
c h a p t e r  X I

M a t e r i a l s  a n d  M e t h o d s

Materia ls
1) Adsorbed tetanus toxo id .  [G.P.O.]
2) Benzidine ,  czigma]
3) Carboxymethyl c h i t i n .  c Asahi Kasie Chemical 

Industr i e s , LTD,Tokyo]
4) P u r i f i ed  egg yolk l e c i t h i n . t  Asahi Kasie Chemical 

Industries,LTD,Tokyo]
5) Plained tetanus toxoid  [G.P.O.]
6) Sheep red blood c e l l . [ N . I . H . ]
7) Standard te tanus  immunoglobulin. [N .I .H . ]
8) Tetanus toxin .CG.P.O.]
9) C i t r i c  acid.CE.Merk’ s , A.R.Grade.]

10) Dextrose anhydrous.โ E.Merk’ s ,  A.R.Grade.]
11) Dibasic sodium phosphate.  (NaeHP04.12HE0) 

CE.Merk’ s ,  A.R.Grade.]
12) Dichloromethane.CE.Merk’ s ,  A.R.Grade.]
13) Formalin.CE.Merk’ s . A.R.Grade.]
14) Hydrochloric acid.CE.Merk’ s . A.R.Grade.]
15) Magnesium sulfate .CE.Merk’ s ,  A.R.Grade.]
16) Monobasic Potassium phosphate.  (NaEHPOA.12He0)

CE.Merk’ s , A.R.Grade.]



17) Monobasic sodium phosphate.  (NaHePO4 . He0) 
[E.Merk’ s , A.R.Grade.]

18) Sodium a z i d e . CE.Merk’ s , A.R.Grade.]
19) Sodium c h l o r i d e . CE.Merk’ s , A.R.Grade.]
20) Sodium c i t r a t e . CE.Merk’ s , A.R.Grade.]
21) Sodium n i t r i t e . CE.Merk’ s , A.R.Grade.]

* G.p.o .  = The Goverment Pharmaceutical Organization  
**N.I . H. = The National I n s t i t u t e s  of Health.
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Instruments

1) Analyt ica l  b a lan c e . [S a r tor iou s ,  1602 MP 8-11
2) Scanning e lec tron  microscope . [ J o e l  ,JSM-T220A1
3) Glass wares. (Pyrex)
4) Homoginizer [U ltra- turrax  T 251
5) Magnetic s t i r r er . [S k a len w e r t  ,T 20/1]
6) M icrop ip et te . [G i l son ,  H 25000 L]
7) Microscope.[Olympus]
8) Multichannel micropipette .[Socorex]
9) M icrot i ter  plates.(U-bottora)

10) pH meter. (Orion research , 611]
11) P a r t ic u la te  count instrument,Coul ter  counter.  

[Hyad/Royco ,3001
12) Ref igerated  centri fugat ion .[Hackman,J  2-21]
13) Vaccum d epos i t ion  caoter  [Balzers,SCD 040]
14) Vortex mixer . [Lab- l ine  instruments,  1291]
15) Water b a t h . [ Julabo]
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Methods
1) Preparation of le c ith in  and carb oxyeth y l ch itin  walled tetanus toxoid  

■ icrocapsules. (Kato,Arakawa,and Kondo,1984).
Purified  egg yolk le c ith in  was d isso lved  in dichloromethane 

