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A B S T R A C T 

T h e h a l i d e s a l t s o f p l a t i n u m a r e h i g h l y p o t e n t o c c u p a t i o n a l 

s e n s i t i s e r s a n d c a p a b l e o f e l i c i t i n g , a t v e r y l o w d o s e s , a l l e r g i c 

r e a c t i o n s m a i n l y d u e t o t y p e I i m m e d i a t e I g E h y p e r s e n s i t i v i t y . 

T h e s e s t u d i e s h a v e i n c l u d e d o t h e r p l a t i n u m g r o u p m e t a l s a l t s 

i e p a l l a d i u m a n d r h o d i u m , a s w e l l a s o t h e r s a l t s o f p l a t i n u m . 

T h e o b j e c t o f t h e p r e s e n t i n v e s t i g a t i o n w a s t o s e e w h e t h e r 

i t w a s p o s s i b l e t o d e v e l o p a n a n i m a l m o d e l o f I g E m e d i a t e d h y p e r -

s e n s i t i v i t y t o a m m o n i u m t e t r a c h l o r o p l a t i n a t e I I ( N H ^ J ^ P t C l ^ . 

T h e h o o d e d l i s t e r r a t , a h i g h I g E p r o d u c e r , w a s i n i t i a l l y 

i m m u n i s e d b y a s y s t e m a t i c s e r i e s o f i n j e c t i o n s o f f r e e p l a t i n u m 

s a l t , w i t h a n d w i t h o u t B . p e r t u s s i s a s a d j u v a n t v i a d i f f e r e n t 

r o u t e s . T h e p r e m i s e w a s t h a t i n j e c t i o n o f t h e s m a l l h i g h l y 

c h a r g e d a n d r e a c t i v e h a p t e n i c p l a t i n u m s p e c i e s w o u l d c o m b i n e 

w i t h a c a r r i e r f i n v i v o ' t o p r o v i d e a s u i t a b l e c o n j u g a t e f o r 

s e n s i t i s a t i o n . 

T e s t s f o r s e n s i t i s a t i o n w e r e c a r r i e d o u t b y D i r e c t s k i n t e s t s , 

P a s s i v e c u t a n e o u s t e s t s a n d h i s t a m i n e r e l e a s e f r o m m a s t c e l l s . 

T o t a l I g E a n d I g G l e v e l s w e r e a l s o m e a s u r e d . T h e r e w a s n o 

e v i d e n c e i n t h e s e s t u d i e s o f a n t i b o d y p r o d u c t i o n t o t h e p l a t i n u m 

s a l t s , n o r w e r e s i g n i f i c a n t c h a n g e s i n t o t a l i m m u n o g l o b u l i n l e v e l s 

n o t e d . 

I n t h e n e x t s t a g e t h e i n t e n t i o n t o u s e o v a l b u m i n a s a c a r r i e r 

w a s s t u d i e d , w i t h a n d w i t h o u t B . p e r t u s s i s a s a d j u v a n t , t o g e t h e r 

w i t h c o n c u r r e n t a d m i n i s t r a t i o n o f v a r y i n g d o s e s o f f r e e p l a t i n u m 

s a l t . T h i s s h o w e d t h a t i n t h o s e p r i m e d w i t h B . p e r t u s s i s , t h e 

p l a t i n u m s a l t s e x e r t e d a s t r i k i n g e n c h a n c e m e n t o f I g E a n t i b o d y 

p r o d u c t i o n a g a i n s t t h e o v a l b u m i n . T h i s i m m u n o p o t e n t i a t i o n w a s 

l i m i t e d t o t h o s e p l a t i n u m s a l t s w i t h d e m o n s t r a b l e a n t i g e n i c 
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activity m man, i.e. PtCl^ ;PtCl^ . The many other platinum, 

palladium and rhodium salts studied did not show this effect. 

In the final stage preformed conjugates of the platinum 

salts with ovalbumin were studied. Low haptenic loading of 

platinum groups in the order of 2-10 per molecule of ovalbumin, 

produced conjugates with the ability to reproducably sensitise 

70-100% of groups of rats with the production of skin sensitis-

ing, heat labile IgE antibody. These were detected by PCA 

tests using heterologous conjugates of platinum salts for which 

carrier cross reactivity was excluded, and by specific RAST 

with platinum-human serum albumin conjugates for anti-platinum 

IgE antibody. 

This animal model makes possible further investigation of 

the well defined low molecular weight inorganic haptens of the 

platinum group metals and their salts, enabling analysis of 

possible immunochemical inter-relationships. Such haptens lend 

themselves to chemical modification and this in turn may help 

to identify the immunochemically relevant molecular structures 

necessary for sensitisation and, in man, elicitation where the 

leaving halide ligands appears to determine in part their 

allergenicity. 



ABBREVIATIONS 

BN 5r Brown norway 

BSA Bov ine serum albumin 

C 1 _ 4 Conjugate immunisat ions 

CM I C e l l mediated immunity 

CPM Counts per minute 

DDP Dichlorodiammine p la t inum I I 

DNP D i n i t r o p h e n o l 

EDTA E t h y l e n e d i a m i n e t e t r a a c e t i c a c i d 

FCA. Freunds complete ad juvant 

FEV Forced e x p i r a t o r y volumn 

GP^_2 Guinea p ig immunisat ions 

HEPES N-2-Hydroxye thy lp ipe raz ine N-2-ethanesulphonic a c i d 

HGG human gamma g l o b u l i n 

HSA human serum albumin 

i . d . i n t raderma l 

i .m . i n t r amuscu la r 

IMP0j_ . j j the e f f e c t s o f F ree PGM's on ovalvumin ant ibody product ion 

i . p . i n t r a p e r i t o n e a l 

I . T . i n t r a t r a c h e a l 

i . v . in t ravenous 

LD^Q l e t h a l dose 

L . D . H . l a c t i c dehydrogenase 

MLD minimum l e t h a l dose 

NHR net h i s tamine r e l e a s e 

OVA ovalbumin 

P^ g f r e e p la t inum s a l t immunisations 

PB phosphate b u f f e r 

PBS phosphate bu f f e red s a l i n e 

PCA p a s s i v e cutaneous anaphy l ax i s 

PGM plat inum group metal 

PK p raUsn i t z - kus tner 

PML polymorphonuclear l eucocyte 

PRIST paper radioimmunosorbent t e s t 

RAST r a d i o a l l e r g o s o r b e n t t e s t 

S s o l v e s s o 



5A s o l v e s s o ammine 

SAP soLvessoammine p la t inum 

S/cu t Subcutaneous 

S . D . s tandard d e v i a t i o n 

SEM s tandard e r r o r of the mean 

STS IgG shor t term s e n s i t i s i n g IgG 

TDI to luene d i - i s o c y a n a t e 

TMI to luene mono-isocyanate 
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P A S S I V E C U T A N E O U S A N A P H Y L A X I S ( P C A ) 6 7 

C O M P A R I S O N O F I N J E C T I O N S I T E I N T H E R A T U S I N G P C A R E A C T I O N S 6 8 
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L A C T I C D E H Y D R O G E N A S E A S S A Y ( L D H ) 7 0 
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P O S T I M M U N I S A T I O N P L A T I N U M S A L T S A T T H E P E A K O F T H E 

P R I M A R Y R E S P O N S E ( I M P O 2 ) 1 0 8 

T H E E F F E C T O F AMMONIUM H E X A C H L O R O P L A T I N A T E I V ON T H E 

P R O D U C T I O N O F A N T I B O D Y I N O V A L B U M I N I M M U N I S E D R A T S 

( I M P O 3 ) 1 1 2 

D O E S AMMONIUM H E X A C H L O R O P L A T I N A T E I V A C T ' P E R S E ' A S 

AN A D J U V A N T ? ( I M P O 4 ) 1 1 6 

T H E E F F E C T O F D I C H L O R O D I A M M I N E P L A T I N U M I I ON T H E 

P R O D U C T I O N O F A N T I B O D Y I N O V A L B U M I N I M M U N I S E D R A T S 

( I M P O 5 ) 1 2 0 

T H E E F F E C T O F D I C E S I U M T R I C H L O R O N I T R O P L A T I N A T E ON T H E 

P R O D U C T I O N O F A N T I B O D Y I N O V A L B U M I N I M M U N I S E D R A T S 

( I M P O 6 ) 1 2 4 

T H E E F F E C T O F T E T R A M M I N E P L A T I N U M ON T H E P R O D U C T I O N O F * 
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2 7 ) S p e c i f i c a n t i - p l a t i n u m R A S T i n a n i m a l s i m m u n i s e d w i t h p l a t i n u m -

o v a l b u m i n c o n j u g a t e s ( C 2 , 3 , 4 ) . 1 6 7 

2 8 ) H o m o l o g o u s a n d h e t e r o l o g o u s P C A c h a l l e n g e i n p l a t i n u m t r e a t e d 

a n i m a l s ( C 2 , 3 , 4 ) . 
1 6 9 

2 9 ) C o r r e l a t i o n b e t w e e n h e t e r o l o g o u s p l a t i n u m P C A a n d R A S T . 1 7 0 

3 0 ) C o r r e l a t i o n b e t w e e n h o m o l o g o u s p l a t i n u m P C A a n d R A S T . 1 7 1 

3 1 ) S t r u c t u r e o f p l a t i n u m g r o u p m e t a l c o m p l e x e s . 1 8 2 
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I N T R O D U C T I O N 



P l a t i n u m i s t h e b e s t k n o w n o f t h e n o b l e m e t a l s r e n o w n e d f o r 

i t s n o n - r e a c t i v i t y a t a t m o s p h e r i c c o n d i t i o n s . I t , l i k e g o l d , i s 

h i g h l y s o u g h t a f t e r f o r v a r i o u s i n d u s t r i a l p r o c e s s e s a n d 

j e w e l l e r y . I t i s , h o w e v e r , u n l i k e a l l o t h e r n o b l e m e t a l s i n i t s 

o u t s t a n d i n g a b i l i t y t o s e n s i t i s e m a n i n i t s h a l i d e s a l t f o r m . A s 

s u c h , i t h a s c a u s e d a p r o b l e m i n t h o s e e x p o s e d t o t h i s m a t e r i a l 

m a i n l y i n t h e r e f i n i n g o f t h e m e t a l a n d i n l a b o r a t o r y w o r k e r s . 

I t i s k n o w n t o b e o n e o f t h e m o s t p o t e n t s e n s i t i s i n g a l l e r g e n s , 

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

T h e r e a r e a l s o r e p o r t s o f a l l e r g i c r e a c t i o n s i n s o m e o f t h o s e 

u n d e r g o i n g t r e a t m e n t s w i t h t h e c i s - p l a t i n u m a n t i t u m o u r c o m p o u n d s , 

t h e a l l e r g e n i c i t y w h i c h i s , i f a t a l l , o f a v e r y l o w o r d e r . 

S o m e i m m u n o c h e m i c a l e v i d e n c e p o i n t s t o t h e r o l e o f t h e 

l e a v i n g h a l i d e l i g a n d a s t h e c a u s a t i v e a g e n t . F o r f u r t h e r s t u d i e s 

o f t h i s a n d r e l a t e d p r o b l e m s a n a n i m a l m o d e l w o u l d b e o f g r e a t 

v a l u e . U p t o n o w n o s u c h m o d e l e x i s t s f o r d e m o n s t r a t i n g t h e 

a l l e r g e n i c i t y , i n t e r m s o f T y p e I I g E m e d i a t e d h y p e r s e n s i t i v i t y , 

o f l o w m o l e c u l a r w e i g h t i n o r g a n i c c o m p o u n d s . T h e i m m u n o l o g i c a l 

b e h a v i o u r o f t h e p l a t i n u m s a l t s i s o f b o t h c l i n i c a l i m p o r t a n c e 

a n d b a s i c i m m u n o c h e m i c a l i n t e r e s t . 

G E O L O G I C A L AND G E O G R A P H I C A L L O C A T I O N S O F P L A T I N U M 

T h e f i r s t p l a t i n u m i d e n t i f i e d a s a w o r k a b l e m e t a l c a m e f r o m 

S o u t h A m e r i c a a n d b r o u g h t t o E u r o p e i n t h e s e v e n t e e n t h a n d 

e i g h t e e n t h c e n t u r i e s a s a n a l m o s t u n w a n t e d b y - p r o d u c t a s s o c i a t e d 

w i t h g o l d , a s a l l a t t e m p t s t o r e f i n e a n d s m e l t i t f a i l e d . I t 

w a s f o u n d i n i t s m e t a l l i c f o r m w i t h o t h e r p l a t i n u m g r o u p a n d 

b a s e m e t a l s i n a l l u v i a l a n d g l a c i a l d e r i v e d s a n d d e p o s i t s . I t 

i s s t i l l b e i n g p a n n e d t o d a y i n C o l u m b i a , w e s t e r n A l a s k a , E t h i o p i a 

a n d t h e F a r E a s t . 



T h e d e r i v a t i o n o f t h e w o r d p l a t i n u m c o m e s f r o m t h e S p a n i s h 

' P l a t i n a ' t r a n s l a t e d t o ' l i t t l e s i l v e r ' b e c a u s e o f i t s u n w o r k -

a b l e n a t u r e a n d a s s u c h h a d a l o w e r e c o n o m i c v a l u e . 

I n R u s s i a , u p u n t i l t h e n i n e t e e n t h c e n t l x y t h e a l l u v i a l 

d e p o s i t s i n t h e U r a l s c o n s t i t u t e d t h e w o r l d ' s l a r g e s t s u p p l y , t h i s 

h a s s i n c e d w i n d l e d , b u t n e w p l a t i n u m b e a r i n g o r e h a s b e e n f o u n d 

i n m a n y o t h e r c o r n e r s o f t h e w o r l d . 

T h i s i s u s u a l l y f o u n d i n a f o r m c o n t a i n i n g a m i x t u r e o f 

e i t h e r p l a t i n u m g r o u p m e t a l s o r b a s e m e t a l s s u c h a s i r o n , 

c o p p e r a n d n i c k e l i n t h e i r s a l t f o r m . T h e m o s t f a m i l i a r b e i n g 

S p e r r i t e P t A s 2 ; C o o p e r i t e ( p t - P d ) S ; B r a g g i t e ( P t - P d - N i ) S a n d 

m a n y o t h e r s s i m i l a r i n c o m p o s i t i o n b u t w h e r e t h e m a j o r c o m p o n e n t 

i s o n e o f t h e o t h e r p l a t i n u m g r o u p m e t a l s . 

O n c e i t s e c o n o m i c v a l u e w a s r e a l i s e d l a r g e d e p o s i t s w e r e 

d i s c o v e r e d i n S o u t h A f r i c a , U S S R , C a n a d a a n d r e c e n t l y i n M o n t a n a 

U S A . T h e S o u t h A f r i c a n s o u r c e s a r e t h e m o s t c o n c e n t r a t e d i n t h e 

w o r l d , b u t s t i l l o n l y c o n t a i n 4 - 1 0 p p m o f t h e p l a t i n u m m e t a l s 

-4 

( 1 p p m = 1 0 g / % ) . I n C a n a d a t h e p l a t i n u m i s r e f i n e d a s a b y -

p r o d u c t o f t h e v e r y l a r g e c o p p e r a n d n i c k e l d e p o s i t s a s t h e 

p l a t i n u m a b u n d a n c e i s o n l y 1 p p m . 

G e o l o g i c a l s t u d i e s o f t h e d i s t r i b u t i o n o f t h e p l a t i n u m 

g r o u p m e t a l s w i t h i n t h e e a r t h ' s c r u s t h a v e s h o w n t h a t t h e r e i s 

l i k e l y t o b e f a r m o r e p l a t i n u m g r o u p m e t a l s i n t h e c o r e t h a n i n 

t h e c r u s t , h e n c e t h e u n c h a r a c t e r i s t i c a l l y h i g h l e v e l s i n s o m e 

a l l u v i a l d e p o s i t s , a n d t h a t t h e l e v e l s i n t h e r e m a i n d e r o f t h e 

e a r t h ' s c r u s t r a r e l y e x c e e d 0 . 0 0 5 p p m f o r p l a t i n u m a n d 0 . 0 0 1 p p m 

f o r t h e r e m a i n d e r o f t h e g r o u p ( M a s o n , 1 9 5 8 ) . 

R E F I N I N G O F P L A T I N U M C O N T A I N I N G O R E S 
S o u t h A f r i c a i s t h e l a r g e s t o f a l l t h e p l a t i n u m p r o d u c i n g 
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countries, producing 46% of the world's needs. The ore has a. 

particularly favourable platinum palladium ratio in the order 

of 5:2, allowing partial refining of the ore with relative ease 

in the country of origin prior to shipment for final refining 

to the necessary industrial purity (Beath e t a l . 1961; D o w s i n g , 1980; 

Dowsing; 1980). 

The ore is brought up from the mines, crushed and passed 

through ball mills greatly reducing the particle size. Primary 

purification of the ore is brought about by froth flotation 

followed by gravity concentration. In this process the platinum 

group metals (PGMs) are brought to the surface of the flotation 

tanks by passing air through the ore liquid contained within and 

held there by suitable chemicals within the froth. The froth 

containing the PGMs is allowed to gravitate producing 30-40% 

pure PGMs. The resulting concentrate is thickened, filtered and 

compressed into pellets which are then smelted and cooled slowly 

to produce the high grade matte. This is ground and the non-

magnetic particulate matter recycled. The magnetic portion • 

containing 60% PGMs is sent to Johnson Matthey at Brimsdown and 

Royston for final refining. 

The final concentrates containing all the PGMs are dissolved 

in Cone, HC1 through which chlorine is bubbled, producing 

amongst other thirgsvast quantities of chloroplatinic acid, a 

potent skin sensitiser. Gold is precipitated by reduction with 

ferrous salts and processed later. The pH is brought down to 1 

and the base metals drawn out, the pH is raised to 3 and the 

ruthenium and Qsmium oxidised and distilled off for further 

purification. At pH5 rhodium and iridium are precipitated, it 

is at this stage that palladium is drawn out depending on the 



F L O W C H A R T O F P L A T I N U M R E F I N I N G 

O R E F R O M M I N I N G M I N E S 

C R U S H I N G P L A N T AND B A L L M I L L S 

F R O T H F L O T A T I O N O F P G M s 

G R A V I T Y C O N C E N T R A T E 

F I L T E R , D R Y C O N C E N T R A T E 

P E L L E T I S E AND S M E L T 

S L O W C O O L I N G T O P R O D U C E H I G H G R A D E M A T T E 

G R I N D I N G F O L L O W I N G MAG S E P A R A T I O N 

F I N A L C O N C E N T R A T E 6 0 % PGM 

S H I P P E D T O R E F I N E R Y 

D I S S O L V E A L L P G M s I N H C 1 + C l 2 CHLOHOPLATINIC ACID 

P R E C I P I T A T E G O L D - F U R T H E R T R E A T M E N T 

B A S E M E T A L S F I L T E R E D O U T - F U R T H E R T R E A T M E N T 

R u + O s D I S T I L L E D O F F - F U R T H E R T R E A T M E N T 

P R E C I P I T A T E R h + I r - F U R T H E R T R E A T M E N T 

A D D I T I O N O F AMMONIUM C H L O R I D E ( N H ^ P t C l g 

P L A T I N U M P R E C I P I T A T E D 

S A L T I G N I T E D - N H . C 1 BLOWN O F F 
4 

B L A C K P L A T I N U M S P O N G E S M E L T E D 

9 9 . 9 % P L A T I N U M 

F i g u r e 1 F l o w c h a r t i n d i c a t i n g p a s s a g e o f p l a t i n u m f r o m m i n e t o 

c o m m e r c i a l p u r i t y . B o l d t y p e r e f l e c t s t h o s e c o m p o u n d s c a u s i n g 

a l l e r g i c r e s p o n s e s i n m a n . 



p r o c e s s a s e i t h e r t h e a m i n e o r h y d r o x i d e . 

A t t h i s s t a g e v i r t u a l l y a l l t h e P G M s w i t h t h e e x c e p t i o n 

o f p l a t i n u m , w h i c h w a s t h e l a r g e s t c o m p o n e n t , h a v e b e e n 

r e m o v e d . A m m o n i u m c h l o r i d e i s a d d e d w h i c h r e s u l t s i n t h e 

f o r m a t i o n o f t h e h i g h l y a l l e r g e n i c c o m p l e x s a l t ; A m m o n i u m h e x a -

c h l o r o p l a t i n a t e I V ( N H ^ J ^ P t C l ^ . T h i s i s p r e c i p i t a t e d , f i l t e r e d , 

d r i e d a n d s l o w l y b r o u g h t t o i g n i t i o n a t 1 0 0 0 c , t h e a m m o n i u m 

c h l o r i d e i s b l o w n o f f , l e a v i n g a r e s i d u e o f b l a c k p l a t i n u m 

s p o n g e a t 9 9 . 9 9 % p u r i t y . 

B I O L O G I C A L A C T I O N S O F T H E C O M P L E X S A L T S O F P L A T I N U M 

P l a t i n u m g r o u p m e t a l s w i t h p a r t i c u l a r r e f e r e n c e t o p l a t i -

n u m a n d p a l l a d i u m , p o s s e s s c h a r a c t e r i s t i c s i n t h e i r h a l i d e s a l t 

f o r m a s w e l l a s t h e i r m e t a l l i c s t a t e t h a t m a k e s t h e i n t e r p r e t a t i o n 

o f s o m e o f t h e p h y s i o l o g i c a l f i n d i n g s d i f f i c u l t a n d c a r e m u s t 

b e t a k e n n o t t o c o n f u s e o n e w i t h a n o t h e r a l t h o u g h m a n y s i t u a t i o n s 

a r i s e w h e r e t h e r e i s a v e r y r e a l p o s s i b i l i t y o f i n t e r p l a y b e t -

w e e n t h e s e f r a c t i o n s . T h e s e a l l e m a n a t e f r o m t h e 3 c o m p o n e n t s 

o f a n y r e a c t i o n i n v o l v i n g t h e p l a t i n u m m e t a l s a n d t h e i r c o o r d -

i n a t i o n c o m p l e x e s : 

1 . T h e i n h e r e n t t o x i c i t y o f t h e m e t a l s a l t . 

2 . T h e i r r i t a n t p r o p e r t i e s a s s o c i a t e d w i t h t h e s a l t s . 

3 . T h e a l l e r g e n i c i t y o f s e v e r a l o f t h e s e c o m p o u n d s i n b o t h 

t h e i r m e t a l l i c a n d s a l t f o r m b r o u g h t a b o u t m a i n l y , b u t n o t 

e x c l u s i v e l y b y t h e h i g h l y c h l o r i n a t e d c o o r d i n a t i o n c o m p l e x e s 

o f p l a t i n u m . 

T h e s e c o m p o u n d s a r e b e i n g e n c o u n t e r e d m o r e f r e q u e n t l y i n 

i n d u s t r y a n d t h u s e x p o s u r e v i a t h e s k i n , i n h a l a t i o n a n d i n g e s t i o n 

i n c r e a s e s . T h e p r o b l e m s o f t h e i r t o x i c i t y , a l l e r g e n i c i t y a n d 

o t h e r p h a r m a c o l o g i c a l p r o p e r t i e s o f t h e s e c o m p o u n d s m u s t b e 

e x p l o r e d . 



T h e s e n s i t i s a t i o n p r o b l e m s o r i g i n a l l y e n c o u n t e r e d i n t h e 

r e f i n i n g a n d h a n d l i n g o f t h e i n t e r m e d i a r i e s o f t h e p r o d u c t i o n 

o f m e t a l l i c p l a t i n u m m a y b e r e l e v a n t t o r e p o r t s t h a t s o m e o f 

t h e c o m p l e x s a l t s o f p l a t i n u m p o s s e s s i n g p o t e n t a n t i - t u m o u r 

a c t i v i t y m a y h a v e s o m e s e n s i t i s i n g a b i l i t y a n d r e p o r t s h a v e 

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

p o u n d s . 

T h e r e c e n t i n t r o d u c t i o n o f p l a t i n u m , p a l l a d i u m a n d r h o d i u m . 

a s c a t a l y t i c c o n v e r t e r s t o t h e e x h a u s t s y s t e m s i n c a r s m a y a l s o 

i n c r e a s e t h e p o s s i b i l i t y o f e x p o s u r e t o t h e s e c o m p o u n d s i n s o m e 

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

T O X I C I T Y AND P H A R M A C O L O G Y 

T h e r e a r e v e r y f e w r e p o r t s o f t o x i c e f f e c t s b r o u g h t a b o u t 

t h r o u g h t h e i n g e s t i o n o f t h e c h l o r i n a t e d p l a t i n u m s a l t s . T h e 

u s e o f p l a t i n u m i n t o x i c o l o g i c a l s t u d i e s w a s b e g u n i n 1 8 2 4 - 7 b y 

G m e l i n w h o s e e x p e r i m e n t s i n d o g s c a u s e d v o m i t i n g , d i a r r h o e a a n d 

p a r a l y s i s , l a r g e r d o s e s c a u s e d d e a t h w i t h i n 2 4 h o u r s a c c o m p a n i e d 

b y g r o s s i n f l a m m a t i o n o f t h e s t o m a c h p r e c e d e d b y t h e s y m p t o m s 

e x h i b i t e d a b o v e . 

T h e f i r s t r e p o r t e d f a t a l i t y f r o m i n g e s t i o n o f K . P t C l - w a s 
c o 

i n 1 8 9 6 ( H a r d m a n a n d W r i g h t ) , w h e r e 8 g m s w e r e a c c i d e n t a l l y 

s w a l l o w e d a n d k i l l e d a y o u n g c h i l d . 

T h e N a ^ P t C l ^ s p e c i e s h a s e v e n b e e n u s e d , w i t h o u t s u c c e s s , 

f o r t h e t r e a t m e n t o f e p i l e p s y ( P r e v o s t , 1 8 3 1 - 3 ) . 

T h e s a m e s a l t - - t h a t k i l l e d t h e H a r d m a n - W r i g h t c a s e w a s b e i n g 

u s e d b y H o e e f e r ( 1 8 4 1 ) a s a t o p i c a l t r e a t m e n t f o r s y p h i l i s t o g e t h e r 

w i t h t h e p e r c h l o r a t e . I t w a s u s e d b e c a u s e i t w a s l e s s t o x i c t h a n 

g o l d s a l t s t h o u g h i t d i d p r o d u c e s k i n i r r i t a t i o n a s a r e s u l t o f 

i t s p o t e n t h i s t a m i n e l i b e r a t i n g e f f e c t s ( P a r r o t t e t a l . 1 9 6 9 ) 



a s w e l l a s a p o s s i b l e i r r i t a n c y a n d / o r h y p e r s e n s i t i v i t y r e a c t i o n . 

F o r t y y e a r s l a t e r i t w a s b e i n g u s e d a s a n a n t i d o t e f o r c o b r a 

v e n o m a l t h o u g h B r u n t e r a n d F a y n e r ( 1 8 7 8 ) f o u n d i t w a s i t s c a p a c -

i t y t o i n s o l u b i l i s e t h e v e n o m t h a t a c c o u n t e d f o r i t s e f f i c a c y a n d 

n o t i t s a b i l i t y t o p r e v e n t t h e s y m p t o m s . 

H o f f m e i s t e r , ( 1 8 8 2 ) c o n d u c t e d e x p e r i m e n t s u s i n g l a r g e n u m b e r s 

o f d i - a n d t e t r a v a l e n t a m m o n i u m p l a t i n u m s a l t s a n d c o n c l u d e d , 

a f t e r s u b c u t a n e o u s i n j e c t i o n i n t o f r o g s a n d r a b b i t s , t h a t t h e 

w h o l e m o l e c u l e i s n e c e s s a r y f o r t h e i n d u c t i o n o f t h e s y m p t o m s 

p r o d u c e d , i e b o t h m e t a l a n d l i g a n d b u t n o t t h e i n d i v i d u a l c o m -

p o n e n t s . T h e s e s y m p t o m s m i m i c k e d G m e l i n f s v e r y c l o s e l y w i t h 

v o m i t i n g , d i a r r h o e a a n d p a r a l y s i s . T h e l o w e s t l e v e l f o r t h e 

a p p e a r a n c e o f t o x i c s y m p t o m s w a s 2 0 u g i n j e c t e d s u b c u t a n e o u s l y 

i n t o t h e f r o g , e x c e p t i n t h e c a s e o f t h e t e t r a r n m i n e p l a t i n u m 

( N H ^ J ^ P t C l ^ w h e r e d o s e s i n e x c e s s o f 1mg c o u l d b e a d m i n i s t e r e d 

w i t h o u t a d v e r s e e f f e c t . T h i s w a s t o b e c o m e a p p a r e n t o v e r 1 0 0 

y e a r s l a t e r w h i l s t t e s t i n g s e n s i t i s e d w o r k e r s . 

W i t h t h e d i s c o v e r y o f c i s P t I I a s a n a n t i t u m o u r d r u g 

( R o s e n b e r g e t a l . 1 9 6 9 ) , t o x i c i t y s t u d i e s w e r e p e r f o r m e d o n m a n y 

o f t h e p l a t i n u m c o o r d i n a t i o n c o m p l e x e s u s i n g t h e s o l u b l e a n d l e s s 

s o l u b l e s a l t s a s w e l l a s o t h e r p l a t i n u m g r o u p m e t a l s a l t s . 

T h e g r e a t e s t t o x i c i t y w a s n o t e d f o r a l l c o m p o u n d s a f t e r 

i n t r a v e n o u s a d m i n i s t r a t i o n a n d l e a s t a f t e r o r a l i n g e s t i o n . T h e ' 

L D 5 0 , t h e d o s e r e p r e s e n t i n g t h e l e v e l a t w h i c h t h e r e i s a 5 0 % 

d e a t h r a t e a n d t h e M L D , t h e m i n i m u m l e t h a l d o s e w a s q u o t e d f o r 

t h e d i c h l o r o d i a m i n e p l a t i n u m I I r a n g i n g f r o m 1 3 . 5 m g / k g i n m i c e , 

5 m g / k g i n d o g s ( M L D ) , 2 . 5 m g / k g i n m o n k e y s ( H e y m a n e t a l . 1 9 7 1 ) 

1 2 m g / k g i n r a t s ( K o c i b a a n d S l e i g h t , 1 9 7 1 ) . 

