
CHAPTER III

MATERIALS AND METHODS

1. P laces o f  Study

1.1 Queen Saovabha Memorial I n s t i tu te  (QSMI), Rabies 
D iagn o stic  U n it, Thai Red Cross S o c ie ty  ะ fo r  o b servation  of 
c l in ic a l  symptoms o f rabid dogs and for c o l le c t io n  o f cen tra l  
nervous system  (CNS) specimens.

1 .2  Bumrasanaradura Communicable D isease C ontrol H osp ital ะ 
for c o l l e c t io n  o f c l in ic a l  data from human ra b ies  c a ses  and CNS 
specim ens.

1 .3  Immunology U nit, Department o f M icrob io logy , Faculty o f 
M edicine, Chulalongkorn U n iversity  ะ for lab oratory  work-immuno
peroxidase s ta in in g .

2. M ateria ls

2. 1 Rabid Dogs

Dogs th a t had h is to ry  o f a tta ck in g  people w ith no 
known provoked stim u li or those ex h ib ited  abnormal behavior were 
kept a t quarantine u n it at QSMI. C lin ic a l  s ig n s  were observed  
tw ice d a i ly  by two experienced v e te r in a r ia n s . They were 
s a c r if ic e d  by curare as soon as the f i r s t  d e f in i t e  ra b ies  s ig n s  
developed. Brain and sp in a l cord were removed promptly and then
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kept in 10% form alin  for  7 days, except for  some p ortion s of 
hippocampus, cerebellum  and c e r v ic a l  enlargement which were saved 
for S e l l e r ’s s t a in ,  FAT s ta in in g  and mouse in o c u la tio n  t e s t  
(HIT). S ec tio n s  o f the fo llo w in g  regions: f r o n ta l ,  p a r ie ta l ,
o c c ip i t a l ,  tem poral, hippocampus, thalamus, b asa l gan glion , 
cerebellum , m idbrain, pons, medulla, c e r v ic a l ,  th o r a c ic , and 
lumbosacral enlargem ents were subsequently embedded in  p a r a ffin , 
section ed  and immunostained.

A t o ta l  o f  6 d ogs, th ree in each c l i n ic a l  form namely
e n c e p h a lit ic  ( fu r io u s )  and p a r a ly tic  (dumb), were stu d ied .

2 .2  Rabies P a tie n ts

The 7 p a t ie n ts  in th is  report were adm itted to
Bumrasanaradura and Chulalongkorn U n iversity  H osp ita l between May 
1987 to A pril 1988. Four presented  as e n c e p h a lit is  and the 
remaining had p a r a ly s is  or a G uillain-Barre'' l ik e  syndrome. The 
ty p ic a l c l i n ic a l  m a n ife sta tio n s  includ ing  aerophobia, hydrophobia 
and/or in sp ira to ry  spasms.

Postmortem exam inations were performed w ith in  24 hours 
o f death. Brain and sp in a l cord, except some p o rtio n s of
hippocampus, cerebellum  and c e r v ic a l  enlargement which were saved 
for S e l l e r ’ s s t a in ,  FAT s ta in in g  and MIT, were f ix ed  in 10% 
form alin for 7 days. S e c tio n s  o f the fo llow in g  reg io n s: fr o n ta l,  
p a r ie ta l ,  o c c i p i t a l ,  tem poral, hippocampus, thalam us, basal 
gan glion , cereb ellum , m idbrain, pons, m edulla, c e r v ic a l ,  th ora c ic  
and lumbosacral enlargem ents were subsequently  embedded in
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3. Preparation of P ara ffin  -  S ectioned  S lid e s

3.1 T issue P rocessin g  and Embedding

A fter f ix a t io n ,  t i s s u e  specimens were dehydrated, 
clea red  and embedded according to  rou tin e  p rocessin g  procedured. 
B r ie f ly , the c a s s e t te s  con ta in in g  t i s s u e s  were immersed in 
Sorenson’s b u ffer and p rocessed  on the Autotechnicon machine by 
the fo llow in g  schedule :

70% e th y l a lco h o l 1 hour X 2 tim es
95% e th y l a lco h o l 1 hour X 2 tim es

100% e th y l a lco h o l 1 hour X  3 tim es
Xylene 1 hour X  2 tim es 
P a ra ffin  a t 59 c 1 hour X 3 tim es

The t i s s u e s  were subsequently  removed from p a r a ffin  and 
proceeded to embedding in m elting  p a ra ffin  about 3 0  m inutes at 
59 c ,  and r e fr ig era ted  to  c o o l.