at 50 mg/ml . Carboxymethyl ch itin  (CMC) was d isso lved  in a phosphate 
buffer so lu tion  (pH 7.4) at a concentration of 0.2 percent (w /v). To 10 
ml of tetanus toxoid was added an equal volume of the le c ith in  so lu tion , 
and the mixture was vigorously agita ted  by a vortex mixer for 30 second 
to give a w/o emulsion. The emulsion obtained was quickly added with 
s tir r in g  to  100 ml of CMC so lu tion  to y ie ld  a w/o/w emulsion. After 10 
minutes s t ir r in g , another 100 ml of the CMC so lu tion  was added, to the 
complex emulsion under s t ir r in g  and the s t ir r in g  was further continued for 
24 hours u n til the dichloromethane was completely evaporated out.In  th is  
preparation, small v e s ic le s  of tetanus toxoid microcapsules were 
suspended in phosphate buffer sa lin e  so lu tion  pH 7 .4 . In th is  experiment,
t h e  l a r g e r  s c a l e 4 0 0  m l . o f  t e t a n u s  t o x o i d  w a s  o b t a i n e d .
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Lecithin and carboxymethyl ch itin  walled tetanus toxoid  
microcapsules was centrifuged at 2,000 rpm for 15 minutes,the  
p recip ita tion  were washed three time with phosphate buffer so lu tion  pH
7.4 (PBS pH 7.4) the p rec ip ita te  was weighted and redispersed in PBS pH
7.4 . Thus , th is  preparation was co llec ted  for preparation of TTMA.
The supernatant was continued to treatment by centrifugation  at 5,000 rpm 
20 minutes and 12000 rpm 30 m in u tes,resp ectively . The p rec ip ita tion  were 
washed and co llec ted  in the same way as the TTMB ,and TTMC,the f in a l 
supernatant was discarded. The concentration of the preparation was 
adjusted by 16.5 % weight per volume in phosphate buffer so lu tion  pH 7.4  
(PBS pH 7 .4 ) . Thus three preparation of tetanus toxoid microcapsules were 
obtained;

2.1) TTMA = Tetanus Toxoid Microcapsules A.
2.2) TTMB = Tetanus Toxoid Microcapsules B.
2.3) TTMC = Tetanus Toxoid Microcapsules c.

Then mixed tetanus toxoid and tetanus toxoid microcapsules as
below;

2 )  S e p a r a t i o n  o f  V a r i o u s  V e s i c l e  s i z e  o f  t e t a n u s  t o x o i d
■ i c r o c a p s u l e s  b y  c e n t r i f u g a t i o n  M e t h o d .  ( T y l e , 1 9 9 0 )

2.4) TT+TTMA Mixture of Tetanus Toxoid and Tetanus Toxoid
Microcapsules A ratio 1:1 v /v .

2.5) TT+TTMB Mixture of Tetanus Toxoid and Tetanus Toxoid
Microcapsules B ra tio 1:1 v /v .

2.6) TT+TTMC = Mixture of Tetanus Toxoid and Tetanus Toxoid
Microcapsules c ratio  1:1 v /v .



49
3) Testing the Quality of the Tetanus Toxoid Hicrocapsules Preparations.

3.1 Physical T esting.
a) P a r tic le  s iz e  Analysis of the Hicrocapsules

A cou lter counter (Hyad/Royco model 300) was used to determine 
the microcapsules diameter in samples from formulations TTMA, TTMB ,and 
TTMC. A microscopic method counting 1 ml. was adopted for these d ilu ted  
1:1000 samples, th is  allowed the diameters to be measured.

b) Scanning Electron Microscopy
This technique was used to study the surface and shape 

ch a ra cter is tic s  of microcapsules. The dry sample of microcapsules was 
coated with gold, using a vacuum deposition coater (Balzers,SCD 040) The 
thickness of the coating was dependent on the geometry of the sample and 
was obtained on a t r ia l  and error b asis .

The sample were photographed by magnifying photograph times in 
the electron  microscope (Joel, JSM-T 220A) and photographing.

3.2) Animal Test ing 
a) M  110, 1. 1

Tetanus toxin is  d ilu ted  to concentration of 10 1,10 z ,10 
,10 *,10 s ,10 6,10 \ l 0  8 and 10 ° times with PBS pH 7.4 ,0 .5  ml 
of each d ilu tio n s sh a ll be in jec t subcutaneously into 10 mice 17-20 g 
of weight/m ice. and then observed for 5 days. Calculated for accumulated 
died value-D,accumulated survived value-S, accumulated m ortality ra tio
and LD5o/„ ,  -
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Proportionate d istance = M ortality above 50 % - 50

M ortality above 50 % - M ortality below 50 %

-Log LDbo =Log d ilu tio n  above 50 % m ortality + proportionate distance

b) Immunization
Mice, S w is s  a l b i n o  , inbreeding ,2400 males 17-20 gm of

weight were divided to 8 groups by sampling method, 0.5 ml volume of 
each of the preparations was in jected  subcutaneously to 10 of each 
groups of mice.

