
c h a p t e r  I I I

R e s u l t s  a n d  D i s c u s s i o n

1) Preparation of L ecithin and C arboxyethylch itin  Walled 
Tetanus Toxoid H icrocapsules.

Tetanus toxoid  microcapsuleswere prepared by i n t e r f a c i a l  
polymerization  technique .  The microcapsules wall obtained by adding 0.2% 
l e c i t h i n  in dichloromethane in equal volume to  tetanus toxo id .  During 
s t i r e d  t h i s  mixture,w/o emulsion was obtained.  As t h i s ,  the l e c i t h i n  
would coated around te tanus  toxoid  d ro p le t s .  To s t a b i l i z e  the l e c i t h i n  
w al l ,  carboxymethylchitin (CMC) in phosphate buffer  s o lu t io n  pH 7.4  (PBS 
pH 7.4)was added. At pH 7 .4  l e c i t h i n  molecule had a net p o s i t i v e  charge 
while CMC molecule in the outer aqueous phase would in tera c t  
e l e c t r o s t a t i c a l l y  woth the hydrophobic group of the l e c i t h i n  molecules  
o riented  at the o i l -w a t e r  in te r fa c e  to  form a s t a b le  adsorbed layer on 
the surface  of o i l  drop le ts  as in f igure  14.

The sp her ica l  shape of v e s i c l e .w e r e  obtained by c o n t r o l l in g  the  
speed of s t i r r i n g .  In process ing  of preparation,adding another portion  of 
CMC in PBS pH 7.4  help to  strengthen the microcapsules w a l l .  In according  
to  the s o l u b i l i t y  of l e c i t h i n  that  i s  s o lu b le  in dichloromethane , an 
organic s o lv e n t ,  but in so lu b le  in water. Therefore , evapolat ion  of 
dichloromethane from the system would strengthen the microcapsules w a l l s .



Figure 14 s t ru cture  of l e c i t h i n  and carboxymethyl c h i t i n
walled te tanus  toxo id  microcapsules by i n t e r f a c i a l
polymerization  technique.
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2) Separation of Various V es i c l e  s i z e  Preparation of Tetanus 
Toxoid Hicrocapsules  by Centr ifugation  Method.

As in the experiment, at the lower speeds of c en tr i fu g a t io n ,
2.000 rpm, larger  microcapsules and traces  of l e c i t h i n  were obtained,and  
the smaller microcapsules were remained in the supernatant.Tetanus toxoid  
microcapsules were obtained at a rate  that was r e la ted  to  t h e ir  s i z e  and 
d en s i ty .  Large microcapsules and traces  of l e c i t h i n  could e a s i l y  be 
p e l l e t e d  at fa i ry  low g r a v i t a t io n a l  forces  in a conventional c e n tr i fu ge .

If  a l l  of i t  contained traces  of l e c i t h i n ,  ones can discarded  
t h i s  portion but large microcapsules that  might prolong the act ion  of 
te tanus  toxoid  were a l so  present ,  th ere fore  c o l l e c t i n g  the portion for  
q u a l i ty  t e s t i n g  of tetanus toxoid  had been done.

At the higher speed,  5,000 rpm , t h e  medium s i z e  microcapsules  
might be obtained.  And at the h ighest  speed,  12,000 rpm,the sm al les t  
microcapsules were c o l l e c t e d .  Host of the p r e c ip i t a t e s  were c o l l e c t e d  from
2.000 and 5,000 rpm c e n t r i f u g a t i o n (41.2  % and 49.7 % of t o t a l  p r e c ip i t a t e s )  
and a small amountdess than 10 t  of t o t a l  p r e c ip i t a t e s )  of the p r e c ip i t a t e  
was c o l l e c t e d  from 12,000 rpm c e n tr i fu ga t ion .

In red ispers ing  of the microcapsules,  only i so -osm ot ic  pressure  
medium was used to  s t a b i l i z e d  the microcapsules .  So phosphate buffer  
s a l i n e  s o lu t io n  pH 7.4  (PBS pH 7 . 4 ) , an i so-osm otic  pressure  so lu t io n  was 
choosen.  The volume of te tanus toxoid  microcapsules were adjusted to  the  
same volume as the o r ig in a l  te tanus toxoid  by adding PBS. pH 7 .4  . As the  
t o t a l  p r e c ip i t a t i o n  was 66.0 grams , the o r ig in a l  te tanus  toxo id  volume 
was 400 ml. So the concentration  of the microcapsules was 16.5 % w/v.
The portions of p r e c ip i t a t i o n  was redispersed into  three  preparations  as
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TTMA, TTMB, and TTHC r e s p e c t iv e ly .

3) Testing the q u ality  of Tetanus Toxoid Hicrocapsules
3.1) Physical Testing

a) P a rtic le  s iz e  Analysis
The s i z e  d i s t r ib u t io n  of each preparation were d i f f e r e n c e .  The 

cumulative percentage undersize d i s t r ib u t io n  was shown in ta b le  5 . Mean 
diameter range of TTMA that  was separated from the c e n tr i fu ga t ion  at
2,000 rpm 15 minutes was 5.07 micrometers.  Mode or the diameter range 
that had the most frequency of v e s i c l e  was between 2 .1 - 5 .0  micrometers 
in AO % frequency.  Median, the diameter range at the 50 % of cumulative  
percentage undersize was 4.23 micrometers.

Table 6 shows the cumulative percentage undersize  d i s t r ib u t io n  
of preparation ,TTMB , that was separated from the supernatant a f t e r  the  
f i r s t  separat ion ,  by c e n tr i fu ga t ion  at 5,000 rpm 20 minutes.  Mean 
diameters was 3 . 77micrometers ; mode was between 2 .1 - 5 .0  micrometers in 
50.49 %frequency; and median was 3.25 micrometers.

Table 7 shows the cumulative percentage undersize d i s t r i b u t i o n  
of preparation TTMC that was separated from the supernatant a f t e r  the  
second separat ion at 12,000 rpm 30 minutes.  Arithmetic mean was 2.94  

micrometers; mode was between 2 .1 - 5 .0  micrometers in 53.32 % frequency;  
and median was 2.89 micrometers.

In comparison of the s i z e  d i s t r i b u t i o n  of these  three  preparations  
TTMA, TTMB, TTMC ( Figure 15) ,  the mode were in the same range ; 2 . 1-5 .0  
micrometers but the percent frequency in th ese  ranges of mode were 
d i f f e r e n c e  ; 40.53 % in TTMA, 50.49 % in TTMB , and 53.32 % in TTMC.



T a b l e  5 T h e  c u m u l a t i v e  p e r c e n t a g e  u n d e r s i z e  d i s t r i b u t i o n  o f
"TTMA" that  obtained from 2,000 rpm cen tr i fu g a t io n .