I n o r a l t o x i c i t y s t u d i e s o f a g r o u p o f p l a t i n u m g r o u p m e t a l 



s a l t s , t h e r a n k i n g w e r e a s f o l l o w s P t C l ^ P t S O ^ : 4 H 2 0 P d C l 2 : 

2 H 2 0 P t C l 2 P t 0 2 P d 0 2 ( H o l b r o o k e t a l . 1 9 7 5 ) . T h e 2 h i g h l y 

s o l u b l e t e t r a v a l e n t c o m p o u n d s , . w e r e m o s t t o x i c , w h e r e a s t h e d i v a l e n t 

c o m p o u n d s w e r e t h e l e a s t t o x i c , c o n f i r m i n g H o f m e i s t e r ' s e a r l i e r 

w o r k . 

L i t t l e i s k n o w n o f t h e t o x i c i t y o f t h e c o m p l e x s a l t s o f 

p l a t i n u m w i t h t h e e x c e p t i o n o f t h e a n t i t u m o u r d r u g s a n d t h e 

c l o s e l y r e l a t e d c o m p o u n d s . W i t h t h e s e c o m p o u n d s i t i s t h e m o d e 

o f a c t i o n a s a n t i - m i t o t i c a g e n t s t h a t c a u s e a m o n g s t o t h e r t h i n g s 

b o n e m a r r o w d e p r e s s i o n , k i d n e y ; a n d g a s t r o i n t e s t i n a l d a m a g e . O f 

t h e o t h e r p l a t i n u m g r o u p m e t a l s a l t s t h e r e i s v e r y l i t t l e k n o w n 

a n d w h a t i s k n o w n e m a n a t e s f r o m e a r l y w o r k w i t h r e l a t i v e l y p o o r 

d a t a . 

I R R I T A N C Y 

T h e c h e m i c a l n a t u r e o f t h e c o m p l e x s a l t s o f p l a t i n u m d i c t a t e 

h o w t h e y b e h a v e i n r e l a t i o n t o t h e s k i n a n d o t h e 1 m u c o s a l s u r f a c e s . 

T h e s e s a l t s a r e o f t e n a c i d i c a n d p o s s e s s h i s t a m i n e l i b e r a t i n g 

a c t i o n s ( P a r r o t t , S a i n d e l l e a n d T a z i , 1 9 6 3 ; S a i n d e l l e a n d R u f f , 

1 9 6 9 ) w h i c h o f t e n e x p l a i n s t h e i r t o x i c a n d p h a r m a c o l o g i c a l 

a c t i o n s . 

W o r k i n g w i t h r a t s , g u i n e a p i g s j a n d d o g s , P a r r o t t , e t a l . ( 1 9 6 9 ) 

P a r r o t t S a i n d e l l e . a n d R u f f , ( 1 9 6 7 ) h a v e s h o w n t h a t i n t h e g u i n e a 

p i g a n i n j e c t i o n o f 2 0 m g / k g o f s o d i u m c h l o r o p L i - i n a t e i v l e d t o 

a n i m m e d i a t e a s t h m a t i c a t t a c k r e s u l t i n g i n d e a t h w i t h i n m i n u t e s . 

A t a u t o p s y , t h e l u n g s w e r e i n f l a t e d a n d p a l e , s i m i l a r t o t h a t 

a f t e r a n a p h y l a c t i c s h o c k . S o d i u m c h l o r o p l a t i n a t e g i v e n v i a i n -

h a l a t i o n u s i n g a n a e r o s o l f p r o d u c e d w i t h i n 1 0 m i n u t e s a n a c u t e 

a s t h m a t i c a t t a c k w i t h g r e a t l y i n c r e a s e d g a s t r i c m o b i l i t y . I n t r a -

v e n o u s a d m i n i s t r a t i o n o f 1 - 2 m g / k g i s f o l l o w e d b y b r o n c h o s p a s m 



s i m i l a r i n m a g n i t u d e t o a n i n j e c t e d d o s e o f h i s t a m i n e a t 3 u g / k g . 

T h e t i m e c o u r s e o f t h e r e a c t i o n i s c o m p l e t e l y d i f f e r e n t ; i n j e c t e d 

h i s t a m i n e w i l l r e a c t i m m e d i a t e l y w i t h a v e r y s h o r t d u r a t i o n o f 

e f f e c t a n d a l w a y s p r o d u c i n g t h e s a m e r e s p o n s e a c c o r d i n g t o t h e 

d o s e g i v e n . H o w e v e r , t h e p l a t i n u m s a l t s p r o d u c e t h e i r e f f e c t 

some 45 seconds later. Experiments on isolated guinea pig ileum 
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s h o w s m a r k e d c o n t r a c t i o n a t 1 0 g m / m l b u t w i t h a l o n g l a t e n c y 

p e r i o d ( 1 5 s e c o n d s ' ) a n d e v e n l o n g e r w i t h r e p e a t e d e x p o s u r e 

s u g g e s t i n g t h a t i t i s t h e a c t i o n o f t h e p l a t i n u m s a l t s o n t h e 

r e l e a s e m e c h a n i s m s o f t h e v a r i o u s m e d i a t o r s w i t h i n t h e t i s s u e 

r a t h e r t h a n t h e a c t i o n o f t h e s a l t s o n t h e s m o o t h m u s c l e ' p e r 

s e f . P r i o r i n j e c t i o n o f 2 0 m g / k g m e p y r a m i n e m a l e a t e a f f o r d s c o m -

p l e t e p r o t e c t i o n . 
- 4 

I n t r a d e r m a l i n j e c t i o n i n t h e g u i n e a p i g o f 1 0 g m / m l p r o d u c e s 

i n c r e a s e d v a s c u l a r p e r m e a b i l i t y d e m o n s t r a t e d b y e x t r a v a s a t i o n o f 

p r e - i n j e c t e d E v a n s B l u e d y e ( H e b e r t , 1 9 6 6 ) . 

T h e r a t i s k n o w n t o b e f a r l e s s s e n s i t i v e t o t h e e f f e c t s o f 

h i s t a m i n e a n d s o d i u m c h l o r o p l a t i n a t e t h a n t h e g u i n e a p i g , a l t h o u g h 

i n t r a c a r d i a c i n j e c t i o n o f 4 0 m g / k g p r o d u c e s a 1 0 f o l d r i s e i n 

b l o o d h i s t a m i n e t o 1 5 0 0 n g / l . T h i s i s a l s o s h o w n i n t h e d o g w h e r e 

3 0 m g / k g g i v e n i v p r o d u c e s d e a t h w i t h i n m i n u t e s c a u s e d b y c i r c u l a t -

o r y c o l l a p s e w i t h b l o o d h i s t a m i n e r i s i n g 5 0 f o l d t o 1 m g / l . 

I n t h e v e r y f e w h u m a n s t u d i e s C a m p b e l l e t a l . ( 1 9 7 5 ) d e t e r m i n e d 

t h e d e r m a l i r r i t a n c y o f c e r t a i n p l a t i n u m a n d p a l l a d i u m c o m p o u n d s 

a n d c o n c l u d e d t h a t ( N H J - P t C l , , ( N H j - P d C l ^ a n d ( N H . ) P d C l , w e r e 
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u n s a f e o n i n t a c t o r a b r a s e d s k i n . 

T h u s i t a p p e a r s t h a t t h e m a j o r i t y o f t h e i r r i t a n t e f f e c t s o f 

t h e s e s a l t s r e l a t e i n p a r t t o t h e i r h i s t a m i n e r e l e a s i n g p r o p e r t i e s . 



A L L E R G E N I C I T Y O F P L A T I N U M G R O U P M E T A L S A L T S 

T h e r e a r e m a n y r e p o r t s i n t h e l i t e r a t u r e o f u n t o w a r d 

r e a c t i o n s t o t h e c o m p l e x s a l t s o f p l a t i n u m t h a t c a n n o t b e a c c -

o u n t e d f o r o n t h e b a s i s o f t h e i r t o x i c , p h a r m a c o l o g i c a l o r i r r -

i t a n t p r o p e r t i e s , o n t h e g r o u n d s o f t h e m i n u t e d o s e s n e e d e d t o 

e l i c i t a r e a c t i o n . I t h a s s i n c e b e e n s h o w n t h a t t h e r e i s a v e r y 

h i g h d e g r e e o f s e n s i t i s a t i o n a m o n g s t t h o s e p e o p l e t h a t e n c o u n t e r , 

d u r i n g t h e c o u r s e o f t h e i r w o r k , t h e c o m p l e x s a l t s o f p l a t i n u m . 

T h i s s h o w s t h a t i t i s p o s s i b l e t o a c q u i r e s e n s i t i v i t y t o 

b o t h i r r i t a n t a n d n o n - i r r i t a n t c o m p o u n d s a t c o n c e n t r a t i o n s t h a t 

a p p e a r b o t h i r r i t a n t a n d n o n - i r r i t a n t , e . g . T D I , T M I . 

I M M U N O L O G I C A L R E A C T I O N S I N V O L V I N G P L A T I N U M S A L T S 

I m m u n o p a t h o l o g i c a l r e a c t i o n s i n v o l v i n g c o m p o n e n t s o f t h e 

i m m u n e s y s t e m h a v e f a l l e n u n d e r a h o s t o f h e a d i n g s r e l a t i n g t o 

t h e s a m e o r i g i n a l r e a c t i o n . V o n P i r q u e t f s ( 1 9 0 6 ) d e f i n i t i o n o f 

a l l e r g y c a n b e s u m m a r i s e d a s t h e a c q u i r e d , s p e c i f i c , a l t e r e d 

c a p a c i t y t o r e a c t . T h i s c a n b e i n c r e a s e d , i e h y p e r s e n s i t i v i t y o r 

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

s e n s i t i s e d ( a l l e r g i s e d ) c e l l s i n i t i a t e d i f f e r e n t t y p e s o f 

a l l e r g i c r e a c t i o n . 

U s i n g V o n P i r q u e t ' s c o n c e p t s o f a l l e r g i s e d c e l l s , a l l e r g e n s 

a n d v a r i o u s a n t i b o d y c l a s s e s , G e l l a n d C o o m b s ( 1 9 6 3 ) d e f i n e d f o u r 

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

i v i t y m a n i f e s t e d b y e i t h e r l o c a l o r s y s t e m i c r e a c t i o n s . T h e s e 

r e a c t i o n s w e r e c l a s s i f i e d i n t o f o u r s e p a r a t e s t a t e s , I , I I , I I I , 

I V . 

T y p e I R e a g i n m e d i a t e d ( A n a p h y l a c t i c ) 

T h i s i s m a i n l y a n I g E m e d i a t e d r e a c t i o n w h e r e s p e c i f i c a n t i -

b o d y d i r e c t e d a g a i n s t t h e a n t i g e n i s b o u n d t o c i r c u l a t i n g b a s o -



p h i l s a n d t i s s u e m a s t c e l l s . H o w e v e r , t h e r e i s c l i n i c a l e v i d -

e n c e t o s u g g e s t 2 m e c h a n i s m s w o r k i n g I g E r e a g i n a n d s h o r t t e r m 

s e n s i t i s i n g I g G . D e g r a n u l a t i o n o f t h e m a s t c e l l s a n d b a s o p h i l s 

o c c u r s w h e n e v e r t h e s u r f a c e b o u n d I g E m o l e c u l e s a r e c r o s s - l i n k e d . 

A s a r e s u l t o f t h i s t h e r e i s a n e x p l o s i v e r e l e a s e o f p h a r m a c o l o g -

i c a l l y a c t i v e m e d i a t o r s f r o m w i t h i n t h e c y t o p l a s m i c g r a n u l e s o f 

t h e m a s t c e l l . H i s t a m i n e r e l e a s e m a y b e b r o u g h t a b o u t b y n o n -

i m m u n o l o g i c a l m e c h a n i s m s a s a r e s u l t o f c o n t a c t w i t h t h e p l a t i n u m 

s a l t s . 

O n e i m p o r t a n t f e a t u r e o f i m m e d i a t e h y p e r s e n s i t i v i t y i s t h e 

u s e s o f t h e w o r d ' a t o p y ' t o d e s c r i b e t h e i m m u n o l o g i c a l r e a c t i v i t y 

o f t h e s u b j e c t a n d h i s g e n e t i c p r e d i s p o s i t i o n t o m a k e I g E a n t i -

b o d y t o c o m m o n e n v i r o n m e n t a l a l l e r g e n s . 

I t i s t h i s i m m e d i a t e h y p e r s e n s i t i v i t y r e a c t i o n t h a t i s t h e 

m o s t p r o m i n e n t i n t h e p l a t i n u m r e f i n e r y w o r k e r s w i t h e x p o s u r e o n 

e p i d e r m a l a n d m u c o s a l s u r f a c e s l e a d i n g t o a s t h m a e t c . C o n t a c t 

u r t i c a r i a i s a l s o f e a t u r e d a s i s a n a p h y l a x i s t o t h e i n j e c t e d 

a n t i - t u m o u r d r u g c i s P t I I . 

T y p e I I c y t o t o x i c 

T h e r e h a v e b e e n n o r e p o r t s o f a n y T y p e I I a n t i b o d y m e d i a t e d 

c y t o t o x i c i t y r e a c t i o n s t o t h e c o m p l e x s a l t s o f p l a t i n u m i n e i t h e r 

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

T y p e I I I A n t i g e n - A n t i b o d y c o m p l e x 

T h i s i s a d u a l p h a s e a t t a c k r e v o l v i n g a r o u n d p l a t e l e t a g g r e -

g a t i o n a n d c o m p l e m e n t a c t i v a t i o n . I t i s k n o w n t h a t i n h a l a t i o n o r 

i n j e c t i o n o f l a r g e q u a n t i t i e s o f s o l u b l e a n t i g e n i n t o a h y p e r s e n -

s i t i v e s u b j e c t r e s u l t s i n a n o e d e m a t o u s r e a c t i o n w i t h e r y t h e m a 

w i t h a l a t e n c y p e r i o d o f 3 - 8 h o u r s . 

T h e m o s t c o m m o n f o r m o f A g - A b r e a c t i o n i s a f t e r o n e o r m o r e 



i n j e c t i o n s o f v a c c i n e t y p e a n t i s e r a w h e r e s e v e r a l d a y s a f t e r t h e 

i n j e c t i o n t h e r e i s a r i s e i n t e m p e r a t u r e , s w o l l e n g l a n d s a n d 

p a i n f u l j o i n t s a n d s i m i l a r l y a f t e r i n h a l a t i o n o f t h e r m o p h i l i c 

a c t i n o m y c e s i n f a r m e r ' s l u n g o r u r i n a r y p r o t e i n i n p i d g e o n 

f a n c i e r ' s l u n g . 

T h i s r e a c t i o n w a s s e e n i n 1 p a t i e n t w h o w a s h y p o s e n s i t i s e d 

t o t h e h e x a c h l o r o p l a t i n a t e I V s p e c i e s b y t h r i c e d a i l y i n j e c t i o n s 

o f t h e s o l u b l e s a l t ( L e v e n e G . M . a n d C a l n a n , C . D . , 1 9 7 1 ) . 

T y p e I V C e l l M e d i a t e d 

T h i s t y p e o f h y p e r s e n s i t i v i t y i s n o t c a p a b l e o f b e i n g 

t r a n s f e r r e d i n t h e s e r u m . P a s s i v e c e l l t r a n s f e r w i l l i n f e r 

r e a c t i v i t y i n t h e d o n o r . I t i s t h e a l l e r g i s e d T c e l l b e a r i n g 

s p e c i f i c r e c e p t o r s o n t h e i r s u r f a c e t h a t a r e s t i m u l a t e d i n t h e 

p r e s e n c e o f a n t i g e n . 

T h i s r e a c t i o n i s c h a r a c t e r i s e d b y e r y t h e m a a n d i n d u r a t i o n a t 

t h e s i t e o f a n t i g e n e n t r y w h i c h a p p e a r s a f t e r s e v e r a l h o u r s 

r e a c h i n g a m a x i m u m b e t w e a i 4 8 - 7 2 h o u r s , t h e r e a f t e r s u b s i d i n g . 

I t i s w e l l - k n o w n t h a t m a n y m e t a l s c a u s e c o n t a c t d e r m a t i t i s 

e^g. n i c k e l a n d t h e r e a r e r e p o r t s s t a t i n g p l a t i n u m a n d i t s s a l t s 

a s c a u s a l a g e n t s ( S h e a r d , 1 9 5 5 ) . 

C L I N I C A L H Y P E R S E N S I T I V I T Y 

T h e f i r s t r e p o r t e d u n t o w a r d e f f e c t o f o c c u p a t i o n a l e x p o s u r e 

t o t h e c o m p l e x s a l t s o f p l a t i n u m w a s i n 1 9 1 1 b y K a r a s e k a n d 

K a r a s e k , w h e r e u p o n e x a m i n a t i o n o f g r o u p s o f w o r k e r s i n f o r t y 

p h o t o g r a p h i c s t u d i o s i n C h i c a g o f o u n d 8 c a s e s o f ' p o i s o n i n g 1 

c h a r a c t e r i s e d b y p r o n o u n c e d i r r i t a t i o n o f t h e t h r o a t a n d n a s a l 

p a s s a g e s r e s u l t i n g i n s n e e z i n g a n d c o u g h i n g . T h e r e w a s a l s o 

b r o n c h i a l i r r i t a t i o n l e a d i n g t o b r e a t h i n g d i f f i c u l t i e s t o a 

d e g r e e w h e r e w o r k e r s w e r e u n a b l e t o u s e t h e m a t e r i a l c o n t a i n i n g 



t h e p l a t i n u m s a l t s , i n t h i s c a s e i t w a s t r a c e d t o p h o t o g r a p h i c 

p a p e r i m p r e g n a n t e d w i t h t h e s a l t . T h e r e w a s a l s o f o u n d t o b e 

i r r i t a t i o n o f e x p o s e d s k i n s u r f a c e s l e a d i n g t o b r a c k i n g , 

b l e e d i n g , a n d p a i n ' . 

T h i s s t u d y s h o w s n o t o n l y a p o s s i b l e i m m u n o l o g i c a l b a s i s 

i n t h a t i t f u l f i l s m a n y o f t h e c r i t e r i a o f a n a l l e r g i c r e s p o n s e 

i n t h a t 

1 . T h e r e s h o u l d b e a p e r i o d o f e x p o s u r e p r e c e d i n g s y m p t o m s , 

2 . T h a t o n l y a p r o p o r t i o n o f t h o s e e x p o s e d s h o u l d b e s o 

a f f e c t e d . 

3 . T h a t c e s s a t i o n o f e x p o s u r e s h o u l d p a r a l l e l a d e c l i n e i n 

s y m p t o m s . 

A . T h e a f f e c t e d s u b j e c t s s h o w a h i g h d e g r e e o f s e n s i t i s a t i o n 

a t l e v e l s f a r b e l o w t h o s e e n c o u n t e r e d a t w o r k , 

b u t t o i m p l y t h a t t h e w o r k e r s i n t h i s s t u d y w e r e e x p o s e d t o a n d 

s u b s e q u e n t l y b e c a m e s e n s i t i s e d t o t h e p l a t i n u m s a l t s i s n o t t o 

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

s a l t s w e r e a c t i n g a s p r i m a r y i r r i t a n t s . I f t h e s y m p t o m s m a n i f e s t e d 

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

t h e c l i n i c a l s y m p t o m s s h o u l d h a v e b e e n n o t e d i n m o s t o f t h e w o r k 

f o r c e u s i n g t h i s c o m p o u n d , b u t w e r e n o t . 

T h e r e i s o n l y a v e r y s m a l l p o p u l a t i o n o f i n d u s t r i a l w o r k e r s 

e x p o s e d t o t h e s e s a l t s , t h o s e i n e l e c t r o p l a t i n g a n d p h o t o g r a p h i c 

p l a n t s , c h e m i s t s a n d r e f i n e r y w o r k e r s p r o c e s s i n g t h e o r e i n t o 

m e t a l l i c p l a t i n u m . I t i s f r o m t h e r e f i n e r y p o p u l a t i o n t h a t m o s t 

o f t h i s d a t a h a s a r i s e d . T h e f i r s t l a r g e s t u d y o f a r e f i n e r y w a s 

b y H u n t e r e t a l . ( 1 9 A 5 ) w h e r e A e s t a b l i s h m e n t s w e r e s t u d i e d , a l l 

p r o c e s s i n g p l a t i n u m b y s l i g h t l y d i f f e r e n t m e t h o d s , b a s i c a l l y t h e 

e n r i c h e d o r e i s d i s s o l v e d a n d t h e p l a t i n u m i s p r e c i p i t a t e d a s 1 o f 



t h e c o m p l e x s a l t s e i t h e r a m m o n i u m h e x a c h l o r o p l a t i n a t e , k n o w n 

a s y e l l o w s a l t , w h i c h i s t h e n i g n i t e d t o p r o d u c e t h e m e t a l l i c 

p l a t i n u m s p o n g e , o r a s t h e s o d i u m s a l t . D u r i n g t h e c o u r s e o f 

p r o c e s s i n g t h e s a l t i s h a n d l e d a s d r y p o w d e r o r i n t h e l i q u i d 

p h a s e . I n b o t h c a s e s , s a l t s m a y e n t e r t h e a t m o s p h e r e a s d r y 

p o w d e r o r a s a n a e r o s o l . 

O f t h e 1 1 4 w o r k e r s s t u d i e d , 9 1 w e r e i n c o n t a c t w i t h t h e 

p l a t i n u m s a l t a n d o f t h e s e 7 1 % w e r e a f f e c t e d , 5 7 % h a d a s t h m a t i c 

c o m p l a i n t s a n d 14% w i t h v a r i o u s s k i n m a n i f e s t a t i o n . T y p i c a l 

s y m p t o m s s t a r t e d w i t h r e p e a t e d s n e e z i n g a n d w a t e r y m u c u s 

d i s c h a r g e f r o m t h e n o s e , t i g h t n e s s o f t h e c h e s t a n d s h o r t n e s s 

o f b r e a t h . T h e s e s y m p t o m s p e r s i s t e d t h r o u g h o u t t h e w o r k i n g d a y 

a n d c o n t i n u e d f o r a p p r o x i m a t e l y 1 h o u r a f t e r l e a v i n g t h e f a c t o r y . 

T h e s k i n r e a c t i o n s i n c l u d e d s c a l y e r y t h e m a t o u s d e r m a t i t i s a n d 

u r t i c a r i a l r a s h ; t h e s e s y m p t o m s d i d n o t a r i s e i n m e n e x p o s e d t o 

m u c h g r e a t e r l e v e l s o f m e t a l l i c p l a t i n u m o r t o c o m p l e x s a l t s o f 

p a l l a d i u m . 

S e v e r a l y e a r s l a t e r R o b e r t s ( 1 9 5 1 ) c o n d u c t e d a 5 y e a r s t u d y 

o f r e f i n e r y w o r k e r s a n d f o u n d o f t h e 2 1 s u b j e c t s s t u d i e d a l l 

w e r e s h o w n t o b e a f f e c t e d , w i t h a b o u t 4 0 % h a v i n g c o n j u n c t i v i t i s 

a n d n a s a l p r o b l e m s w h i l s t t h e r e m a i n i n g 6 0 % h a v i n g u p p e r a n d l o w e r 

r e s p i r a t o r y a n d s k i n r e a c t i o n s . 

P a r r o t ( 1 9 6 9 ) a l s o d e s c r i b e s a 7 0 % s e n s i t i s a t i o n r a t e a m o n g s t 

r e f i n e r y w o r k e r s . 

A l t h o u g h t h e s e w e r e t h e f i r s t 2 l a r g e s c a l e s t u d i e s V a l l e r y -

R a d o t a n d B l a u m o u t i e r ( 1 9 2 9 ) , r e p o r t e d t h e f i r s t a n a p h y l a c t i c 

s h o c k r e a c t i o n s t o ^ P t C l ^ i n a s u b j e c t w i t h a p r e v i o u s h i s t o r y 

o f e x p o s u r e a n d a l o n g d u r a t i o n o f e x p o s u r e p r i o r t o s y m p t o m s . 

T h e a u t h o r s c o u l d n o t e x p l a i n t h i s p h e n o m e n o n a t t h e t i m e b u t d i d 



c o n c l u d e t h a t t h e p a t i e n t w a s v e r y s e n s i t i v e b y s k i n t e s t i n g 

o n a n a b r a s e d s u r f a c e w i t h ' a f e w m i l l i g r a m s ' o f t h e s a l t a n d 

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

D E R M A T I T I S 

T h e r e h a s o n l y b e e n o n e p r o v e n c a s e o f c o n t a c t d e r m a t i t i s 

t o p l a t i n u m o r c l o s e l y r e l a t e d m e t a l s ( S h e a r d , 1 9 5 5 ) . T h i s w a s 

a w o m a n w i t h d e r m a t o l o g i c a l r e a c t i o n s o n t h e f o u r t h f i n g e r o f 

e a c h h a n d w h e r e s h e h a d p r e v i o u s l y w o r n b o t h p l a t i n u m w e d d i n g 

a n d e n g a g e m e n t r i n g s . E a c h w a s c a r e f u l l y c l e a n e d , w a s h e d a n d 

s e n t f o r s p e c t r o s c o p i c a n a l y s i s . B o t h r i n g s a p p e a r e d t o b e 

a l l o y s o f . p l a t i n u m - i r i d i u m a n d p l a t i n u m - r u t h e n i u m , b o t h w i t h 

v e r y s l i g h t t r a c e s o f o t h e r p l a t i n u m g r o u p m e t a l s . T h e r i n g s 

w h e n n e w h a d b e e n r h o d i u m p l a t e d , b u t t h i s h a d l a r g e l y w o r n . o f f . 

P a t c h t e s t s e m p l o y i n g p u r e p l a t i n u m , p l a t i n u m - i r i d i u m , a r h o d i u m 

p l a t e d r i n g a n d t h e p a t i e n t ' s 2 r i n g s w e r e a p p l i e d . A l l e l i c i t e d 

p o s i t i v e r e a c t i o n s e x c e p t t h e r h o d i u m p l a t e d r i n g . T h e r e w a s n o 

r e c o r d o f s e n s i t i v i t y t o n i c k e l . T h i s m a y b e a t r u e s e n s i t i v i t y 

t o p l a t i n u m g r o u p m e t a l s , o r a s t h e a u t h o r s u g g e s t s a n o t h e r f a c e t 

o f p l a t i n u m s a l t h y p e r s e n s i t i v i t y w i t h t h e f a t t y a c i d s e c r e t i o n s 

o f t h e s k i n r e a c t i n g w i t h t h e m e t a l t o p r o d u c e t h e a l l e r g e n i c 

s a l t s . T h i s h o w e v e r , s e e m s v e r y u n l i k e l y d u e t o t h e i n e r t 

n a t u r e o f t h e m e t a l l i c p l a t i n u m . 

O t h e r r e p o r t s o f d e r m a t i t i s w e r e L i d o - D u n i p e ( 1 9 5 7 ) c a u s e d b y 

a p l a t i n u m c h a i n . T h i s w a s l a t e r a t t r i b u t e d t o a p a l l a d i u m b a s e d 

s o l d e r u s e d t o r e p a i r t h e c h a i n . P a t c h t e s t i n g t o p l a t i n u m 

p r o v e d n e g a t i v e w h i l s t t e s t s f o r p a l l a d i u m p r o v e d p o s i t i v e . H o w -

e v e r t h e r e a r e r e p o r t s o f c o n t a c t d e r m a t i t i s t o p a l l a d i u m ' p e r 

s e ' ( M u n r o - A s h m a n , 1 9 6 9 ) . S i m i l a r l y , H a u l a r z t ( 1 9 7 0 ) d e s c r i b e d 

c o n t a c t d e r m a t i t i s i n w a t c h m a k e r s u s i n g p l a t i n u m , a n d i t i s 



w o r t h n o t i n g t h a t w i t h i n t h e s a m e c o n f i n e s t h e r e w a s a n e l e c t r o -

p l a t i n g p r o c e s s u s i n g s t r o n g a c i d s a n d i t i s p o s s i b l e t h a t t h e r e 

c o u l d b e s a l t f o r m a t i o n i n t h e p r o c e s s . 

O t h e r c a s e s o f t y p e I s e n s i t i s a t i o n h a v e b e e n r e p o r t e d b y ; 

M a r s h a l l ( 1 9 5 2 ) t o c h l o r o p l a t i n i c a c i d , J o r d i ( 1 9 5 1 ) , S c h w a r t z 

( 1 9 4 7 ) a n d M i l n e ( 1 9 7 0 ) s t u d y i n g t h e h e x a c h l o r o p l a t i n a t e s a l t . 

O t h e r i m p o r t a n t s t u d i e s o f p l a t i n u m s a l t h y p e r s e n s i t i v i t y 

i n c l u d e C l e a r e e t a l , 1 9 7 6 ; F r e e d m a n a n d K r u p e y ; 1 9 6 8 , L e v e n e 

a n d C a l n a n 1 9 7 1 . T h e s e w i l l b e d i s c u s s e d u n d e r t h e a p p r o p r i a t e 

h e a d i n g s w h e r e t h e i r w o r k m a d e t h e g r e a t e s t c o n t r i b u t i o n t o u n d e r -

s t a n d i n g o f b o t h t h e s e r o l o g y a n d t h e e l i c i t a t i o n o f t h e r e s p o n s e . 

t o t h e c o m p l e x s a l t s o f p l a t i n u m . 