3.2 Preparation o f the T issu e-S ectio n ed  S lid e s

The p a ra ffin  -  embedded b locks were se c t io n e d , by 
6 -8  microns th ick , and p laced  on g la s s  s l id e s  precoated w ith  0.3% 
g e la t in  (type I ,  approx.300 Bloom, Sigma Chemicals C o., S t . L ouis, 
MO,USA.) These s l id e s  were then incubated at 60 c fo r  1 hour and 
kept at room temperature t i i i  the time o f immunostaining.

p a r a f f i n ,  s e c t i o n e d  and im m u n o s ta in ed .
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4 - Preparation of Rabbit A nti-R abies Serum (154)

Two r a b b its , weighing 2-3 k g s .,  were immunized w ith  
r a b ies  v ir a l  antigen  in Vero c e l l  vaccin e (IMOVAX RABIES VERO 
"Merieux" ะ in a c tiv a ted  rab ies  vacc in e  prepared by cu ltu re  W istar 
r a b ie s  PM/W1 38-1503-3M s tr a in  on Vero continuous c e l l  l in e s  and 
in a c tiv a te d  with b e ta -p r o p io la c to n e ). B r ie f ly  d escr ib ed , ra b ies  
a n tig en  was mixed with com plete Freund’s adjuvant (CFA) in the  
r a t io  o f 1:1 and in je c te d  to  the rab b its  subcutaneously a t 4
s i t e s ,  0 .2  ml each. A fter 7 d ays, the rab b its  were boosted  w ith
th e  same p ro to co l. Rabbits were b led  one week a fte r  the la s t
in je c t io n  and sera  were assayed for n eu tr a liz in g  a c t iv i t y  by
Rapid F luorescent Focus In h ib it io n  t e s t  (RFFIT) (1 5 ) . The 
b oo ster  was repeated once s in c e  the antibody le v e l  was s t i l l  
u n d esira b le .

The a n tise r a  were a liq u o ted  and stored  at -20 c
u n t i l  u se.

5 . Rabbit A nti-R abies Immunoglobulin G Preparation

Immunoglobulin G (IgG) was ex tra cted  from hyperimmune
se r a  according to method p rev io u sly described  (155) . Crude
p ro te in  m ixtures were obtained  by p r e c ip ita tio n o f the
hyperimmune sera with 33% satu rated  ammonium su lp h ate
{ (NÜ4 )2ร04}|PH 7 .3 , in co ld  tem perature by s t ir r in g  o v ern ig h t. 
The p r e c ip ita te  was d isso lv e d  in  5 ml o f  น . 'J% sodium c h l o r i d e  