S ize  range 
(micrometers)

% frequency % cumulative

1 .1 -  2.0 18.73 18.73
2 .1 -  5.0 40.53 59.26
5 .1 -1 0 .0 33.59 92.85

10 .1 -15 .0 8.78 99.63
15 .1 -20 .0 0.32 99.95

Arithmetic mean = 5.07 micrometers
Mode = 2 .1 - 5 .0  micrometers
Median = 4.23 micrometers
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of "TTMB" that obtained from 5,000 rpm c e n tr i fu g a t io n .
T a b l e  6 T h e  c u m u l a t i v e  p e r c e n t a g e  u n d e r  s i z e  d i s t r i b u t i o n

S ize  range 
(micrometers)

% frequency t  cumulative

1 .1 -  2.0 28.32 28.32
2 .1 -  5.0 50.49 78.81
5 .1 -1 0 .0 19.36 98.17

1 0 .1 -15 .0 1.74 99.91
15 .1 -20 .0 0.10 100.01

Arithmetic mean = 3.77 micrometers
Mode = 2 .1 - 5 .0 micrometers
Median = 3.25 micrometers



T a b l e  7 T h e  c u m u l a t i v e  p e r c e n t a g e  u n d e r s i z e  d i s t r i b u t i o n
of "TTHC'that obtained from 12,000 rpm c e n tr i fu ga t ion .

S ize  range 
(micrometers)

% frequency % cumulative

1 .1 -  2.0 33.84 33.84
2 .1 -  5.0 53.32 87.16
5 .1 -1 0 .0 12.03 99.19

10 .1 -15 .0 0.74 99.93
15 .1 -20 .0 0.06 99.99

Arithmetic mean = 2.94 micrometers
Mode ะะ 2. 1-5.0 micrometers
Median = 2.89 micrometers
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Figure 15 The cumulative percent under s i z e  d i s t r ib u t io n  
curves of te tanus toxoid  microcapsules.
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Median were 4.33 micrometers in TTMA , 3.25 micrometers in TTMB and 2.89 
micrometers in TTMC. Arithmetic mean were 5.07 micrometers in TTMA , 
3.77 micrometers in TTMB and 2.94 micrometers in TTMC.

According to the r e s u l t s ,  they were corre la ted  to  the theory that  
the larger  v e s i c l e  s i z e  , the lower speed needed for separat ion .  At 2,000 
rpm, the low speed,  mean diameter of v e s i c l e  were large; 5.07 micrometers 
but when the speed of c e n tr i fu ga t ion  were higher ,  5,000 rpm and 12,000 
rpm,the mean diameter of v e s i c l e  were decreased;3 .77  and 2.94 micrometers.

Not only ari thmetic  mean , the median were a l so  confirmed these  
r e s u l t s ;  4.23 micrometers in TTMA; 3.25 micrometers in TTMB and 2.89  
micrometers in TTMC. In add it ion ,  although a l l  speeds produced the same 
range in mode,2 .1 - 5 .0  micrometers,but the percent frequency in each speed 
were d i f f e r e n c e .  At the h ighest  speed,  12,000 rpm,the h ighest  percent  
frequency was obtained.  The lowest speed , 2,000 rpm , t h e  lowest percent  
frequency (40.53 %) was a l so  obtained.

The reason was that at low speed most of the larger  
microcapsules were p e l l e d  as the gradient ,  whi le smaller microcapsules at  
the higher speed the needed more g r a v i t a t io n a l  force  for separat ion .  
Hence most of the smaller microcapsules were obtained at the higher speed.

Although the c e n tr i fu ga t ion  technique could separate  the  

microcapsules according to  the des ired  v e s i c l e  s i z e s  , but t h i s  method 
have l im i t a t i o n s  in the operat ion.  F i r s t ,  i t  i s  u se fu l  for p i l o t  s c a le  
operat ion  , not s u i t a b l e  for manufacturing because the'volume of sample 
were l im i ted  by such instrument in the c en tr i fu ga t ion  method. The second 
i s  that  the small  microcapsules tend to  require high speeds and long 
spinning time in order to  achieve e f f e c t i v e  separat ion .
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F i g u r e  16 Scanning e lec tro n  micrograph of te tanus toxoid  
microcapsules .
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b) Scanning Electron Hicroscopy
Scanning e lec tron  microscopy showed sp her ica l  and smooth wal ls  

p a r t i c l e s  (Figure 16) of te tanus  toxoid  microcapsules .  As the l e c i t h i n  
molecules , amphiphil ic  phospholipid , with a polar headgroup and two 
long f a t t y  acid  chains (Figure 17) represent only one type of severa l  
p o s s ib le  assemblies  form , b i la y e r  v e s i c l e  l e c i t h i n .

0
1CHeOCRi
0

CHe0CRe

CHeOPOCHeCHeN(CH3) 3

Figure 17 s tru cture  of l e c i t h i n .
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The shape of the amphiphil ic  molecule showed types of l i p i d  

assemblies under the r ight  con d i t io ns .  Two chain l i p i d s  resemble 
truncated cone or cy l ind ers  to  form b i l a y e r s .  A f l a t  b i la y e r  would be 
the most s t a b le  form ; due to  unfavorable edge e f f e c t s  , however , such 
a b i la y e r  would c lo s e  upon i t s e l f  , forming v e s i c l e s .  According to  these  
a te tanus  toxoid  droplet  was enclosed  within a bimolecular layer  of 
l e c i t h i n  molecules , to  produce sp her ica l  v e s i c l e  which was further  
covered by an adsorbed layer  of CMC molecules.

3 .2)  Animal Test ing
a) LD„____ of Tetanus Toxin

Table 8 showed number of mortal mice a f t e r  in j e c t i o n  with tetanus  
tox in  in d i l u t i o n s  of 10 2,10  3,10  a ,10 s ,10  e ,10  7 , and 10 B. And the  
c a l c u l a t i o n s  of LDB0 were a l so  shown in ta b le  8. LDBO was used to
determine the concentration  of the tox in  that produced 50 % morta l i ty  mice 
in the f i f t h  days a f t e r  be in je c te d  with the tox in  0 .5  ml subcutaneously.

As in ta b le  8 , there  were e ig h t - t e n t h  mice died in the d i l u t i o n  of 

10 s te tanus  tox in ,and a l l  of them were survived in the d i l u t i o n  of 10 a . 
Thus, the d i l u t i o n  that  produced 50 % or f i v e - t e n t h  morta l i ty  mice
should be the d i l u t i o n  between 10 5 and 10 ° .  So proportionate  d is tan ce ,  
0 .3 7 5 , was ca lc u la te d .  The proportionate  d is tance  ind ica ted  that  the  
d es ired  concentration  was more d i l u t e  10° ‘ 375 times than 10 5 d i l u t i o n .  
Therefore the appropiate d i l u t io n  for 50 % mortal i ty  mice of te tanus  
tox in  or LDB0 1 te tanus  tox in  was 10 5 ' 37S. I f  des ired  concentration  was
200 LDS0/ 1111, the tox in  could be d i lu t e d  1:1185.69  ml when the LDB0/m1 
of the tox in  was 10 5 ‘ 375 as the c a l c u la t i o n .
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T a b l e  8 N o . o f  s u r v i v e d  m i c e  a n d  d e t e r m i n a t i o n  o f  LDS 0 11
o f  t e t a n u s  t o x i n .

