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ESTIMATION OF AIRBORNE RAT-DERIVED ANTIGENS BY ELISA 

* * f G.E. Davies , Audrey V .  Thompson and M. Rackham 
C e n t r a l  Tox i co logy  Laboratory*  & Pharmaceuti  c a l  s D i v i s i o n  

I m p e r i a l  Chemical I n d u s t r i e s  PLC 
A l d e r l e y  Park N r  M a c c l e s f i e l d  

Cheshi re S K l O  4TJ UK 

ABSTRACT 

Double a n t i b o d y  sandwich ELISA procedures have been dev i sed  t o  e s t i m a t e  
t h e  concen t ra t i ons  o f  a i r b o r n e  r a t  u r i n a r y  and epidermal  an t i gens .  Bo th  
assays were capable o f  d e t e c t i n g  a t  l e a s t  3 ng/ml of a n t i g e n  p r o t e i n .  
Unknown concen t ra t i ons  were es t ima ted  i n  terms o f  t h e  s tandard,  l a b o r a t o r y -  
prepared m a t e r i a l ,  as c a l c u l a t e d  f rom t h e  l i n e a r  r e l a t i o n s h i p  between 
absorbance and l o g  concen t ra t i on .  The c o e f f i c i e n t  o f  v a r i a t i o n  of  a 
s i n g l e  assay was 12%. the  methods have been a p p l i e d  t o  e x t r a c t s  o f  t h e  
f i l t e r  m a t e r i a l  f rom s t a t i c  and personal  samplers i n  an animal room. 

INTRODUCTION 

Development o f  a l l e r g y  t o  l a b o r a t o r y  an imals  i s  an i n c r e a s i n g l y  

recognised problem o f  some magnitude; 

workers become a f f e c t e d  (1, 2, 3, 4, 5, 6 ) .  

r e d u c t i o n  o f  t h i s  i nc idence  would r e s u l t  f rom decreased exposure t o  a l l e r g e n ,  

f o r  example b y  re-des ign o f  animal rooms, adop t ion  o f  personal  p r o t e c t i v e  

measures, and r e c o n s i d e r a t i o n  o f  work ing p r a c t i c e s .  

a p p l i c a t i o n  o f  such measures must a w a i t  i n v e s t i g a t i o n s  o f  those f a c t o r s  which 

governthe amount o f  a l l e r g e n  i n  t h e  a i r  and these,  i n  t u r n ,  a r e  dependent on 

s u i t a b l e  assay procedures. 

p o s s i b l e  f o l l o w i n g  t h e  demonstrat ion o f  an a l l e r g e n i c  p r o t e i n  i n  r a t  u r i n e  

approx ima te l y  1 i n  5 o f  exposed 

It m i g h t  be expected t h a t  a 

Guidance f o r  t h e  

Imnunoassay f o r  r a t - d e r i v e d  a1 l e r g e n  became 
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114 DAVIES, THOMPSON, AND RACKHAM 

(7, 8 ) .  

r a t  u r i n e  i n  dus ts  and t h e  a i r  o f  animal rooms by r o c k e t  immunoelect rophores is  

u s i n g  a r a b b i t  ant iserum s p e c i f i c  f o r  t h i s  f r a c t i o n .  

es t ima ted  s p e c i f i c  r a t  u r i n a r y  a l l e r g e n  by t h e  techn ique  o f  RAST i n h i b i t i o n  

u s i n g  sera f rom a l l e r g i c  i n d i v i d u a l s  c o n t a i n i n g  IgE s p e c i f i c  f o r  t h e  a l l e r g e n .  

More r e c e n t l y  Twiggs gal. (11)  have a p p l i e d  a s i m i l a r  technique f o r  t h e  

e s t i m a t i o n  o f  mouse a l l e r g e n  i n  a i r .  

Longbottom (9) es t ima ted  t h e  pre-a lbumin a l l e r g e n i c  component o f  

Edwards (10)  has 

ELISA techniques a r e  r a p i d l y  g a i n i n g  wide acceptance, because o f  t h e i r  

f l e x i b i l i t y  and l a c k  o f  c o m p l e x i t i e s  assoc ia ted  w i t h  t h e  use o f  i so topes .  

They a r e  a l s o  more s e n s i t i v e  than  immunodi f fus ion and immunoelect rophoret ic  

techniques.  

f o r  t h e  e s t i m a t i o n  o f  an t i gens  d e r i v e d  f rom r a t  u r i n e  and r a t  ep ide rm is  and 

t h e  a p p l i c a t i o n  o f  t h e  techn ique  t o  t h e  d e t e r m i n a t i o n  o f  t h e  c o n c e n t r a t i o n  o f  

these an t i gens  i n  t h e  a i r  o f  animal rooms under  a v a r i e t y  o f  c o n d i t i o n s .  