S K I N T E S T S F O R P L A T I N U M A L L E R G Y 

S e v e r a l w o r k e r s h a v e a t t e m p t e d t o d e t e r m i n e t h e d e g r e e o f 

s e n s i t i v i t y b y m e a n s o f s k i n t e s t i n g . H u n t e r ( 1 9 4 5 ) u s i n g t e s t s 

a v a i l a b l e a t t h e t i m e - i . e . i n t r a d e r m a l a n d p a t c h t e s t s , 

f a v o u r e d I . D . t e s t s w i t h 2 m i n i m s o f 1 : 1 0 , 0 0 0 s o l u t i o n o f s o d i u m 

h e x a c h l o r o p l a t i n a t e I V f o r b o t h i m m e d i a t e a n d d e l a y e d r e a c t i o n s . 

T h e s e t e s t s w e r e f a r f r o m c o n c l u s i v e w i t h l a r g e n u m b e r s o f 

w o r k e r s r e f u s i n g t h e t e s t o n g r o u n d s o f i n c r e a s e d s e n s i t i s a t i o n 

r i s k . T h e s e t e s t s w e r e s o o n a b a n d o n e d . 

R o b e r t s ( 1 9 5 1 ) i n h i s 5 y e a r s t u d y f o l l o w e d t h e s k i n r e a c t -

i v i t y o f r e g u l a r w o r k e r s a n d a t t e m p t e d t o u s e t h e s e r e s u l t s t o 

p r e d i c t t h e w o r k e r ' s s u i t a b i l i t y f o r e m p l o y m e n t . A q u e o u s s o l -

- 1 - 1 0 

u t i o n s o f s o d i u m c h l o r p l a t i n a t e i n d i l u t i o n s 1 0 . - 1 0 w e r e 

a p p l i e d u s i n g t h e s c r a t c h t e s t . T h o s e s u f f e r i n g f r o m ' p l a t i n o s i s ' , 

a t e r m c o i n e d b y R o b e r t s t o d e s c r i b e t h o s e s y m p t o m a t i c w o r k e r s i n 

t h e r e f i n e r y - p r e f e r a b l y r e n a m e d p l a t i n u m a l l e r g y a s t h e s u f f i x 

- o s i s i s i n d i c a t i v e o f c h r o n i c l u n g d i s e a s e a s o p p o s e d t o a l l e r g y 
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i . e . s i l i c o s i s , p n e u m o c o n i o s i s , g a v e p o s i t i v e r e a c t i o n s w i t h 
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d i l u t i o n s g r e a t e r t h a n 1 0 ~ g o i n g u p t o 1 0 ~ , n o n - s y m p t o m a t i c 
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w o r k e r s r e a c t i n g t o c o n c e n t r a t i o n s o f 1 0 • a n d a b o v e . M o s t 

p r e - e m p l o y m e n t w o r k e r s r e a c t e d a t t h i s c o n c e n t r a t i o n . T h i s p r e -

e m p l o y m e n t s c r a t c h t e s t w a s c o n s i d e r e d t o b e o f l i t t l e v a l u e i n 

p r e d i c t i n g f u t u r e s e n s i t i v i t y , m o r e s u i t a b l e c r i t e r i a w e r e a 

f a m i l y h i s t o r y o f a l l e r g i c d i s e a s e , p r e v i o u s h i s t o r y a n d / o r 

t h e p r e s e n c e o f a n y f o r m o f s k i n l e s i o n . T h i s w a s t o h a v e a 

m u c h g r e a t e r e f f e c t i n t h e y e a r s t o c o m e a s a p r e d i c t i v e m e a s u r e 

f o r t h e s c r e e n i n g o f p o t e n t i a l s u f f e r e r s o f p l a t i n u m a l l e r g y . 

T h e m a j o r i t y o f t h e s t u d i e s t h u s f a r h a v e f o c u s e d o n t h e 

s o d i u m a n d a m m o n i u m s a l t s o f t h e h e x a c h l o r o p l a t i n a t e I V . I n 

a n a t t e m p t t o e l u c i d a t e t h e e x t e n t a n d t h e d i v e r s i t y o f t h e 

p r o b l e m C l e a r e e t a l , ( 1 9 7 6 ) c o n d u c t e d a s t u d y a m o n g s t 1 6 h i g h l y 

s e n s i t i v e p l a t i n u m r e f i n a r y w o r k e r s t o d e t e r m i n e s o m e o f t h e 

c h a r a c t e r i s t i c s o f t h e s e m o l e c u l e s t h a t i n f e r t h e a n t i g e n i c i t y , 

a n d t o i n v e s t i g a t e t h e c r o s s - r e a c t i v i t y o f t h e s e c o m p o u n d s , 

T h e s k i n r e a c t i v i t y o f t h e s u b j e c t s w a s t e s t e d e m p l o y i n g 

t h e p r i c k t e s t ( S q u i r e , 1 9 5 2 ) a s b e i n g t h e s a f e s t ( P e p y s , e t a l . ( 1 9 7 2 ) 

a n d p r o v i d i n g t h e g r e a t e s t c o n c e n t r a t i o n d i f f e r e n c e b e t w e e n t h e 

n o n - s p e c i f i c h i s t a m i n e l i b e r a t i n g a c t i o n s a n d t h e i r s p e c i f i c 

a l l e r g y r e l a t e d r e s p o n s e , w h e r e a s m a n y o f t h e o t h e r m e t h o d s o f 

s k i n t e s t i n g i n c l u d i n g I . D . ( L e v e n e a n d C a l n a n , 1 9 7 1 ) a n d s c r a t c h 

t e s t ( F r e e d m a n a n d K r u p e y , 1 9 6 8 ; R o b e r t s , 1 9 5 1 ) h a v e p r o d u c e d 

s e v e r e l o c a l a n d o c c a s i o n a l l y s y s t e m i c e f f e c t s . E m p l o y i n g t h e 

p r i c k t e s t , t h e h i g h e s t c o n c e n t r a t i o n p r o d u c i n g a n e g a t i v e 
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r e s p o n s e i n n o n s e n s i t i s e d , n o n e x p o s e d i n d i v i d u a l s w a s 10 g m / m l 

w h e r e a s t h e l o w e r l i m i t s t o w h i c h a s e n s i t i s e d i n d i v i d u a l w o u l d 

- 9 
r e a c t w a s 1 0 g m / m l . A t o t a l o f 1 8 d i f f e r e n t s a l t s o f p l a t i n u m 



w e r e p r o d u c e d e n s u r i n g a h i g h d e g r e e o f p u r i t y , n e c e s s a r y f o r 

- 5 - 6 
t h i s s t u d y , w h e r e c o n t a m i n a t i o n i n t h e o r d e r o f 1 0 o r 1 0 

w i t h t h e h e x a c h l o r o s p e c i e s w o u l d b e s u f f i c i e n t t o p r o d u c e a 

_ 3 
p o s i t i v e s k i n r e a c t i o n t o a c o m p o u n d a t 1 0 i n a s u b j e c t 
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s e n s i t i v e t o t h a t s a l t a t 1 0 . 

T h e c o n c l u s i o n d r a w n f r o m t h i s s t u d y w a s t h a t t h e a l l e r g i c 

r e s p o n s e w a s m a i n t a i n e d w h e n e v e r t h e c o m p o u n d c o n t a i n e d m o r e 

t h a n 1 c h l o r i n e l i g a n d a n d t h e t r e n d s e x h i b i t e d s h o w t h a t t h e 

a m p l i t u d e o f t h e r e s p o n s e i s p r o p o r t i o n a l t o t h e n u m b e r o f 

c h l o r i n e l i g a n d s . I t m u s t b e r e m e m b e r e d t h a t t h e s e n s i t i s i n g 

p a r e n t c o m p o u n d w a s t h e h e x a c h l o r o p l a t i n a t e I V a n d e q u a l l y t h e 

r e a c t i v i t y o f t h e i n c o r p o r a t e d l i g a n d a n d i t s a b i l i t y t o l e a v e 

t h e c o m p o u n d s e e m s t o b e r e l a t e d t o i t s a b i l i t y t o r e a c t i n t h e 

s k i n , i . e . C l > B r > I . 

C H E M I C A L B A S I S O F P L A T I N U M S E N S I T I V I T Y 

I n t h e c i t e d l i t e r a t u r e r e l a t i n g t o p l a t i n u m a l l e r g y , t h e r e 

i s v e r y l i t t l e m e n t i o n o f t h e o t h e r p l a t i n u m g r o u p m e t a l s , i . e . 

r h o d i u m , p a l l a d i u m , o s m i u m , r u t h e n i u m a n d i r i d i u m . T h i s c a n n o t 

b e a c c o u n t e d f o r o n t h e b a s i s o f t h e q u a n t i t y u s e d ( A m . S t a t s 

B u r e a u , 1 9 7 3 ) n o r o n t h e c l a s s o f c o m p o u n d p r o d u c e d a s m o s t 

o f t h e s e c o m p o u n d s m a y b e c h e m i c a l l y r e l a t e d i n b o t h c o m p o s i t i o n 

a n d s t r u c t u r e t o t h e a n t i g e n i c t e t r a a n d h e x a c h l o r o p l a t i n a t e 

s a l t . N o r i s i t t h e a b i l i t y o f p l a t i n u m t o w i t h s t a n d c h e m i c a l 

a t t a c k a s a l l t h e m e t a l s i n t h i s g r o u p a r e f o u n d t o b e 

c o m p l e t e l y i n e r t a t r o o m t e m p e r a t u r e u n d e r n o r m a l c o n d i t i o n s 

( M c B r y d e a n d A d a m s o n , 1 9 7 7 ) . E v e n w i t h h e a t i n g a t 1 0 0 0 ? : i n 

t h e p r e s e n c e o f o x y g e n , f l u o r i n e o r c h l o r i n e t h e r e w i l l b e o n l y 

s l i g h t s a l t f o r m a t i o n . T h e y a r e a l l h i g h l y r e s i s t a n t t o s i n g l e 

m i n e r a l a t t a c k t h o u g h t h e y w i l l d i s s o l v e i n ' a q u a r e g i a ' . 



E L I C I T A T I O N 

T h e m a j o r i t y o f t h e a n t i g e n i c c o m p o u n d s a r e e i t h e r s q u a r e 

p l a n a r o r o c t a h e d r a l c o o r d i n a t i o n c o m p l e x e s c o n t a i n i n g a t 

l e a s t o n e h a l i d e l i g a n d a n d a n e t n e g a t i v e c h a r g e ( C l e a r e e t a l . 

1 9 7 6 ) . A s s o m e o f t h e c o m p o u n d s t e s t e d h a v e o n l y o n e r e a c t i v e 

g r o u p i n g a n d s t i l l a p p e a r t o e l i c i t a p o s i t i v e s k i n r e a c t i o n i n 

t h o s e s e n s i t i v e t o t h e t e t r a a n d h e x a c h l o r o s p e c i e s , t h i s t e n d s 

t o e l i m i n a t e t h e p o s s i b i l i t y o f p r o t e i n - p r o t e i n b r i d g i n g b y t h e 

p l a t i n u m s a l t . T h e f a c t t h a t a n u m b e r o f d i f f e r e n t p l a t i n u m 

c o m p o u n d s c a u s e p o s i t i v e r e a c t i o n s t e n d s t o s u g g e s t t h a t t h e 

a n t i b o d y t o t h e a n t i g e n i c d e t e r m i n a n t s o f a n y p l a t i n u m p r o t e i n 

c o n j u g a t e c a n a c c o m o d a t e d i f f e r e n t s t r u c t u r e s p r e s e n t e d b y t h e 

v a r i o u s c o n f i g u r a t i o n o f d i f f e r e n t c o n j u g a t e s . I n t h i s s t u d y : 

t h e r e w e r e n o p l a t i n u m c o m p o u n d s w i t h v e r y l a r g e l i g a n d s w h i c h 

m a y h a v e c a u s e d s t e r i c h i n d r a n c e t o i n c o m i n g a n t i b o d y m o l e c u l e . 

P l a t i n u m s a l t s r e a c t r e a d i l y w i t h f r e e a m i n o a n d c a r b o x y 

g r o u p s i n a m i n o a c i d s . P r o t e i n p l a t i n u m c o n j u g a t e s w e r e m a d e 

u s i n g H S A c o u p l e d t o a m m o n i u m t e t r a c h l o r p l a t i n a t e I I , T h e 

r e s u l t i n g c o n j u g a t e s w e r e f o u n d t o b e h i g h l y a c t i v e i n i n i t i a t i n g 

r e s p o n s e s i n t h e F r e e d m a n ( 1 9 6 8 ) s t u d y . H o w e v e r , C l e a r e e t a l . 

( 1 9 7 6 ) w h e n t e s t i n g w o r k e r s u s i n g t h e p r i c k t e s t , P C A a n d R A S T 

f o u n d n o s e n s i t i v i t y w h e n t e s t i n g e q u i m o l a r c o n c e n t r a t i o n s o f t h e 

p l a t i n u m r e a c t e d w i t h H S A , o v a l b u m i n , t r a n s f e r r i n - a n d H G G . T h e 

p l a t i n u m c o n t e n t i n t h e s e c o n j u g a t e s b e i n g b e t w e e n 3 a n d 2 7 p p m 

a s s e s s e d b y a c i d d i g e s t i o n a n d a t o m i c a b s o r p t i o n . I t i s p o s s i b l e 

t h a t t h e t w o s e r i e s o f c o n j u g a t e s v a r i e d t o s u c h a n e x t e n t t h a t 

t h e p l a t i n u m m o i e t y w i t h i n t h e c o n j u g a t e w a s n o t s p a t i a l l y 

s u i t a b l e f o r c r o s s - l i n k i n g a d j a c e n t I g E m o l e c u l e s o n t h e s u r f a c e s 

o f t h e m a s t c e l l s i n t h e r e c i p i e n t , o r d o n o r . 

T h e P t I V a n d t h e P t I I s p e c i e s P t C l g 2 " a n d P t C l ^ 2 " 

r e s p e c t i v e l y a p p e a r t o b e e q u a l l y e f f e c t i v e i n t h e e l i c i t a t i o n o f 



a r e s p o n s e i n t h e s a m e w o r k e r . P t I V s p e c i e s a r e c o n s i d e r e d 

k i n e t i c a l l y i n e r t u n l e s s t h e r e a c t i o n p r o c e e d s t h r o u g h t h e 

P f c l l i n t e r m e d i a r y , h o w e v e r , t h i s r e a c t i o n P t I V - P t I I i s s e l f 

c a t a l y t i c w i t h o n l y m i n u t e q u a n t i t i e s o f P t I I n e e d e d t o r a p i d l y 

c o n v e r t m o r e P t I V t o I I . 

F r o m t h e a n t i t u m o u r w o r k i t h a s b e e n e s t a b l i s h e d t h a t t h e r e 

i s ' i n v i v o ' r e d u c t i o n f r o m t h e I V s t a t e t o t h e I I s t a t e . I f 

2_ 

t h i s w e r e t r u e , t h e P t C l ^ s h o u l d b e m o r e r e a c t i v e t h a n t h e 

2 -
P t C l . . u n l e s s i t i s t h e i n i t i a l s e n s i t i s a t i o n o f t h e p e r s o n t o 
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t h e P t C l 
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T h e m o s t r e a c t i v e o f t h e p l a t i n u m s a l t s i n t e r m s o f t h e i r 

a b i l i t y t o s e n s i t i s e a r e t h e t e t r a a n d h e x a c h l o r o p l a t i n a t e s . I t 

i s m o s t u n l i k e l y t h a t a l l t h e c h l o r i n e l i g a n d s w o u l d b e l o s t i n 

c o n j u g a t i o n t o e n d o g e n o u s p r o t e i n o n t h e g r o u n d s o f s t e r i c 

h i n d r a n c e o f i n c o m i n g p r o t e i n m o l e c u l e s , t h e r e f o r e a n t i b o d y 

p r o d u c t i o n a g a i n s t t h e s e c o n j u g a t e s m a y w e l l b e d i r e c t e d a g a i n s t 

p l a t i n u m - c h l o r i n e l i n k a g e . T h i s b e i n g s o , m a y w e l l e x p l a i n 

t h e i n c r e a s e d r e a c t i v i t y o f t h e h i g h l y c h l o r i n a t e d s p e c i e s . 

T h e r e a r e n o c o v a l e n t b o n d i n g f o r c e s a p p l i e d i n A b - A g i n t e r -

a c t i o n s . T h e d n l y c f o r c e s a p p l i e d a r e e l e c t r o s t a t i c , h y d r o g e n 

b o n d i n g a n d V a n d e W a a l s . T h e h i g h l y c h l o r i n a t e d s p e c i e s c a r r y 

a n e t n e g a t i v e c h a r g e t h e r e f o r e a n y a n t i b o d y d i r e c t e d a g a i n s t 

t h i s c o m p o u n d m u s t e x h i b i t a n e t p o s i t i v e c h a r g e , a s l i k e c h a r g e s 

r e p e l ( S e l a , 1 9 7 A ) . N e u t r a l c o m p o u n d s p r o d u c e a n t i b o d y w i t h 

l i t t l e o r n o c h a r g e , t h i s m a y e x p l a i n t h e l a c k o f s k i n r e a c t i v i t y 

i n r e f i n e r y w o r k e r s s e n s i t i v e t o ( N H ^ ^ P t C l ^ ^ w h e n t e s t e d w i t h 

C i s - ( N H ^ ) 2 P t C l 2 a n d v i c e v e r s a i n K h a n s s t u d y , ( K h a n e t a l . , 1 9 7 5 ) 

S E R O L O G Y 

T h e m a i n c l a s s o f a l l e r g e n i c r e a c t i o n t o p l a t i n u m s a l t s i s 



o f t h e i m m e d i a t e a n a p h y l a c t i c t y p e i n w h i c h r e a g e n i c I g E 

a n t i b o d y i s c l o s e l y i n v o l v e d , t h o u g h S h o r t T e r m S e n s i t i s i n g 

I g G ( S T S I g G ) ( P a r i s h , 1 9 7 0 ) c a n a l s o b e r e s p o n s i b l e f o r t h i s 

r e a c t i o n . 

T h e p r e s e n c e o f r e a g i n i c a n t i b o d y w a s f i r s t d e m o n s t r a t e d i n 

1 9 2 1 ( P r a u s n i t z a n d K d s t n e r , 1 9 2 1 ) , o n l y 4 0 y e a r s l a t e r i t w a s 

g i v e n f u l l a n t i b o d y s t a t u s a n d t e r m e d I g E ( I s h i z a k a e t a l . 

1966) . 

U s i n g t h e P - K t e s t F r e e d m a n a n d K r u p e y ( 1 9 6 8 ) p a s s i v e l y 

t r a n s f e r r e d t h e s e r a f r o m a s e n s i t i s e d c h e m i s t a n d u p o n 

c h a l l e n g e w i t h p o t a s s i u m h e x a a n d t e t r a c h l o r o p l a t i n a t e a t 
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c o n c e n t r a t i o n s o n t h e o r d e r o f 1 0 i M / m l e l i c i t e d a p o s i t i v e 

r e a c t i o n . T h i s t e s t w a s a l s o u s e d b y P e p y s e t a l . ( 1 9 7 9 ) t o 

d e m o n s t r a t e s k i n r e a c t i v i t y f r o m r e f i n e r y w o r k e r s . W i t h t h i s 

t e s t i t w a s p o s s i b l e t o d e m o n s t r a t e s p e c i f i c a n t i p l a t i n u m 

a n t i b o d y w i t h s k i n s e n s i t i s i n g a b i l i t y , 4 a n d 2 4 h o u r s a f t e r 

i n j e c t i o n . T h e a b i l i t y o f t h e 2 4 h o u r s e r a t o s e n s i t i s e w a s 

l o s t a f t e r h e a t i n g a t 5 6 c f o r 2 h o u r s w h e r e a s t h e 4 h o u r s s e r a 

w a s s t i l l a c t i v e i n t h r e e o f t h e s i x s e r a t e s t e d s u g g e s t i n g t h e 

p r e s e n c e o f a h e a t s t a b l e s k i n s e n s i t i s i n g a n t i b o d y , p r e s u m a b l y 

a s h o r t - t e r m s e n s i t i s i n g I g G ( P a r i s h , 1 9 7 4 ) . 

C r o m w e l l e t a l . ( 1 9 7 9 ) w e r e t h e f i r s t t o d e m o n s t r a t e ' i n 

v i t r o ' s p e c i f i c a n t i b o d y t o p l a t i n u m s a l t s u s i n g a m o d i f i c a t i o n 

o f t h e R A S T . S e v e r a l p r e v i o u s a t t e m p t s t o d e m o n s t r a t e a n t i b o d y 

b y t h e R A S T t e c h n i q u e u s i n g c o n j u g a t e s o f t e t r a a n d h e x a c h l o r o -

p l a t i n a t e w i t h h u m a n , b o v i n e a n d r a t s e r u m a l b u m i n , o v a l b u m i n , 

b o v i n e g a m m a g l o b u l i n , g e l a t i n , c o l l a g e n , w h o l e h u m a n s e r u m , a n d 

s k i n s e c t i o n s w i t h b o t h p a p e r d i s c s a n d S e p h a r o s e b e a d s , i n m o l -

a r r a t i o s f r o m 1 : 1 0 0 t o 1 0 : 1 f a i l e d t o c o r r e l a t e w i t h s k i n t e s t s 



a n d c l i n i c a l d a t a . 

I t w a s u n l i k e l y t h a t a l l t h e s e c o m p o u n d s e x h i b i t e d 

s i m i l a r f e a t u r e s i n t e r m s o f t h e i r a b i l i t y t o c o n j u g a t e w i t h 

t h e p l a t i n u m s a l t s s u g g e s t i n g d i f f e r e n t p l a t i n u m c o n c e n t r a t i o n s 

w i t h i n t h e m o l e c u l e , a s t h e r e a c t i o n o f t h e p l a t i n u m s a l t s a r e 

s t r o n g e s t a g a i n s t s u l p h y d r y l a n d m e t h i o n i n e l i n k a g e s a n d t h e 

v a r i a t i o n o f t h e s e g r o u p s w i t h i n t h e c h o i c e o f p r o t e i n s i s 

c o n s i d e r a b l e . R e a c t i o n s o f p r o t e i n s i n s o l u t i o n w i t h t h e 

p l a t i n u m s p e c i e s p o s s e s s i n g m o r e t h a n o n e l e a v i n g l i g a n d , a s i s 

t h e c a s e w i t h b o t h t h e t e t r a a n d h e x a c h l o r o p l a t i n a t e , c o u l d a n d 

d o c a u s e a g g r e g a t i o n o f p r o t e i n m o l e c u l e s b y c r o s s - l i n k i n g , 

t h e r e b y c a u s i n g s t e r i c h i n d r a n c e t o i n c o m i n g a n t i b o d y d i r e c t e d 

a g a i n s t t h e p l a t i n u m m o i e t y . T h i s p r o b l e m w a s f i r s t o v e r c o m e b y 

r e a c t i n g t h e p r o t e i n w i t h t h e s o l i d p h a s e p r i o r t o c o n j u g a t i o n 

w i t h t h e p l a t i n u m s a l t . T h i s l i m i t s t h e d e g r e e o f p r o t e i n 

a g g r e g a t i o n t h u s p r o v i d i n g f o r m o r e p l a t i n u m o n t h e s u r f a c e o f 

t h e c o m p l e x . 

I g G , S T S AND O T H E R A N T I B O D I E S 

not 

T h e s e l e c t i v i t y o f t h e R A S T i s 1 0 0 % , f o r i t s h o w s t h a t o f 

t h o s e i n v e s t i g a t e d 9 p r i c k t e s t p o s i t i v e w e r e R A S T n e g a t i v e . 

T h i s c o u l d h a v e b e a i d u e t o t h e p r e s e n c e o f o t h e r a n a p h y l a c t o i d 

a n t i b o d y c l a s s e s , p r e s u m a b l y a s h o r t t e r m s e n s i t i s i n g I g G . 

T h e r e i s a n i n c r e a s i n g b o d y o f e v i d e n c e t h a t t h e r e i s a n 

a n t i b o d y c o m p o n e n t o f t h i s r e a c t i o n t h a t i s n o t o f t h e I g E 

c l a s s . 1 ) D e m o n s t r a t i o n o f S T S I g G ( P e p y s e t a l . 1 9 7 9 ) 2 ) 

M a r s h a l l ( 1 9 5 2 ) r e c o r d e d p o s i t i v e p a t c h t e s t s w i t h c h l o r p l a t i n i c 

a c i d . 3 ) d e v e l o p m e n t o f a s p e c i f i c h y p o s e n s i t i s a t i o n t r e a t m e n t 

f o r a c h e m i s t s e n s i t i v e t o a m m o n i u m h e x a c h l o r o p l a t i n a t e I V 

( L e v e n e a n d C a l n a n , 1 9 7 1 ) . I n t h i s s t u d y a t t h e s t a r t o f 



t r e a t m e n t a p o s i t i v e r e a c t i o n w a s e l i c i t e d a t g m / m l 

—8 

u s i n g p r i c k t e s t a n d 1 0 ~ g m / m l u s i n g i . d . T h e t r e a t m e n t 

c o n s i s t e d o f t h r i c e d a i l y i n j e c t i o n s i . d . o f t h e s o l u b l e 

a n t i g e n i n a m a n n e r s i m i l a r t o d r u g h y p o s e n s i t i s a t i o n 

( L e v e n e a n d W i t h e r s , 1 9 6 9 ) . B y d a y 8 h e w a s r e c e i v i n g 2 0 0 n g 

d o s e s a n d b y d a y 1 2 , 5 u g . I t w a s t h e n t h a t h e s t a r t e d t o 

d e v e l o p s y s t e m i c ' s e r u m s i c k n e s s ' - l i k e s y m p t o m s w i t h 

u r t i c a r i a l r a s h , b u r n i n g s e n s a t i o n , a n d t e n d e r s w e l l i n g o f 

t h e f i n g e r s , w r i s t s a n d t o e s . A t h i g h e r d o s e s , 1 0 0 u g t h e 

i n j e c t i o n s i t e s b e c o m e n e c r o t i c . B i o p s y o f t h e s i t e s s h o w e d 

a v a s c u l i t i s w i t h p e r i v a s c u l a r i n f i l t r a t e o f p o l y m o r p h o l e u c o -

c y t e s , s u g g e s t i v e o f i m m u n e c o m p l e x d e p o s i t i o n a t t h e s i t e . 

I t i s k n o w n t h a t I g E i s n o t c o m p l e m e n t f i x i n g ( I s h i z a k a a n d 

I s h i z a k a , 1 9 7 3 ) s o t h e p r e s e n c e o f o t h e r a n t i b o d y c l a s s e s m a y 

b e p r e s e n t . ' I n v i t r o ' e v i d e n c e i s l a c k i n g a s p a s s i v e 

h a e m a g g l u t i n a t i o n u s i n g c o n j u g a t e s o f ' H S A i P t C l ^ ( F r e e d m a n a n d 

K r u p e y , 1 9 6 8 ) . D o u b l e d i f f u s i o n i n t o a g a r ( O u c h t e r l o n y , 1 9 6 4 ) 

a n d l y m p h o c y t e t r a n s f o r m a t i o n ( L e v e n e e t a l . , 1 9 6 9 ) w e r e a l l 

n e g a t i v e . O n e t e s t t h a t m a y h a v e i n d i c a t e d t h e p r e s e n c e o f a 

f o r m o f ' b l o c k i n g a n t i b o d y ' w a s b y p a s s i v e t r a n s f e r w h e r e p r e 

a n d p o s t h y p o s e n s i t i s a t i o n s e r a w e r e m i x e d w i t h v a r i o u s c o n c e n -

t r a t i o n s o f t h e p l a t i n u m s a l t s a n d r e i n t r o d u c e d i . d . i n t o t h e 

p a t i e n t s ' s k i n . T h e r e s p o n s e f r o m t h e p o s t h y p o s e n s i t i s a t i o n 

s e r a w a s m a r k e d l y d i m i n i s h e d . 

F u r t h e r h y p o s e n s i t i s a t i o n r e g i m e n s w e r e e m p l o y e d a n d t h e 

p r e s e n c e o f o t h e r a n t i b o d y c l a s s e s w a s n o t d e m o n s t r a t e d , n o r w a s 

t h e e f f i c a c y o f t h e t r e a t m e n t . H e r b e r t ( 1 9 6 6 ) i n t w o p a t i e n t s 

r e p o r t e d n o b e n e f i t f r o m t r e a t m e n t w h i l s t R o b e r t s ( 1 9 5 1 ) 

s u c c e s s f u l l y t r e a t e d a w o m a n w i t h d e r m a t i t i s , w h o a t t h e 
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b e g i n n i n g o f t r e a t m e n t w a s s k i n t e s t p o s i t i v e a t 1 0 ~ a n d 

—8 
f o l l o w i n g t w o y e a r s o f i n j e c t i o n s o f 5 0 u l o f 1 0 ~ w e e k l y , 
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o n l y p o s i t i v e a t 1 0 o r g r e a t e r . 

C H E M O T H E R A P E U T I C P L A T I N U M A L L E R G E N S 

U n t i l t h e d i s c o v e r y o f t h e a n t i t u m o u r a c t i v i t y o f c e r t a i n 

p l a t i n u m c o m p o u n d s ( R o s e n b e r g e t a l . , 1 9 6 9 ) i t h a s b e e n 

a s s u m e d t h a t t h e o n l y p e o p l e l i k e l y t o c o m e i n t o c o n t a c t w i t h 

t h e p l a t i n u m s a l t s w e r e t h o s e w o r k i n g w i t h t h e f i n i s h e d s a l t 

o r i n p r o c e s s i n g t h e o r e . C o m p l e x e s s u c h a s c i s - d i c h l o r o d i a m -

m i n e p l a t i n u m I I ( D D P , c i s P t l l ) w e r e s o s u c c e s s f u l i n a n i m a l 

m o d e l s u s i n g t h e s a r c o m a 1 8 0 i n m i c e , t h a t p h a s e 1 x 2 c l i n i c a l 

t r i a l s w e r e i n i t i a t e d . T h e f u l l u s e f u l n e s s o f t h i s d r u g i n 

m a n y t u m o u r l i n e s i s n o w w e l l e s t a b l i s h e d , e s p e c i a l l y i n t e s t -

i c u l a r , o v a r i a n , a n d h e a d a n d n e c k c a n c e r s ( W i l t s h a w e t a l . , 

1 9 7 4 ; E i n h o r n 1 9 7 7 ) . 