D ilut ion Mortality
rate

Died Survived
Accumulated Value

Died
(D)

Survived
(ร)

Mortality  
ra t io

Percent
[D/(D+S)xl00]

10~2 10/10 10 0 38 0 38/40 100
10-3 10/10 10 0 28 0 28/40 100
10~4 10/10 10 0 18 0 18/40 100
10-5 8/10 8 2 8 2 8/40 80
10"a 0/10 0 10 0 12 0/10 0
10~7 0/10 0 10 0 22 0/20 0
10~8 0/10 0 10 0 32 0/30 0

LD 10 375
5 0 / 1 * 1
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Calculat ion  of . 1

Proport ionate d is tan ce  = _____ mortal ity  above 50% - 50_________
mortal ity  above 50% - mortal i ty  below 50% 

= BO - 50
8 0 - 0

= 0.375

- lo g  LDbo/ 1111 = - l o g  d i l u t io n  above 50% mortal i ty  + proportionated d is tan ce .
= - log 10_B + 0.375
= 5.375

Hence , LDBo/1111 = 10_ s -

If d es ired  concentration  was 
1 LDB0 tetanus toxin

200  "  ------- "--------
2 0 0  - - - " — ---- -- -- " --------

1 ml should be d i lu t e d  into 10 B‘ 3’7B ml.
200 ft ft 10 B' 37B ff

1 ♦t ft 10B-37B ft

200
1185.69
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3 .2 ) Potency T estin g
To determine and compare the potency of te tanus  toxoid  

preparations  in mice during 180 days a f t e r  immunization,the mice were 
immunized with te tanus toxoid  preparations and challenged with 200 LDg o / 1111 
te tanus  tox in  at day 0, 3, 7, 15, 30, 45, 60, 75, 90, 105,120,  140, 160, 
and 180. The quanti ty  of survived mice were recorded at the f i f t h  days.

Table 9 ind ica ted  that  at days 0-3 a l l  of the challenged mice 

with 200 LDs o / 1111 tetanus tox in  in every group of samples (TTMA, TTMB , 
TTMC and TT) were dead. At day 7 th ree - ten th  of mice in TT group were 
survived,  while those  immunized with TTMA, TTMB, and TTMC were a l l  dead. 
Hence , TT had the sh or te s t  onse t.

At day 15, f i v e  of TT immunized mice, two of TTMB immunized mice, 
and three  of TTMC immunized mice were survived but none in TTMA immunized 
mice. From these  r e s u l t s ,  they might show that  the p ro te c t iv e  e f f e c t  in 
TT immunized mice was increased ,w hi le  those in TTMB and TTMC immunized 
mice ju s t  produced. Controversly,  TTMA immunized mice s t i l l  had no any 
propective  power.

At Day 30, the p r o te c t i v e  e f f e c t  continuously  increased , the  
number of survived mice were more than the e a r l i e r  t ime,  as nine of TT 
immunized mice , three  of TTMA immunized mice, seven of TTMB immunized mice 
and nine of TTMC immunized mice.

At day 45, the p r o te c t i v e  power of TT and TTMC were maximum, a l l  
immunized mice that  be chal lenged with 200 LDgo/m1 te tanus  tox in  were 
survived,  whi le  f i v e  of TTMA and e igh t  of TTMB immunized mice were
survived.
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T a b l e  9 N u m b e r  o f  s u r v i v e d  m i c e  w h i c h  i m m u n i z e d  w i t h

t e t a n u s  t o x o i d  p r e p a r a t i o n s .

Preparations TT TTMA TTMB TTMC

Days

0 0 0 0 0
3 0 0 0 0
7 3 0 0 0

15 5 0 2 3
30 9 3 7 9
45 10 5 8 10
60 8 10 10 10
75 7 10 10 10
90 3 10 9 7

105 0 10 10 3
120 0 10 10 1
140 0 8 10 0
160 0 7 10 0
180 0 5 10 0

* TT = Adsorbed tetanus toxoid .
TTMA = Tetanus toxoid  microcapsule A. 
TTMB = Tetanus toxoid  microcapsule B.
TTMC Tetanus toxoid  microcapsule c.
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At day 60 and 75 , a l l  preparations of microcapsules,  TTMA, TTMB 

and TTMC, could save the l i f e  of a l l  ten of immunized mice but in TT 

immunized mice the quant ity of survived mice decreased,  only e ight  at day 

60 and seven mice at day 75 were survived.  And then decreased r e s p e c t iv e ly ,  
three  mice at days 90 and none were survived at day 105 u n t i l  180.

I t  should be considered that  the longest  immunizing power of TT 
in p rotec t ing  the immunized mice was only 90 days.  The h ighest  p ro te c t ive  

e f f e c t  of TTMA was during day 60 u n t i l  120 and a f t e r  that i t  decreased.
But i t  s t i l l  had p a r t i a l l y  p ro te c t iv e  e f f e c t  u n t i l  day 180 .

TTMB,could protect  a l l  of the immunized mice during days 60 u n t i l  
180. The f i n a l  preparaion in ta b le  9 was TTMC. It  had the most p ro te c t ive  
e f f e c t  during day 45-75, a l l  mice were saved , a f t e r  that they decreased.  
None mice of TTMC immunized were survived at day 140 and so on.

Therefore TT had the sh or te s t  onset(7  days) and a lso  the sh or te s t  
duration in immunizing a c t i v i t y  (90 days) ,  whi le TTMB had the longest  
duration ( 180 days) and the onset was longer than TT.U5 days)

Table 10 shows the r e s u l t s  in potency t e s t i n g  of mixture of 
adsorbed te tanus  toxoid  (TT),the sh or te s t  onset and durat ion,  and 
te tanus  toxoid  microcapsules,  the longer onset and duration preparations,  
TTMA,TTMB and TTMC r a t io  1:1 as TTfTTMA, TT+TTMB and TTfTTMC r e s p e c t iv e ly .

For preparation of TTiTTMA, two-tenth of survived immunized mice 
were once found at day 7. The maximun e f f e c t  in saving the mice l i f e , a l l  
ten were not dead during days 30 and 120. After that  no. of survived  
mice were decreased.

As these  r e s u l t s ,  at the early  time i t  might be the immunizing
e f f e c t  of TT. In the middle per iod ,not  only the immunizing a c t i v i t y  of TT
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T a b l e  10  N u m b e r  o f  s u r v i v e d  m i c e  w h i c h  i m m u n i z e d  w i t h
t e t a n u s  t o x o i d  p r e p a r a t i o n s .