(NaCl) s o lu t io n , and d ia ly sed  a g a in st sev era l changes o f 0 .01  M 
and 0 .02  M phosphate-buffered  s a l in e  (PBS), pH 7.4 a t 4 c .  The
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The P rotein  A-Sepharose CL-4B beads was soaked in 
excess  volume (8-10 ml) o f PBS, pH 7.4 and rehydrated for 2 hours 
at 4 c .  The beads was cen tr ifu g ed  a t 2000 rpa, 5 minutes and 
resuspended in PBS, pH 7.4,  co n ta in in g  0.02 % sodium a z id e . A ll 
fu rth er s te p s  were carried  out a t 4 c .  Five m i l l i l i t r e s  o f 
sw ollen  Sepharose beads were packed in to  a column of 13 mm 
diam eter, and eq u ilib ra ted  w ith  20 ml o f 0.05 M T ris in 0.15 M 
NaCl, pH 8 . 6 .  The flow rate o f which was adjusted to  50 m l/hour. 
The d ia ly se d  hyperimmune rab b it serum 5 ml was then slow ly  
app lied  as soon as f lu id  ran alm ost to  the top of the column. As 
soon as added serum front reached th e bottom o f column, the  
Sepharose was washed with about four bed volumes o f 0.05 M T ris  
in 0.15 M NaCl, pH 8 .6 .  The c o l le c t e d  f lu id  (1.5 ml in each 
tube) was measured at 280 nm by a spectrophotom eter (Beckman 
ACTA III U V -v isib le  spectrophotom eter, USA). F irs t peak w il l  be 
albumin fo llow ed  by IgG which w il l  be e lu ted  by d if fe r e n t  b u ffer  
i . e .  0 .05 M a ce ta te  in 0.15 M NaCl,pH 4 .3 .  The second peak 
e lu en ts  were pooled and d ia ly sed  a g a in st  0.05 M PBS, pH 7 .4 ,  
con ta in in g  0.02X sodium azide at 4 c overn ight with three changes 
o f b u ffer . The p rotein  s o lu t io n  was concentrated  by 
p o ly e th y len eg ly co l to  the o r ig in a l volume (5 ml).

The p u rity  o f rab b it a n t i -r a b ie s  IgG was te s te d  by 
im m unoelectrophoresis. N eu tra liz in g  antibody a c t iv i ty  to  rab ies

d i a l y s a t e d  sample  was t h e n  p u r i f i e d  f o r  IgG by a f f i n i t y  c h r o m a t o 
g rap h y  on P r o t e i n  A -Sepha rose  CL-4B Column (Ph a rm a c ia  F in e
C h e m i c a l s ,  U p p s a l a ,  Sweden) .
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was measured by RFFIT and the p ro te in  con ten t vas determined by 
L o w r y  method (1 5 6 ). The p u r if ie d  a n tise r a  were a liq u oted  and
stored  at -20 c.

6 . R eco n stitu tio n  o f Commercial Equine A nti-R abies G lobulin (BBL)

The commercial a n t i-r a b ie s  g lo b u lin  vas determined for  
the optim al d ilu t io n  and s e n s i t iv i t y  o f the immunoperoxidase 
s ta in in g , sim u ltan eou sly  with the se lf-p re p a r e d  rab bit a n t i-r a b ie s  
IgG.

The reagent vas an immune g lo b u lin  o f equine o r ig in  
la b e led  w ith f lu o r e sc e in  iso th io cy a n a te  which was ro u tin e ly  used 
for FA t e s t  (purchased from BBL, Becton D ickinson and C o., 
C o c k e y sv ille , MD, USA). The ly o p h iliz e d  co n ten ts  o f the v ia l  was 
r e c o n s titu te d  w ith 1 ml s t e r i l e  d i s t i l l e d  w ater, a liq u o ted  and 
stored  a t -20 c.

7. Methods o f Immunoperoxidase s t a in ing Using A vid in -R io tin -  
Peroxidase Complex  (ABC) Technique

Rabies v ir a l  antigen  in brain and sp in a l cord se c t io n s  
was d e tec ted  by immunoperoxidase s ta in in g , a v id in -b io tin  
-p erox id ase  complex technique as d escr ib ed  by Hsu and co-workers 
(153) and Johnson e t  a l .  (157) w ith some minor m o d ifica tio n s.

7.1 Incubated the p a r a ff in -se c t io n e d  s l id e s  a t 60 c 
for 10 m inutes.

7 .2  D eparaffin ized  by immersion in xylene 2 tim es, two
and one minute r e sp e c t iv e ly .
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7 .3  Rehydrated b r ie f ly  by in v ersio n  in 100%, 95% and
70% eth y l a lc o h o l,  tw ice  in graded a lc o h o l, each for one 
minute.