A s t h e u s e f u l n e s s a n d h e n c e i t s a p p l i c a t i o n i n c r e a s e d , 

r e p o r t s b e c a m e m o r e c o m m o n o f a n a p h y l a c t o i d r e a c t i o n t o t h e 

i n j e c t e d d r u g ( K h a n , 1 9 7 5 ; V o n h o f f , 1 9 7 6 ; K h a n e t a l . , 1 9 7 7 ) . 

O n e s t u d y ( K h a n , 1 9 7 5 ) r e p o r t s a n a n a p h y l a c t o i d r e a c t i o n 9 

m o n t h s i n t o t r e a t m e n t d u r i n g t h e 7 t h i n j e c t i o n o f D D P . T h e 

p a t i e n t w a s s k i n t e s t e d w i t h D D P a n d o t h e r p l a t i n u m c o m p o u n d s 

i n a n a t t e m p t t o e s t a b l i s h t h e p o r t i o n o f t h e m o l e c u l e n e c e s s a r y 

f o r e l i c i t i n g t h e r e s p o n s e . C o m p o u n d s t e s t e d a n d f o u n d p o s i t -

i v e b y s c r a t c h t e s t w e r e c i s - P t l l , d i i o d i a m m i n e - P t l l , 

K 2 P t C l g , K ^ P t C l ^ a n d d e m o n s t r a t e d t h a t t h e r e i s n o n e e d f o r a n 

a m m i n e o r h i g h l y r e a c t i v e c h l o r i n e l i g a n d s . T h e s e t e s t s w e r e 

a l l c o n d u c t e d b e l o w t h e l i m i t s o f n o n s p e c i f i c h i s t a m i n e 

r e l e a s e ( C l e a r e e t a l . , 1 9 7 6 ) . P o s i t i v e r e a c t i o n s w e r e a l s o 

e l i c i t e d w i t h t h e d i a q u o d e r i v a t i v e o f D D P ( P t ( N H 3 ) 2 ( H 2 0 ) 2
 + ) 

e s t a b l i s h i n g t h a t , i n t h i s p a t i e n t , t h e r e i s n o n e e d f o r a n y 



h a l i d e l i g a n d . C l e a r e e t a l . ( 1 9 7 6 ) f a i l e d t o d e m o n s t r a t e a n y 

r e a c t i v i t y t o t h e D D P o r t h e d i a q u o d e r i v a t i v e s p e c i e s i n t h e 

h i g h l y s e n s i t i v e r e f i n a r y w o r k e r s s e n s i t i v e t o t h e h e x a c h l o r -

p l a t i n a t e . T h i s m a y r e f l e c t t h e d i f f e r e n c e i n t h e m o d e o f 

s e n s i t i s a t i o n a n d / o r t h e i n i t i a l s e n s i t i s i n g c o m p o u n d . 

D D P i s a p o t e n t i m m u n o s u p p r e s s i v e a g e n t ( K h a n a n d H i l l , 

1 9 7 3 ; W i e r d a a n d P a z d e r n i k , 1 9 7 9 ) , b u t w i t h a v e r y s h o r t l i f e , 

i e 7 2 h o u r s . H o w e v e r , t h e l i f e o f t h e d r u g i n t h e b o d y i s 

m u c h l o n g e r . E s t i m a t e s o f t h e p l a t i n u m c o m p o u n d p l a t i n u m 

e t h y l e n e d i a m m i n e c h l o r i d e h a s a h a l f l i f e o f b e t w e e n 2 . 5 a n d 

7 . 6 d a y s ( T a y l o r e t a l . , 1 9 7 3 ) i n t h e r a t a n d m u c h l o n g e r i n 

m a n ( H i l l e t a l . , 1 9 7 5 ) . T h i s m a y a c c o u n t f o r i t s a b i l i t y t o 

b i n d t o ^ p r o t e i n s ' i n v i v o ' a n d a c t a s a s e n s i t i s i n g h a p t e n a s 

t h e o r i g i n a l t i m e c o u r s e o f t h e d r u g ' s c l e a r a n c e i s p o s s i b l y t o o 

f a s t i n i t s u n c o n j u g a t e d f o r m t o b e p r o c e s s e d b y m a c r o p h a g e s . 

A s p a r g i n a s e , a l s o a n i m m u n o s u p p r e s s i v e a g e n t , h a s t h e a b i l i t y 

t o a c t a s a s e n s i t i s i n g h a p t e n ( K h a n a n d H i l l , 1 9 7 1 ) . 

T h e r e h a v e b e e n m a n y r e p o r t s o f c o m p o u n d s c o n t a i n i n g v e r y 

l o w l e v e l s o f i m p u r i t y t h a t h a v e e i t h e r c a u s e d t h e p o s i t i v i t y o f 

t h e r e a c t i o n o r h a v e e v e n i n i t i a t e d t h e h y p e r s e n s i t i v i t y s t a t e i n 

t h e f i r s t p l a c e , h e n c e t h e n e e d f o r a b s o l u t e p u r i t y o f t h e s k i n 

t e s t s o l u t i o n s a s w a s s h o w n i n t h e C l e a r e s t u d y ( 1 9 7 6 ) . 

S p e c u l a t i o n h a s a r i s e n r e l a t i n g t o t h e h a l i d e s a l t c o n t a m i n a t i o n 

o f t h e D D P p r e p a r a t i o n s u s e d b y K h a n ( 1 9 7 5 ) i n t e s t i n g f o r D D P 

a l l e r g y a s W i e s e n f e l d e t a l . ( 1 9 7 9 ) s u c c e s s f u l l y r e t e s t e d a 

p a t i e n t w i t h n o i l l e f f e c t s . T h i s t e n d s t o h i g h l i g h t t h e 

d i f f i c u l t i e s i n b a t c h p r e p a r a t i o n w h e r e t h e l e v e l s o f 

d e t e c t i o n b y l a b o r a t o r y a n a l y s i s a n d i n t h e s k i n o f s e n s i t i s e d 

s u b j e c t s v a r i e s b y s e v e r a l o r d e r s o f m a g n i t u d e . 
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F A C T O R S A S S O C I A T E D W I T H I g E S E N S I T I S A T I O N 

T h e r e a r e p r o b l e m s a s s o c i a t e d w i t h e s t a b l i s h i n g a n a n i m a l 

m o d e l o f p l a t i n u m h y p e r s e n s i t i v i t y . 1 ) T h e v e r y l o w l e v e l s o f 

r e s t i n g I g E i n t h e s e r u m a n d t h e v e r y m o d e s t i n c r e a s e i n 

s p e c i f i c a n d t o t a l I g E a s a p r o p o r t i o n o f t h e t o t a l i m m u n o -

g l o b u l i n l e v e l s i n t h e b l o o d . 2 ) T h e d i f f i c u l t i e s a r i s i n g 

f r o m t h e m a i n t e n a n c e , i n e x p e r i m e n t a l a n i m a l s , o f a h i g h I g E 

r e s p o n s e . 3 ) T h e m a n y v a r i a b l e s a s s o c i a t e d w i t h t h e i n d u c t i o n 

o f t h e r e s p o n s e i n e x p e r i m e n t a l a n i m a l s s u c h a s p r e s e n t a t i o n 

a n d d o s e o f a n t i g e n , d u r a t i o n o f e x p o s u r e t o t h e a n t i g e n , t h e 

r o u t e o f a d m i n i s t r a t i o n , t h e e f f e c t s o f a d j u v a n t s , a n d p o s s i b l y 

t h e m o s t i m p o r t a n t f a c t p r , t h e g e n e t i c m a k e - u p o f t h e a n i m a l 

s p e c i e s ( L e v i n e a n d V a s , 1 9 7 0 ) . 

M a n y o f t h e ' c o m p l e t e ' a n t i g e n s , n a m e l y t h e w e l l -

c h a r a c t e r i s e d p r o t e i n s s u c h a s o v a l b u m i n , h u m a n a n d b o v i n e s e r u m 

a l b u m i n a n d k e y h o l e l i m p e t h e a m o c y a n i n a r e d e v o i d o f a n y h i g h l y 

r e a c t i v e c h e m i c a l g r o u p i n g s n o r d o t h e y p o s s e s s a n y i n h e r e n t 

b i o c h e m i c a l o r p h a r m a c o l o g i c a l p r o p e r i t e s i n t h e i r r o l e s o f 

a n t i g e n s . C o n j u g a t i o n o f t h e h a p t e n w i t h a c a r r i e r , e g P r o t e i n -

P e n i c i l l o y l ( L e v i n e , 1 9 7 2 ) a r e k n o w n t o i n d u c e t h e s a m e h a p t e n 

s p e c i f i c I g E , I g G a n d I g M a n t i b o d y . O n e o f t h e q u e s t i o n s a s k e d 

h e r e i s h o w s i m i l a r a r e t h e f i n d i n g s w h e n i n d u c e d b y t h e p l a t i n u m 

s a l t s ? 

T h e p h y s i c o - c h e m i c a l n a t u r e o f t h e m o l e c u l e i s a l l i m p o r t a n t 

w h e n c o n s i d e r i n g t h e n a t u r e o f t h e t h e a n t i b o d y r e s p o n s e t o l o w 

m o l e c u l a r w e i g h t h a p t e n s , e g t h e i n d u c t i o n o f c e l l - m e d i a t e d 

i m m u n i t y i n g u i n e a p i g s f o r t h e h a p t e n D N P . H a p t e n s p e c i f i c C M I 

w a s n o t o b t a i n e d w h e n D N P - A l b u m i n w a s u s e d a s t h e i m m u n o g e n . 

H o w e v e r , h u m o r a l a n a p h y l a c t o i d a n t i b o d y p r o d u c t i o n w a s e v i d e n t , 
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b u t i m m u n i t y w a s e l i c i t e d b y D N P - a l b u m i n w i t h F C A o r w h e n 

DNP d o d e c a n a t e d a l b u m i n w a s u s e d ( D a i l y a n d H u n t e r , 1 9 7 4 ) . 

I n t h e s e e x p e r i m e n t s , t h e p h y s i c o - c h e m i c a l s t a t e o f t h e 

a n t i g e n d i d n o t c h a n g e , y e t t h e a n t i b o d y r e s p o n s e v a r i e d 

e n o r m o u s l y . I n o r d e r t o s t u d y t h i s s e v e r a l c r i t e r i a m u s t b e 

s t u d i e d 1 ) T h e s i z e o f t h e a n t i g e n ; 2 ) T h e r e a c t i v i t y o f t h e 

m o l e c u l e ; 3 ) T h e n a t u r e o f t h e a d j u v a n t . 

T h e m i n i m a l s i z e o f a p e p t i d e n e c e s s a r y t o b e a n a n t i g e n i c 

d e t e r m i n a n t a p p e a r s t o b e i n t h e o r d e r o f 4 - 8 a m i n o a c i d 

r e s i d u e s ( G o o d m a n , 1 9 7 5 ) . T h i s e q u a l l y a p p l i e s t o s y n t h e t i c 

a n t i g e n s ( S e l a , 1 9 7 4 ) . T h e m i n i m a l s i z e f o r ' f u l l ' a n t i g e n s 

w i t h t h e a b i l i t y t o b r i d g e a d j a c e n t I g E m o l e c u l e s i s o f t h e 

o r d e r o f 7 s o r a b o u t 3 0 , 0 0 0 m o l e c u l a r w e i g h t ( I s h i z a k a , 1 9 7 1 ) • 

T h i s b e i n g s o , m a n y o f t h e c o m p o n e n t s k n o w n t o e l i c i t o c c u p a t i o n -

a l a s t h m a f a l l w e l l b e l o w t h i s l e v e l a n d t h e r e f o r e m u s t b e 

a c t i n g a s h a p t e n s , c o n j u g a t e d t o l a r g e r m a c r o m o l e c u l e s . W i t h a 

w o r l d w i d e p r e v a l e n c e o f 2% ( K a r r e t a l . 1 9 7 8 ) t h i s a c c o u n t s f o r 

a l a r g e n u m b e r o f p e r s o n s i n whom t h e a e t i o l o g i c a l c a u s e o f t h i s 

d i s e a s e , m a y f o r a l o n g t i m e g o u n r e c o g n i s e d . A p e r c e n t a g e o f t h e s e 

a r e c h e m i c a l i n o r i g i n - a n d a c c o u n t f o r t h e m a j o r i t y o f t h e 

h a p t e n d e r i v e d c a u s e s o f o c c u p a t i o n a l a s t h m a . T h e s e i n c l u d e 

t h e c o m p l e x s a l t s o f p l a t i n u m ( R o b e r t s , 1 9 5 1 ) ; t o l u e n e d i i s o -

c y a n a t e ( D a v i e s , 1 9 7 7 ) ; e p o x y r e s i n c u r i n g a g e n t s , p h t h a l i c 

a c i d , t r i e t h y l e n e t e t r a m i n e a n d t r i m e l l i t i c a c i d ( F a w c e t t e t 

a l . 1 9 7 6 ) ; p e r s u l p h a t e s ( P e p y s e t a l . 1 9 7 6 ) ; c h l o r a m i n e T ( K r a m p s 

e t a l . 1 9 8 1 ; B o u r n e e t a l . 1 9 7 9 ) ; c o l o p h o n y ( F a w c e t t e t a l . 1 9 7 8 ) . 

A l l t h e s e s u b s t a n c e s h a v e s e v e r a l c o m m o n f a c t o r s 1 ) T h e m o l e c u l a r 

s i z e i s v e r y s m a l l , o f t e n l e s s t h a n 1 0 0 0 ; 2 ) T h e m o d e o f e n t r y i n t o t h e 

b o d y i s u s u a l l y v i a i n h a l a t i o n o r s k i n e x p o s u r e ; 3 ) T h e p a r t i c l e s i z e 
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i s s m a l l e n o u g h t o a l l o w e n t r y i n t o t h e a l v e o l a r s p a c e s ; 

4 ) T h e y a r e a l l h i g h l y r e a c t i v e m o l e c u l e s c a p a b l e o f ' i n 

v i v o ' c o n j u g a t i o n . T h e r e a c t i v i t y o f t h e s e l o w m o l e c u l a r 

w e i g h t h a p t e n s i n t h e p r o d u c t i o n o f a n t i g e n i c c o n j u g a t e s 

i n v a r i a b l y o c c u r s t h r o u g h a h i g h l y r e a c t i v e l i g a n d . T D I c a n 

c o m b i n e w i t h N H ^ , O H , S H , a n d COOH g r o u p i n g s . I t m a y a l s o 

s e l f - p o l y m e r i s e a n d s t i l l r e t a i n r e a c t i v e i s o c y a n a t e g r o u p s 

( O z a k i , 1 9 7 2 ; M a r c c a l i , 1 9 5 7 ) . T h u s a f t e r i n h a l a t i o n t h e r e 

a r e l i k e l y t o b e m a n y p r o d u c t s t h a t a r e b o t h a n t i g e n i c a n d 

c o n j u g a t e d , p - t o l y l ( m o n o ) i s o c y a n a t e ( T M I ) r e a c t e d w i t h H S A 

w a s s h o w n t o b e e f f e c t i v e i n d e t e c t i n g a n t i b o d y t o T D I i n T D I 

s e n s i t i v e p a t i e n t s ( K a r o l e t a l . . 1 9 7 9 ) a n d b y v a r y i n g t h e n a t u r e o f 

t h e l i n k a g e s a r o u n d t h e t o l y l m o i e t y i n d i c a t e d t h a t t h e i s o -

c y a n a t e r e s i d u e w a s n o t n e c e s s a r y ( K a r o l , 1 9 8 0 ) . H o w e v e r , 

D a n k s e t a l . ( 1 9 8 1 ) w e r e u n a b l e t o d e t e c t a n y d i f f e r e n c e 

b e t w e e n e x p o s e d s e n s i t i s e d T D I w o r k e r s a n d t h e n o n - e x p o s e d 

n e g a t i v e c o n t r o l s . N e i t h e r g r o u p u s e d T D I c o n j u g a t e d t o h u m a n 

s e r u m a l b u m i n b e c a u s e o f i t s v e r y g r e a t r e a c t i v i t y a n d t h e v e r y 

r e a l p r o b l e m o f s t e r i c h i n d r a n c e o f i n c o m i n g a n t i b o d y m o l e c u l e s 

d u e t o p r o t e i n c r o s s - l i n k i n g b y t h e T D I r e s i d u e . A g a i n w i t h 

c o l o p h o n y ( p i n e r e s i n ) w h e r e t h e r e s i n a c i d s a p p e a r t o b e t h e 

a n t i g e n i c c o m p o n e n t s i t s e e m s t h a t a r e a c t i v e s i t e i s n e e d e d 

b u t t h i s i s n o t n e c e s s a r i l y t h e a n t i g e n i c d e t e r m i n a n t b u t a c t s 

a s t h e b i n d i n g p o r t i o n l e a v i n g t h e r e s t o f t h e m o l e c u l e t o a c t 

a s t h e h a p t e n . I n t h i s c o m p o u n d i t i s f o u n d t h a t t h e u n s a t -

u r a t e d d o u b l e b o n d o f t h e r e s i n a c i d s a r e l e s s i m p o r t a n t t h a n 

t h e c a r b o x l y g r o u p s a n d t h a t t h e r i n g p o r t i o n i s t h e m a i n a n t i -

g e n i c d e t e r m i n a n t s i m i l a r t o t h e T D I w h e r e t h e t o l y l g r o u p 

f u l f i l s t h e s a m e f u n c t i o n a n d t h e i s o c y a n a t e g r o u p s b e i n g 
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c o n c e r n e d w i t h t h e p r o t e i n b i n d i n g . 

T h e c o m p l e x s a l t s o f p l a t i n u m , w h i l s t b e i n g i n o r g a n i c , a s 

w e l l a s c h l o r a m i n e T a n d a m p r o l i u m c h l o r i d e ( G r e e n a n d F r e e d m a n , 1 9 7 6 ) 

p o s s e s s h i g h l y r e a c t i v e l i g a n d s t h a t r e a c t t h r o u g h t h e c h l o r i n e 

g r o u p s . T h e p l a t i n u m m o l e c u l e s a r e e i t h e r s q u a r e p l a n a r o r 

o c t a h e d r a l a n d w i t h 4 - 6 p o s s i b l e r e a c t i v e l e a v i n g l i g a n d s 

t h e r e i s a v e r y r e a l p o s s i b i l i t y o f p r o t e i n p l a t i n u m i n t e r a c t i o n 

a n d p r o t e i n a g g r e g a t i o n t h r o u g h c r o s s - l i n k i n g . T h u s w h i l s t 

a n t i b o d y d i r e c t e d t o w a r d s t h e p l a t i n u m m o i e t y a s s h o w n b y t h e 

s k i n r e a c t i v i t y o f ( N H ^ ^ P t C l g a n d t h e l a c k o f r e s p o n s e o f t h e 

t e t r a m m i n e p l a t i n u m ( N H ^ J ^ P t C ^ i n s k i n t e s t c r o s s - r e a c t i v i t y i n 

2 -

P t C l ^ s e n s i t i v e w o r k e r s , t h i s m a y w e l l b e d u e t o t h e l a c k o f 

c h e m i c a l r e a c t i v i t y o f t h e NH^ g r o u p s i n c o n j u g a t i n g t o 

p r o t e i n t h e r e b y p r e s e n t i n g i t s e l f a s a m o n o v a l e n t h a p t e n u n a b l e 

t o c r o s s - l i n k t o a n t i b o d y o n t h e m a s t c e l l . 

W h i l s t i t i s o f g r e a t v a l u e t o e b e a b l e t o s t u d y t h e c o m p o u n d 

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

c h e m i c a l s t r u c t u r e w i t h r e l a t i o n t o i t s a n t i g e n i c p o t e n t i a l 

a s a s e n s i t i s i n g c o m p o u n d m u s t b e c o n d u c t e d w i t h t h e h e l p o f 

a n a n i m a l m o d e l . A s s u c h , m u c h o f t h i s w o r k h a s f o c u s e d o n 

a t t e m p t i n g t o s e n s i t i s e t h e r a t t o a m m o n i u m t e t r a c h l o r o p l a t i n a t e 

I I , i n b o t h i t s f r e e a n d c o n j u g a t e d s t a t e . 

T H E R A T A S AN A N I M A L M O D E L 

I t i s w e l l - k n o w n t h a t t h e r a t i s a r e l a t i v e l y p o o r I g E 

p r o d u c e r , w i t h s h o r t - l i v e d r e s p o n s e t h a t n e e d s l a r g e a m o u n t s o f 

a n t i g e n t o i n i t i a t e t h e r e s p o n s e a n d t h e n o n l y i n t h e p r e s e n c e 

o f a p o w e r f u l a d j u v a n t , B o o s t i n g t h e r e s p o n s e l e d o n l y t o a 

m a r g i n a l l y i n c r e a s e d p r o d u c t i o n i n a n t i b o d y ( B i n a g h i a n d 

B e n a c e r r a f , 1 9 6 4 ; M o t a , 1 9 6 4 ) . J a r r e t t ( 1 9 7 4 ) , h o w e v e r , f o u n d 



t h a t t h e H o o d e d L i s t e r r a t , a n o u t b r e d s t r a i n , h a d t h e e x c e p -

t i o n a l a b i l i t y t o p r o d u c e r e a g i n i c a n t i b o d y t h a t c o u l d b e c o n -

s i s t e n t l y r e p r o d u c e d w i t h s m a l l a m o u n t s o f a n t i g e n a n d m o r e 

i m p o r t a n t l y c o u l d b e b o o s t e d t o v e r y h i g h l e v e l s , c o m p a r a b l e w i t h 

f i n d i n g s i n t h i s s t u d y . 

I n a s s e s s i n g t h e d o s a g e o f a n t i g e n n e c e s s a r y t o i n i t i a t e 

t h e p r i m a r y r e s p o n s e t h e y u s e d l e v e l s r a n g i n g f r o m 1mg t h r o u g h 

t o 1 u g i n j e c t e d i . p . w i t h o v a l b u m i n a s a n t i g e n , w i t h B . p e r t u s s i s 

a s a d j u v a n t ( M o t a , 1 9 6 3 ) . T h e l e v e l o f t h e p r i m a r y r e s p o n s e w a s 

u n a l t e r e d w i t h d o s e a n d n o c i r c u l a t i n g a n t i b o d y w a s d e t e c t e d 

i n r a t s r e c e i v i n g 0 . 1 u g o r l e s s , b u t t h i s w a s s u f f i c i e n t t o 

p r i m e t h e a n i m a l s f o r s u b s e q u e n t b o o s t i n g . S e c o n d a r y r e s p o n s e 

c o u l d b e e v o k e d w i t h d o s e s r a n g i n g f r o m 1 0 0 u g - 1 n g o f o v a l b u m i n 

w i t h o u t a d j u v a n t . L a r g e r d o s e s r e s u l t e d i n a n a p h y l a c t i c s h o c k 

r e s u l t i n g i n d e a t h . 

P a u w e l s e t a l . ( 1 9 7 6 ) c o n c l u d e d a s t u d y o f t h e e f f e c t o f a n t i g e n 

d o s e o n I g E p r o d u c t i o n i n d i f f e r e n t s t r a i n s o f r a t a n d f o u n d a 

v e r y h i g h c o r r e l a t i o n b e t w e e n t o t a l I g E i n t h e s e r u m p r i o r t o 

i m m u n i s a t i o n a n d t h e l e v e l o f s p e c i f i c a n t i b o d y a t t h e p e a k o f 

t h e s e c o n d a r y . O n t h e b a s i s o f r e s t i n g I g E l e v e l s l e a d i n g t h e 

w a y t o s p e c i f i c I g E a f t e r i m m u n i s a t i o n , t h e B N a n d t h e H o o d e d 

L i s t e r p o s s e s s r e s t i n g l e v e l s o f 2 . 1 a n d 2 . 7 u g / m l ( R o u s s e a u x -

P r e v o s t e t a l . , 1 9 7 7 ) a n d a r e c o r r e s p o n d i n g l y h i g h e r r e s p o n d e r s 

t o l o w d o s e s o f a n t i g e n w h e r e a s t h e W i s t a r a n d F i s h e r r a t s b o t h 

l o w r e s p o n d e r s h a v e 0 . 2 a n d 0 . 0 2 u g / m l ( K a r l s s o n e t a l . , 1 9 7 9 ) . 

S t u d i e s o f m o s t l a b o r a t o r y a n i m a l s s u g g e s t t h a t a n t i g e n a n d 

a d j u v a n t a r e o f e q u a l i m p o r t a n c e . T h e r e a r e , h o w e v e r , a n t i g e n s 

w h i c h h a v e t h e a b i l i t y t o i n d u c e r e a g i n i c a n t i b o d y ' p e r s e ' , 

P e n i c i l l i n G b y l o n g t e r m e x p o s u r e a t l o w d o s e s ( P e r e m u t t e r , e t a l . 
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1 9 7 5 ) . O t h e r a n t i g e n s h a v e b e e n s h o w n t o h a v e b u i l t i n 

a d j u v a n t i c i t y s u c h a s b i r c h p o l l e n ( S t r a n n e g a r d , 1 9 7 4 ) i n t h a t 

t h e y c a n i n d u c e a r e s p o n s e t o o t h e r a n t i g e n s a d m i n i s t e r e d a t 

t h e s a m e t i m e . M a n y o f t h e c o n v e n t i o n a l a d j u v a n t s a r e i m m u n o g e n s 

i n t h e i r o w n r i g h t , B . p e r t u s s i s ( J a r r e t t , 1 9 7 8 ) , l i p o p o l y s a c c -

h a r i d e f r o m s e v e r a l s o u r c e s ( T a d a e t a l . 1 9 7 2 ) a n d C . p a r v u m . 

S t u d i e s o f a d j u v a n t s i n m i c e ( B o m f o r d , 1 9 8 0 ) s h o w e d t h e 

d i v e r s i t y o f a c t i o n o f m a n y o f t h e s e a d j u v a n t s i n t e r m s o f a n t i -

b o d y i n d u c i n g a c t i o n a n d t h e i r a b i l i t y t o p r e f e r e n t i a l l y 

i n d u c e a n t i b o d y o f c e r t a i n c l a s s e s a t t h e e x p e n s e o f o t h e r s . I n 

t h i s s t u d y t h e e f f e c t s o f F C A , F I A A l O H ^ , C . p a r v u m , B . p e r t u s s i s 

were investigated 

a n d o t h e r s i n b o t h h u m o r a l a n d c e l l - m e d i a t e d i m m u n i t y . T h i s 

s t u d y c o n f i r m e d t h a t B . p e r t u s s i s i s v e r y c o n s i s t e n t i n p r o d u c i n g 

I g E i n t h e r a t i n t e r m s o f b o t h p r i m a r y a n d s e c o n d a r y r e s p o n s e s . 

V a r i o u s m i n e r a l o i l s p l u s m y c o b a c t e r i u m u s e d a s a d j u v a n t s h a v e 

i n d u c e d h i g h l e v e l s o f b o t h ' r e a g i n i c a n d h a e m a g g l u t i n a t i n g a n t i -

b o d y ( V o s , e t a l . 1 9 7 0 ) 

I n t h e i n d u c t i o n o f a n I g E r e s p o n s e i n h i g h r e s p o n d i n g s t r a i n s , 

i t i s p o s s i b l e a s l o n g a s t h e c o r r e c t a d j u v a n t i s u s e d , t o 

a c h i e v e s e n s i t i s a t i o n b y a n u m b e r o f r o u t e s w i t h l o w d o s e s o f 

a n t i g e n s i . p . ( J a r r e t t , 1 9 7 4 ) , o r a l l y ( B a z i n a n d P l a t t e a u , 1 9 7 6 ) , 

i n h a l a t i o n ( V a n H o u t a n d J o h n s o n , 1 9 7 2 ) , s u b - c u t a n e o u s l y ( J a r r e t t e t a l . 

1 9 7 6 ) . 

T h e r e s e a r c h r e p o r t e d h e r e h a s a t t e m p t e d t o a n s w e r s o m e o f 

t h e q u e s t i o n s r a i s e d a b o v e , b y d e v e l o p i n g a n a n i m a l m o d e l o f I g E 

s e n s i t i v i t y t o t h e p l a t i n u m s a l t s . T h i s w o u l d e n a b l e u s t o a n a l -

y s e t h e i m m u n o c h e m i c a l m e c h a n i s m s o f h a p t e n c a r r i e r i n t e r a c t i o n 

a n d t o p r o v i d e o p p o r t u n i t i e s f o r f u r t h e r s t u d y o f t h e m e c h a n i s m s 

o f t h e r e l e v a n t i m m u n e r e s p o n s e s t o l o w m o l e c u l a r w e i g h t i n -



o r g a n i c h a p t e n s . 

I n a n a t t e m p t t o i n d u c e r e a g i n i c a n t i b o d y a g a i n s t t h e 

c o m p l e x s a l t s o f p l a t i n u m m o s t o f t h e a b o v e c o n s i d e r a t i o n s 

h a v e b e e n t a k e n i n t o a c c o u n t . 



C H A P T E R 2 

M A T E R I A L S AND M E T H O D S 



I f t h e s t u d y o f t h e i m m u n o c h e m i c a l e f f e c t s o f p l a t i n u m 

s a l t s w e r e t o b e u n d e r t a k e n t h e p r o d u c t i o n o f a n a n i m a l m o d e l 

w a s t o b e o f t h e g r e a t e s t i m p o r t a n c e . T h e f o l l o w i n g r a t i o n a l e 

w a s u s e d i n t h e d e v e l o p m e n t o f s u c h a m o d e l . 