Preparat ions
TT+TTMA TT+TTMB TT+TTMC PBS. 

pH 7.4Days

0 0 0 0 0
3 0 0 0 0
7 2 3 2 0

15 6 6 5 0
30 10 10 10 0
45 10 10 10 0
60 10 10 10 0
75 10 10 10 0
90 10 10 7 0

105 10 10 3 0
120 10 10 1 0
140 8 9 0 0
160 7 10 0 0
180 4 10 0 0

TT+TTMA = Adsorbed te tanus  toxoid+Tetanus toxoid  microcapsules A r a t i o  1:1.
TT+TTMB = Adsorbed te tanus  toxoid+Tetanus toxoid microcapsules B r a t i o  1:1.
TT+TTMC = Adsorbed te tanus  toxoid+Tetanus toxoid  microcapsules c r a t i o  1:1.
PBS.pH 7.4 = Phosphate buf fe r  s a l i n e  so lu t ion  pH 7.4.
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but a lso the e f f e c t  of TTMA th a t  produced longer potency than s ing le  TT.
In a d d i t io n , th e  r e s u l t s  of TTMB and TTMC in comparison of TT were in the 
p a t t e rn  which s im i la r  to  th a t  of TTMA but the mixture of TT and TTMB was 
the longest.  Hence, to  prepared an e f f e c t iv e  te tanus  toxoid  p repara t ion ,  
the s h o r t e s t  onset and longest dura tion of ac t ion ,  mixing the TT and 
TTMB in the r a t i o  1:1 should be done.

Figure 18 shows the comparison between the number of survived 
mice in potency t e s t i n g  of adsorbed te tanus  toxoid (TT), te tanus  toxoid 
microcapsule A (TTMAÏ and mixture of adsorbed te tanus  toxoid  and te tanus 
toxoid microcapsule A (TT+TTMA). There are s i g n i f i c a n t l y  d i f fe rence  
( ta b le  11-13) in number of survived mice both among prepara t ions  ; TT, 
TTMA,and TT(TTMA; and period of t imes during day 0 to  30 (day 0 ,3 ,7 ,15 
and 30 )

But the re  are not s i g n i f i c a n t l y  d i f fe rence  ( tab le  14-15) in 
number of survived mice both among prepara t ions  and period of times 
during day 45 to 90 .(days 45, 60 ,75 ,and 90 )

On the other  hands (during day 105 to 180 number of survived 
mice are s i g n i f i c a n t l y  d i f fe rence  only pa i r s  of TT and TTMA , TT and 
TT)TTMA but TTMA and TTiTTMA are not s i g n i f i c a n t l y  d i f f e r e n c e . ( t a b l e  16-18)

Figure 19 shows the comparison between the number of survived 
mice in potency t e s t i n g  of adsorbed te tanus  toxoid (TT) , te tanus  toxoid 
microcapsules B (TTMB) and mixture of adsorbed te tanus  toxoid and te tanus
toxoid  microcapsule B (TT+TTMB).
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NO. OF SURVIVED MICE

DAYS AFTER IMMUNIZATION
— -  TT — TTMA TT+TTMA

Figure 18 The comparison between number of survived mice 
in potency t e s t i n g  of TT , TTMA , and TT+TTMA.



T a b l e  11  N o ,  o f  s u r v i v e d  m i c e  i n  f i r s t  m o n t h .

Days TTMA TTMB TTMC TT+TTMA TT+TTMB TT+TTMC TT

0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0
7 0 0 0 2 3 2 3

15 0 2 3 6 5 5 5
30 3 7 9 10 10 10 9



T a b l e  1 2  ANOVA t a b l e  o f  s u r v i v e d  m i c e  d u r i n g  d a y s  0 a n d  3 0 .

Source df ss MS F

1
j Treatment 6 36 . 09 6. 015 70.43

Block 4 343. 55 85. 8875 1005.71
Res i dual 24 2 . 05 0 . 0854

Total
11

34 331. 69

Treatment;  from t a b l e  ,F ( 6 , 2 4 )  = 2 . 490.05
7 0 . 4 3  > F0. os

FBlock ; from t a b l e  24 1 □  . อ ร
( 4 , 2 4 )  =2.76
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Table 13 Pai rs  of te tanus  toxoid prepara t ions  th a t  are s i g n i f i c a n t l y  
d i f fe re n c e  in no. of survived mice during days 0-30.
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14 Mo. survived mice during days 45 and 90.

1
[ Days TTMA TTMB TTMC TT+TTMA TT+TTMB TT+TTMC TT

45 5 8 to to to to to
50 8 to to to to to to
75 to to to to to to 7
90 to 9 7 to to 3 3
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T a b l e  1 5  ANUVA l a b l e  o f  s u r v i v e d  m i c e  d u r i n g  d a y s  4 5  a n d  9 0 .

r
Source df ss MS F

Treatment 6 22.00 3.6667 0.9059
Block 3 23.14 7.7133 1.9056
Residual 18 72.86 4.0478

Tata l 27 118

Treatment; from ta b le  24, Fc 05 (6 ,27) = 3.87
0.9059 < F 0

Slock ; from ta b le  24, F (3 ,27) = 3.10o . os
< F1.9056 0.0 ร
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Table 16 No. of survived mice during days 105 and 180.

1
j Days
j

TTMA TTMB TTMC TT+TTMA TT+TTMB TT+TTMC TT

105 10 10 3 10 10 วน 0
120 10 10 1 10 10 1 0
140 8 10 0 8 9 0 0
160 7 10 0 7 10 0 0
180 5 10 0 4 10 0 0



T a b l e  17 ANOVA t a b l e  o f  s u r v i v e d  m i c e  d u r i n g  d a y s  1 0 5  a n d  1 8 0 .

Source df ss MS F

I Treatment 6 622.34 103.7233 80.0705
Black. 4 26.11 6.5275 5.0389
Residua 1 24 31.09 1.2954

Total
11

34 679.54

Treatment; from ta b le  24, F __ (6 ,24) = 2.49
0 . 0 5

30.0705 > F
0 . 0 5

Block ; from ta b le  24, F (4 ,24) =2.75
O . Q 5

5.0398 > F
0 . 0 5
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T able 18 Pairs of tetanus toxoid  preparations that  are s i g n i f i c a n t l y  
d i f f e r e n c e  in no. of survived mice during days 105-180.

* ร = S ig n i f i c a n t l y  d i f f e re n ce
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NO. OF SURVIVED MICE

TT -1— TTMB TT+TTMB

Figure 19 The comparison between number of survived mice
in potency t e s t i n g  of TT , TTMB , and TT+TTMB.
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During days 0 and 30 there are not s i g n i f i c a n t l y  d i f f e re n ce  
in no. of survived mice between TT and TT+TTMB but TT and TTMB, TTMB and 
TT+TTMB are s i g n i f i c a n t l y  d i f f e r e n c e ,  ( tab le  11-13)

During days 45 and 90 there  are not s i g n i f i c a n t l y  d i f f e re n ce  in 
no. of survived mice among these  p re p a r a t io n s . ( ta b le  14-15)

During days 105 and 180 no. of survived mice are not 
s i g n i f i c a n t l y  d i f f e r e n c e  in TTMB and TT+TTMB but TT and TTMB , TT and 
TT+TTMB are s i g n i f i c a n t l y  d i f f e r e n c e . ( t a b l e  IB-18)

Thus order of immunization act ion  of these  three  preparations  
TT , TTMB , and TT+TTMB , are l i k e l y  to that in f igure  16 but TTMB and 
TT+TTMB had longer time of immunization act ion .