The p resen t  paper desc r ibes  t h e  development o f  an ELISA procedure 

MATERIALS AND METHODS 

Animals 

Male r a t s ,  A l d e r l e y  Park Wis ta r -de r i ved  S t r a i n ,  S p e c i f i c  Pathogen Free, 

3 - 4 months o l d  were used as sources o f  an t i gens .  

Ant igens f rom Rat U r i n e  

U r i n e  was c e n t r i f u g e d  and d i a l y s e d  a t  4'Cfor 48 h a g a i n s t  0.05 M 

ammonium b ica rbona te  s o l u t i o n  as desc r ibed  b y  Longbottom (8).  

r e t e n t a t e  was l y o p h i l i z e d  and s t o r e d  a t  room temperature i n  a i r - t i g h t  

con ta ine rs .  

Ant igens f rom Rat Epidermis 

The 

Epidermis was ob ta ined  by a m o d i f i c a t i o n  (12) o f  t h e  method o f  

Ashendell  and Bou twe l l  (13) .  B r i e f l y ,  p ieces  o f  shaved f l a n k  and 

do rsa l  s k i n  (about  8 cm x 10 cm) were f r o z e n  b y  be ing  p laced on a g l a s s  

p l a t e  ove r  crushed ' D r i k o l d ' .  Epidermis was then  removed by sc rap ing  
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AIRBORNE RAT-DERIVED ANTIGENS 115 

w i t h  a s c a l p e l  b lade.  

0.05 M amnonium b icarbonate.  

a t  room temperature i n  a i r - t i g h t  c o n t a i n e r s .  

Rabb i t  A n t i s e r a  t o  Ant igens f rom Rat U r i n e  and Rat  Epidermis 

S o l u b l e  p r o t e i n s  were e x t r a c t e d  b y  s o n i c a t i o n  i n  

The s o l u t i o n  was l y o p h i l i z e d  and s t o r e d  

S o l u t i o n s  o f  ant igen,  e m u l s i f i e d  w i t h  F reund 's  Complete Ad juvan t  

were i n j e c t e d  i n t r a d e r m a l l y ,  each animal r e c e i v i n g  250 pg o f  p r o t e i n .  

I n j e c t i o n s  were con t inued  f o r t n i g h t l y  f o r  6 weeks. T o t a l  imnunog lobu l i n  

( I g )  f r a c t i o n s  were prepared by p r e c i p i t a t i o n  w i t h  amnonium su lpha te .  

Enzyme L a b e l l i n g  

A l i q u o t s  o f  t h e  I g  f r a c t i o n s  were l a b e l l e d  w i t h  ho rse - rad i sh  

perox idase (Sigma) by t h e  p e r i o d a t e  method o f  Wi lson and Nakame (14) 

as desc r ibed  b y  V o l l e r ,  B i d w e l l  and B a r t l e t t  (15 ) .  

L i n e  Imnunoelect rophores is  

Th is  was c a r r i e d  o u t  as desc r ibed  by K r o l l  ( 16 ) .  

B u f f e r s  

Coat ing b u f f e r  c o n s i s t e d  o f  Na2C03, 1.599; NaHC03, 2.939; 

0.29 i n  1 l i t r e  o f  d i s t i l l e d  water  ( f i n a l  pH 9.6) .  PBS Tween was 

NaC1, 409; KH2P04 l g ;  Na2HP04.12H20, 14.459; Tween 20 (Sigma)2.5 m l  

i n  5 l i t r e s  o f  d i s t i l l e d  wa te r  ( f i n a l  pH 9 .6 ) .  

b u f f e r  was c i t r i c  a c i d  59; 

water  (pH 5.0) .  

pe rox ide  (BDH) 40mg m l - 1  was made i n  c i t r a t e  phosphate b u f f e r  and s t o r e d  

a t  4OC. D a i l y ,  40 mg o f  2-phenylene d iamine (Sigma) was d i s s o l v e d  i n  

100 m l  o f  c i t r a t e - p h o s p h a t e  b u f f e r  and 0.5 ml o f  u rea -pe rox ide  s o l u t i o n  

added i m n e d i a t e l y  be fo re  use. 