7.4 Washed tw ice  w ith PBS, pH 7 .4 , a t room tem perature 
and once a t 37 c ,  fo r  5 minutes each tim e.

7 .5  T ryp sin ized  by immersion of t i s s u e  s l id e s  in wars 
trypsin  so lu t io n  o f  appropriate con cen tration  in PBS,pH 7 .4 ,  
adjust pH to  7 .8  w ith  0 .1  N sodium hydroxide. Incubated at 37C  
for appropriate in te r v a l .

The fo llo w in g  s tep s  (from 7 .6 -7 .1 8 )  were ca rr ied  out at 
room tem perature.

7 .6  R insed s e c t io n s  very g en tly  by u sin g  PBS, pH 7 .4 ,
for 5 m inutes, two tim es.

7 .7  Blocked n o n -sp e c if ic  rea ctio n  by applying on to  
the se c tio n s  w ith  2 %  normal goat serum in PBS, pH 7 .4 , fo r  20 
minutes in a hum idity chamber, r in se  once in PBS, pH 7 .4  fo r  1 
minute.

7 .8  Incubated w ith 100 jul o f primary antibody (ra b b it  
a n ti-r a b ie s  IgG and equine a n t i-r a b ie s  globulin-BBL at the 
optimal d ilu t io n  in  2% normal goat serum in PBS,pH 7 .4 , l e f t  in 
a humidity chamber for  45-60 m inutes, and g en tly  r in sed  with PBS, 
pH 7.4 for 1 minute and placed s e c t io n s  in two b u ffer  b ath s, each
for 5 m inutes.



45

7.9  Incubated with 100 111 o f secondary antibody  
[b io tin y la te d  goat a n ti-r a b b it  IgG {Sigma Chemicals C o., S t .L o u is ,  
MO) for rabbit a n t i-r a b ie s  IgG, and b io t in y la te d  goat a n ti-h o r se  
IgG (Vector C o., Burlingame, CA) for equine a n t i-r a b ie s  g lo b u lin  
-BBL] at the optim al d ilu t io n  in 2% normal goat serum in  PBS, 
pH 7 .4 , in a hum idity chamber for 30 m inutes, then washing as 
described above ( 7 .8 ) .

7 .10  Blocked the endogenous p eroxidase a c t iv i t y  by 
IX hydrogen peroxide in methanol for 30 m inutes, r in s e  in  PBS, 
pH 7 .4 , two-5 minute tim es.

7.11 Applied the preformed a v id in -b io t in y la te d
horseradish p eroxid ase  complex (ABC) (Dakopatt, France) on the
se c t io n s , incubated for  30 m inutes, washed as step  7 . 8 .  (The ABC 
was made up more than 30 minutes before use by mixing 1% "A" and 
1% "B" in PBS, pH 7 . 4 . )

7.12 S ub strate reaction :in cu b ated  s l id e s  w ith  fr e sh ly
prepared su b str a te , 3-3 -diam inobenzidine (DAB) 0 .5  Eg/rnl and
Q.1% hydrogen peroxide in PBS, pH 7 .4 , for 1-3 m inutes or u n t i l  
the co lor become l ig h t  brown. Drained o f f  DAB in to  d iap er and
rinsed im m ediately in d i s t i l l e d  water two tim es, 2 m inutes each.

7 . 1 3  Darkened the se c tio n s  by soaking in 0.5% copper 
sulphate in 0 .1 5  M NaCl for 5 minutes and r in sed  in  d i s t i l l e d
^« 1 trI f o r  5 m i n u t e s .

7.14 C ounterstained with G i l l ’ s hem atoxylin  fo r  1-2 
minutes, r in sed  in  d i s t i l l e d  water.
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7 .15  Placed in tap water s u b s t itu te  (c o n st itu e n t of 
sodium b icarb on ate and magnesium su lp h a te ) for 2-3 minutes then 
rinsed  in d i s t i l l e d  water.

7 .16  Dehydrated the s e c t io n s  tw ice  in graded e th y l  
a lcohol (70%, 95% and 100%) 30 seconds to  1 minute each.