Figure 20 shows the comparison between the number of survived  
mice in potency t e s t in g  of adsorbed tetanus toxoid (TT) , tetanus toxoid  
microcapsule c (TTMC) and mixture of adsorbed tetanus toxoid  and tetanus  
toxoid  microcapsule c (TT+TTMC). No. of survived mice during days and 30 
are not s i g n i f i c a n t l y  d i f f e r e n c e  in TT and TT+TTMC but s i g n i f i c a n t l y  
d i f f e r e n c e  in TT and TTMC ,TTMC and TT+TTMC. ( tab le  11-13) During days 
45-90 and 105-180 , there  are not s i g n i f i c a n t l y  d i f f e re n ce  in no. of 
survived mice among these  preparations,  ( tab le  14-18)

According to these  , although no. of survived mice during day 
0-3 between TT and TTMC , TTMC and TT+TTMC are s i g n i f i c a n t l y  d i f f e re n ce  
but there are not s i g n i f i c a n t l y  d i f f e r e n c e  a f t e r  days 45 u n t i l  180 . 
Thus , there  are not advantage in using TTMC or TT+TTMC rather than TT.



93

NO. OF SURVIVED MICE

TT TTMC TT+TTMC

Figure 20 The comparison between number of survived mice 
in potency t e s t i n g  of TT , TTMC , and TT+TTMC.
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Figure 21 shows the comparison between the number of survived  

mice in potency t e s t i n g  of adsorbed, tetanus toxo id  (TT) , mixture of 
adborbed te tanus  toxoid  and tetanus toxoid microcapsule A (TT+TTMA) , 
mixture of adsorbed te tanus  toxoid  and tetanus toxoid  microcapsule B 

(TT+TTMB) , mixture of adsorbed tetanus toxoid and tetanus t i x o i d  
microcapsule c (TT+TTMC). During day 0-30 no. of survived mice are not 
s i g n i f i c a n t l y  d i f f e r e n c e  ( tab le  11-13) between TT and TT+TTMA , TT and 
TT+TTMB , TT and TT+TTMC but they are s i g n i f i c a n t l y  d i f f e r e n c e  between 
a l l  of the other pairs of these  four preparat ions.

In contrast  , during days 45-90 , there  are not s i g n i f i c a n t l y  
d i f f e r e n c e  ( tab le  14-15) among th ese  preparations.  At the l a s t  period  
, day 105-100, TT and TTITTMC are a lso  not s i g n i f i c a n t l y  d i f f e r e n c e  ( tab le  
16-18) in no. of survived mice.

As th ese  preparations,  TT+TTMB may be the best  preparation that  
having the s h o r te s t  onset l i k e l y  to  TT and the longest  act ion  l i k e l y  to  

TTMB.
Figure 22 shows the conparison between the number of survived  

mice in potency t e s t i n g  of TTMA , TTMB and TTMC. All pairs a l l  these  
preparations are s i g n i f i c a n t l y  d i f f e r e n c e  in no. of survived mice during 
days 0 -3 0 ( ta b le  11-13) and 105-180 ( tab le  16-18) but there  are not 
s i g n i f i c a n t l y  d i f f e r e n c e  in no. of survived mice during days 45 - 90. 
( t a b le  14-15) The sequence in expressing the f i r s t  p ro te c t iv e  e f f e c t  are 
TTMC , TTMB and TTMA a l t e r n a t e l y .  For the long act ing  preparation TTMB
i s  the lon ges t ,  next i s  TTMA and the l a s t  one i s  TTMC.



NO. OF SURVIVED MICE

TT TT+TTMA TT+TTMB TT+TTMC

Figure 21 The comparison between number of survived mice 
in potency t e s t i n g  of TT , TT+TTMA , TT+TTMB ,
and TT+TTMC.
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NO. OF SURVIVED MICE

TTMA TTMD TTMC

Figure 22 The comparison between number of survived mice
in potency t e s t i n g  of TTMA , TTMB , and TTMC.
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3.3) Antibody P e te r » illation
To determine the antibody l e v e l s  or t i t e r s  of tetanus toxoid  

preparationsin  immunized mice, a f te r  each groups of mice were immunized, 
blood was withdrawed and serum was c o l l e c t e d  for q u a n t i ta t iv e  a n a ly s i s  
by pass ive  hemagglutination technique.  The antibody l e v e l s  or t i t e r s  

were ca lc u la te d  r e l a t i v e l y  to standard te tanus  immunoglobulin as u n i t /  ml.
Table 19 shows the mean t i t e r s  that  immunized with adsorbed 

te tanus  toxoid  (TT) , Tetanus toxoid  microcapsules A (TTMA), tetanus  
toxoid  microcapsules B (TTMB) and tetanus toxoid  microcapsules c (TTMC)in 
mice.

At day 0 , the mean t i t e r s  of a l l  preparation were at zero
p o int .  At day 7 , that  of TT was 0.13 u/ml , t h e  most and the f i r s t  t i t e r s  
to  be found. The second was TTMC ,0 .0 7  u/ml .while that  of TTMA and TTMB 
were s t i l l  0 .0  u/ml. After that t i t e r s  of every preparations increased . 
TT’ s t i t e r s  were h ighest  at day 45-75 and then rapidly decreased to  zero  
at day 140.

TTMA, the t i t e r s  were at zero l e v e l s  u n t i l  day 7 , then 
stepwise  increased to maximum l e v e l  (2 .00 u/ml ) at day 90 and decreased  
to 0.78 u/ml at day 180. TTMB, had the maximum t i t e r s  (3 .40 u/ml ) at 
day 75 - 90 and then s l i g h t l y  decreased to  1.2 u/ml at day 180. TTMC, 
the t i t e r s  rapidly increased from 0.75 u/ml (days 15 ) to 2.00 u/ml 
in 15 days then they were increased to  the h ighest  l e v e l  (3.4 u/ml )at 
day 60 and a f te r  that  decreased u n t i l  0.4 u/ml at day 180.

Table 20 shows t i t e r s  that immunized with te tanus  toxoid
preparations,  (TT+TTMA, TT+TTMB and TT+TTMC) in mice. T i ters  of every
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Table 19 The mean t i t e r s  in mice that  immunized with  

TT,TTMA,TTMB and TTMC.

