c a l l y  combine with 
c erta in  c l a s s e s  of ant ibod ies  and thus prevent t h e i r  attachment to  
s p e c i f i c  s tructure  on the erythrocyte  surface .  False  negative  reaction  
occur l e s s  frequently  but may caused by heavy metals and other cat ions  
i f  they are b i -  or m ult iva lent .  These f a l s e  negat ive  reac t ions  may be 
detec ted  by incubation of red c e l l s  with the p uta t ive  in h ib i tor
agg lut in at ion  w i l l  then occur already in the absence of a g g lu t in in s .

3) C l in i c a l  Use
The WHO EPI s t r e s s e s  the immunization of a l l  women of c h i ld  

bearing age in te tanus  endemic areas,  including pregnant women 
regardless  of month of pregnancy. In many developed countr ies  where the 
r isk  of neonatal  te tanus  i s  low, immunizations are often  deferred during 
pregnancy. I t  has been reported that  immunization during the f i f t h  and 
e ighth  month of pregnancy r e s u l t s  in the formation of ant ibod ies  in the  
in fa n ts  and a lso  enhances the response of th ese  in fan ts  to  subsequent  
immunization;this  phenomenon has been termed tran sp lacen ta l  immunization.

Tetanus toxoids  are rout ine ly  in je c te d  intramuscularly or 
subcutaneously.  The intramuscular route i s  preferred  for adsorbed
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products.  In je c t io n s  are usua lly  in the d e l t o i d  or upper th igh .  The 
th igh i s  o ften  preferred  in in fan ts  because of the larger  muscle mass 
th ere ,but  for  18-month-old c h i ld r e n , th e  d e l t o i d  has a l so  been 
recommended because of fewer and milder adverse r e ac t ion s (G o ld ,R., et  a l .  
,1989) . The buttock should not be rou t ine ly  used because of the r i sk  of 
injury to  the s c i a t i c  nerve.  R ecent ly , the  subject  of idea l  needle length  
has been res tu died .  A l - inches(25mm.)needle has been recommended based 
on study of the fa t  layer over the a n tero la tera l  th igh of in fan ts  and on 
the f ind ing  of reduced sw el l in g  and erythema with 25-mm compared with 16- 
mm need les .  A separate  needle and syringe  should be used for each 
i n j e c t i o n .  Jet  gun in j e c t i o n s  gen era l ly  r e s u l t  in more loca l  react ions  
and have been impl icated in d i se a se  transm iss ion.  The usual dose of 
te tanus  toxo id  products i s  0 .5  ml. For immunization of in fan ts  and young 
ch i ldren ,  te tanus toxoid  i s  administered at 2% 4, 6 and 15 to 18 months 
and again at 4 to  6 years of age.

Tetanus toxoid  i s  a sa fe  and e f f e c t i v e  vacc ine .  There are,  
however,some adverse reac t ion s  a s so c ia te d  with i t s  use.  Local reaction  

such as redness or pain are f a i r l y  common but u sua l ly  r eso lve  in a few 
days.  The ser iou s  reac t ion s  a sso c ia ted  with DTP immunization are often  
a t tr ib u te d  to  the p e r t u s s i s  component,but peripheral  neuropathies have 
been reported fo l lowing  te tanus  toxoid  only.  F ortu n ate ly , th ese  and other 
ser ious  reac t ion s  are rare,and the proper use of te tanus toxo id  can
v i r t u a l l y  e l im inate  the threat  of te tanus .



P u r p o s e  o f  t h e  s t u d y

1) To be the way to  develop a new ,most e f f e c t i v e ,  long acing 
tetanus toxoid  microcapsules to reduce the frequency of immunization by 
using only a s i n g l e  dose instead  of t r i p l e  dose at 2, 4 and 6 month. 
Lecith in  and carboxymethylchitin walled tetanus toxoid  microcapsules was 
developed by i n t e r f a c i a l  polymerization method.

2) To produce various v e s i c l e  s i z s  preparations  of tetanus  
toxoid  microcapsules.

3) Test ing the q u a l i ty  of tetanus toxoid  microcapsules.
a) P a r t i c l e  s i z e  a n a ly s i s  of the microcapsules.
b) Scanning e lec tron  microscopy.
c) Animal t e s t i n g .

1) To determine and compare the potency of various
v e s i c l e  s i z e  of te tanus  toxoid  microcapsules preparations  in mice during 
180 days a f t e r  immunization.

2) To determine and compare the antibody l e v e l  of
te tanus  toxoid  microcapsules preparations  in mice during 180 days a f t e r  
immunization by hemagglutination method.



A p p l i c a t i o n  r  o r -  t h e  s t u d y

1) To reduce the problem of incomplete immunizing program of 
tetanus toxoid .

2) To reduce the inc idence and death that  cause by te tanus .
3) To implement the healthy of the world.
4) To be a conception of developing other pharmaceutical  

products.
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