8 preparations for in jection  were
1) Tetanus toxoid microcapsules co llec ted  from2,000 rpm (TTMA) 

cen trifu  ation .
2) Tetanus toxoid microcapsules co llec ted  from 5,000 rpm. (TTMB) 

cen trifu ga tion .
3) Tetanus toxoid microcapsules co llec ted  from 12,000 rpm. (TTMC) 

cen trifu gation .
4) Adsorbed tetanus toxoid.(TT)
5) PBS.pH 7.4
6) Mixture of tetanus toxoid and tetanus toxoid microcapsules A 

ra tio  1:1 (TT+TTMA).
7) Mixture of tetanus toxoid and tetanus toxoid microcapsules B 

ra tio  1:1 (TT+TTMB).
8) Mixture of tetanus toxoid and tetanus toxoid microcapsules c

ra tio  1:1 (TT+TTMC).
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c) Potency Testing (M ittal ,Jaisw al and Gupta,1979)

10 mice of each group of the imminuzed mice were challenged  
with 200 LDso of tetanus toxin at day 0 ,3 ,7 ,1 4 ,3 0 ,4 5 ,6 0 ,7 5 ,9 0 ,1 0 5 ,1 2 0 ,1 4 0 , 
160,and 180. The quantity of survived mice on the f i f t h  day were recorded. 
The resu lts  of each groups were compared by an adequate s t a t i s t i c a l  method.

d) Antibody Determination (W illiam ,1997;S tites,1982)
Blood was withdrawn from the mice by heart puncture technique. 

The presence of antibodies was determined by a passive hemagglutination 
technique (PHA) with indicator sheep erythrocytes optimally conjugated 
with tetanus toxoid. Two fo ld  d ilu tio n s of heat inactivated  serum in 
sa lin e  with 1% normal rabbit serum(heat inactivated  and absorbed with 
sheep erythrocytes)were made in m icrotiter p la te s . A 50 m icro litres  
amount of suspension of indicator erythrocytes was mixed with 50 
m icro litres of serum d ilu tio n . The PHA was read a fter  16 hours and the 
recipocol value of the greatest d ilu tio n  s t i l l  giving agglutination  was 
taken as the t i t e r .

Passive Hemagglutination t e s t  (PHA)
It is  p ossib le  to  determine of antibody by PHA mothod. PHA 

reaction is  composed of se n sit iz e d  red blood c e l l  with tetanus toxoid and 
tetanus antibody. We can see as hemagglutination in the t e s t .  An antibody 
t i t e r  of t e s t  serum is  calcu lated  as a r e la tiv e  t i t e r  against the
reference antibody.



52

suspend

Handling process of te s t
1) Preparation of 10 % Fixed sheep Red Blood CelKFSROby formalin
2) Preparation and check up of Absorbed Normal Rabbit Serum (NRS)
3) Preparation of D iluent.
4) Preparation of Antigen S en sitized  sheep Red Blood Cell (SSRC) .

a) D iazotization  of Benzidine.
b) Washing of formalin fixed  sheep red blood c e l l .
c) S en sitiza tion  of tetanus toxoid to FSRC
d) Washing of sen sit ized  sheep red blood c e l l  and 

to make fin a l 2 %.
5) Procedure of Antibody Determination by PHA method.

a) D ilution of reference serum and te s t  serum. 
b> Addition of se n sit iz e d  sheep red blood c e l l .  (SSRC)
c) Keeping at room temperature for a night.

6) Judgement.