Preparations T i ters  (unit /ml)

Days TT TTMA TTMB TTMC

0 0.00 0.00 0.00 0.00
3 0.13 0.00 0.00 0.07
7 0.63 0.00 0.25 0.45

15 1.00 0.06 0.65 0.75
30 1.40 0.10 1.80 2.00
45 2. 10 0.45 2.60 2.80
60 2.00 0.75 3.20 3.40
75 2.00 1.80 3.40 1.00
90 0.55 2.00 3.40 1.00

105 0.45 1.70 2.40 0.60
120 0.06 1.20 2.10 0.25
140 0.00 0.95 1.85 0.45
160 0.00 0.85 1.50 0.40
100 0.00 0.78 1.20 0.40

TT = Adsorbed te tanus  to xoid .
TTMA = Tetanus toxoid  microcapsule A. 
TTMB = Tetanus toxoid  microcapsule B.
TTMC T e t a n u s  t o x o i d  m i c r o c a p s u l e  c
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Table 20 The mean t i t e r s  in mice that immunized with 
TT+TTMA,TT+TTMB,TT+TTMC,and PBS pH 7.4  .

Preparations T i ters  (u n i t /m l )

Days TT+TTMA TT+TTMB TT+TTMC PBSpH7.4

0 0.00 0.00 0.00 0.00
3 0.15 0.12 0.15 0.00
7 0.80 0.85 0.80 0.00

15 1.60 1.60 1.60 0.00
30 2.60 2.60 2.80 0.00
45 3.20 3.40 3.40 0.00
60 3.20 3.40 2.50 0.00
75 3.20 2.80 1.50 0.00
90 2.20 2.50 0.85 0.00

105 1.70 2.20 0.50 0.00
120 1.10 1.90 0.40 0.00
140 0.95 1.40 0.40 0.00
160 0.85 1.10 0.20 0.00
180 0.80 1.20 0.20 0.00

TT+TTMA = Adsorbed tetanus toxoid+Tetanus toxoid  microcapsules A r a t io  1=1 
TT+TTMB = Adsorbed tetanus toxoid+Tetanus toxoid  microcapsules B r a t io  1:1 
TT+TTMC = Adsorbed te tanus  toxoid+Tetanus toxoid  microcapsules c r a t io  1:1 
PBS.pH 7.4  = Phosphate buffer  so lu t io n  pH 7 .4 .
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preparat ions s t a r t  to showe at day 3. The l e v e l s  were s im i la r  to  that  of 
TT. Next to t h i s  time , a l l  of the t i t e r s  l eve l  a l l  increased to the 
highest  l e v e l  at day 45 ( 3 . 2 - 3 . 4  น/!ท! ).  They are at a s t e a d y - s t a t e  for  
a while , then d i f f e r e n t l y  decreased , TT4TTMC was the rapidest  decreased  
preparation (from 3.4 u/ml at day 45 to 0.85 u/ml at day 90 , 0 . 4  u/ml at 
day 120 and then 0.2  u/ml at day 160-180.)

The second one was TT+TTMA , t i t e r s  at the h ighest  l e v e l  was
3.2 u/ml during day 45-77 , 1.7 u/ml at day 105 , 0.95 u/ml at day 140 , 
and then to the lowest l e v e l ,  0.80 u/ml at day 180. The l a s t  one was 
TT+TTMB , a t  3.4 u/ml t i t e r s  at the h ig e s t  l e v e l  wasduring day 45-60 and 
slowly  decreased to  1 .1 -1 .2  u/ml at day 180.

Figure 23 shows the comparison between t i t e r s  (u/ml) that  
immunized with adsorbed tetanus toxoid  (TT) , te tanus  toxoid  
microcapsules A (TTMA) and mixture of adsorbed te tanus  toxoid  and 
te tanus  toxoid  microcapsules A (TT+TTMA) in mice and d etec ted  by pass ive  

hemagglutination technique.
Day 0-30 , t i t e r s  l e v e l  (u/ml) of TT were s im i la r  to that  of 

TT+TTMA but that of TTMA were s i g n i f i c a n t l y  lo w e r . ( t a b le  21-23) Day 45- 
90, t i t e r s  l e v e l  (u/ml) of a l l  preparations were s i g n i f i c a n t l y
d i f f e r e n c e .  The h ighest  l e v e l  of TT were s im i lar  to  that  of TTMA but 
they were not at the same time, TT was at day 45 but TTMA was at days 90.

( t a b le  24-26) Day 105-180,  the l e v e l s  of TTMA and TT+TTMA were a l ik e  
but that  of TT were s i g n i f i c a n t l y  l e s s  than the other two. (Table 27-29)

Hence, the t i t e r s  of te tanus  toxoid  preparations  immunized in 
mice that expressed in ear ly  period (day 0-30) of TT+TTMA should be the
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TITERS( UNIT/ML)

TT -t— TTMA TT+TTMA

Figure 23 The comparison between t i t e r s  in mice that  immunized
with TT , TTMA , and TT+TTMA.
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T a b l e  2 1  M i c e ' s  t i l e r s  i n  f i r s t  m o n t h .

r
Days TTMA TTMB TTMC TT+TTMA TT+TTMB TT+TTMC TT

1 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
วน 0.00 0.00 0.07 0.15 0.12 0.15 0.13
7 0.00 0.25 0.45 0.80 0.85 0.80 0.63

15 0.06 0.65 0.75 1.60 1.60 1.60 t.oo
30 0.10 1.80 2.00 2.60 2.60 2.80 1.40
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T a b l e  2 2  ANOVA t a b l e  o f  M i c e ’ s  t i t e r  d u r i n g  d a y  0 - 3 0

1
Source df ss MS F

1

Treatment 5 4.2136 0.7023 4.3486
Block 4 17.0957 4.2739 26.4638
Residual 24 3.8749 0.1615

Total 34 25.1842

T r e a m e n t ;  f r o m - t a b l e  24 , F_ _ _ ( 6 , 2 4 )  = 2 . 4 90 . 0  ร
4 . 3 4 8 6  > Fo 05 5 R e j e c t  t h e  n u l l  h y p o t h e s i s  ( แ เ 0 )

B 1o c k 5 f r o m t a b l e  24 , F0 0  ̂ ( 4 , 2 4 )  = 2 . 7 6
2 6 . 4 6 3 8 1  > F R e j e c t  t h e  n u l l  h y p o t h e s i s  (H )๐ . ๐ G 1 »



1 0 4

T a b l e  2 3  P a i r s  o f  t e t a n u s  t o x o i d  p r e p a r a t i o n s  t h a t  a r e  s i g n i f i c a n t l y
d i f f e r e n c e  i n  t i t e r s  o f  m i c e  d u r i n g  d a y s  0 - 3 0 .

* ร  = S i g n i f i c a n t l y  d i f f e r e n c e
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Table 24 Mice' ร t i t e r s  during days 45 and 90.