1 ) T o s t u d y a n d a s s e s s t h e s e n s i t i s i n g a b i l i t y o f O v a l -

b u m i n t o e s t a b l i s h t h e c r i t e r i a f o r h i g h a n d c o n s i s t e n t a n t i -

b o d y t i t r e s . 

2 ) T o s t u d y t h e s e n s i t i s i n g c a p a c i t y o f t h e c o m p l e x 

s a l t s o f p l a t i n u m a n d t h e i r p h a r m a c o l o g i c a l p r o p e r t i e s a t t h e 

d o s e s u s e d . 

3 ) T o s t u d y t h e e f f e c t s o f t h e p l a t i n u m s a l t s o n t h e 

o v a l b u m i n c a r r i e r b o t h ' i n v i v o ' a n d ' i n v i t r o ' . 

4 ) T h e s e n s i t i s i n g c a p a c i t y o f t h e p l a t i n u m s a l t s c o n -

j u g a t e d t o t h e o v a l b u m i n c a r r i e r . 

T h e f o l l o w i n g i m m u n o d i a g n o s t i c m e t h o d s w e r e u s e d t o d e t e c t 

a n t i b o d y s y n t h e s i s . 

1 ) T o t a l I g E , n o n - c o m p e t i t i v e R I A ( K a r l s s o n e t a l . 1 9 7 9 ) 

2 ) S p e c i f i c I g E - R A S T ( C e s k a e t a l . 1 9 7 2 ; C r o m w e l l , 1 9 7 9 ) 

- D i r e c t s k i n t e s t i n g 

- P C A ( O v e r y , 1 9 6 4 ) 

- H i s t a m i n e r e l e a s e ( S i r a g a n i a n , 1 9 7 5 ; 

B a c h e t a l . 1 9 7 1 ) 

3 ) T o t a l I g G - S i n g l e r a d i a l i m m u n o d i f f u s i o n ( M a n c i n i e t 

a l . , 1 9 6 5 ) 

A N I M A L S 

R A T S : T h e a n i m a l s u s e d w e r e o u t b r e d f e m a l e H o o d e d l i s t e r r a t s 

w e i g h i n g 1 2 5 - 1 5 0 g m , o b t a i n e d t h r o u g h O l a c 1 9 7 6 L t d . T h e y w e r e 

f e d p e l l e t e d r a t d i e t a n d w a t e r ' a d l i b i t u m ' . T h i s d i e t w a s f r e e 

f r o m a l l e g g p r o d u c t s . G r o u p s o f 5 - 8 a n i m a l s w e r e u s e d i n 



e a c h e x p e r i m e n t . A l l i n t e r g r o u p a n d i n t e r e x p e r i m e n t g r o u p s w e r e 

a g e , s e x a n d w e i g h t m a t c h e d . P a s s i v e t r a n s f e r s t u d i e d w e r e c o n -

d u c t e d o n f e m a l e H L r a t s w e i g h i n g 1 5 0 - 1 7 5 g m s . 

G U I N E A P I G S : D u n k i n - H a r t l e y w e a n l i n g m a l e g u i n e a p i g s w e r e o b -

t a i n e d t h r o u g h O l a c 1 9 7 6 L t d . F e d p e l l e t e d d i e t w i t h a s c o r b i c 

a c i d s u p p l e m e n t a n d w a t e r ' a d l i b i t u m 1 . 

A D J U V A N T S 

1 ) H e a t - k i l l e d B o r d e t e l l a p e r t u s s i s ( L i s t e r I n s t i t u t e ) w e r e 
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d i l u t e d f r o m s t o c k a n d u s e d a t c o n c e n t r a t i o n o f 1 x 1 0 o r g / a n i m a l 

i n 1 0 0 u l s a l i n e . 

2 ) A l u m i n i u m h y d r o x i d e ( A l h y d r o g e l , M i l e s L a b o r a t o r i e s ) . 

2% d i l u t e d t o 0 . 2 % i n 5 0 0 u l s a l i n e . 

3 ) B o t h a d j u v a n t s m i x e d a t v a r i o u s c o n c e n t r a t i o n s . 

A N T I G E N S 

1 . 1 ( N H ^ ) P t C l ^ 2 . 1 O v a l b u m i n ( S i g m a ) 

1 . 2 c i s - ( N H 3 ) 2 P t C l 2 ( D D P ) 2 > 2 B o y i n e s e r u m a l b u m i n ( S i g m a ) 

1 . 3 C s 2 ( P t ( N 0 2 ) C l 3 3 . 1 R S A - P t 

1 . 4 ( N H . ) . R h I I I C 1 : H 0 3 . 2 H S A - P t 
h d D d. 

1 . 5 ( N H A ) 2 P t C l 6 3 . 3 O V A - P t 

1 . 6 ( N H A ) 2 P d C l 4 3 . 4 B S A - P t 

1 . 7 ( N H 3 ) A P t C l 2 3 . 5 S e p h a r o s e - H S A - P t 

1 . 8 O r g a n o p l a t i n u m 

1 . 9 ( N H A ) 2 P t C l A a t p r i m a r y 

2 . 0 ( N H . ) _ P t C l , w i t h o u t a d j u v a n t 
4 2 b 

S u p p l i e d b y J o h n s o n M a t t h e y R e s e a r c h C e n t r e 

S E R O L O G Y 

B l e e d i n g T h e r a t s a n d g u i n e a p i g s w e r e b l e d b y c a r d i a c p u n c t u r e , 

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

r i a t e p r o t o c o l . L e s s t h a n 2 m l w e r e t a k e n u n l e s s t h e a n i m a l s w e r e 



t o b e s a c r i f i c e d . F o r m u l t i p l e b l e e d s t h e r a t s w e r e b l e d f r o m 

t h e t a i l , u n d e r l i g h t e t h e r a n a e s t h e t i c a n d a f t e r w a r m i n g . T h e 

t a i l v e i n w a s n i c k e d w i t h a s c a l p e l b l a d e a n d 7 5 0 u l w i t h d r a w n 

i n t o a p i p e t t e . 

S e r u m w a s c o l l e c t e d a n d s t o r e d a t - 2 0 C . 



R A D I O M E T R I C A S S A Y B U F F E R 

C N B r A c t i v a t i o n 

1 . 1M N a o H 

4 0 g N a O H - 1 l i t r e . 

2 . 0 . 0 0 5 M N a H C O ^ p H 9 . 0 ( c a r b o n a t e / b i c a r b o n a t e b u f f e r ) 

T o m a k e 5 l i t r e s u s e 0 . 5 M N a H C O ^ p H 9 . 0 a s u s e d i n c o u p l i n g 

s t a g e . D i l u t e 1 / 1 0 0 i . e . 5 0 m l - 5 l i t r e s . 

C o u p l i n g 

1 . C a r b o n a t e / B i c a r b o n a t e B u f f e r s p H 9 . 0 

0 . 5 M S t o c k S o l u t i o r g i n d e i o n i z e d w a t e r . 

B i c a r b o n a t e A N a H C O ^ 4 2 g - 1 l i t r e ( T h i s s t o c k w i l l n o t 

k e e p ) 

C a r b o n a t e B N a 2 C 0 3 1 3 . 2 5 g - 2 5 0 m l . 

1 a . 0 . 5 M N a H C O p H 9 . 0 
1 J 

M i x c a r b o n a t e w i t h b i c a r b o n a t e i n p r o p o r t i o n s 1 : 9 U / U 

e . g . 9 0 0 m l o f A + 1 0 0 m l B . 

1 b 0 . 1 M N a H C O . pH 9 . 0 N a C l 0 . 5 M 
• j

 1 

D i l u t e a b o v e 1 / 5 i . e . 2 0 0 m l - 1 l i t r e . 

A d d 2 9 . 2 2 g N a C l / l i t r e o f b u f f e r . 

2 . 0 . 1 M T r i s b u f f e r p H 8 . 0 

1 l i t r e 1 2 . 1 1 g T r i s + a p p r o x . 5 0 m l 1M H c l - 1 l i t r e - 1M 

8 . 3 m l C o n e . H c l + 9 1 . 7 M ( H O ) 

5 l i t r e s 6 0 . 5 5 g T r i s + a p p r o x . 2 5 0 m l 1M H c l - 5 l i t r e s . 

3 . 0 . 1 M A c e t a t e b u f f e r p H 4 . 0 

1 3 . 6 g s o d i u m a c e t a t e t r i h y d r a t e 

5 . 7 3 m l g l a c i a l a c e t i c a c i d 

A d j u s t p H w i t h n e a t g l a c i a l a c e t i c a c i d d r o p w i s e . 

T e s t a n d L a b e l l i n g 

1 . 0 . 5 M P h o s p h a t e B u f f e r p H 7 . 4 

P r e p a r e s t o c k s o l u t i o n s . 

- 2 l i t r e s . 



A . I 4 2 g a n h y d r o u s N a 2 H P 0 4 - 2 l i t r e s 

B . 3 4 g k H 2 P 0 4 - 5 0 0 m l 

M i x A a n d B i n p r o p o r t i o n s o f 4 : 1 

e . g . 2 l i t r e s o f A + 5 0 0 m l o f B . 

A d j u s t p H i f n e c e s s a r y w i t h o n e o f t h e s t o c k s o l u t i o n s . 

A d d 1 0 d r o p s 10% s o d i u m a z i d e t o e a c h 2 . 5 l i t r e s . 

2 . I n c u b a t i o n B u f f e r 

0 . 0 5 M P h o s p h a t e B u f f e r e d S a l i n e + 1% T w e e n 2 0 a n d 0 . 3 % B S A 

D i l u t e o . 5 M p h o s p h a t e b u f f e r 1 : 1 0 

e . g . f o r 2 l i t r e s 

2 0 0 m l 0 . 5 M b u f f e r - 2 l i t r e s 

A d d 5 . 8 4 g N a C l ( 0 . 0 5 M ) 

2 m l T w e e n 2 0 ( 1 % ) 

0 . 6 g B S A ( 0 . 3 % ) 

3 . L a b e l l i n g B u f f e r 

0 . 0 5 M P h o s p h a t e B u f f e r + . 3 % B S A 

D i l u t e 0 . 5 M p h o s p h a t e b u f f e r 1 : 1 0 

a n d a d d 3 g B S A / l i t r e ( . 3 g / 1 0 0 m l ) 



C Y A N O G E N B R O M I D E A C T I V A T I O N O F C E L L U L O S E D I S C S 

A c t i v a t i n g d i s c s r e a d y f o r p r o t e i n c o u p l i n g w e r e p e r f o r m e d 

a c c o r d i n g t o t h e m e t h o d s o f M a r c h e t a l . ( 1 9 7 4 ) a n d K a r l s s o n 

e t a l . ( 1 9 7 9 ) u s i n g c y a n o g e n b r o m i d e a s t h e a c t i v a t o r w i t h 

m i n o r m o d i f i c a t i o n s . 

1 . 1 0 g m o f c e l l u l o s e d i s c s ( W h a t m a n 5 4 1 f i l t e r p a p e r ) a t 

a p p r o x i m a t e l y 3 7 0 d i s c s / g m w e r e s w o l l e n f o r 3 0 m i n u t e s i n 2 0 0 m l 

d i s t i l l e d w a t e r i n a n 8 0 0 m l b e a k e r . T h e s u p e r n a t a n t d i s c a r d e d 

t o r e m o v e p a r t i c u l a t e m a t t e r . 

2 . 10gm C N B r ( S i g m a ) w e r e w e i g h e d o n t o a p r e - w e i g h e d 

b e a k e r , 2 0 0 m l o f d i s t i l l e d w a t e r a d d e d a n d d i s s o l v e d b y c o n s t a n t 

s t i r r i n g ( 1 0 - 1 5 m i n u t e s ) . 

3 . T h e c y a n o g e n b r o m i d e s o l u t i o n w a s a d d e d t o t h e d i s c s 

a n d t h e p H o f t h e r e a c t i o n m i x t u r e m a i n t a i n e d a t p H 1 0 . 5 -

0 . 5 b y t h e a d d i t i o n o f 1M N a O H , d r o p w i s e . T h e s o l u t i o n w a s h e l d 

a t t h i s p H u n t i l 1 0 0 m l s o f t h e b a s e h a d b e e n c o n s u m e d , u s u a l l y 

o v e r 1 5 - 2 0 m i n u t e s . 

4 . T h e c y a n o g e n b r o m i d e r e a c t i o n m i x t u r e w a s d e c a n t e d 

a n d t h e d i s c s w a s h e d i m m e d i a t e l y w i t h l a r g e q u a n t i t i e s o f i c e -

c o l d 0 . 0 0 5 M N a H C O ^ f o l l o w e d b y t w o 1 l i t r e w a s h e s w i t h i c e - c o l d 

d i s t i l l e d w a t e r . 

5 . T h e l a s t w a s h w a s d e c a n t e d a n d 2 5 0 m l v o l u m e s o f 1 0 0 % 

a c e t o n e a d d e d t o t h e d i s c s . T h i s w a s t h e n d e c a n t e d a n d w a s h e d 

3 t i m e s w i t h a c e t o n e a n d a l l o w e d t o d r y u n d e r f i l t e r p a p e r . 

6 . T h e a c t i v a t e d d i s c s w e r e p l a c e d i n a n o p e n - v e s s e l 

w i t h i n a d e s s i c a t o r a t 1 5 1 b p r e s s u r e a t 4 ° C f o r 2 d a y s , r e m o v e d 

f r o m t h e c o l d a n d a l l o w e d t o w a r m t o r o o m t e m p e r a t u r e . T h e 

v a c u u m w a s r e l e a s e d a n d t h e d i s c s s t o r e d a t - 7 0 ° C u n t i l n e e d e d . 

7 . A l l g l a s s w a r e a n d w a s h i n g s w e r e e x p o s e d t o 1 5 % h y p o -



c h l o r i t e s o l u t i o n o v e r n i g h t i n a f u m e c u p b o a r d . T h e w a s t e w a s 

d i s p o s e d o f d o w n t h e d r a i n w i t h t h e e x c e s s w a t e r . 

C O U P L I N G O F A N T I I g E T O T H E A C T I V A T E D D I S C S 

1 . 2 4 0 m l o f c o l d 0 . 1 M N a H C 0 3 / 0 . 5 M N a C l b u f f e r p H 9 . 0 

w a s a d d e d t o 9 0 0 u g p u r i f i e d r a b b i t a n d r a t I g E ( F c e p s i l o n 

s p e c i f i c a t 1 0 m g / m l ) . ( A f t e r u s e t h e c o u p l i n g s o l u t i o n c o u l d 

b e f r o z e n a n d r e u s e d w i t h t h e a d d i t i o n o f 5 0 % o f t h e o r i g i n a l a n t i 

I g E ) . 

2 . 2 4 0 0 d i s c s w h i c h h a d b e e n p r e v i o u s l y a c t i v a t e d w e r e 

i n c u b a t e d f o r 4 h o u r s a t 4 ° C o n a r o c k a n d r o l l m i x e r w i t h 

t h e a n t i I g E s o l u t i o n . U n b o u n d p r o t e i n w a s w a s h e d a w a y w i t h 3 

w a s h e s o f 0 . 5 M N a H C 0 o p H 9 - 0 . 

3 . D i s c s w e r e i n c u b a t e d i n T r i s b u f f e r 0 . 1 M p H 8 o v e r -

n i g h t a n d i f n e c e s s a r y w a s h e d 3 t i m e s x 1 h o u r . 

4 . T h e y w e r e t h e n w a s h e d t w i c e i n 0 . 5 M N a H C 0 3 p H 9 . 0 a n d 

t h e n x 3 i n 0 . 1 M a c e t a t e b u f f e r p H 4 . 0 a n d f i n a l l y w a s h e d x 3 

i n P B S « . A z . 

5 . D i s c s m a y b e u s e d u p t o 6 m o n t h s i f s t o r e d a t 4 ° C i n 

P B S - A z a n d w a s h e d p r i o r t o u s e i n t h e s a m e b u f f e r . 

T h e i m m u n o p u r i f i e d a n t i I g E w a s a g i f t f r o m D r . E . E . E . 

J a r r e t t , G l a s g o w . T h e a n t i s e r u m w a s r a i s e d i n g o a t s i m m u n i s e d 

w t i h p u r i f i e d r a t I g E f r o m i m m u n o c y t o t o m a I R 1 6 2 ( H . B a z i n , 

B r u s s e l s ) . 
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S u b s t i t u t i o n o f I i n t o t h e t y r o s i n e r e s i d u e s o f t h e 

a n t i I g E m o l e c u l e w a s p e r f o r m e d a c c o r d i n g t o t h e c h l o r a m i n e T 

m e t h o d o f H u n t e r a n d G r e e n w o o d , 1 9 6 2 , w i t h m i n o r m o d i f i c a t i o n s . 

1 . A G 2 5 S e p h a d e x c o l u m n w a s p r e p a r e d a f t e r s w e l l i n g 

G 2 5 S e p h a d e x ( P h a r m a c i a ) i n 0 . 0 5 M p h o s p h a t e b u f f e r w i t h a z i d e 

f o r 3 h o u r s a t r o o m t e m p e r a t u r e a n d e q u i l i b r a t e d w i t h 0 . 0 5 M 

p h o s p h a t e b u f f e r ( P B ) 1 . 5 m l n o r m a l r a b b i t s e r u m w a s t h e n a d d e d 

t o t h e c o l u m n a n d w a s h e d t h r o u g h w i t h 0 . 0 5 M P B . T h e c o l u m n 

w a s t h e n r e a d y f o r u s e . 

3 . T h e 1 m C i v i a l w a s c e n t r i f u g e d , c l a m p e d a n d o p e n e d . 

1 0 0 u l o f 0 . 5 M P B w a s a d d e d . 

4 . 2 5 u g p r o t e i n i n 1 0 u l 0 . 0 5 M P B pH 7 . 5 w a s a d d e d - t o 

a b o v e . I t w a s t h e n r o t a t e d a n d 2 5 u l o f 1 m g / m l s o l u t i o n o f c h l o r a m i n e 

T i n 0 . 5 M . P B p H 7 - 5 w a s i m m e d i a t e l y a d d e d . 

5 . I t w a s t h e n m i x e d f o r 6 0 s e c o n d s a n d 2 5 u l o f 2 m g / m l 

s o d i u m m e t a b i s u l p h i t e i n 0 . 5 M P B w a s a d d e d . T h e n 5 0 u l p o t a s s i u m 

i o d i d e a t I 6 . 6 m g / m l w a s a d d e d f o l l o w e d b y 1 0 0 u l b o v i n e s e r u m 

a l b u m i n a t 3 m g / m l i n 0 . 0 5 M P B . 

T h e r e a c t i o n a l t h o u g h c o m p l e t e n e e d e d t o b e p l a c e d o n t h e 

d e s a l t i n g c o l u m n a s s o o n a s p o s s i b l e t o a v o i d p r o t e i n d a m a g e a n d 

t o r e m o v e f r e e i o d i n e . 

6 . A n t i b o d y w a s l a y e r e d o n t o t h e c o l u m n a n d a l l o w e d t o 

r u n u n d e r g r a v i t y , c o l l e c t i n g 1 5 d r o p s / t u b e , a n d r e p e a t e d u n t i l 

t h e p r o t e i n p e a k w a s e l u t e d . 

7 . 1 0 u l a l i q u o t s w e r e r e m o v e d f r o m e a c h t u b e a n d c o u n t e d 

f o r 6 s e c o n d s o n a g a m m a c o u n t e r i n o r d e r t o d e t e r m i n e a c t i v i t y . 

( F i g u r e 2 ) . T o t h i s a l i q u o t w a s a d d e d 3 0 0 u l H S A a t 0 . 3 % i n 0 . 0 5 M 

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



f u g e d a n d t h e s u p e r n a t a n t d i s c a r d e d . T h e p e l l e t w a s c o u n t e d f o r 

6 s e c o n d s a n d a l i q u o t s w i t h g r e a t e r t h a n 9 0 % b o u n d ( F i g . 2 ) w e r e 

k e p t . F r a c t i o n s w e r e p o o l e d a n d m a d e t o 1 0 m l s w i t h 10% n o r m a l 

r a b b i t s e r u m . T h e p o o l w a s a l i q u o t e d i n t o 3 0 0 u l s a m p l e s a n d 

s t o r e d a t - 7 0 ° C . 

A b s o r b t i o n o f l a b e l 

1 2 5 

1 . T h e n e c e s s a r y n u m b e r o f a l i q u o t s o f I R - a - r a t w e r e 

d e f r o s t e d a n d s e v e r a l a n t i g e n / a n t i I g E c o a t e d d i s c s o r 1 5 0 u l 

s o l i d p h a s e w e r e a d d e d a n d i n c u b a t e d f o r 3 h o u r s . 

2 . 5 0 u l c o u n t w a s r e m o v e d f o r 1 m i n u t e a n d d i l u t e d t o 

w o r k i n g c o n c e n t r a t i o n w i t h i n c u b a t i o n b u f f e r . 
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E L U T I O N P R O F I L E O F 1 2 5 I L A B E L L E D A N T I I g E F R O M A G 2 5 S E P H A D E X 

C O L U M N , I N C O R P O R A T I O N O F T O T A L 'AND P R O T E I N BOUND I O D I N E 

1 2 5 

F i g u r e 2 E l u t i o n p r o f i l e f r o m a G 2 5 s e p h a d e x c o l u m n o f I -

r a d i o l a b e l l e d g o a t a n t i r a t I g E i n c p m s a f t e r r e a d i n g 1 0 u l a l i -

q u o t s f o r 6 s e c o n d s , s h o w i n g b i p h a s i c r e s p o n s e o f p r o t e i n b o u n d 

a n d f r e e i o d i n e ( s o l i d l i n e ) . C o u n t s b o u n d t o p r o t e i n f r a c t i o n , 

a s p e r c e n t a g e o f t o t a l c o u n t s , a s d e t e r m i n e d b y p e r c h l o r i c a c i d 

p r e c i p i t a t i o n ( b r o k e n l i n e ) . 



R A T P A P E R R A D I O I M M U N O S O R B E N T T E S T ( P R I S T ) 

Employing the method of Karlsson et al. (1979), total IgE 

levels were measured in the Hooded lister rat, with minor 

modifications. 

1 . A n t i I g E c o a t e d d i s c s w e r e w a s h e d t w i c e w i t h i n c u b -

a t i o n b u f f e r t o r e m o v e d i s s o c i a t e d p r o t e i n a n d / o r p a p e r f r a g m e n t s . 

2 . 5 0 u l t e s t s e r a o p t i m a l l y d i l u t e d ( F i g . 3 ) w a s a d d e d t o 

1 a n t i I g E c o a t e d d i s c a n d p l a c e d i n p o l y s t y r e n e t u b e s ( S e w a r d 

G W 4 ) . 

3 . S t a n d a r d c u r v e s w e r e o b t a i n e d b y t h e a d d i t i o n o f a 

k n o w n r e f e r e n c e s e r a a t 2 0 , 1 0 , 5 , 2 , 1 , 0 . 5 , 0 . 2 , 0 . 1 n g / 5 0 u l 

t o t h e d i s c s ( F i g u r e 3 ) . 

4 . T h e t u b e s w e r e c o v e r e d a n d i n c u b a t e d f o r 4 h o u r s a t 

r o o m t e m p e r a t u r e w i t h h o r i z o n t a l a g i t a t i o n ( L u c k h a m s F l a t b e d 

s h a k e r ) . 

5 . T h e d i s c s w e r e w a s h e d b y r e s u s p e n s i o n a n d a s p i r a t i o n 

x 3 w i t h 3 m l a l i q u o t s o f P B S . 
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6 . T h e f i n a l w a s h w a s a s p i r a t e d a n d 1 0 0 u l I g o a t a n t i 

r a t . I g E ( F c s p e c i f i c ) w i t h a s p e c i f i c a c t i v i t y o f 3 0 , 0 0 0 c p m 

a d d e d t o t h e d i s c s , c a p p e d a n d i n c u b a t e d o v e r n i g h t a t r o o m 

t e m p e r a t u r e w i t h h o r i z o n t a l a g i t a t i o n . 

7 . T h e w a s h c y c l e w a s r e p e a t e d x 4 . 

8 . C o u n t s w e r e m a d e o n a g a m m a c o u n t e r , c p m s w e r e p l o t t e d 

a g a i n s t n g / 5 0 u l f o r s t a n d a r d s o n l i n e a r / l o g p a p e r , r e a d o f f a n d 

m u l t i p l i e d b y t h e o r i g i n a l d i l u t i o n f a c t o r a n d x 2 0 t o g i v e 

n g / m l » 

T h e c o e f f i c i e n t o f v a r i a t i o n f o r p o i n t s w i t h i n t h e l i n e a r 

p o r t i o n o f t h i s g r a p h , o v e r t h e d u r a t i o n o f 3 y e a r s , d i d n o t 

e x c e e d 12% w h i l s t t h o s e p o i n t s o u t s i d e t h e l i m i t o f l i n e a r i t y 

r a n g e d f r o m 2 1 % a t t h e l o w e r t o 3 7 % a t t h e u p p e r r a n g e . 
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S T A N D A R D C U R V E F O R T O T A L I g E E S T I M A T I O N S 

F i g u r e 3 S t a n d a r d c u r v e f o r t o t a l I g E e s t i m a t i o n u s i n g a R a t 

( H o o d e d l i s t e r ) r e f e r e n c e s e r u m ( 8 . 7 u g / m l ) o v e r a r a n g e 0 . 1 - 2 0 

n g / 5 0 u l ( b o l d l i n e ) . S u p e r i m p o s e d a r e 1 6 s e r a a t v a r y i n g d i l u t -

i o n s a s s a y e d t o m a x i m i s e s e r a n u m b e r s w i t h i n t h e l i m i t s o f l i n e a r -

a r i t y o n t h e s t a n d a r d c u r v e . S e v e n t y - f i v e p e r c e n t o f s e r a d i l -

u t e d 1 : 1 0 f a l l w i t h i n t h e s e l i m i t s . 
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C O U P L I N G O V A L B U M I N T O C N B r A C T I V A T E D D I S C S 

3 . 3 g m o f a c t i v a t e d d i s c s w e r e p l a c e d i n 1 0 0 m l o f 0 . 1 M 

N a H C O ^ pH 9 . 0 c o n t a i n i n g 2 0 0 u g / m l o v a l b u m i n ( S i g m a C h e m i c a l s ) . 

D i s c s w e r e m i x e d o n a r o c k a n d r o l l m i x e r a t 4 ° C o v e r n i g h t . 

2 . T h e o v a l b u m i n s o l u t i o n a s p i r a t e d a n d k e p t f o r 

p r o t e i n e s t i m a t i o n . 1 0 0 m l o f 0 . 1 M e t h a n o l a m i n e i n 0 . 1 M N a H C O ^ 

w a s a d d e d a n d l e f t a t r o o m t e m p e r a t u r e f o r 3 h o u r s w i t h g e n t l e 

a g i t a t i o n . 

3 . T h e c o u p l e d a n d b l o c k e d d i s c s w e r e w a s h e d w i t h l i t r e 

q u a n t i t i e s o f P B S p h 7 . 3 , 0 . 1 M s o d i u m a c e t a t e p h 4 . 0 , P B S - a z i d e 

p H 7 . 3 . D i s c s c o u l d b e u s e d i m m e d i a t e l y o r s t o r e d a t 4 ° C i n 

P B S - ' A z . 

R A D I O A L L E R G Q S O R B E N T ( R A S T ) F O R O V A L B U M I N A N T I B O D Y 

T h e d e t e c t i o n o f s p e c i f i c I g E a n t i b o d y d i r e c t e d a g a i n s t 

s p e c i f i c a l l e r g e n s w a s d e s c r i b e d b y W i d e e t a l . ( 1 9 6 7 ) . T h i s 

a s s a y u s e d t h e m e t h o d s o f K a r l s s o n e t a l . ( 1 9 7 9 ) a n d C r o m w e l l e t 

a l . ( 1 9 7 9 ) . 

1 . S e r u m s a m p l e s w e r e t e s t e d i n d u p l i c a t e b y t h e a d d i t i o n 

o f 5 0 u l o f t e s t s e r u m t o 1 a n t i g e n c o a t e d d i s c i n p o l y s t y r e n e 

t u b e s ( 1 2 . 5 x 75mm S e w a r d G W 4 ) . 

2 . T h e t u b e s w e r e c a p p e d a n d i n c u b a t e d f o r 4 h o u r s a t 

r o o m t e m p e r a t u r e w i t h h o r i z o n t a l m i x i n g . ( L u c k h a m s f l a t b e d 

s h a k e r ) . 

3 . T h e s a m p l e s w e r e w a s h e d w i t h 3 m l a l i q u o t s o f P B S - A z 

p H 7 . 3 , f o l l o w e d b y a s p i r a t i o n , a n d r e p e a t e d x 3 . 
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4 . 1 0 0 u l I g o a t a n t i r a t I g E ( F c s p e c i f i c ) w i t h a n 

5 

a c t i v i t y o f 1 0 c p m w a s a d d e d t o t h e w a s h e d d i s c s a n d i n c u b a t e d 

o v e r n i g h t w i t h h o r i z o n t a l a g i t a t i o n . ( O p t i m u m c o n d i t i o n s a r e s h o w n i n F i g . 4 ! 

5 . D i s c s w e r e f i n a l l y w a s h e d x 5 b y r e s u s p e n s i o n a n d a s -

p i r a t i o n w i t h P B S + 0 . 5 % T w e e n 2 0 a n d c o u n t e d o n a g a m m a c o u n t e r 

( I n n o t r e n h y d r o g a m m a ) . 