Explanation of Each Process of PHA Test
1 Preparation Hethod of 10% Fixed Sheep Red Blood Cell 

(FSRC) by Formalin.
a) Take a sheep blood same volume to Alserver in in jector .
b) The blood is  f i lt r a te d  by some sheets of gauze and then 3 

times volume of sa lin e  is  added into the f i lt r a te d  blood.
c) The d ilu ted  blood is  washed 5 times by centrifugation  at 

3000 rpm for 5 minutes.
d) After f in a l centrifugation  for washing the supernatant is  

removed g en tle , and then the sediment of red blood c e l l  is  measured i t s
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volume.
e) The d iluent which is  adjusted to pH 7.2 with 0.01 N NaOH 

so lu tion  is  added to the sediment of red blood c e l l  to make fin a l 8% of 
suspension.

f) Same volume of 3% formaldehyde in saline(pH 7.2) is  added 
lik e  a drop by drop into 8% of sheep red blood c e l l  suspension with mild 
agita tion  and then the sheep red blood c e l l  are fixed  with mild 
ag ita tion  at 37°c for 3 hours. ( 3%formaldehyde so lu tion  is  prepared from 
formalin including 37% formaldehyde by 12 times d ilu tion  with sa lin e)

g) Furthermore, the mixed sheep red blood c e l l  suspension is  
incubated at 37°c for a night without ag ita tion .

h) The next day, the fixed  sheep red blood c e l l  (FSRC) are 
washed 5 times with sa lin e  by cen trifu gation .

i)  After fin a l centrifugation  for washing,the supernatant is  
remove and then sediment of red b loodcell is  measured i t s  volume.

j > F in a lly , the FSRC is  adjusted to make 10% suspension in 
sa lin e  which include 0.05% sodium azide.

2 Preparation and Check up of Absorbed Normal Rabbit Serums (NRS).
a) Take a blood from rabbit which is  normal on against 

tetanus. Blood is  pooled in a Roux b o ttle  and then incubated at 
37 c for 2 to 3 hours on the horizontal p osition  and then the Roux 
b o ttle  is  kept at cold room for a night.

b) On the next day, the serum is  taken out by decantation. 
After that the serum is  iso la ted  from blood by centrifugation  at 2,000
rpm for 10 minutes.
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c) A small amount of t h i s  serum i s  used for  t e s t i n g  to  know 

a s u i t a b l e  way to  make a absorbed normal rabbit  serum as fo l low,two  
d i f f e r e n t  ways.

1) Using t h i s  serum a f te r  in a c t iv a t io n  56 c 30 minutes for  
absorption with f ix ed  sheep red blood c e l l .

2) Using t h i s  serum without in a c t iv a t io n  for absorption  
with f ix ed  sheep red bloods c e l l .

Absorption method of normal rabbit  serum,
a) 0.1 ml of 10% f ixed  sheep red blood c e l l  (FSRC) i s  

taken in a b o t t l e .
b) 5 ml of s a l i n e  i s  added into  the b o t t l e  and then the  

FSRC i s  washed by c e n tr i fu ga t ion  at 2,000 rpm for 5 minutes.
c) After discarded of the supernatant,  1 ml of NRS i s  

added into  the sediment (FSRC) with a g i t a t i o n .
d) The mixture i s  incubated at 37°c for one hour with 

a g i ta t io n  at severa l  t imes.
e) After c e n tr i fu ga t ion  at 2,000 rpm for 5 minutes, the  

supernatant i s  taken out to another b o t t l e  and kept as Absorbed Normal 
Rabbit Serum (ANRS).

d) We have to  decide the best  way from the r e s u l t s  of preliminary  
t e s t  for heagg lut in at ion .

e) The remained NRS i s  tr ea ted  by the sameway which was 
g e t t in g  th ebest  r e s u l t  on the preliminary t e s t .  After t h i s ,  the ANRS is
used for routine  work.
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3) Preparetion of D iluent .
This d i lu en t  i s  used for  d i l u t io n  of 

washing of s e n s i t i z e d  red blood c e l l .
Composition of d i lu e n t .