1
Days

1I
TTMA TTMB TTMC TT+TTMA TT+TTMB TT+TTMC TT

« 0.45 2.60 2.80 3.20 3.40 3.40 2.10
60 0.75 3.20 3.40 3.20 3.40 2.50 2.00
75 1.80 3.40 2.00 3.20 2.80 1.50 2.00
90 2.00 3.40 1.00 2.20 2.50 0.85 0.55
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Table 25 ANOVA t abl e  of  Mice’ s t i t e r  during day 45-90

Source df ss MS F

Treatment 6 17.27 2.8783 15.7975
Block 3 4.55 1.5167 8.3244
Residua 1 18 3.28 0.1822

Total 27 25.1

T r e a m e n t ;  f r o m t a b l e  43 , Fo ( 6 , 1 8 )  = 2 . 6 0
1 5 . 7 9 7 5  > F ; R e j e c t  t h e  n u l l  h y p o t h e s i s  ( H t 0 )

B l o c k ;  f r o m t a b l e  43 
8 . 3 2 4 4 1  < F

Fo . 0 5  ( 3 ’ 18) = 3 * 10
; A c c e p t  t h e  n u l l  h y p o t h e s i s  (H )๐. ๐ 6 1 m



1 0 7

T a b l e  2 6  P a i r s  o f  t e t a n u s  t o x o i d  p r e p a r a t i o n s  t h a t  a r e  s i g n i f i c a n t l y
d i f f e r e n c e  i n  t i t e r s  o f  m i c e  d u r i n g  d a y  4 5 - 9 0 .

*  ร = S i g n i f i c a n t l y  d i f f e r e n c e



T a b l e  2 7  M i c e ' s  t i l e r s  d u r i n g  d a y s  1 0 5  a n d  1 8 0 .

r
Days TTMA TTMB TTMC TT+TTMA TT+TTMB TT+TTMC TT

105 1.70 2.40 1.80 1.50 2.20 1.50 0.45
120 1.20 2.10 1 . 10 0.85 1.90 0.85 0.06
140 0.95 1.85 0.80 0.50 1.40 0.05 0.00
160 0.85 1.50 0.45 0.40 1 . 10 0.40 0.00
180

1_______
0.78 1.20 0.40 0.43 1.50 0.43 0.00
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Table  28 ANOVA ta b le  of Mice’ s t i t e r  during day 105-180

Source df ss MS F

Treatment 5 8.9261 1.4877 17.0608
Block 4 3.6558 0.9139 10.4811
Residual 24 2.0938 0.0872

Total
11

34 14.6757

T r e a m e n t ;  f r o m t a b l e  43 , Fo 0 5 ( 6 , 2 4 )  = 2 . 4 9
1 7 . 0 6 0 7 >  Fq 05 ; R e j e c t  t h e  n u l l  h y p o t h e s i s  (H )

B l o c k ;  f r o m t a b l e  43 , Fo 05 ( 4 , 2 4 1  = 2 . 7 5
1 0 . 4 8 1 1  > Fo 05 ; R e j e c t  t h e  n u l l  h y p o t h e s i s  (H )



T a b l e  2 9  P a i r s  o f  t e t a n u s  t o x o i d  p r e p a r a t i o n s  t h a t  a r e  s i g n i f i c a n t l y
d i f f e r e n c e  i n  t i t e r s  o f  m i c e  d u r i n g  d a y s  1 0 5 - 1 8 0 .

* ร = S i g n i f i c a n t l y  d i f f e r e n c e
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immunizing a c t i v i t y  of TT, in middle period,  the t i t e r s  were so higher  
that  they should be the immunizing a c t i v i t y  of TT and the adjuvanity of 
TTMA . In f i n a l  period (day 105-180) they should be the immunizing 
a c t i v i t y  of long act ing  tetanus toxoid  microcapsules A (TTMA).

Figure 24 shows the comparison between t i t e r s  (u/ml ) 
that immunized with TT, TTMB ,and TT+TTMB in mice,and d etected  by pass ive  
hemagglutination technique.  Day 0-30 , t i t e r s  l e v e l  of these  three
preparations  were not s i g n i f i c a n t l y  d i f f e r e n c e ,  ( t a b le  21-23 ) Day 45-90 
and 105-180 , the t i t e r s  l e v e l  of TT+TTMB were nearly to  that  of TTMB
but that  of TT were s i g n i f i c a n t l y  lower than the other two. ( tab le  24-29 )

It  should be concluded that TTMB had a proper diameter range to  
be used to show a good immunizing a c t i v i t y  that  made a short
onset s im i la r  to  that  of TT but could prolong the act ion  u n t i l  180 day 
or longer.

Figure 25 shows the comparison between t i t e r s  that  immunized 
with TT ,TTMC ,and TT+TTMC in mice and detec ted  by pass ive  
hemagglutination technique.  Day 0-30 , the t i t e r s  l e v e l  of a l l  three
preparat ions were not s i g n i f i c a n t l y  d i f f e re n ce  , while that  of TTMC and 
TT+TTMC had tendency to  increase  to the higher l e v e l  than that  of TT.

Day 45-90 and 105-180,  t i t e r  l e v e lo f  TTMC were s i g n i f i c a n t l y  
l i k e l y  to that  of TT+TTMC , on the other hand , that of TT were 
s i g n i f i c a n t l y  lower than the other two. The reasons were s im i la r  to  that
of f ig ure  24.
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TITERS(UNIT/ML)

TT TTMD TT+TTMB

Figure 24 The comparison between t i t e r s  in mice that  immunized 
with TT , TTMB 5 and TT+TTHB.
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TITERS( UNIT/ML)

TT — TTMC TT+TTMC

Figure 25 The comparison between t i t e r s  in mice that immunized 
with TT , TTMC , and TT+TTMC.
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Figure 26 shows the comparison between t i t e r s  that  immunized 

with TT+TTMA ,TT+TTMB , and TT+TTMC in mice and d etec ted  by pass ive  
hemagglutination technique.  Day 0-45 the t i t e r s  of these  
preparat ions were the same but they d i f f e r e n t l y  decreased,  TT+TTMC was 
the rap idest  , the second was TT+TTMA and the s lowest was TT+TTMB.

3.4) Correlation  in Potency t e s t i n g  and antibody l e v e l s
According to the r e s u l t s  ( tab le  9-10 and 19-20 ) , t h e  t i t e r  

l e v e l s  at the same time as the potency t e s t in g  that  could survived a l l
ten mice, when a l l  of challenged mice were survived,  the t i t e s  l e v e l s
were 2 .1 - 2 .0  unit,'ml in TT immunized mice, 1 .2 -1 .8  unit/ml in TTMA 
immunized mice, 2 .6 - 1 .2  unit/ml in TTMB immunized mice, 2 .0 - 1 .0  unit .ml  
in TTMC immunized mice, 3 .2 - 1 .1  in TT+TTMA immunized mice, 3 .4 - 1 .2  in 
TTMB immunized mice and 3 .4 - 1 .5 0 in  TT+TTMC immunized.