E V A L U A T I O N O F R A S T F O R S P E C I F I C I g E A N T I B O D Y T O O V A L B U M I N 

1x105 5x104 2-5x104 

CPIVlVtube 

1 2 5 

F i g u r e 4 s h o w s t h e r e l a t i o n s h i p b e t w e e n I r a d i o l a b e l l e d g o a t 

a n t i - r a t I g E at v a r y i n g d o s e s a n d s e r u m d i l u t i o n f o r 5 s a m p l e s , 

2 n e g a t i v e a n d 3 o v a l b u m i n p o s i t i v e a t d i l u t i o n s 1 : 1 a n d 1 : 1 0 

( b r o k e n l i n e s ) . 



C O U P L I N G P L A T I N U M T O S E P H A R O S E 4 B - H S A 

T h i s p r o c e d u r e f o l l o w s t h e m e t h o d o f C r o m w e l l e t a l . 

( 1 9 7 9 ) , w h e r e i t w a s f o u n d t h a t p r e - c o u p l i n g t h e p r o t e i n c a r r i e r 

( H S A ) t o t h e C N B r a c t i v a t e d S e p h a r o s e 4 B ( P h a r m a c i a L t d . ) p r i o r 

t o c o n j u g a t i o n w i t h t h e p l a t i n u m s a l t s g r e a t l y e n h a n c e d t h e 

s p e c i f i c i t y o f t h e a s s a y s y s t e m . 

1 . 5 0 m l o f p r e - s w o l l e n C N B r a c t i v a t e d S e p h a r o s e 4 B 

( P h a r m a c i a L t d ) , w a s s u s p e n d e d i n 5 0 m l o f 0 . 1 M N a H C O ^ p h 9 . 0 

c o n t a i n i n g 5 0 0 m g H S A ( S i g m a C h e m i c a l G V ) . a n d i n c u b a t e d o v e r -

n i g h t o n a r o c k a n d r o l l m i x e r . 

2 . T h e b u f f e r s o l u t i o n c o n t a i n i n g t h e H S A w a s a s p i r a t e d 

f o r p r o t e i n e s t i m a t i o n s . 

3 . 1 0 0 m l 0 . 2 M g l y c i n e w a s a d d e d t o t h e S e p h a r o s e a n d 

m i x e d a t r o o m t e m p e r a t u r e f o r 4 h o u r s . 

4 . T h e c o u p l e d a n d b l o c k e d S e p h a r o s e p a r t i c l e s w e r e w a s -

h e d w i t h l i t r e ; q u a n t i t i e s o f P B S p H 7 . 3 , A c e t a t e b u f f e r p H 4 . 0 , 

N a H C 0 3 , p H 9 . 0 a n d P B S p H 7 . 3 . 

5 . 5 0 m l p a c k e d v o l u m e o f t h e S e p h a r o s e - H S A w a s s u s p e n d e d 

i n 1 5 0 m l o f 0 . 3 3 m M ( N H ^ P t C l ^ i n P B S , m i x e d o v e r n i g h t a t 4 ° C 

o n a r o c k a n d r o l l m i x e r . 

6 . T h e s o l i d p h a s e w a s w a s h e d t w i c e w i t h l i t r e q u a n t i t i e s o f 

P B S - A z a n d s t o r e d a s a 1 : 4 s u s p e n s i o n a t 4 ° C . 

P L A T I N U M R A S T 

1 . S e r u m s a m p l e s w e r e a s s a y e d i n d u p l i c a t e b y t h e a d d i t i o n 

o f 5 0 u l s e r a t o 1 0 0 u l o f 1 : 4 s u s p e n s i o n o f S e p h a r o s e - H S A - P t i n 

p o l y s t y r e n e t u b e s ( 1 2 . 5 x 75mm S e w a r d G W 4 ) . 

2 . T u b e s w e r e c a p p e d a n d i n c u b a t e d f o r 1 8 h o u r s a t r o o m 

t e m p e r a t u r e o n a f l a t b e d s h a k e r a n d w a s h e d x 3 b y r e s u s p e n s i o n , 

c e n t r i f u g a t i o n , a n d a s p i r a t i o n o f 3 m l a l i q u o t s o f P B S - A z p H 7 . 3 
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3 . 1 0 0 u l o f g o a t a n t i r a t I g E ( F c s p e c i f i c ) w i t h a 

5 

s p e c i f i c a c t i v i t y o f 1 0 c p m ( F i g . 5 ) w a s a d d e d a n d t h e t u b e s 

c a p p e d a n d i n c u b a t e d o v e r n i g h t o n a f l a t b e d s h a k e r . 

4 . T u b e s w e r e f i n a l l y w a s h e d x 5 r e p e a t i n g e a r l i e r w a s h e s 

w i t h P B S - A z + 0 . 5 % T w e e n 2 0 a n d c o u n t e d o n a g a m m a c o u n t e r 

( I n n o t r o n h y d r o g a m m a O . 



1x105 

C P M . / t u b e 

5X104 2-5x104 

1 2 5 

F i g u r e 5 s h o w s t h e r e l a t i o n s h i p b e t w e e n I r a d i o l a b e l e d g o a t 

a n t i - r a t I g E a t v a r y i n g d o s e s a n d s e r u m d i l u t i o n s f o r 5 s a m p l e s , 

1 n e g a t i v e c o n t r o l , 1 o v a l b u m i n p o s i t i v e a n d 3 p l a t i n u m p o s i t i v e 

s e r a f r o m O v a - P t i m m u n i s e d a n i m a l s a t d i l u t i o n 1 : 1 a n d 1 : 1 0 

( b r o k e n l i n e s ) . 



D E T E R M I N A T I O N O F T O T A L S E R U M I g G I N T H E R A T 

S i n g l e r a d i a H m m u n o d i f f u s i o n o f a n t i g e n i n t o a n t i b o d y i n c o r p -

o r a t e d t o a n a g a r o s e m a t r i x i s t h e e s s e n c e o f t h e M a n c i n i ( 1 9 6 5 ) 

t e c h n i q u e a n d u s e d h e r e f o r s e r u m d e t e r m i n a t i o n i n r a t I g G . 

1 . A t h r e e - s i d e d t e m p l a t e 1 . 7 5 m m t h i c k w a s m a d e t o f i t 

2 0 0 x 2 0 0 x 1mm g l a s s p l a t e s , a l l o w i n g 1 3 2 t e s t s i n c l u d i n g t h e 

s t a n d a r d t o b e p e r f o r m e d w i t h 15mm b e t w e e n s a m p l e w e l l s . 

2 . 1gm a g a r o s e e l e c t r o p h o r e t i c g r a d e ( M i l e s ) w a s a d d e d t o 

1 0 0 m l P B S - A z i n a b o i l i n g b a t h a n d a l l o w e d t o d i s s o l v e . 

3 . 6 0 m l s o f m o l t e n g e l w e r e p o u r e d i n t o a p r e - w a r m e d 

b e a k e r a n d c o o l e d t o 5 5 - 6 0 ° C . S p e c i f i c r a b b i t a n t i r a t I g G 

2 

( I g G f r a c t i o n ) w a s a d d e d a t a c o n c e n t r a t i o n o f 1 u g / c m , m i x e d , 

a n d a l l o w e d t o r u n b e t w e e n t h e p l a t e s . 

4 . T h e f i l l e d t e m p l a t e w a s c o o l e d t o r o o m t e m p e r a t u r e a n d 

t h e t o p p l a t e r e m o v e d , 4mm h o l e s w e r e c u t t h r o u g h t h e g e l a n d 

1 8 u l o f s e r u m d i l u t e d 1 / 1 0 0 w i t h P B S , p l a c e d i n t h e w e l l s a n d 

a l l o w e d t o d i f f u s e i n t o t h e g e l , a t c o n s t a n t h u m i d i t y , f o r 4 8 

h o u r s . 

5 . T h e g e l s w e r e w a s h e d w i t h 2 l i t r e q u a n t i t i e s o f P B S - A z 

t o r e m o v e u n b o u n d p r o t e i n f o l l o w e d 2 4 h o u r s l a t e r b y d i s t i l l e d 

w a t e r t o d e s a l t ' t h e g e l . 

6 . T h e g e l s w e r e d r i e d u n d e r w e i g h t e d b l o t t i n g p a p e r a t 

6 0 ° C , t h e p a p e r r e m o v e d a n d t h e g e l s s t a i n e d f o r 5 m i n u t e s , r i n s e d 

a n d d e s t a i n e d u n t i l t h e r e w a s a c l e a r d i s t i n c t i o n h a l o a n d 

b a c k g r o u n d . 

7 . S t a n d a r d c u r v e s w e r e d e r i v e d f o r d i l u t i o n a t 1 / 1 0 0 o f 

p u r i f i e d r a t I g G ( M i l e s ) a t 3 0 , 2 0 , 1 5 , 7 . 5 , 3 . 7 5 m g / m l a n d a r e f -

e r e n c e s e r a ( M i l e s ) a t 1 3 . 2 m g / m l ( F i g . 6 ) . 



R E A G E N T S 

S T A I N 4 0 % m e t h a n o l 

10% g l a c i a l a c e t i c a c i d 

5 0 % d i s t i l l e d w a t e r 

1% w / v c o o m a s s i e b l u e s t a i n ( S i g m a ) d i s s o l v e d i n 

t h e m e t h a n o l . 

D E S T A I N 4 0 % m e t h a n o l 

10% g l a c i a l a c e t i c a c i d 

5 0 % d i s t i l l e d w a t e r 
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M E A S U R E M E N T O F I g G C O N C E N T R A T I O N S B Y S I N G L E R A D I A L I M M U N O D I F F -

U S I O N 
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Figure 6 A calibration curve is obtained from the diameter of 

the precipitation rings at varying IgG concentrations 3.75 -

30mg/ml. 



D I R E C T S K I N T E S T M E T H O D S 

S e n s i t i s e d r a t s w e r e t e s t e d b y d i r e c t s k i n t e s t i n g o f t h e 

c o m p o u n d s i n v o l v e d b y e i t h e r p r i c k t e s t s o r i n t r a c u t a n e o u s t e s t s . 

P r i c k t e s t s 

A n i m a l s w e r e e i t h e r s h a v e d o r d e p i l i a t e d w i t h b a r i u m 

s u l p h i d e s t a r c h p a s t e . B o t h m e t h o d s h a v e a d v a n t a g e s a s w e l l a s 

d i s a d v a n t a g e s . S h a v i n g i s q u i c k e r a n d i n y o u n g r a t s , e a s y a n d 

c l e a n . B a r i u m s u l p h i d e p r o d u c e s a : s k i n s u r f a c e o n w h i c h t o t e s t 

w i t h n o h a i r s t u b s . P r i c k t e s t s w e r e c a r r i e d o u t a c c o r d i n g t o 

P e p y s e t a l . ( 1 9 7 6 ) . 

I n t r a c u t a n e o u s t e s t i n g 

A n i m a l s w e r e s h a v e d a n d 5 0 u l i n j e c t e d i n t o t h e d e r m a l l a y e r 

t h r o u g h a G 2 5 n e e d l e , b e v e l d o w n . 

R e s u l t s w e r e r e a d 2 0 m i n u t e s l a t e r w h e n t h e s i z e o f t h e 

w h e a l a n d e r y t h e m a w a s m e a s u r e d o r i n s o m e c a s e s e x t r a v a s a t i o n 

o f 1% E v a n s b l u e d y e i n j e c t e d p r i o r t o c h a l l e n g e , i v . 

S k i n t e s t r e a c t i v i t y i n r a t s a n d g u i n e a p i g s t o p l a t i n u m g r o u p 

m e t a l s . 

T h e h i s t a m i n e r e l e a s i n g p r o p e r t i e s o f t h e f o l l o w i n g c o m p o u n d s 

w e r e t e s t e d i n t h e s k i n o f t h e r a t b y d i r e c t i n t r a c u t a e n o u s 

i n j e c t i o n o f 50ul o f t h e c o m p o u n d i n p h o s p h a t e b u f f e r e d s a l i n e 

p H 7 . 3 , p r e c e d e d b y i n j e c t i o n o f 500ul s a l i n e + 1% E v a n s b l u e 

i v i n t h e t a i l v e i n . 

E x t r a v a s a t i o n o f d y e g r e a t e r t h a n t h a t - o f t h e n e g a t i v e c o n -

t r o l w a s t a k e n a s p o s i t i v e . R e a d i n g s w e r e m a d e 2 0 m i n u t e s , a f t e r 

i n j e c t i o n . 

C o m p o u n d s t e s t e d : 
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[Pt(N0
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, ( N H ^ 

(RhIIICl ) : H 0 and ( N H ) P t C l at dilutions of 1 0 , 1 , 0 . 1 , . 0 1 , 



. 0 0 1 , . 0 ^ 0 1 m g / m l . 

M a x i m u m c o n c e n t r a t i o n o f ( N H ^ P t C l g w a s 2 m g / m l d u e t o 

s o l u b i l i t y . 

E a c h c o m p o u n d w a s t e s t e d i n d u p l i c a t e i n d i f f e r e n t a n i m a l s 

a n d t h e e x p e r i m e n t r e p e a t e d t o v a l i d a t e r e s u l t s . 

D I R E C T S K I N T E S T S 

S p e c i e s S a l t 
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R e s u l t s s h o w o n t h e b a s i s + - + + + + t h e n u m b e r o f a n i m a l s r e s p o n d i n g 

p o s i t i v e l y t o t h e c h a l l e n g e d o s e . I t c a n b e s e e n t h a t a l l a n i m a l s 

r e s p o n d t o d o s e d o w n t o 1 m g / m l w i t h a l l s a l t s e x c e p t t h e 

2-
( N H _ ) . P t C l 0 . P t C l ^ e l i c i t s a r e s p o n s e i n r a t s t o 0 . 1 m g w h i l s t 

3 4 2 o 

i n t h e g u i n e a p i g t h e r e i s a n e q u a l l y s t r o n g r e s p o n s e t o b o t h 

2 - 2 -
P t C l g a n d P t C l ^ s p e c i e s t o a l e v e l o f 0 . 0 1 m g / m l . 



67 

P A S S I V E C U T A N E O U S A N A P H Y L A X I S 

T h e P C A t e s t ( O v e r y , 1 9 6 4 ) i s b a s e d o n t h e e x t r a v a s a t i o n o f d y e 

b r o u g h t a b o u t b y v a s o a c t i v e a m i n e r e l e a s e a s a r e s u l t o f I g E 

c r o s s - l i n k i n g o n m a s t c e l l s b y s p e c i f i c a n t i g e n s . 

1 . S e r i a l l y d i l u t e d s e r a f r o m t h e t e s t a n i m a l i n 0 . 9 % 

s t e r i l e s a l i n e w a s i n j e c t e d i n t o t h e s h a v e d d o r s a l r e g i o n o f t h e 

r e c i p i e n t r a t , H o o d e d l i s t e r f e m a l e r a t s 1 5 0 - 1 7 5 g m . 

2 . T h e 5 0 u l a l i q u o t s o f s e r a w e r e i n j e c t e d i n t r a d e r m a l l y 

u s i n g a G 2 5 n e e d l e , b e v e l d o w n . I f b l o o d w a s d r a w n f r o m t h e 

r e s u l t i n g w h e a l o r t h e i n j e c t i o n s i t e s w e r e n o t c l e a r l y v i s i b l e 

a f t e r 5 m i n u t e s t h e t e s t s w e r e r e p e a t e d . A l l s e r a w e r e t e s t e d i n 

d u p l i c a t e o n d i f f e r e n t a n i m a l s . 

3 . 2 4 h o u r s l a t e r t h e r a t s w e r e c h a l l e n g e d b y i n j e c -

t i o n , v i a t h e t a i l v e i n , u n d e r l i g h t a n a e s t h e t i c , w i t h 1mg o f 

a n t i g e n t o w h i c h t h e t e s t s e r a w a s r a i s e d t o g e t h e r w i t h 1 % , 

E v a n s b l u e d y e i n 5 0 0 u l 0 * 9 % s t e r i l e s a l i n e . 

4 . A f t e r 3 0 m i n u t e s t h e a n i m a l s w e r e s a c r i f i c e d b y 

c e r v i c a l d i s l o c a t i o n a n d t h e s k i n r e s p o n s e s r e a d o n t h e u n d e r s i d e . 

5 . P C A t i t r e s a r e e x p r e s s e d a s t h e r e c i p r o c a l o f t h e 

g r e a t e s t d i l u t i o n g i v i n g a p o s i t i v e b l u e r i n g r e a c t i o n g r e a t e r 

t h a n 5mm i n d i a m e t e r . D u p l i c a t e s w e r e d e t e r m i n e d a s t h e m e a n o f 

t h e 2 v a l u e s i f t h e r e w a s l e s s t h a n 1 s e r i a l d i l u t i o n s e p a r a t i n g 

t h e m . 

6 . T o d e t e c t h e a t s t a b l e , s h o r t - t e r m s e n s i t i s i n g a n t i -

b o d y o f t h e I g G c l a s s s e r a w e r e h e a t e d a t 56 ° C f o r 2 h o u r s p r i o r t o d i l u t i o n 

a n d i n j e c t i o n , u s i n g t h e s a m e c r i t e r i a a s I g E d e t e r m i n a t i o n , 4 

h o u r s p r i o r t o c h a l l e n g e . T h u s t h e s a m e c h a l l e n g e m a y b e u s e d 

f o r b o t h a n t i b o d y c l a s s e s . 



C O M P A R I S O N O F I N J E C T I O N S I T E I N T H E R A T U S I N G P C A R E A C T I O N S 

A s e r u m s a m p l e o f k n o w n t i t r e ( 1 0 2 4 ) a s d e t e r m i n e d b y m u l t i p l e 

P C A r e a c t i o n s , w a s i n j e c t e d , i n d u p l i c a t e , i n t o 6 s i t e s a l o n g 

t h e s h a v e d d o r s a l s u r f a c e o f t h e r a t . H i s t a m i n e s t a n d a r d s a t 

1 0 n g / m l w e r e a l s o i n j e c t e d a l o n g t h e b a c k , 5 m i n u t e s p r i o r t o 

c h a l l e n g e , a s w e r e s a l i n e c o n t r o l s . T h e p r o t o c o l f o r i n j e c t i o n 

a n d c h a l l e n g e w a s t h e s a m e a s i n m e t h o d s f o r P C A . C o m p a r i s o n o f 

t h e t i t r e a t e a c h i n j e c t i o n s i t e r e l a t i n g t o i t s p o s i t i o n o n t h e 

b a c k w a s d e t e r m i n e d i n 6 f e m a l e H o o d e d l i s t e r r a t s a c c o r d i n g t o 

t h e f o l l o w i n g s c h e d u l e . 

2 3 4 5 6 R a t N o . 

S e r a 

d i l u t i o n 

1 

6 4 + 1 2 8 + 2 5 6 + 5 1 2 + 1 0 2 4 + 2 0 4 8 -

1 2 8 + 2 5 6 + 5 1 2 + 1 0 2 4 - 2 0 4 8 - 6 4 + 

2 5 6 + 5 1 2 + 1 0 2 4 + 2 0 4 8 - 6 4 + 1 2 8 + 

5 1 2 + 1 0 2 4 + 2 0 4 8 - 6 4 + 1 2 8 + 2 5 6 + 

1 0 2 4 + 2 0 4 8 - 6 4 + 1 2 8 + 2 5 6 + 5 1 2 + 

2 0 4 8 - 6 4 + 1 2 8 + 2 5 6 + 5 1 2 + 1 0 2 4 + 

R E S U L T S 

P o s i t i v e r e s u l t s , i -e . t h o s e w h e a l s w i t h e x t r a v a s a t i o n o f d y e 

g r e a t e r t h a n 5mm a r e i n d i c a t e d a c c o r d i n g l y a l o n g s i d e t h e s e r a 

d i l u t i o n . H i s t a m i n e s t a n d a r d s p r o d u c e d u n i f o r m w e a l s o f 7 - 8 m m 

d i a m e t e r s a l o n g t h e f u l l l e n g t h o f t h e b a c k i r r e s p e c t i v e o f 

i n j e c t i o n s i t e . S a l i n e c o n t r o l s w e r e c o n s i s t e n t l y n e g a t i v e . F r o m 

t h e s e r e s u l t s t h e f o l l o w i n g i n j e c t i o n p r o t o c o l w a s a s s u m e d f o r a l l 

s e r a t e s t e d , i e t h o s e s e r a d i l u t e d 6 4 , 1 2 8 , 2 5 6 , 5 1 2 , 1 0 2 4 , 2 0 4 8 , 

w o u l d b e i n j e c t e d 6 4 , 2 0 4 8 , 1 2 8 , 1 0 2 4 , 2 5 6 , 5 1 2 t o a v o i d i n j e c t i o n 

b i a s , s t a n d a r d i s a t i o n o f a s s a y a n d m i n i m a l o v e r l a p o f h i g h t i t r e 

s e r a . 



C O M P A R I S O N O F P C A R E S U L T S O B T A I N E D F R O M H I G H R E S P O N D I N G H I G H 

I g E HOODED L I S T E R R A T S AND LOW R E S P O N D I N G , LOW I g E W I S T A R R A T S 

S i x s e r a w i t h p r e d e t e r m i n e d P C A t i t r e s o b t a i n e d i n f e m a l e 

H o o d e d l i s t e r r a t s v a r y i n g f r o m 1 2 8 - 2 0 4 8 , t o g e t h e r w i t h n e g a t i v e 

c o n t r o l s w e r e t e s t e d i n d u p l i c a t e d i n b o t h f e m a l e H o o d e d l i s t e r 

a n d w i s t a r s t r a i n s o f r a t s t o a s c e r t a i n w h e t h e r b a s a l I g E l e v e l s 

i n f l u e n c e d P C A t i t r e . S e r a w e r e s e r i a l l y d i l u t e d f r o m 1 . 6 4 -

4 0 9 6 a n d t e s t e d a c c o r d i n g l y . 

R E S U L T S 

P r e - d e t e r m i n e d 

P C A t i t r e 1 

H o o d e d 

2 

l i s t e r 

3 1 

W i s t a r 

2 3 

S e r a 1 ) 0 0 0 0 0 0 0 

2 ) 1 0 2 4 1 0 2 4 1 0 2 4 1 0 2 4 1 0 2 4 1 0 2 4 1 0 2 4 

3) 1 2 8 2 5 6 1 2 8 1 2 8 2 5 6 1 2 8 1 2 8 

4 ) 2 0 4 8 2 0 4 8 2 0 4 8 1 0 2 4 2 0 4 8 2 0 4 8 2 0 4 8 

5 ) 5 1 2 1 0 2 4 5 1 2 2 5 6 1 0 2 4 5 1 2 5 1 2 

6) 2 0 4 8 2 0 4 8 2 0 4 8 2 0 4 8 2 0 4 8 2 0 4 8 2 0 4 8 

R e s u l t s f r o m P C A a n a l y s i s s h o w t h e r e t o b e n o d i f f e r e n c e i n 

r e s p o n s e b e t w e e n h i g h r e s p o n d i n g h i g h I g E H o o d e d l i s t e r r a t s a n d 

l o w r e s p o n d i n g , l o w I g E W i s t a r r a t s t r a i n s . T h u s , f e m a l e H o o d e d 

L i s t e r r a t s w e r e u s e d t h r o u g h o u t f o r P C A t e s t i n g . 



L A C T I C D E H Y D R O G E N A S E A S S A Y ( L D H ) 

D e t e r m i n i n g l e v e l s o f l a c t i c d e h y d r o g e n a s e i n t h e s e r u m 

h a s p r o v e d t o b e a u s e f u l a d j u n c t t o t h e d i a g n o s i s o f m a n y 

d i s o r d e r s , e s p e c i a l l y m y o c a r d i a l i n f a r c t i o n . 

T h e r e l e a s e o f t h i s e n z y m e i s b r o u g h t a b o u t b y c e l l u l a r 

d a m a g e r e s u l t i n g i n c y t o p l a s m i c s p i l l a g e . W h e n a p p l i e d t o t h e 

d e g r a n u l a t i n g m a s t c e l l t h i s s h o u l d n o t b e f o u n d a s ' b i o l o g i c a l ' 

d e g r a n u l a t i o n f o l l o w i n g I g E c r o s s - l i n k i n g i s n o t c y t o l y t i c . T h u s 

t h e d e g r e e o f c e l l u l a r i n s u l t i n f l i c t e d b y t h e p l a t i n u m s a l t s 

c o u l d b e m e a s u r e d t o e s t a b l i s h t h e d e g r e e o f s p e c i f i c a n d n o n -

s p e c i f i c h i s t a m i n e r e l e a s e . L D H i r r e v e r s i b l y c a t a l y s e s t h e 

r e a c t i o n l a c t a t e t o p y r u v a t e w i t h t h e c o n v e r s i o n o f NAD - N A D H . 

NADH i s m e a s u r e d s p e c t r o p h o t o m e t r i c a l l y a t 4 7 0 n m w h e r e NAD h a s 

n o f l u o r e s c e n c e . 

T h i s a u t o m a t e d f l u o r o m e t r i c m e t h o d i s t h a t o f B r o o k s a n d 

O l k e n ( 1 9 6 5 ) . B r i e f l y , s a m p l e s w e r e d i l u t e d w i t h l a c t a t e t r i s 

b u f f e r , s e g m e n t e d w i t h a i r a n d m i x e d . NAD i n t r i s b u f f e r 

w a s t h e n a d d e d a n d t h e r e s u l t i n g NADH p r o d u c e d b y t h e L D H i n t h e 

s a m p l e w a s m e a s u r e d i n t h e f l u o r o m e t e r . 

S A M P L E S 

D u p l i c a t e s o f m a s t c e l l c h a l l e n g e s w e r e u s e d i n t h e L D H 

a s s a y , p r e p a r e d i n t h e s a m e b u f f e r s a s f o r h i s t a m i n e r e l e a s e . 

T o t a l l e v e l s o f L D H p e r s a m p l e w e r e o b t a i n e d i n a l i q u o t s 

t r e a t e d w i t h 0 . 1 5 % B r i j 3 0 i n t r i s . R e s u l t s w e r e e x p r e s s e d a s 

n e t p e r c e n t a g e L D H r e l e a s e . 

L D H r e l e a s e = S a m p l e - C o n t r o l x 1 0 0 

T o t a l - C o n t r o l 



H A R V E S T I N G AND C H A L L E N G E O F R A T P E R I T O N E A L M A S T C E L L S 

R a t p e r i t o n e a l m a s t c e l l s p r o v i d e a u s e f u l i n d i c a t i o n o f 

t h e a b i l i t y o f t h e a n i m a l t o p r o d u c e r e a g i n i c I g E a n t i b o d y a f t e r 

s e n s i t i s a t i o n , a s d e t e c t e d b y t h e r e s u l t i n g h i s t a m i n e r e l e a s e 

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

T h i s ' i n v i t r o ' t e s t a l l o w s m a n y o b s e r v a t i o n s t o b e m a d e 

o n a s i n g l e a m i m a l . H o w e v e r , i n o r d e r t o d o s o a l a r g e y i e l d o f 

v i a b l e m a s t c e l l s a r e n e c e s s a r y . O p t i m a l c o n d i t i o n s w e r e o b t a i n e d 

e m p l o y i n g t h e m e t h o d o f B a c h , B l o c k a n d A u s t e n ( 1 9 7 1 ) , w i t h 

m i n o r m o d i f i c a t i o n . 

R a t s w e r e k i l l e d b y c e r v i c a l d i s l o c a t i o n a n d b l e d v i a t h e 

c a r o t i d a r t e r y . F o u r t e e n m l o f t y r o d e s b a l a n c e d s a l t s o l u t i o n 

w i t h b i c a r b o n a t e ( G i b c o ) w a s i n j e c t e d p e r i t o n e a l l y a n d t h e 

a b d o m e n m a s s a g e d f o r 1 m i n u t e . T h e a b d o m e n w a s o p e n e d v i a a m i d 

l i n e i n c i s i o n a f t e r w e t t i n g t h e h a i r w i t h 7 0 % a l c o h o l . 

T h e s t o m a c h a n d i n t e s t i n e s w e r e d i s p l a c e d a n d 1 0 m l o f t h e 

c e l l s u s p e n s i o n w i t h d r a w n i n t o a 2 0 m l s y r i n g e w i t h o u t n e e d l e a n d 

t r a n s f e r r e d t o a s t e r i l e u n i v e r s a l c o n t a i n e r . 

A s m a l l a l i q u o t , 1 0 0 u l , o f t h e c e l l s u s p e n s i o n w a s a d d e d t o 

5 0 0 u l o f T o l u i d i n e b l u e s t a i n , m i x e d a n d l e f t t o s t a n d f o r 1 0 

m i n u t e s , ( K i m u r a , M o r i t a n i a n d T a n i z a k a , 1 9 7 3 ) . T h e c e l l s w e r e 

t h e n c o u n t e d o n a F u c h s - R o s e n d a h l c o u n t i n g c h a m b e r . M a s t c e l l s 

a p p e a r a s h i g h l y s t a i n e d a n d d e n s e l y g r a n u l a t e d d e e p r e d c e l l s . 

W h i l s t t h e s e c e l l s a r e s t a i n i n g t h e r e m a i n d e r o f t h e c e l l s 

w e r e s p u n a t 1 1 0 0 r p m ( 2 7 5 g ) f o r 8 m i n u t e s , t h e s u p e r n a n t a n t 

d i s c a r d e d a n d r e p l a c e d w i t h a n e q u a l v o l u m e o f w a s h b u f f e r 

( H E P E S - A ) a n d p l a c e d i n a n i n c u b a t o r a t 3 7 ° c f o r 1 5 m i n u t e s . 

T h e c e l l s u s p e n s i o n w a s t h e n f u r t h e r s p u n a t 1 0 0 0 r p m f o r 8 

m i n u t e s , t h e s u p e r n a t a n t d i s c a r d e d a n d t h e p e l l e t r e s u s p e n d e d i n 



c h a l l e n g e b u f f e r ( H E P E S - A C M ) , t h e v o l u m e b e i n g d e p e n d e n t o n t h e 

s i z e o f t h e e x p e r i m e n t . 