EL I SA 

NaN3, 

C i t r a t e  phosphate 

Na2HP04.12H20, 179 i n  1 l i t r e  o f  d i s t i l l e d  

Fo r  subs t ra te ,  a s tock  s o l u t i o n  o f  urea hydrogen 

The double an t i body  sandwich method (14)  was adapted as f o l l o w s  

us ing  NUNC m i c r o - t i t r e  p l a t e s  (Gibco) :  

o f  t h e  I g  f r a c t i o n  o f  t h e  r a b b i t  an t i se rum i n  c o a t i n g  b u f f e r  was added 

t o  t h e  p l a t e s  and s t o r e d  f o r  2 h a t  room temperature; a f t e r  washing, 

200 ~1 volumes o f  1:4000 d i l u t i o n  
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116 DAVIES, THOMPSON, AND RACKHAM 

2 0 0 . ~ 1  o f  standard ant igen d i l u t i o n  o r  sample f o r  assay both i n  PBS-Tween 

containing 0.1% ge la t in ,  was added; 

temperature the  we l ls  were emptied and washed and 200 p1 o f  the 

appropr iate enzyme-labelled I g  f r a c t i o n  added. 

overnight i n  a humid chamber a t  4OC; a f t e r  f u r t h e r  washing 200 p l  of 

substrate was added. 

reac t ion  was stopped by the add i t i on  o f  50 p1 o f  0.5 M c i t r i c  ac id  and 

the absorbance measured a t  450 nm by means o f  a Mult iskan (Flow 

Laborator ies).  

Pro te in  

a f t e r  a f u r t h e r  2 h a t  room 

The p la tes  were stored 

A f t e r  30 minutes a t  room temperature the 

The method o f  Lowry Gal. (16 )  was followed. 

Sampling o f  Airborne Antigen 

Both personal and background samplers were used, p a r t i c u l a t e  

mater ia l  being co l l ec ted  on glass f i b r e  f i l t e r s  (Whatman GF/A: f u l l e r  

d e t a i l s  o f  the a i r  sampling procedures w i l l  be described i n  a separate 

paper). 

o r  f o r  the l a rge r  f i l t e r  (60 mn) 4 x 6 nnn punched out c i rc les,were 

extracted w i t h  1 m l  PBS-Tween b u f f e r  by sonicat ion.  

For ant igen determinat ion the complete personal f i l t e r  (22 mn) 

RESULTS 

Character izat ion o f  Antigens 

The imnunoelectrophoretic patterns shown i n  Figures 1 and 2 i nd i ca te  

tha t  the ur inary  antigens contained small amounts o f  serum antigens bu t  

very l i t t l e  epidermal antigen, whereas the epidermal ant igen was v i r t u a l l y  

f ree  from contamination w i t h  u r i na ry  o r  serum antigens. 

S p e c i f i c i t y  o f  Assays 

Tables 1 and 2 show tha t ,  i n  the concentrat ion range used fo r  assay ( 3  

t o  100 ng m l - l ) ,  antibody t o  u r i na ry  ant igen d i d  no t  reac t  s i g n i f i c a n t l y  

w i th  serum o r  epidermal antigens and l i kew ise  antibody t o  epidermal 

ant igen d i d  no t  reac t  w i t h  u r i na ry  o r  serum antigens (Table 1 and 2). 
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Figure 1. L ine  imnunoelectrophoresis o f  r a t  antigens i n t o  r a b b i t  
a n t i - r a t  u r i ne  (8% i n  agarose); U = u r ine  e x t r a c t  (2  mg ml-1); 
epidermal ex t rac t  (2  mg ml-1); S = serum (1:2) 

D = 

TABLE 1 

Reaction o f  Rabbit Antibody t o  Rat Ur inary  Antigen w i t h  

Rat Urine, Epidermis and Serum, demonstrating S p e c i f i c i t y  

f o r  Homologous Antigen 

Source o f  Antigen 

Absorbance a t  450 nm /. 
* 

Cone 
ng ml-1 Ur ine Epidermis Serum 

100 
50 
25 
12.5 
6.2 
3.1 

0.775 
0.663 
0.479 
0.281 
0.175 
0.117 

0.092 0.15 
0.034 0.025 

* 
Total  P ro te in  

f Mean value o f  3 estimates by ELISA 
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118 DAVIES, THOMPSON, AND RACKHAM 

Figure 2. Line imnunoelectrophoresis o f  rat  antigens into rabbit ant i -  
rat dander (epidermal protein, 8% in  agarose ; U = urine extract 

(2  mg ml-1); D = epidermal extract (2  mg ml- I ) ;  S = serum (1:2) 
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TABLE 2 