In add it ion ,  in order to  survive  a l l  mice from te tanus  to x in ,  the  
t i t e r s  increased higher than 2.0 u n i t /m l .  After the h ighest  t i t e r s  l e v e l ,  
the t i t e r s  decreased while a l l  of the mice s t i l l  s a f e .  Most of the mice 
died when the t i t e r s  l e v e l s  were lower than 1.1 uni t /m l .  At e a r l i e r  time  
the p r o te c t i v e  t i t e r s  were higher than that  of in the f i n a l  t ime.  The
reason was d iscu ssed .  In considerat ion  , Immunoglobulin M (IgM) i s  the
main immunoglobulin produced ear ly  in the primary response,  when the c e l l s  
contact with the tetanus toxo id .  The serum antibody concentration  was 
high (2.1 uni t /m l)  and continued to r i s e  for 30 days.  After th ese ,  i t  
d e c l in e s  and drop to very low l e v e l  (0 .55  u n i t /m l ) .

In the f a c t s ,  the f i r s t  antibody appeared i s  IgM followed by 
immunoglobulin G (IgG) . IgM l e v e l s  tend to  d ec l in e  e a r l i e r  than IgG
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TITERS(UNIT/ML)

TT TT+-TTMA TT+TTMB ~s ~  TT+TTMC

Figure 2G The comparison between t i t e r s  in mice that  immunized 
with TT , TT+TTMA , TT+TTMB , and TT+TTMC.



116

l e v e l s .  So ,a t  the e a r l i e r  period the immune response was due to  the  
concentration of IgG and IgM. Then IgM d ec l in e  and only IgG was the mian 
remained. And according to Stanly , e t  a l . ( 1 9 8 8 ) , IgG i s  more s p e c i f i c  in 
n eu tr a l i z in g  tetanus toxin  than IgM. Although t i t e r s  l e v e l s  were lower 
than 2.0 u n i t s /m l ,  i t  s t i l l  had p ro te c t iv e  e f fec t .when the t i t e r s  

decreased lower than 1.0 units/ml 5 they could not sa fe  the mice 
furthermore.

The Prolong Action of Tetanus Toxoid Hicrocapsules
Because of tetanus toxoid  were encapsulated in microcapsules,  

thus i t  could not immediately induce immune response.  So i t  take time to  
d i f f u s e  through the polymeric membrane. That caused tetanus toxoid  
microcapsules had a longer immunizing on s e t .  After that  te tanus  toxoid  
was slowly re leased  and kept the l e v e l  for a long per iod.  Resulted in 
prolonging the immunizing a c t i v i t y  of tetanus toxoid .

Moreover,microcapsules that  in jec ted  subcutaneously or 
intramuscularly behaved slowly clearance  from the in je c t io n  s i t e  are a lso  

produced long act ion  of te tanus toxoid .

The Immune Response in the Mixture of Tetanus Toxoid and 
Tetanus Toxoid Hicrocapsules

In case of combination of te tanus  toxoid  and te tanus  toxoid  
microcapsules , there  are many advantages in immunizing e f f e c t s .  F i r s t ,  
the onset was ear ly  as same as tetanus toxo id .  The second, a longer  
duration of act ion  l i k e l y  to that  of tetanus toxoid  microcapsules .  And 
the th ird ,  the maximun t i t e r s  was higher than tetanus toxoid  or tetanus
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toxo id  microcapsules alone.

The reason was that  te tanus  toxoid  acted as the f i r s t  antigen  
that r e su l ted  in ear ly  immunizing e f f e c t .  Tetanus toxoid  microcapsules  
was the second antigen.  So there i s  a rapid antibody response to  higher  
l e v e l  than the primary immune response from tetanus toxoid  alone .  This i s  
a t t r i b u t e  to the antigen s e n s i t i v e  "memory c e l l s "  a f t e r  the f i r s t  
contact with te tanus  toxo id .  During t h i s  period,  the amount of IgM 
produced i s  s im i la r  to  that  a f t e r  the f i r s t  contact with te tanus  toxoid  
alone.  However a much larger  amount of IgG antibody i s  produced and the  
l e v e l  tend to  p e r s i s t  much longer than in the primary response.

Influencing  of s i z e  D is tr ib u t ion  on T i ters
D if ference  of s i z e  d i s t r ib u t io n  of te tanus  toxoid  microcapsules  

produced d i f f e r e n c e  in expressing of an t ib od ies .  The la r g es t  mean v e s i c l e  
s i z e  of TTMA should produce the longest  duration of immunization but the  
r e s u l t s  were not same as expected.  TTMA had the shorter  immunizing 
a c t i v i t y  than TTMB which had the smaller mean v e s i c l e  s i z e s .

TTMA was obtained from 2000 rpm c e n tr i fu g a t io n .  At t h i s  low 
speed t ra ces  of l e c i t h i n  could a lso  e a s i l y  be p e l l e t e d  as same as large  
microcapsules.  Therefore t h i s  portion may compose of the mixture of 
l e c i t h i n  traces  and larger  microcapsules that  could hardly expect the  
r e s u l t s  whether they could prolong the immunizing a c t i v i t y .

TTMB,the second portion that was obtained by 5000 rpm 
c en tr i fu ga t ion  occupied more uniformity s i z e  than TTMA. There was not any 
trace  of l e c i t h i n  because i t  was already p r e c ip i ta te d  in the f i r s t  
portion .  So TTMB i s  unique tetanus toxoid  microcapsules which could
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r e le a se  tetan u s tox o id  uniform ly. R esulted  in the high immune response.

The la s t  portion  of TTMC th at obtained from 12000 rpm 
c e n tr ifu g a tio n . I t take much time to  c o l le c t  only sm all amount of tetanus  
to x o id  m icrocap su les. These TTMC could p ro tec t the mice in a short 
p eriod ,d u rin g  day 30-75 on ly . The reason was a lso  d isc u sse d . Most 
p a r t ic le  s iz e  of th is  p ortion  are sm all th at e f fe c te d  the s t a b i l i t y  of 
m icrocap su les. According to  the amount of su rface  area are converted- 
r e la te d  to  tha s iz e  of v e s ic l e .  The sm aller v e s ic le  s iz e  was , the more 
su rface  area occupied . The polym eric membrane of m icrocapsules could be 
destroyed  by the a ttack in g  of phospholipase. So the sm all m icrocapsules  
could e a s i ly  be attacked  and destroyed  by p hosph olipase. R esu lted  in a 
short actio n  of immunization than other p ortion s of tetan u s to x o id  
m icrocap su les.

In a d d itio n , because of TTMC had much su rface  area,m ost
encapsu lated  tetan u s tox o id  m icrocapsules could e a s i ly  pass through the  
membrane and acted  as the prim ary. antigen  l ik e ly  to  TT alone but then 
the immune response could not p e r s is t  for a long tim e.

Further Experiments
For fu rth er experim ents, reproducing for much more y ie ld  in 5000 

rpm c e n tr ifu g a l s iz e  range may obta ined . L ecith in  may sep arate out at 
lower speed of c e n tr ifu g a tio n  and the sm all amount of m icrocapsules from 
th e th ird  portion  may d iscard ed .
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