7 .17  Cleared in xylene fo r  1 m inute.

7 .1 8  Mounted the s e c t io n s  in  permount and covered w ith  
cover g la s s e s .

8 . D eterm ination  o f Factors A ffe c tin g  the Immunoperoxidase 
S ta in in g . ABC Technique

To ach ieve meaningful r e s u l t s  in ob ta in in g  the  
g re a te s t  in t e n s i t y  o f s p e c i f i c  s ta in in g  w ith the le a s t  amount o f  
hack ground in te r fe r e n c e , avoid ing  f a l s e  n egative and fa ls e  
p o s i t iv e ,  the s ta in in g  technique should  be te s te d  in d if fe r e n t  
con d itio n s  as fo llo w in g s  ะ

8 .1 A ffe c t in g  on A ntibodies

8 .1 .1  Checkerboard t i t r a t i o n  to  determ ine the 
optimal d i lu t io n  o f primary a n tib o d ie s  pre pa red from rab bit bo
u s in g ra b ies  v a cc in e  and comme r c ia l  product o f equine a n ti-r a b ie s  
a n tib o d ies  (BEL) and secondary antibody

The primary a n tib o d ies  : ra b b it a n t i-r a b ie s  IcG was
d ilu ted  1 :1 0 , 1 :20 , 1 :40, 1 :80, 1:100 and 1:120, and equine
a n ti-r a b ie s  g lo b u lin  (BBL) was d ilu te d  1 :40 , 1:80, 1:100 , 1:200,
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1:300, 1:500 in d ilu e n t and 100 >ul o f each d ilu t io n  was applied
onto the brain s e c t io n s  p rev io u sly  try p sin ized  and proved to  
contain  ra b ies  v ir a l  antigen  by FAT and MIT. Further s tep s  were 
the same as p rev io u s ly  mentioned in p ro to co l. T issue s l id e s  with  
d if fe r e n t  co n cen tra tio n s of primary antibody of each type (home
made vs com m ercial) were incubated with varying con cen tration  of  
each secondary a n tib o d ie s  a t 1:100, 1:200 and 1:200, 1:300 in 2%
normal goat serum.

8 .1 .2  Choice o f d ilu e n t for p r iaary a n tib o d ies

Both primary a n tib od ies were d ilu te d  as 8 .1 .1  in two 
d if fe r e n t  d ilu e n ts  : fresh  PBS, pH 7 .4  and 2% normal goat serum
in fresh  PBS, pH 7 .4 .

8 .1 .3  Time course for  incubating__with  priaary
antibody

Incubation  time for primary antibody varied  from 45 
m inutes, 1 hour and 2 hours in a humidity chamber, a t room 
tem perature.

8 .2 T rypsini zation  for D ig estin g  the Aldehyde Linkages

8 .2 .1  Determ ination o f o p t imal concentr a tio n  and
pH o f t r v p s iท

A fter d ep a ra ffin ized  the t i s s u e  s e c t io n s , immerse the 
s l id e s  in the try p sin  con ta in ing  PBS bath. Tne con cen tra tion s o f  
tryp sin  used were 0.02%, 0.05%, 0.1% and 0 .15  % ( 0 .2 ,  0 .5 , 1 .0
and 1 .5  g / l i t r e )  in  fresh  PBS, pH 7 .4 .
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Trypsin co n cen tra tio n s were adjusted  to pH 7.8 with 0 .1  N 
sodium hydroxide.

8 .2 .2  Temperature and tim e course for tr y p s in iz a t io n

To determ ine the optim al temperature and tim e, the  
d ig e s t in g  procedures were ca rr ied  ou t in room temperature and 37 c 
for  a period  varying between 5 and 10 minutes (5 ,6 ,7 ,8  and 10 
m inutes ).

8 .3  In h ib itio n  o f N o n sp e c if ic  Background s ta in in g
and Endogenous Peroxidase A c t iv ity

To b e tte r  acheive the l e a s t  background a c t iv i t y ,  each  
o f th e fo llo w in g  s tep s  was t r ie d  in  a d d itio n  to  th at a lready used  
r o u tin e ly .