Absorbed Normal Rabbit Serum(ANRS) 1.00
MgSO^.7He0 0.20  
NaCl 0.85  
Sodium azide (NaN3 ) 0.05  
D i s t i l l e d  water to make 100.00

anti-serum

ml.
gm.
gm.
gm.
ml.

and a lso

4) Preparation of Antigen S e n t i t i z e d  sheep Red Blood C el l s  (SSRC).
a) D iazot iza t ion  of Benzidine.

1) 0.23 gm of Benzidine i s  d i s s o lv e d  in 50 ml. of 0.25 N.
HCl with a g i t a t i o n  in ice -b a th  ............so lu t ion  (1 ) .

2) 0.175 gm of NaNoE i s  d i s s o lv e d  in 5 ml of cold
d i s t i l l e d  water .............................................. s o lu t i o n ( 2 ) .

3) The both so lu t io n  are kepted at 0 c to  2 c in i ce -ba th .
Not ice:  Following process must be performed under condition  to

keep at oc to  2 c in ice -b a th .
4) 5 ml of the solut, ion(2)  i s  added more slowly  (1-2 ml 

/min) into  50 ml of the s o l u t i o n ( l )  with a g i t a t i o n .
5) After addit ion of a l l  s o lu t io n (2 )  (5 m l ) , th e  mixture 

i s  a g i ta te d  for one minute every 5 minutes in terva l  for 30 minutes.
6) This reacted mixture must be used immediately within

30 minutes.
b) Washing of formalin f ix ed  sheep red blood c e l l .



56
1) 5 ml. of 10% FSRC i s  suspended in 40 ml. of s a l i n e  in 

c e n tr i fu g a t io n .
2) After c en tr i fu ga t ion  at 2,000 rpm for  5 minutes,  the  

supernatant i s  discarded and the sediment i s  wash again with s a l i n e .
3) 1.0 ml of 0.11 M. PBS pH 7.2  i s  added in to  the packed 

c e l l  to  make 50% of FSRC suspension.
c) S e n s i t i z a t i o n  of te tanus  toxoid to FSRC.

1) 30 ml. of cold  toxoid  which i s  prepared on adjusted into  
30 Lf/ml concentration  with 0.11 M PB.pH7.2, is  added to  1 ml of 50% FSRC.

2) 1 ml.of  BDB so lu t io n  indicated  at 3.1 i s  added into  14 
ml.of 0.11 M.PB. pH7.2 which i s  kept at 0 c to 2 c,and then the mixture 
i s  poured into  antigen prepared above 3.1 very quickly .

3) The mixture i s  kept at room temperature for 10 minutes.
d) Washing of s e n s i t i z e d  sheep red blood c e l l  and 

resuspensing to  make f in a l  2%.
1) After c e n tr i fu ga t ion  at 2,000 rpm for 5 minutes the  

sediment i s  washed two times with 40 ml.of  d i luen t  by ce n tr i fu g a t io n .
2) Packed c e l l  i s  resuspended to 25 ml of d i luen t  to  make 2% 

of antigen sen s i t i z e d sh e ep  red blood c e l l , a n d  then kept at 4 c.

5) Procedure of Antibody Determination by PHA Method.
a) Test serum must be absorbed with f ix ed  sheep red blood  

c e l l  before  use.
1) Test serum i s  d i lu t e d  in 5 times with 0.05% sodium azide  

added s a l i n e  (0.1 ml :0 .4m l).
2) Diluted  t e s t  serum i s  in a c t iva ted  at 56 c for 30 minutes.
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3) 0.025 ml of 20% Fixed sheep Red Blood Cell  (FSRC) which 

was washed two times with s a l i n e  by c e n tr i fu ga t ion  i s  added to  
in a c t iv a te d  t e s t  serum for  absorpt ion.

4) The mixture i s  incubated at 37 c for  one hour with 
a g i t a t i o n  some times.