T h r e e h u n d r e d u l a l i q u o t s o f t h e c e l l s w e r e p i p e t t e d i n t o 

t u b e s ( S e w a r d G W 4 ) t o w h i c h 3 0 0 u l o f a n t i g e n s o l u t i o n a t 

v a r y i n g c o n c e n t r a t i o n , d e p e n d i n g o n t h e a n t i g e n u s e d , a n d m a d e 

i n c h a l l e n g e b u f f e r h a d p r e v i o u s l y b e e n a d d e d . P r i o r t o a d d i t -

i o n o f b o t h a n t i g e n a n d c e l l s p h o s p h a t i d y l s e r i n e a t 1 0 u g i n 

1 0 u l w a s a d d e d t o e a c h t u b e ( G o t h , 1 9 7 1 ; S t e c h s c h u l t e , 1 9 7 4 ) . 

T h e t u b e s w e r e t h e n c a p p e d , m i x e d a n d i n c u b a t e d a t 3 7 ° C f o r 1 5 

m i n u t e s . T h e r e a c t i o n w a s t e r m i n a t e d b y c e n t r i f u g a t i o n a t 1 5 0 0 r p m 

( 5 0 0 g ) f o r 1 0 m i n u t e s a t 4 ° C . 

T h e s u p e r n a t a n t s c o n t a i n i n g t h e l i b e r a t e d h i s t a m i n e w e r e 

d e c a n t e d i n t o a u t o a n a l y s e r c u p s a n d s t o r e d a t - 2 0 ° C u n t i l 

a s s a y e d . 

C o n t r o l s w e r e o b t a i n e d b y a d d i n g 3 0 0 u l a l i q u o t s o f t h e c e l l 

s u s p e n s i o n t o 3 0 0 u l s o f c h a l l e n g e b u f f e r a n d t r e a t i n g a s a b o v e . 

T o t a l h i s t a m i n e l e v e l s f o r e a c h a n i m a l a r e o b t a i n e d b y 

v o r t e x m i x i n g 3 0 0 u l s o f t h e c e l l s u s p e n s i o n a n d 3 0 0 u l s o f 12% 

p e r c h l o r i c a c i d a n d t r e a t e d a s a b o v e . 

C h o p p e d l u n g p r e p a r a t i o n f o r h i s t a m i n e r e l e a s e s t u d i e s 

1 . F e m a l e H o o d e d l i s t e r r a t s w e r e i n j e c t e d , u n d e r e t h e r 

a n a e s t h e t i c w i t h 3 5 0 i u h e p a r i n ( p r e s e r v a t i v e f r e e ) a n d k i l l e d 

u n d e r C O ^ w i t h o u t r e g a i n i n g c o n s c i o u s n e s s . 

2 . T h e t h o r a c i c c a v i t y w a s o p e n e d , t h e c a r o t i d a r t e r y 

s e v e r e d a n d t h e a n i m a l b l e d . 

3 . T h e p u l m o n a r y a r t e r y w a s c a n u l a t e d v i a t h e r i g h t a t r i a , 

w i t h a p o r t e x c a n n u l a , t h e l e f t a t r i a c u t a n d t h e p u l m o n a r y 

c i r c u l a t i o n g e n t l y p e r f u s e d , v i a t h e c a n n u l a , w i t h t y r o d e s 

b a l a n c e d s a l t s o l u t i o n ( G i b c o ) . 



4 . T h e t r a c h e a w a s c a n n u l a t e d a n d t h e l u n g s r e m o v e d , i n f l a t e d 

s l i g h t l y a n d g e n t l y p e r f u s e d . 

5 . T h e l u n g s w e r e w a s h e d w i t h f r e s h t y r o d e s a n d t h e h e a r t , 

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

w a s c h o p p e d u s i n g a M c l l w a i n t i s s u e c h o p p e r ( M i c k l e L a b o r a t o r i e s ) , 

u s i n g 2 p a s s e s e a c h w a y w i t h a b l a d e s e t t i n g o f 0 . 7 5 m m . 

6 . T h e c h o p p e d l u n g w a s t r a n s f e r r e d t o H E P E S - A b u f f e r a n d t h e 

p r o c e d u r e f o r m a s t c e l l s w a s f o l l o w e d . 

R E A G E N T S 

W a s h b u f f e r H E P E S ' 5 , 9 6 g m 

S o d i u m c h l o r i d e 7 . 0 2 g 

P o t a s s i u m c h l o r i d e 0 . 3 8 g m 

H u m a n s e r u m a l b u m i n 0 . 3 g m 

H e p a r i n w i t h o u t 

p r e s e r v a t i v e 5 i . u . 

M a d e t o 1 l i t r e p H 6 . 8 

C h a l l e n g e b u f f e r A s w a s h b u f f e r + 

C a l c i u m c h l o r i d e 1 m m o l 

M a g n e s i u m c h l o r i d e 1 m m o l 

M a s t c e l l s t a i n T o l u i d i n e b l u e s t a i n 

0 . 0 5 % 1 1 m l s 

L i g h t g r e e n s t a i n 0 . 0 3 % 0 . 8 m l 

S a t . S a p o n i n i n 5 0 % 

e t h y l a l c o h o l 0 . 5 m l 

1 / 1 5 M p h o s p h a t e b u f f e r 5 . 0 m l 



H I S T A M I N E A S S A Y 

A c c u r a t e h i s t a m i n e a n a l y s i s o f b i o l o g i c a l s a m p l e s i s 

f r a u g h t w i t h d i f f i c u l t i e s . T h e m a n u a l m e t h o d i s v e r y l o n g -

w i n d e d w i t h p o o r r e p r o d u c i b i l i t y . E a r l y s p e c t r o p h o t o m e t r i c 

m e t h o d s h a d t h e d i s a d v a n t a g e o f l o w s e n s i v i t i t y a n d c r o s s -

r e a c t i v i t y w i t h r e l a t e d c o m p o u n d s , i . e . h i s t i d i n e , 3 m e t h y l 

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

f l o w s p e c t r o f l u o r o m e b r i c s y s t e m ( S i r a g a n i a n , 1 9 7 4 , S i r a g a n i a n 

1 9 7 5 ) u s i n g a T e c h n i c o n A u t o a n a l y s e r I I . 

B r i e f l y , t h e s a m p l e s c o n t a i n i n g t h e h i s t a m i n e w e r e 

d i l u t e d w i t h 0 . 9 % s a l i n e B r i j E D T A , a n d s e g m e n t e d w i t h N 2 

b u b b l e s . T h i s w a s m i x e d w i t h 3 0 % s a l i n e s a t u r a t e d b u t a n o l 

t o w h i c h 5 N N a O H w a s a d d e d a n d t h e h i s t a m i n e w a s e x t r a c t e d i n t o 

t h e b u t a n o l b y m i x i n g . T h e o r g a n i c p h a s e c o n t a i n i n g t h e a m i n e s 

w e r e s e p a r a t e d f r o m t h e a q u e o u s p h a s e a n d a c i d i f i e d h e p t a n e 

a d d e d a n d m i x e d . H i s t a m i n e w a s r e d i s s o l v e d i n t h e a q u e o u s 

p h a s e w h i c h w a s t h e n a l k a l i n i s e d w i t h 1M N a O H + E D T A a n d t h e 

f l u o r o c h r o m e O - p h t h a l a l d e h y d e a d d e d . A f t e r t h e o p t i m a l r e a c t i o n 

t i m e t h e r e a c t i o n w a s s t o p p e d w i t h p h o s p h o r i c a c i d . T h i s t h e n 

p a s s e d i n t o t h e f l u o r o m e t e r . S a m p l e t i m e t h r o u g h m a n i f o l d w a s 

16 m i n u t e s . A s s a y s p e e d , 4 0 / h o u r s . S e n s i t i v i t y 0 . 5 n g / s a m p l e . 



C H A P T E R 3 

O V A L B U M I N I M M U N I S A T I O N P R O T O C O L S 



I N D U C T I O N O F I g E M E D I A T E D H Y P E R S E N S I T I V I T Y R E S P O N S E S T O 

O V A L B U M I N I N T H E H O O D E D L I S T E R R A T ( P 1 ) 

T h e r a t w a s u s e d a s t h e a n i m a l o f c h o i c e f o r t h e p r o d u c t i o n 

o f a n a n i m a l m o d e l o f o v a l b u m i n h y p e r s e n s i t i v i t y m e d i a t e d 

t h r o u g h I g E a n t i b o d y . T h e p r o t o c o l f o l l o w e d w a s t h a t o f a t w o 

p u l s e i n j e c t i o n m e t h o d e m p l o y i n g h e a t k i l l e d B o r d e t e l l a p e r t u s s i s 

o r g a n i s m s a s a d j u v a n t ( J a r r e t t 1 9 7 4 ) , r e v i e w e d J a r r e t t ( 1 9 7 8 ) . 

U s i n g t h i s m e t h o d i t w a s p o s s i b l e t o c o n s i s t e n t l y s e n s i t i s e a n d 

s u b s e q u e n t l y b o o s t u p o n s e c o n d a r y e x p o s u r e . 

M E T H O D 

F e m a l e H o o d e d L i s t e r r a t s ( O l a c 1 9 7 6 L t d . ) w e i g h i n g 1 2 5 -

1 5 0 g m s w e r e f e d p e l l e t e d r a t d i e t a n d w a t e r ' a d l i b i t u m ' . T h i s 

d i e t w a s f r e e o f a l l e g g p r o d u c t s . G r o u p s o f 5 - 8 a n i m a l s 

w e r e u s e d i n e a c h e x p e r i m e n t , a l l a n i m a l s w e r e a g e , w e i g h t , 

b a t c h a n d s e x m a t c h e d . 

A n i m a l s t o b e a c t i v e l y i m m u n i s e d w e r e i n j e c t e d w i t h 1 0 u g 

o v a l b u m i n ( S i g m a ) i n 1 0 0 u l s a l i n e i . p . 

; G ^ ( 6 ) n e g a t i v e c o n t r o l s 1 0 0 u l s a l i n e i . p . 

10 

( 6 ) n e g a t i v e c o n t r o l s + 1 0 o r g / A n B . p e r t u s s i s i n 

1 0 0 u l s a l i n e i . p . 

10 

G j ( 6 ) o v a l b u m i n + 1 0 o r g / A n B . p e r t u s s i s i n 1 0 0 u l s a l i n e 

i . p . 

A n i m a l s r e c e i v i n g o v a l b u m i n w e r e b o o s t e d o n d a y 2 1 w i t h 1 u g 

o v a l b u m i n i n s a l i n e i . p . w i t h o u t a d j u v a n t . 

A n i m a l s w e r e b l e d o n d a y s 1 , 5 , 1 2 , 1 5 , 2 1 , 2 5 , 2 8 , 3 6 b y 

c a r d i a c p u n c t u r e o r v i a t h e t a i l v e i n b o t h u n d e r e t h e r a n a e s t h -

e t i c . L e s s t h a n 2 m l w e r e t a k e n f r o m t h e h e a r t u n l e s s t h e 

a n i m a l s w e r e t o b e s a c r i f i c e d a n d 7 5 0 u l f r o m t h e t a i l . 

S e r u m w a s c o l l e c t e d a n d s t o r e d a t - 2 0 ° C f o r t o t a l a n d 

s p e c i f i c i m m u n o g l o b u l i n m e a s u r e m e n t . 



RESULTS 

Immunisation with ovalbumin using B.pertussis as adjuvant 

produced a primary and secondary antibody response with PCA 

titres (Figure7a),maximal for the primary response on day 15 

(5.54 - 0 (254) with the secondary peak, following boosting on 

day 21, 4 days later with a mean PCA titre of 6.75 - .19 

(854). These results closely parallel specific IgE antibody 

detected by RAST (Figure7b) to ovalbumin with a correlation co-

efficient of 0.784 (Spearman Rank correlation after In 

transformation). 

Total IgE (Figure 8 ) reflects the changes in specific IgE 

with a bimodal peak at days 12 and 28 reaching a peak of 454ng/ml. 

Negative controls and B.pertussis treated animals maintained a 

mean IgE level throughout of 66 and 99 respectively. 

Total IgG (Figure 8 ) indicate that there was a progressive 

increase in total IgG with age or following exposure to 

environmental allergens or pathogens within the animal sta 

with B.pertussis and ovalbumin immunised animals show a rapid 

elevation of IgG levels with a plateauing out of the ova treated 

animals and a dimunition of B.pertussis treated animals returning 

to mean base lines. 



Figure 7a 

T i m e c o u r s e o f s p e c i f i c o v a l b u m i n I g E a n t i b o d y p r o d u c t i o n a s 

d e t e r m i n e d b y P C A i n a n i m a l s p r i m e d o n d a y 0 w i t h 1 0 u g 

o v a l b u m i n a n d B . p e r t u s s i s a n d b o o s t e d o n d a y 2 1 w i t h l u g 

o v a l b u m i n . 

F i g u r e 7 b 

T i m e c o u r s e o f s p e c i f i c o v a l b u m i n I g E a n t i b o d y a s d e t e r m i n e d 

b y R A S T i n s i m i l a r l y p r i m e d a n i m a l s . 



8 L
 



DAYS 

F i g u r e 8 T i m e c o u r s e o f T o t a l I g E a n d I g G p r o d u c t i o n i n r e s p o n s e t o o v a l b u m i n i m m u n i s a t i o n . 
O v a l b u m i n + B . p e r t u s s i s ( s o l i d l i n e s ) . B . p e r t u s s i s c o n t r o l ( B o l d d o t s ) . N e g a t i v e 

s a l i n e c o n t r o l s ( F i n e d o t s ) . 
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T H E E F F E C T O F A L U M I N I U M H Y D R O X I D E ON T H E P R I M A R Y AND S E C O N D A R Y 

R E S P O N S E I N T H E R A T M O D E L U S E D C O N C U R R E N T L Y W I T H B . P E R T U S S I S ( P 2 ) 

R e v o l t e l l a a n d O v e r y ( 1 9 6 9 ) f o u n d t h a t a l u m i n i u m h y d r o x i d e 

g e l ( A l u m ) w a s a p o w e r f u l a d j u v a n t f o r t h e i n d u c t i o n o f r e a g i n i c 

a n t i b o d y i n m i c e . I t i s w e l l - k n o w n t h a t B . p e r t u s s i s i s a l s o 

a p o w e r f u l a d j u v a n t i n r a t s a n d m i c e ( M o t a , 1 9 6 3 ) . T h e r e f o r e a 

c o m b i n a t i o n o f b o t h o f t h e s e s h o u l d b e h i g h l y e f f i c a c i o u s ( B a z i n 

a n d P l a t t e a u , 1 9 7 6 ) . T h i s e x p e r i m e n t w a s d e s i g n e d t o e s t a b l i s h 

t h i s e f f i c a c y , e s p e c i a l l y i n t h e l i g h t o f J a r r e t t ' s ( 1 9 8 0 ) w o r k 

w h i c h s h o w e d t o t h e c o n t r a r y t h a t a c o m b i n a t i o n o f t h e t w o a d j u v -

a n t w h i l s t e n h a n c i n g t h e p r i m a r y r e s p o n s e d i m i n i s h e d t h e s e c o n d -

a r y r e s p o n s e . 

METHOD 

A l l a n i m a l s w e r e o b t a i n e d , h o u s e d , f e d a n d b l e d i n t h e s a m e 

m a n n e r a s t h o s e i n p r o t o c o l 1 . 

A n i m a l s t o b e a c t i v e l y i m m u n i s e d w e r e i n j e c t e d w i t h 1 0 u g 

o v a l b u m i n i n 1 0 0 u l s a l i n e i . p . 

G ^ ( 5 ) n e g a t i v e c o n t r o l s 1 0 0 u l s a l i n e i . p . 

10 
G 2 ( 6 ) O v a l b u m i n + 1 0 B . p e r t u s s i s i n 1 0 0 u l s a l i n e i . p . 

10 

G ^ ( 6 ) O v a l b u m i n + 1 0 B . p e r t u s s i s + A l u m i n 5 0 0 u l s a l i n e 

i . p . 

A n i m a l s w e r e b l e d o n d a y s 1 2 a n d 2 5 . A n i m a l s i m m u n i s e d 

w i t h o v a l b u m i n w e r e b o o s t e d o n d a y 2 1 . 

R E S U L T S T h e e f f e c t , o f a c o m b i n a t i o n o f a d j u v a n t s s h o w s ( F i g u r e 9' 

t h a t a c o m b i n a t i o n o f b o t h B . p e r t u s s i s a n d a l u m w h i l s t m a r g i n a l l y 

e n h a n c i n g ( 5 . 1 8 - . 3 2 ) t h e p r i m a r y r e s p o n s e g r e a t l y d i m i n i s h e s 

t h e s e c o n d a r y r e s p o n s e ( 5 . 5 3 - 2 . 4 ) a s d e t e r m i n e d b y P C A 

r e a c t i o n . A l u m a l o n e p r o d u c e d c o m p a r a b l e p r i m a r y a n t i b o d y 



Figure 9 The effect of adjuvant on the primary (hatched) response 

and secondary response in ovalbumin immunised animals as 

determined by PCA. Bars indicate mean - S.E.Mean. 



tires(5.07 - .33) whilst B.pertussis alone produced significantly 

lower titres (4.8 - .17). This phenomena is reversed in the 

secondary response following boosting without adjuvant. The B. 

pertussis treated animals produce antibody titre (7.1 - .22) far 

in excess of those groups immunised with A10H or AloH and B. 
w w 

pertussis. The combination of both adjuvant whilst enhancing 

primary antibody response activity diminishes secondary antibody 

production. Thus B.pertussis was used alone in all immunisation 

protocols unless otherwise specific. 



THE EFFECT OF SITE OF ADJUVANT ON THE ANTIOVALBUMIN RESPONSE 

IN THE RAT (P2a) 

In order to induce the most consistent and elevated levels 

of ovalbumin antibody several sites were chosen for administrat-

ion of adjuvant. B.pertussis organisms were injected with or 

without antigen as intimate mixing of the two components is not 

necessary to induce a reaginic antibody response, as is the case 

with FCA (Jarrett et al. 1976). 

METHOD 

Animals were obtained, housed, fed,watered and bled according 

to procedures laid out in protocol 1. 

Animals to be actively immunised were injected with 10ug 

ovalbumin in 100ul saline i.p. 

G^(3) Negative controls 100ul saline i.p. 

10 

G^(6) Ovalbumin + 10 B.pertussis organisms i.p. in 10Oul 

saline. 
10 

G
3
(6) Ovalbumin + 10 B.pertussis organisms IM in hind 

flank 50ul each leg. 

10 

G^(6) Ovalbumin + 10 B.pertussis s/cut on the dorsal 

surface of the back (in two sites - 50ul per site) 

Animals were boosted on day 21 and bled on days 12, 15 and 

25. Sera collected and antibody titre determined by PCA tests. 

RESULTS 

Reaginic antibody formation following ovalbumin immunisation 

using 3 different sites for adjuvant administration (Figureio) 

indicates that whilst there is no difference between sites in the 

primary response, the effect becomes more pronounced in the 

secondary response following boosting where intraperitoneal 

administration of adjuvant produces the most consistent and 

elevated titre (7.3-.12). Thus intraperitoneal B.pertussis was 

given unless stated otherwise. 
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2981 8 

1096 7 

403 6 

UJ 
DC 
H 
I-

Control IP I M S/C 

FigurelO The effect of site of adjuvant on primary (hatched) and 

secondary antibody production in ovalbumin immunised 

animals as determined by PCA. Bars indicate mean - S.E. 

mean. 



CHAPTER 4 

FREE PLATINUM SALT IMMUNISATIONS 



INTRAPERITONEAL IMMUNISATION OF RATS WITH AMMONIUM TETRACHLORO-

PLATINATE II (Platinum Protocol P3) 

In an attempt to sensitise rats to Ammonium tetrachloro-

platinate II (NH^^PtCl^ animals were immunised with multiple 

injections of the free salts to mimic both industrial exposure 

and clinical application of certain antitumour platinum compounds 

in the presence of B.pertussis as adjuvant. 

Rats were obtained, housed, fed and bled according to 

procedures laid out in Protocol 1. 

10 

0^(6) Ovalbumin 10ug + 10 B.pertussis organisms injected IP in 

100ul saline. 
10 

G
2
(6) (NH^) PtCl 1mg + 10 B.pertussis injected IP in 100ul 

saline. 
10 

G
3
(6) 100ul saline in 10 B.pertussis injected IP. 

Animals were injected thrice weekly for 3 weeks with the 

same initial concentration without B.pertussis adjuvant. 

Animals were skin tested on day 21 with ovalbumin, (NH^^PtCl^, 
-3 -7 

saline, in doses 10 g/ml-10 g/ml in duplicate according to the 

method described under direct skin testing. Histamine release 

studies were also performed according to the protocol in the 

methods section, as were platinum RASTS. 

RESULTS 
-3 -7 

Direct intracutaneous skin tests with ovalbumin 10 - 10 g/ml 

elicited a positive response at 10 g/ml. Saline controls 

indicated the non-specific blueing from injection trauma whilst 

platinum salts failed to elicit any response lower than the upper 

cut-off point for non-specific histamine release determined in 

previous experiments. 

RAST analysis for antiplatinum activity proved negative 



as did histamine release from mast cells challenged with 

-3 -8 

10 -10 g/ml. Non-specific histamine release occured at 

-3 -4 

10 and 10 g/ml as determined by simultaneous challenge of 

control mast cells with free platinum salts. 



INTRAMUSCULAR AND INTRAPERITONEAL IMMUNISATION OF RATS WITH 

AMMONIUM TETRACHLORPLATINATE II (Platinum protocol P4) 

With the failure of relatively large doses of (NH^^PtCl^ 

administered IP, recourse was made to smaller injection of the 

salt both IP and IM. 

Rats were obtained, housed, fed and bled according to 

procedures laid out in Protocol 1. 

G
1
(8)(NH

4
)

2
PtCl

4
 200ug IM in 100ul saline 

G
2
(8)(NH

4
)

2
 PtCl^ 20ug IM in 100ul saline 

G
3
(8)(NH

4
)

2
PtCl

4
 200ug IP in 100ul saline 

G
4
(8) (NH

4
)

2
PtCl

4
 20ug IP in 100ul saline 

10 
G^(5) Saline control 10 B.pertussis in 500ul IP 

10 

All animals received 10 B.pertussis organism/animal in 500ul 

saline IP. 

Booster doses 

G^ original dose No B.pertussis thrice weekly for 3 weeks 
Q It II II II It II II II II II 

G
3
 " " " " " on Days 7, 14, 21. 

G II ti ti II II II it it it II 

4 

G_ saline controls not boosted 
o 

Animals were bled on day 25, the sera collected and used in 

PCA, RAST and direct skin testing using doses of (NH^^PtCl^ in 

-3 -7 
the ranges of 10 - 10 g/ml. Histamine release from mast cells 

-4 -6 

was performed as per protocol using doses 2 . 5 x 1 0 - 2 . 5 x 1 0 

g/ml. 

RESULTS 

Direct intracutaneous skin testing with the platinum salts 

at all doses below the limit of non-specific histamine release 

-3 -4 
(10 -10 g/ml) failed to elicit any response. PCA tests using 



free platinum salts at 1mg/animal were found to be negative at 

sera dilution 1:1. 

Histamine release studies using platinum salts at 

-4 -7 

concentrations 10 10 (Table 1) showed that whilst there was 

no difference between immunised groups at any antigen level, 

Group 2 was significant at 0.02% level whilst Groups 3 and 4 

were significant at 0.05% level (Mann Whitney U test) at a 

platinum concentration of 2.5 x 10~^g/ml when compared with 

controls. 

RAST results gave 2 positive reactions as determined as 

the mean + 2 SD above control, for Group 4 (20ug IP). These 

results were not validated by any other tests. 

This experiment was repeated to confirm the original hist-

amine release and RAST findings. 

Skin testingand PCA failed to elicit a response. RAST 

for platinum antibody and histamine release studies failed to show 

any degree of specific antibody. 

Lactic dehydrogenase assays were performed to assess any 

cellular damage resulting from any adverse conditions arising 

during mast cell challenge. Results ishow there to be a marked 

decrease in LDH levels at high platinum challenge doses with 

increased LDH release at the lower doses of platinum challenge. 

LDH release from ovalbumin and saline immunised animals were 

very low. 



HISTAMINE RELEASE FROM MAST CELLS USING VARIOUS IMMUNISATION 

PROTOCOLS 

Group 1 Group 2 Group 3 Group 4 Control 

200ug IM 20ug IM 200ug IP 20ug IM groups 

Tota l % 100 100 100 100 100 

Control 6.8 10. 6 10. 5 6. 0 10 

0.25mg/ml 
(NHA )2PtCl4 26 25 24 28 19 

0.05 " 19 44 19 15 15 

0.025 " 27 37 21 22 22 

0.01 " 28 36 (P. 1) 21 28 15 

0.005 " 21 26 (P. 1) 21 29 (P .05) 8 

0.0025 " 13 20 (P . 02) 13 (P.05) 23 (P .05) 3 

Figures correspond to Net histamine release 

NHR = Sample histamine release - control
 x

 ^ ^ ^ 

Total histamine release - control 

Table 1 shows the degree of histamine release from sensitised 

mast cell when challenged with concentrations of platinum salts 

-4 -6 

in the order of 2.5 x 10 -2.5 x 10 g/ml. Levels of signif-

icance were determined by the Mann-Whitney U test. 



INTRAPERITONEAL IMMUNISATION OF RATS WITH AMMONIUM TETRACHLORO-

PLATINATE II USING BOTH B.PERTUSSIS AND A10H„ AS ADJUVANTS 
— • 1 1 1 . . i • • • • j • 

(Platinum Protocol P4a) 

Previous experiments in this series together with the 

work of Jarrett et al. (1980) confirmed that B.p + AlOH^ 

whilst enhancing primary antibody production diminishes 

secondary or booster responses. The synergistic effects of both 

adjuvant were noted in the induction of the ovalbumin response 

and experiments were performed to ascertain whether this 

combination could elicit specific antiplatinum antibody in the 

primary stage. 

METHOD 

The protocol for this experiement is identical to P4 with 

the exception of adjuvant. 

10 

1 x 10 B.pertussis organisms was added to 100ul of 0.2% 

Alhydrogel and injected intraperitoneally into the rats. 

Sera were tested for specific antiplatinum IgE by PCA and 

RAST. Mast cells were challenged on day 26. 

RESULTS 

Manipulating the adjuvants by the inclusion of AlOH^ to the 

B.pertussis failed to elicit specific antibody production as 

determined by direct skin test, RAST or histamine release from 

mast cells, employing methods and concentrations used in P4. 



INTRATRACHEAL IMMUNISATION OF RATS USING AMMONIUM TETRACHLOR-

PLATINATE II (Platinum Protocol P5 and P5a) 

The recognised route of sensitisation in man to the 

complex salts of platinum is via epithelial and/or mucosal 

absorbtion. Experimental exposure via this route greatly inc-

reases the risk of sensitisation to other workers and animal 

staff. Thus rats were injected under ether anaesthetic with 

small doses of (NH^^PtCl^ via the trachea. Pilot experiments 

were performed to assess the deposition of radiolabeled material 

throughout the bronchial tree and to measure the volume of 

liquid that could be tolerated in any one injection. 

ABSORPriQN STUDIES 

Under ether anaesthetic rats were laid dorsal side down, the 

neck region opened longitudinally and excess fat and the thyroid 

displaced. Muscle fibres were separated by blunt dissection to 

expose the ring structure of the trachea. 

125 

One hundred ul I-HSA with a specific activity of 75,000 

cpm was injected via a G25 needle into the upper portion of the 

trachea. Three minutes later, but still under anaesthetic the 

animals were killed by ether overdose. The heart lung preparation 

removed, after tying off the trachea. Six horizontal sections 

were made bilaterally, weighed and counted to assess radioactive 

distribution and recovery from the four animals studied was 

approximately 60% unless reflex coughing occurred at the time of 

injection where upon this figure dropped to 8-30%. Distribution 

was uniform when adjusted for weight. If 75ul were-injected the 

recovery rates rose to 78% with very little reflex coughing and 

distribution remained uniform. 

IMMUNISATION PROTOCOL 

Animals were obtained, fed, watered, housed and bled via 



methods employed in Protocol 1. Tracheal exposure was identical 

as in pilot study. 

10 

G
1
(6) 10ug ( N H ^ P t C l ^ in 75ul saline IT + 10 B.pertussis 

organism in 100ul saline IP. 
10 

G
2
(6) 1ug ( N H ^ P t C l ^ in 75ul saline IT + 10 B.pertussis 

organism in 100ul saline IP. 
10 

G^(6) Negative controls 75ul saline IT + 10 B.pertussis 

organism IP in 100ul saline. 

Animals were boosted on days 7, 14, 21 depending upon 

original protocol. Groups were thus boosted on days: 

G
1
 0, 7, 14, 21 

G
2
 0, 21 

G
3
 0 21 

Animals were bled on days 12 and 25. Sera were assayed 

by PCA, direct challenge and specific anti-platinum RAST. Mast 

cells were obtained and challenged on day 25 with platinum 

salts. The lung was also removed and examined for histamine 

release properties upon challenge. 

This experiment was repeated employing B.pertussis and 

AlOHj (P5a) in an attempt to enhance the primary antibody 

response. 