8 .3 .1  Incubated th e  s e c t io n s  in c h i l le d  aceton e  
bath for 10 minutes before t r y p s in iz a t io n .

8 .3 .2  Placed th e  s e c t io n s  in 0.3% hydrogen 
peroxide in PBS, pH 7 .4 , a t  37 c for 5 minutes b efore  
tr y p s in iz a t io n .

9. S p e c i f ic i t y  o f R eaction in  Immunoperoxidase s ta in in g , ABC 
Technique

To ch a ra c ter ize  the s p e c i f i c i t y  of immunoperoxidase 
s ta in in g  to  rab ies  an tigen .

The se c t io n s  o f brain  and sp in a l cord of the ra b ies  
p a tie n t  a t some reg ion s proved to  co n ta in  rab ies antigen  by FAT
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and MIT ะ fr o n ta l ,  o c c ip i t a l ,  cerebellum , m edulla and c e rv ica l  
enlargement were incubated  with 100 | i l  o f an ti-H erp es simplex  
v iru s type II (D akopatt, France) a t d ilu t io n  o f 1 :20 , 1:40 and
1:80 in 2% normal goat serum and normal rab b it serum d ilu ted  
at 1:100, 1:200 and 1:500 in PBS, pH 7.4 for 45 m inutes. A normal 
human brain se c t io n  a ls o  served as a co n tro l.

Further, s e c t io n s  o f brain o f a p a t ie n t  d ied  from other  
d isea se  than r a b ie s  i . e .  Acquired Immunodeficiency Syndrome 
(AIDS), th a t caused by HIV-I, a lso  served as n eg a tiv e  con tro l by 
using rab b it and equine a n ti-r a b ie s  IgG o f 1:80 and 1:300 
d ilu t io n  in 2% normal goat serum, r e s p e c t iv e ly .

10. S e n s i t iv i t y  o f  Immunoperoxidase S ta in in g . ABC Technique

The use o f  both o f primary antibody (homemade vs 
commercial) in s ta in in g  for rab ies antigen  in  some reg ion s of 
human and dog brain  were compared with ro u tin e  a n a ly s is  i . e .  
S e l l e r ’s s t a in ,  FAT and MIT by using the same specim ens. The 
r e s u lts  were an a lysed  for s e n s i t iv i t y  o f the t e s t s  and both 
primary a n tib o d ie s .

11. Methods o f Q u an tita tion

S ec tio n s  were examined under high power o b je c t iv e  (40x) 
by l ig h t  m icroscope. The a n tig e n -p o s it iv e  c e l l s  conta ined  e ith e r  
dark brown gran ules or d if fu s e  s ta in in g  r e a c tio n  in the cytoplasm .

Number o f a n t ig e n -p o s it iv e  c e l l s  in  v ar iou s areas was 
graded as 0 to  4 s c a le  from none to  most abundance. Inflammatory
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c e l lu la r  reactio n s a t p er iv a scu la r  c u f fs  and parenchysal t is s u e  
were a lso  q u an tita ted  in the same manner.

12. A nalysis o f Data

The s e n s i t iv i t y  were c a lcu la ted  according to  the method 
d escribed  by Mausner k  Bahn (1 5 8 ), using the fo llo w in g  formula :

Percentage s e n s i t iv i t y  = No. o f true p o s i t iv e s  
to ta l  N o.of true p o s i t iv e s  

and fa ls e  n e g a tiv e s .
X 100

The fo llow in g  d e f in it io n s  were used in  th is  c a lc u la t io n  :
true p o s it iv e  = specimen th at was p o s it iv e  for ra b ies  antigen  

by immunoperoxidase-ABC s ta in in g  and MIT
fa ls e  n egative  = specimen th at was p o s it iv e  for ra b ies  antigen

by MIT, but gave a n eg a tiv e  immunoperoxidase-ABC s ta in in g
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