5) After c e n tr i fu ga t ion  at 2,000 rpm for  5 minutes, the  
supernatant i s  taken out as a t e s t  serum.

b) Original  d i l u t io n  of the t e s t  sample and reference  serum.
c) Two fo ld  d i l u t i o n  of d i lu t e d  reference  serum and t e s t  

serum. 0.025 ml of reference  serum and t e s t  serum are put in to  wel l s  of 
A row of m icr o t i tr a t io n  p la te  of U-bottom type r e s p e c t i v e l y .  After that  
they are d i lu t e d  to two fo ld  d i l u t io n  with d i lu e n t .

d) Some quantity  of s e n s i t i z e d  sheep red blood c e l l  which been 
keeping at cold  room,is washed with d i luen t  by c en tr i fu ga t ion  and the  
sediment i s  resuspended in d i lu en t  to make f in a l  0.2% c e l l  suspension.  
After that  0.075 ml of c e l l  suspension i s  added to  each wel l  of d i lu t e d  
reference  serum and t e s t  serum on the m icro t i tra t io n  p la te  by dropper 
r e s p e c t i v e ly .

e> The p la te  i s  staked for 3 minutes.
f> The p la te  i s  kept for a night at room temperature and then 

antibody t i t e r  i s  determined as a r e l a t i v e  t i t e r  by the hemagglutination
pattern  of reference  serum and t e s t  serum.
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6) Calculation of Antibody T iters  

TU = RU * TD

RU = Unit of reference  antibody which was determined by
hemagglutination pattern .

TD = Mult iple  of d i lu t io n  of t e s t  sample which was determined by 
hemagglutination pattern .

TU = Unit of t e s t  sample
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ท) STATISTICAL ANALYSIS

4.1) The r e s u l t s  from pyrogen t e s t i n g  and antibody detemination were 
f i l l e d  in contingency ta b le  as below;

Table 3 Contingency ta b le

Days TTMA TTHB TTMC TT+TTHA TT+TTHB TT+TTMC TT Ex, 2 x .

LXt

2

x .
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4.2) The hypothes ized the r e s u l t s  of potency t e s t i n g  and antibody  

determination as below;

Hypothesis
Pyrogen Test

Treatment.
HA 0 = 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 among tetanus toxoid  preparation.
11 = There 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 among tetanus toxoid preparation.

Block.( t ime)
Hb 0 = 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 in each period of time.
Hb = There 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 in each period of time.

Antibody Determination
Treatment.

HA 0 = 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 m ice ,ร t i t e r s
among te tanus  toxoid  preparations  .

HA a = There are s i g n i f i c a n t l y  d i f f e re n ce  in mice’ s t i t e r s  

among tetanus toxo id  preparations  
Block.( t ime)

HB 0 = 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 mice’ s
t i t e r s  in each period of t ime.
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Ho - = There are s i g n i f i c a n t l y  d i f f eren ce  in l i c e  t i t e r s
in each period of t ime.

4 .3 )  The data  from contingency tab le  were ca lcu la ted .

CT. (Correct ion  Term) = (Ex. ) a
N

SSkofc»T (Total  sum of squares) 11 Ext 1a-CT

ssb10ck (Block sum of squares) £(£X1Z)-CT

รSfcc-«»fc».(Treatment sum of squares) = ร(EX 1 )-CT

MS (Mean square) = ss /d f

F( Tv . ) = Treatment mean square
Error mean square 

^(Block ) = Block mean square
Error mean square 

Degree of freedom of t o t a l  = ( ท1. ท 1) - 1
Degree of freedom of block = ท 1- !
Degree of freedom of treatment = ทJ-1
degree of freedom of error = (ท 1- ! ) . (ท 1- ! )
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4.4) Establ i shed  the ANOVA ta b le .

Table 4 ANOVA tab le

Source df s s MS F

Treatment
Block
Residual

Total

4.5)  Compared the F value from ta b le  43 and the c a lcu la ted  F value  
from ANOVA t e b l e  . Then justment to accept or r e j e c t  the n u l l  h yp othes i s . (H 0 )

4.6 )  I f  r e s u l t s  of the t e s t  conclude that there  were s i g n i f i c a n t l y  
d i f f e r e n c e  between the treatments or the block,"Duncan’ s New Multiple Range 
Test" was used to  determine which pair  of the t e s t  were d i f f e r e n c e .
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