119 

Reac t ion  o f  R a b b i t  An t ibody  t o  Rat  Epidermal Ant igens w i t h  

Rat  Epidermis, U r i n e  and Serum, demons t ra t i ng  S p e c i f i c i t y  

f o r  Homologous An t igen  

Source o f  An t igen  

Absorbance a t  450 nm 

* 
Cone 

ng ml-1 U r i n e  Epidermis Serum 

100 0.035 
50 
25 
12.5 
6.2 
3.1 

0.989 0.0 
0.837 
0.730 
0.551 
0.346 
0.210 

* 
T o t a l  P r o t e i n  

f Mean va lue  o f  3 es t ima tes  by ELISA 

Exper imenta l  P lan  

The m i c r o - t i t r e  p l a t e s  c o n s i s t e d  o f  8 rows l a b e l l e d  A - H and 12 

columns l a b e l l e d  1 - 12. Row 1 ( A  t o  H)  was a c o n t r o l  row c o n t a i n i n g  

no an t i gen ;  

d i l u t i o n s  o f  s tandard  an t i gen ;  

were used f o r  d i l u t i o n s  o f  t h e  unknown samples. 

a n t i g e n  c o n t e n t  were made i n  terms o f  s tandard  an t i gen :  each p l a t e  was 

t r e a t e d  s e p a r a t e l y  and t h e  va lue  o f  t h e  unknown d e r i v e d  b y  r e f e r e n c e  t o  

t h e  r e g r e s s i o n  l i n e  o f  t h e  samples on i t s  own p l a t e .  

T y p i c a l  Assays 

two columns ( w e l l s  B t o  G o n l y )  were randomly s e l e c t e d  f o r  

t h e  rema in ing  columns ( w e l l s  B t o  G )  

C a l c u l a t i o n s  o f  

Examples o f  assays o f  t h e  amounts of r a t  u r i n a r y  and epidermal  

an t i gens  i n  t h e  a i r  o f  animal rooms a r e  shown i n  Tables 3 and 4, w i t h  

t h e  corresponding c a l i b r a t i o n  curves i l l u s t r a t e d  i n  F i g u r e  3. An 
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120 DAVIES, THOMPSON, AND RACKHAM 

3.125 12.5 50 
ng rnl -1 

Figure 3. 
Ca l i b ra t i on  curves f o r  assay o f  r a t  epidermal and u r ina ry  antigens. 
For u r i ne  (0) Log, Concentration = (3.3 x Absorbance) t 0.175 
r 0.976 
For epidermis (0) Log, Concentration = (3.35 x Absorbance) + 0.56 
r = 0.997 

TABLE 3 

Assay o f  Ur inary  Antigen i n  A i r  

D i l u t i o n  o f  Absorbance Estimated Concentration Mean-l 
Ex t rac t  a t  450 nm i n  Sample ng m l  -1 ng m l  

1:16 0.634 14.7 x 16 = 234 
1:32 0.459 8.2 x 32 = 262 248 
1:64 0.241 3.9 x 64 = 249 

1 :2 
1 :4 
1:8 

0.555 11.2 x 2 = 22 
0.226 3.7 x 4 = 15 203 
0.133 2.7 x a = 22 

Log, concentrat ion = (3.35 x Absorbance) t 0.56 

r = 0.997 
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TABLE 4 

121 

Assay of Epidermal Antigen i n  A i r  

D i l u t i o n  o f  Absorbance Estimated Concentration 
Ex t rac t  a t  450 nm i n  Sample ng ml-1 ng m l  

1 :8 1.03 35.5 x 8 = 284 
1:16 0.e33 18.7 x 16 = 299 289 
1:32 0.61 8.9 x 32 = 285 

1:2 0.787 16.0 x 2 = 32 
1 :4 0.460 5.4 x 4 = 22 
1 :8 0.238 2.6 x 8 = 21 
1:16 0.139 1.9 x 16 = 30 

26 

Log, Concentration = (3.3 x absorbance) + 0.175 
r = 0.996 

TABLE 5 

Ca lcu la t ion  o f  Antigen Concentration o f  A i r  

Total  area o f  fi 1 t e r  = 1809 mn2 
Area o f  4 x 6 mn d iscs  = 113 mn2 
Conc. o f  Antigen i n  Assay Sample (Table 3) = 

Volume o f  A i r  Sampled = 53 m3 
248 ng m l - ’  

. * .  Conc.of Antigen i n  A i r  

= Conc. i n  Sample x Area o f  F i l t e r  x 1 
Area o f  4 Discs Vol o f  A i r  

= 74.9 ng m-3 
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122 DAVIES, THOMPSON, AND RACKHAM 

example o f  the method o f  ca l cu la t i on  of a i rborne ant igen concentrat ion 

i s  shown i n  Table 5. 

S t a t i s t i c a l  Considerations 

The v a r i a b i l i t y  o f  the standard response curve slope was inves t iga ted .  

About h a l f  the  v a r i a b i l i t y  was i d e n t i f i e d  w i t h  the day o f  the experiment 

and a quarter w i t h  each o f  the p la te - to -p la te  v a r i a b i l i t y  on a given day 

and the  column-to-column v a r i a b i l i t y  on a given p la te .  

estimates o f  the unknown leve ls  were made by reference t o  the standard 

r e s u l t  on the same p l a t e  on the  same day,only the  column-to-column 

v a r i a b i l i t y  appl ies t o  these estimates. 

response curve slope w i t h i n  a given p l a t e  on a given day ( i e  the  

column-to-column variance) was 0.25. 

va r ia t i on  was 12%. 

Airborne Antigen Levels i n  an Animal Rocin 

As a l l  o f  our 

The variance o f  the standard 

The re levant  c o e f f i c i e n t  o f  

A con t ro l  animal room was selected i n  o rder  t h a t  the assay procedure 

could be tes ted  under actual  condi t ions.  During the per iod  o f  

i nves t i ga t i on  the room was no t  used f o r  any o the r  purpose. 

stocked i n i t i a l l y  w i t h  800 male r a t s  and a f t e r  a s e t t l i n g  per iod  o f  10 

days s t a t i c  samples were taken i n  the cent re  of the room each n i g h t  

( f o r  16 hours) and day ( f o r  8 hours) over a 10 day per iod:  400 animals 

were then removed and the day and n i g h t  sampling continued f o r  a f u r the r  

10 days. 

and stocking dens i ty  and a lso  demonstrates nocturnal  a c t i v i t y  of the 

animals. 

animal technic ians were requested t o  ca r ry  out some standard procedures 

each on 100 animals (weighing, dosing by gavage, cleaning, and merely 

ho ld ing  up an animal t o  examine i t ) .  

l eve l s  estimated and ind ica tes  the  i nd i v idua l  v a r i a b i l i t y  between 

operators and a lso  the very h igh  l eve l s  experienced dur ing  examination, 

presumably dur ing which the animals u r ina ted .  

It was 

Figure 4 i l l u s t r a t e s  the re la t i onsh ip  between ant igen leve ls  

I n  the next phase o f  the i nves t i ga t i on  10 t o  12 experienced 

Figure 5 shows the range of ant igen 
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0.1 J 
~NTIGEN] 

us rn-3 

1400 RATS 
I8O0 RATS O I 

- 
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Figure 4.  
r e s t i n g  condi t ions.  0- n i g h t  samples; a= day samples. 

Levels o f  r a t  u r i na ry  ant igen i n  an animal room under 

DISCUSSION 

The purpose o f  t h i s  communication i s  t o  describe the imnunoassay 

procedure which we are now using f o r  a de ta i l ed  study of the  fac to rs  

governing the amount o f  animal-derived a l l e rgen  i n  the a i r .  As 

described the system estimates ant igen ra the r  than spec i f i ca l l y ,  

a l lergen. There are two reasons f o r  t h i s :  f i r s t ,  s p e c i f i c  es t imat ion  

o f  a l le rgen would requ i re  a la rge  and constant supply o f  human serum 

containing the  appropr iate ant ibodies and as we envisage the necessi ty 

f o r  several thousand assays, t h i s  would be inconvenient, and second, 

i t  seems reasonable t o  assume t h a t  ant igen concentrat ion i s  re la ted  t o  

a l le rgen concentration, a t  l e a s t  w i t h  the antigens we are  using. 

i t  must be emphasized t h a t  a l l  concentrations are quoted i n  terms o f  t he  

standard preparat ions and are  no t  absolute values, 

studies i n  the con t ro l l ed  animal room are included i n  t h i s  paper merely 

F i n a l l y  

The r e s u l t s  o f  
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Figure 5. 
var ious types o f  a c t i v i t y  

Levels o f  r a t  u r i na ry  ant igen i n  an animal dur ing 

t o  i l l u s t r a t e  the assay procedure. The number of observations and the 

range o f  condi t ions under which they were made are  f a r  too  small f o r  any 

fin conclusions t o  be made. S imi la r  bu t  much more extensive 

inves t iga t ions  are cu r ren t l y  i n  progress and w i l l  be reported separately.  
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