RESULTS 

There was no evidence from either experiment of skin test 

reactivity at doses below those giving non-specific histamine 

-3 -4 

release (10 - 10 ). PCA reactions with 1mg HSA-Pt conjugates 

(molar ratio 1:30) and 1mg free platinum salts failed to elicit 

any positive response. RAST on all sera failed to detect any 

antibody function as did histamine release from mast cells or 

chopped lung preparation using free platinum salts in the order 

-4 -7 
of 5 x 10 - 10 g/ml together with Pt-HSA conjugates (50ug/tube). 
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S U B C U T A N E O U S I M M U N I S A T I O N O F R A T S W I T H AMMONIUM T E T R A C H L O R O P L A H N -

A T E . I I U S I N G B . P E R T U S S I S A S A D J U V A N T ( P l a t i n u m P r o t o c o l P 6 a n d P 6 a ) 

W h i l s t o c c u p a t i o n a l e x p o s u r e t o t h e s e p l a t i n u m s a l t s o c c u r 

t h r o u g h t h e e p i t h e l i u m a n d m u c o s a l s u r f a c e s ; i n t h e r a t i t m a y 

b e d i f f i c u l t t o o b t a i n e p i t h e l i a l e x p o s u r e , d u e t o h a i r c o v e r i n g 

a n d t h e i n c r e a s e d r i s k o f e x p o s i n g t h e e x p e r i m e n t e r t o t h e s a l t s 

i n t h e i r p o w d e r e d f o r m e v e n a f t e r d e p i l i a t i o n a n d s k i n a b r a s i o n . 

T h u s s u b c u t a n e o u s i m m u n i s a t i o n w a s a t t e m p t e d . A n i m a l s w e r e 

s u p p l i e d , h o u s e d , f e d , w a t e r e d a n d b l e d a c c o r d i n g t o P r o t o c o l 1 . 

G . j ( 5 ) 1 0 u g ( N H ^ P t C l ^ i n 1 0 0 u l s a l i n e i n j e c t e d s / c u t . 

3 x 3 w e e k l y . 

G 2 ( 5 ) 1 0 u g ( N H ^ P t C l ^ i n 1 0 0 u l s a l i n e i n j e c t e d s / c u t . 

o n d a y s 0 , 7 , 1 4 . 

G ^ ( 5 ) 1 0 0 u s a l i n e i n j e c t e d s / c u t . o n d a y 0 , 7 , 1 4 . 

A l l a n i m a l s r e c e i v e d 1 0 ^ B . p e r t u s s i s o r g a n i s m i n 1 0 0 u l 

s a l i n e s / c u t . i n t h e h i n d f l a n k t o g e t h e r w i t h a n t i g e n . 

A n i m a l s w e r e b l e d o n d a y s 1 2 a n d 2 5 f o r s e r o l o g i c a l a n a l y -

s i s . M a s t c e l l s w e r e c h a l l e n g e d o n d a y 2 6 . 

6a 

R e p e a t o f P 6 u s i n g 0 . 2 % a l h y d r o g e l a s w e l l a s B . p e r t u s s i s 

a s a d j u v a n t . 

R E S U L T S 

T h e r e w a s n o e v i d e n c e i n e i t h e r e x p e r i m e n t o f r e a g i n i c 

a n t i b o d y f o r m a t i o n b y d i r e c t s k i n t e s t i n g o r P C A r e a c t i o n 

- 4 - 7 

u s i n g f r e e s a l t o f p l a t i n u m a t 1 0 - 1 0 f o r d i r e c t s k i n t e s t s 

a n d 1mg f o r P C A . R A S T a n a l y s i s o f s e r a p r o v e d n e g a t i v e a s d i d 

h i s t a m i n e r e l e a s e f r o m m a s t c e l l s , a t a l l d i l u t i o n s o f p l a t i n u m 

b e l o w l e v e l s n e e d e d t o i n d u c e n o n - s p e c i f i c h i s t a m i n e r e l e a s e 

e i t h e r i n H E P E S - A C M b u f f e r o r 10% n o r m a l r a t s e r u m t o p r o v i d e 



greater protein concentration for any necessary platinum 

binding and to allow for any serum factor that may play a 

part in the conjugation process. 



I M M U N I S A T I O N O F R A T S W I T H AMMONIUM T E T R A C H L O R O P L A T I N A T E I I 

U S I N G B . P E R T U S S I S A S A D J U V A N T V I A T H E F O O T P A D ( P l a t i n u m 

P r o t o c o l P 7 ) 

I n j e c t i o n o f a n t i g e n i n t o t h e f o o t p a d s h a s p r o v e n e f f e c t i v e 

f o r t h e I n d u c t i o n o f r e a g i n i c a n t i b o d y i n t h e r a t ( T a n i g u c h i 

a n d T a d a 1 9 7 1 ) . T h i s m a y w e l l r e f l e c t i n t h e i n c r e a s e d l y m p h a t i c 

d r a i n a g e . B . p e r t u s s i s w a s g i v e n t o g e t h e r w i t h t h e p l a t i n u m 

s a l t s v i a t h i s m e t h o d w i t h o n l y m i n o r m o d i f i c a t i o n s . 

A n i m a l s w e r e s u p p l i e d , f e d , w a t e r e d a n d b l e d a c c o r d i n g t o 

p r o c e d u r e s i n P r o t o c o l 1 . 

10 
G ^ ( 6 ) 1 0 0 u g ( N H ^ J g P t C l ^ + 1 0 B . p e r t u s s i s i n 1 0 0 u l s a l i n e 

g i v e n a s t w o 5 0 u l i n j e c t i o n s i n t o t h e h i n d f o o t p a d s . 

10 

G 2 ( 6 ) N e g a t i v e c o n t r o l s 1 0 B . p e r t u s s i s i n 1 0 0 u l s a l i n e 

g i v e n i n t o t h e h i n d f o o t p a d s . 

G ^ ( 6 ) P o s i t i v e c o n t r o l s 1 0 u g o v a l b u m i n + 1 0 ^ B . p e r t u s s i s 

o r g a n i s m s i n 1 0 0 u l s a l i n e i n j e c t e d i n t o t h e h i n d 

f o o t p a d s . 

A n i m a l s w e r e b o o s t e d o n d a y 5 b y s u b . c u t . i n j e c t i o n o n t h e 

b a c k w i t h 5 0 u l o f p l a t i n u m s a l t o r 1 u g o v a l b u m i n i n s a l i n e . 

S e r u m s a m p l e s w e r e c o l l e c t e d o n d a y 1 2 f o r s e r o l o g i c a l 

a n a l y s i s f o r p l a t i n u m a n d o v a l b u m i n a n t i b o d y . M a s t c e l l s w e r e 

a l s o t a k e n f o r a n t i g e n c h a l l e n g e . 

R E S U L T S 

P C A r e a c t i o n s u s i n g f r e e s a l t ( 1 m g ) B S A - P t ( 1 m g ) H S A - P t 

( 1 m g ) a n d o v a l b u m i n f a i l e d t o e l i c i t a n y r e s p o n s e s i n t h o s e 

a n i m a l s i m m u n i s e d w i t h t h e p l a t i n u m s a l t s . P C A t e s t i n g f o r 

o v a l b u m i n i n t h e p o s i t i v e c o n t r o l s ( G ^ ) r e c o r d e d a m e a n P C A t i t r e 

o f 6 . 3 - . 3 2 . D i r e c t s k i n t e s t i n g o f p l a t i n u m t r e a t e d a n i m a l s a t 



-3 -7 

doses 10 -10 g/ml failed to elicit any response. 

Mast cells challenged on day 15 failed to release histamine 

with dilutions of HSA-Pt, BSA-Pt, or ( N H ^ P t C l ^ at doses below 

lOOug/ml. Platinum RAST failed to show any degree of 

positivity as compared with negative controls. 



I N T R A D E R M A L I M M U N I S A T I O N O F R A T S U S I N G D A I L Y I N J E C T I O N O F LOW 

D O S E S O F AMMONIUM T E T R A C H L O R P L A T I N A T E I I ( P l a t i n u m p r o t o c o l P 8 ) 

P l a t i n u m s a l t s e n c o u n t e r e d i n t h e r e f i n e r y h a v e b e e n k n o w n 

t o s e n s i t i s e w o r k e r s i n v e r y s h o r t p e r i o d s o f t i m e , i e w e e k s . 

H o w e v e r , t h e t i m e c o u r s e f o r s e n s i t i s a t i o n i s n o r m a l l y i n t h e 

o r d e r o f m o n t h s . 

T h i s e x p e r i m e n t a t t e m p t s t o m i m i c t h e o c c u p a t i o n a l s i t u a t i o n 

b y l o w d o s e e x p o s u r e o v e r a p e r i o d o f 1 0 w e e k s b y i n t r a d e r m a l 

i n j e c t i o n . A l l a n i m a l s w e r e o b t a i n e d , h o u s e d , f e d , w a t e r e d a n d 

b l e d a c c o r d i n g t o P r o t o c o l 1 . 

G ^ ( 8 ) 1 u g ( N H ^ ) 2 P t C l ^ i n 5 0 u l i n t r a d e r m a l l y d a i l y f o r 5 x 

w e e k l y f o r 1 0 w e e k s , 1 0 ^ B B . p e r t u s s i s o r g . i n 

1 O O u l s a l i n e o n d a y 1 . 

10 

G 2 ( 5 ) S a l i n e c o n t r o l 5 0 u l s a l i n e I D + 1 0 B . p e r t u s s i s I P 

o n d a y 1 . 

F i f t e e n i n j e c t i o n s i t e s w e r e a l l o c a t e d t o t h e d o r s a l s u r f a c e 

o f t h e r a t s . T h i s e n s u r e d t h a t t h e s a m e i n j e c t i o n s i t e w a s u s e d 

o n l y o n c e i n a t h r e e w e e k c y c l e . 

B l o o d s a m p l e s w e r e t a k e n o n d a y s 6 , 1 2 , 1 8 , 2 5 , 4 0 , 6 0 , 

7 0 f o r a s s a y i n g a n t i p l a t i n u m a c t i v i t y b y R A S T , P C A a n d d i r e c t 

s k i n t e s t i n g . M a s t c e l l s w e r e c h a l l e n g e d a t t h e e n d o f t h e 

e x p e r i m e n t . 

R E S U L T S 

A n i m a l s w e r e s k i n t e s t e d w i t h f r e e s a l t a t a c o n c e n t r a t i o n 

o f 1 0 u g / m l u s i n g I D t e s t i n g o n d a y s 4 0 , 6 0 , 7 0 o n s h a v e n , d e p i l -

i a t e d s k i n s u r f a c e s . P C A r e a c t i o n w i t h s e r a d i l u t e d 1 / 1 w e r e 

n e g a t i v e i n a l l s a m p l e s t e s t e d a g a i n s t 1mg B S A - P t 1 ; Q v a - P t ^ , 

I • 7 . J . re • 

R A S T a n a l y s i s u s i n g H S A - P t f a i l e d t o g i v e a n y p o s i t i v e s c o r e s . 

M a s t c e l l s f a i l e d t o r e l e a s e a t p l a t i n u m d o s e s l o w e r t h a n t h e 

l i m i t o f n o n - s p e c i f i c r e l e a s e . 



A T T E M P T E D I M M U N I S A T I O N O F R A T S W I T H S E P H A R O S E H S A - P t C O N J U G A T E S 

W I T H B . P E R T U S S I S ( P l a t i n u m P r o t o c o l 9 ) 

The solid phase of the RAST assay consists of covalently 

bound HSA to Sepharose 4B. It is then conjugated to (NH^)^ 

PtCl^ to ensure the platinum moiety remains on the exterior 

surface of the protein structure (Cromwell et al. 1979). This 

complex has been used in an attempt to sensitise the rats by 

a variety of routes. 

A n i m a l s w e r e o b t a i n e d , h o u s e d , f e d , w a t e r e d a n d b l e d v i a 

p r o c e d u r e s l a i d o u t i n P r o t o c o l 1 . 

G ^ ( 4 ) C o n t r o l s . S e p h a r o s e 4 B - H S A 2 0 0 u l 1 / 4 s u s p e n s i o n i n 

s a l i n e I P . 

G 2 ( 6 ) S e p h a r o s e H S A - P t 2 0 0 u l 1 / 4 s u s p e n s i o n i n s a l i n e I P . 

G ^ ( 6 ) " " 1 0 0 u l 1 / 4 s u s p e n s i o n i n s a l i n e i n 

e a c h h i n d l e g I M . 

G 4 ( 6 ) S e p h a r o s e H S A - P t 5 0 0 u l 1 / 4 s u s p e n s i o n i n s a l i n e I P 

G . _ ( 6 ) " " 5 0 u l 1 / 4 s u s p e n s i o n i n s a l i n e i n 
5 

e a c h o f 2 d o r s a l s k i n s i t e s . 

10 

A l l a n i m a l s r e c e i v e d 1 0 B . p e r t u s s i s I P i n 1 0 0 u l s a l i n e a s 

a d j u v a n t . 

Animals were boosted on day 21 with 1/10 original dose 

without adjuvant. 

A n i m a l s w e r e b l e d o n d a y s 1 2 a n d 2 5 f o r R A S T a n a l y s i s a n d 

m a s t c e l l s w e r e c h a l l e n g e d o n d a y 2 6 . 

R E S U L T S 

I m m u n i s a t i o n w i t h p a r t i c u l a r a n t i g e n s d e n i e s t h e p o s s i b i l -

i t y f o r P C A t e s t i n g t h o u g h t h e f r e e c o n j u g a t e m o i e t y w a s u s e d . 

C a r r i e r c r o s s - r e a c t i v i t y w a s e x c l u d e d b y t e s t i n g w i t h B S A - P t . „ . 

i • i 
T h i s f a i l e d t o e l i c i t P C A r e a c t i o n i n s e r a d i l u t e d 1 : 1 w i t h 



1mg of the conjugate administered IV. Mast cells were challenged 

with dilutions of Sepharose HSA-Pt, Sepharose BSA-Pt, HSA-Pt, 

HSA and free platinum salts. All compounds failed to elicit 

histamine release greater than control, except HSA-Pt and HSA. 

RAST scores were elevated in those groups immunised with 

Sepharose HSA-Pt. Their activity was greatly reduced when 

the serum was;preabsorbed with 1/4 Sepharose HSA, suggesting anti-

carrier activity (Figure 11). 



FIGURE11 RAST ABSORPTION OF HSA-Pt POSITIVE SERA. 

x 

o 

o a u

 o 

o 

RAST VA
 14 H i H i 

SEPH SEPH-HSA SEPH-HSA SEPH-HSA 

Seven RAST positive sera ( aabdbox ) and 3 control sera ( • • • ) 

absorbed with varying concentrations of Sepharose-HSA 

complexes. 



CHAPTER 5 

T H E E F F E C T S O F P L A T I N U M G R O U P M E T A L 

S A L T S ON O V A L B U M I N I M M U N I S E D R A T S 



THE EFFECT OF AMMONIUM TETRACHLORPLATINATE ON THE PRODUCTION OF 

ANTIBODY IN OVALBUMIN IMMUNISED RATS (IMPO 1) . 

The effect of the platinum salts 'per se' were studied in 

the conventional ovalbumin model used throughout for eliciting 

IgE antibody, using B.pertussis as adjuvant, before entering 

into a series of conjugated platinum protein immunisations. 

Many workers have shown using lymphocyte transformation and 

other 'in vitro' cellular preparations that certain platinum 

compounds i.e. those exhibiting anti tumour activity are more 

toxic to T cells than B cells and srimilar to cyclophosphamide. 

Thus .ammonium tetrachloroplatinate II, may be acting in a dual 

2 -

function in those sensitised workers 1) PtCl^ may be toxic 

to T cells especially the sub population Ts thereby abrogating 

their suppressive action on antibody formation. 2) That this 

salt may be acting as the haptenic portion in protein based 

conjugates. This experiment attempts to answer some of these 

questions. 

METHODS 

Animals were supplied, housed, fed, waterd and bled 

according to procedures laid out in protocol 1. 

negative controls 100ul saline i.p. 

G
2
(4) 10ug ovalbumin in 100ul saline i.p. 

2 -

G
3
(6) 10ug ovalbumin in 100ul saline i.p. + 0.01mg PtCl^ 

in 100ul i.p. 
G 2— 
4(6) 10ug ovalbumin in 100ul saline i.p. + O.lrag PtC1^ 

in 100ul saline i.p. 

p-
G^(6) TOug ovalbumin in 100ul saline i.p. + 1mg PtCl. in 
b 

saline i.p. 

10 
All animals received 10 B.pertussis org/An in 100ul saline 



104 

i.p. Ammonium tetrachloroplatinate II and ovalbumin were injected 

separately for fear of conjugation. Both injections were i.p. 

but at different sites, 30 minutes apart. 

Animals were boosted on day 21 with 1ug ovalbumin saline 

i.p. without platinum or adjuvant and were bled on days 12 and 

25.Sera were tested for specific antibody to ovalbumin by PCA 

and RAST. Total- Igs were also measured. Mast cells were 

harvested on day 26 for antigen challenge. 
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RESULTS IMPO 1 

Group PCA RAST IgE IgG 

Negative 0 8.27-.17 4.89-.66 2.31-.15 

Positive 2.7-.88 8.45-.15 6.44-.57 2.44-.13 

1mg 3.84-.88 8.32^.15 6.96-.57 2.44-.13 

0.1mg 4.18-.88 8.49-.15 6.1-.57 2.39-.13 

0.01mg 2.8-.88 8.61-.15 6.28-.57 2.3-.13 

Table 2 Primary specific antiovalbumin responses determined 

by PCA and RAST and total immunoglobulin levels in ovalbumin 

immunised animals, with concurrent administration of ammonium 

tetrachlorpplatinate II (1, 0.1, 0.01mg/animal) at the time 

of immunisation, values show mean - S.E.Mean. 

Primary Response (Table 2) 

The primary response against ovalbumin as measured by 

PCA and RAST and total immunoglobulin levels between all 

platinum treated groups and the positive albumin controls show 

no significant differences at the 5% levels as determined by 

Dunnett's 'T
1

 test after In transformation. 

Secondary Response (Figure12) 

Immunisation with ovalbumin with concurrent administration 

of ammonium tetrachloroplatinate II results in an inverse dose 

response immunopotentiation with enhcanced PCA titre against the 

positive control (5.5-.66) for all doses of platinum with 

greatest potentiation at the 0.1mg (7.3§.6) and 0.01mg (7.4-6) 

(P=0.01) Dunnett's
 f

T» test after log (In) transformation). 

Ovalbumin RAST closely parallels the above findings with 

enhanced RAST counts in all the platinum treated groups. 

Positive ovalbumin controls (8.2-.18) are significantly enhanced 

in the presence of platinum at all doses with greatest enhancement 



at 0.1mg (8.6-.25 p=0.01) amd O.OImg (8.94^.21 p=0.01). 

There were no significant differences between total IgE 

positive controls (5.3-.7) and any of the platinum treated 

groups. Total IgG shows a trend toward generalised 

depression of the total IgG in response to administration of 

platinum at 1mg (1.87-.07 P=0.05) and O.OImg (2.01-1 p:0.01) 

as compared with the positive controls (2.34^.1). 

The effect of the immunisation protocol has led to very 

low mast cell counts with very high polymorphonuclear leucocytes 

(PML) infiltration resulting in an unacceptably low yield for mast 

cells challenges, thus the cells were not challenged. However, 

large enough numbers of viable mast cells were obtained from 

negative control animals and these were tested for non-specific 

histamine release brought about by the tetrachloro salt. 1mg/ml 

produces 60-85% NHR, 100ug 10-17% NHR, 10ug 2-3% NHR. 



LEGEND 

I M P O 1 ( N H J ^ P t C l . S e c o n d a r y R e s p o n s e 
4 2 — •

 1 

F i g u r e 1 2 a C o m p a r i s o n o f a n t i o v a l b u m i n P C A t i t r e 

( • ) a f t e r I n t r a n s f o r m a t i o n ( m e a n - S . E . M e a n ) b e t w e e n n e g -

a t i v e c o n t r o l s , p o s i t i v e o v a l b u m i n c o n t r o l s a n d 3 

a m m o n i u m t e t r a c h l o r o p l a t i n a t e I I t r e a t e d o v a l b u m i n g r o u p s 

( 1 , 0 . 1 , 0 . 0 1 m g / a n i m a l ) . C o m p a r a b l e R A S T s c o r e s ( A ) i n 

C P M s a f t e r I n t r a n s f o r m a t i o n ( m e a n - S . E . M e a n ) a r e g i v e n 

o n t h e s a m e a x i s . 

S i g n i f i c a n t d i f f e r e n c e s f r o m p o s i t i v e 

c o n t r o l s w e r e d e t e r m i n e d b y D u n n e t t ' s ' T ' t e s t . W h e r e n o 

v a l u e s a p p e a r t h e r e s u l t s w e r e n o n - s i g n i f i c a n t a t p = 0 . 0 5 . 

F i g u r e b T o t a l s e r u m I g E l e v e l s f o r e a c h t r e a t m e n t 

g r o u p ( m e a n - S . E . M e a n ) a f t e r I n t r a n s f o r m a t i o n . 

F i g u r e C T o t a l s e r u m I g G l e v e l s f r o m e a c h t r e a t m e n t 

g r o u p ( m e a n - S . E . M e a n ) a f t e r I n t r a n s f o r m a t i o n . S i g n i f i c a n t 

d i f f e r e n c e s w e r e d e t e r m i n e d b y D u n n e t t ' s ' T ' t e s t . 



In IgG mg/ml 
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S 

In PCA Tltre 

In RAST CPM. 
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T H E E F F E C T O F AMMONIUM T E T R A C H L O R O P L A T I N A T E I I ON T H E P R O D U C T I O N • • • . . . 

O F A N T I B O D Y I N O V A L B U M I N I M M U N I S E D R A T S . I I . P O S T I M M U N I S A T I O N 

P L A T I N U M S A L T S A T T H E P E A K O F T H E P R I M A R Y R E S P O N S E I M P O 2 ) 

I n a n a t t e m p t t o e s t a b l i s h w h e t h e r p l a t i n u m s a l t s g i v e n 

a t t h e p e a k o f t h e p r i m a r y r e s p o n s e p r i o r t o s e c o n d a r y b o o s t i n g 

w o u l d e n h a n c e a n t i b o d y p r o d u c t i o n t h e f o l l o w i n g e x p e r i m e n t w a s 

c o n d u c t e d . 

A n i m a l s . w e r e o b t a i n e d , h o u s e d , f e d , w a t e r e d a n d b l e d a c c o r d -

i n g t o t h e p r o c e d u r e l a i d o u t i n P r o t o c o l 1 . 

G ^ ( 6 ) C o n t r o l s 1 0 0 u l s a l i n e i . p . 

G 2 ( 6 ) 1 0 u g o v a i n l O O u l s a l i n e i . p . 

Q 3 ( 5 ) it U it it II it 

Q
a
(6) II it it it it II 

G 5 ( 7 ) " " " " " " 

10 

A l l a n i m a l s r e c e i v e d 1 0 B . p e r t u s s i s o r g a n i s m s i n 1 0 0 u l 

s a l i n e i . p . a n d w e r e b o o s t e d o n d a y 2 1 w i t h 1 u g o v a i n 1 0 0 u l 

s a l i n e i . p . 

A n i m a l s w e r e b l e d o n d a y s 1 2 a n d 2 5 f o r s e r o l o g i c a l a n a l y s i s . 

B o o s t e r D a y 1 4 

G 2 1mg ( N H a ) 2 P t C l ^ i n 1 0 0 u l s a l i n e i . p . 

G 3 0 . 1 m g ( N H a ) 2 P t C l ^ i n 1 0 0 u l s a l i n e i . p . 
G . 0 . 0 1 m g ( N H . ) _ P t C l . i n 1 0 0 u l s a l i n e i . p . 

4 4 2 4 

M a s t c e l l s w e r e r e m o v e d f o r c h a l l e n g e o n d a y 2 6 . 



RESULTS IMPO 2 

Group PCA RAST IgE IgG 

Negative 0 7.88tl6 5.8-.57 2.18-.09 

Positive 4.04-54 8.8lll2 6.61.5 2.21.11 

1mg 4.431.54 8.95-.14 6.1-.57 2.3-.09 

0.1mg 4.041.6 8.841.12 6.40-.5 2.19-.09 

O.Olmg 3.781.6 8.261.12 6.04-.5 2.41-.11 

Table 3 Primary specific antiovalbumin responses, determined 

by PCA and RAST, and Total IgE and IgG levels in ovalbumin 

immunised animals to be given ammonium tetrachloroplatinate 

II (1, 0.1, 0.01 mg/animals),at the peak of the primary response. 

Values show mean - S.E.Mean. 

Primary Response Table3 

All ovalbumin immunised groups gave responses in the primary 

phase that are non significant with respect to each other as 

determined by Dunnett's 'T
1

 test after ln transformation. 

This experiment also shows the homogeneity of response with 

respect to animal selection and housing. 

Secondary Response (Figure13 

The effect of ammonium tetrachlorplatinate II administered on 

day 14, at the peak of the primary response, produced a 

response similar to IMPO 1 with an enhancement of specific 

ovalbumin antibody determined by PCA. The positive ovalbumin 

controls (6.55-. 17) compared with the 0.01mg ( N H ^ P t C l ^ 

group (7.3-.2) produced a significant elevation of antibody 

titre (p=0.05). Groups receiving the higher doses of platinum 

were insignificant with respect to the positive control as 

determined by Dunnett's 'T' test after ln transformation. 

Again, as in IMPO 1, RAST scores in CPM paralleled PCA 



PCA titre with a significant (p=0.05) enhancement of the 

O.OImg platinum group against the positive ovalbumin control 

whilst all other groups proved negative. 

Total IgE levels in all B.pertussis/ovalbumin groups 

showed elevated levels above the non immunised controls by no 

significant differences between the immunised groups. 

Total IgG levels in platinum treated groups showed 

no significant variation for either the positive or negative 

controls. 

Histamine release studies using ovalbumin as the 

—3 —8 

challenge antigen in doses 10" g - 10" g/ml produced maximal 

release in all groups at 10"^ g/ml with 30% - 3.7 NHR. How-

ever mast cell counts were very low with large PML infiltration. 



LEGEND 

IMPO 2 (NH,)«PtCl. Secondary Response 
4 tl

 1

 • 4 • 

Figure13a Comparison of antiovalbumin PCA titre (•) 

after In transformation (mean - S.E.Mean) between negative 

controls, positive ovalbumin controls and 3 ammonium 

tetrachloroplatinate II treated ovalbumin groups, given 

doses at the peak of the primary response of 1, 0.1, 0.01 

mg/animal. Comparable RAST scores (A) in CPMs after In 

transformation (mean - S.E.Mean) are given on the same 

axis. Significant differences from positive controls 

were determined by Dunnett's
 !

T' test. Where no values 

appear the results were non-significant at p=0.05. 

Figure b Total serum IgE levels for each treatment 

group (mean - S.E.Mean) after In transformation. 

Figure c Total serum IgG levels for each treatment 

group (mean - S.E.Mean) after In transformation. 
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T H E E F F E C T O F AMMONIUM H E X A C H L Q R O P L A T I N A T E I V ( N H ^ P t C l ^ ON 

T H E P R O D U C T I O N O F A N T I B O D Y I N O V A L B U M I N I M M U N I S E D R A T S ( I M P O 3 ) 

A m m o n i u m h e x a c h l o r o p l a t i n a t e I V i s t h e s a l t o f p l a t i n u m 

e n c o u n t e r e d i n t h e r e f i n a r y p r o c e s s a n d i s t h e c a u s a t i v e a g e n t 

o f o c c u p a t i o n a l a s t h m a i n t h o s e w o r k e r s s e n s i t i s e d t o t h e C l g 

s p e c i e s . T h e r e i s v e r y h i g h c r o s s r e a c t i v i t y , a l m o s t e q u i -

2 - 2 -

p o t e n c y , b e t w e e n P t C l ^ a n d P t C l ^ , t h u s a n y e f f e c t s m a n i f e s t e d 

b y o n e s a l t s h o u l d b e c o m e a p p a r e n t i n t h e o t h e r s a l t . T h i s 

e x p e r i m e n t a t t e m p t s t o a s s e s s t h e e f f e c t o f t h i s s a l t o n t h e 

o v a l b u m i n m o d e l . 

A l l a n i m a l s w e r e o b t a i n e d , h o u s e d , f e d , w a s h e d a n d b l e d 

a c c o r d i n g t o p r o c e d u r e s l a i d o u t i n P r o t o c o l 1 . 

G ^ ( 3 ) N e g a t i v e c o n t r o l . 1 0 0 u l s a l i n e I P 
2 -

G 2 ( 6 ) 1 0 u g o v a l b u m i n i n 1 0 0 u l s a l i n e I P + 1mg P t C l ^ i n 

5 0 0 u l s a l i n e I P 
2 -

G ^ ( 6 ) 1 0 u g o v a l b u m i n i n 1 0 0 u l s a l i n e I P + 0 . 1 m g P t C l ^ i n 

1 0 0 u l s a l i n e I P . 
2 -

G ^ ( 6 ) 1 0 u g o v a l b u m i n i n 1 0 0 u l s a l i n e I P + 0 . 0 1 m g P t C l ^ i n 

1 0 0 u l s a l i n e I P 

G ^ ( 4 ) 1 0 u g o v a l b u m i n i n 1 0 0 u l s a l i n e I P . 

( N H 4 ) 2 P t C l g i s l e s s s o l u b l e t h a n ( N H ^ P t C l ^ , t h u s 1mg w a s 

d i s s o l v e d i n 5 0 0 u l a s o p p o s e d t o 1 0 0 u l . 

10 

A l l a n i m a l s r e c e i v e d 1 0 o r g . / a n B . p e r t u s s i s i n 1 0 0 u l s a l i n e 

I P . 

A n i m a l s w e r e b o o s t e d o n d a y 2 1 w i t h 1 u g o v a i n 1 0 0 u l s a l i n e I P 

a n d b l e d o n d a y s 1 2 a n d 2 5 . S e r a c o l l e c t e d w e r e a s s a y e d f o r 

s p e c i f i c a n d t o t a l i m m u n o g l o b u l i n , M a s t c e l l s w e r e h a r v e s t e d o n 

d a y 2 6 f o r a n t i g e n c h a l l e n g e . 



RESULTS IMPO 3 

Group PCA RAST IgE IgG 

Negative 0 8.24-.13 5.5-.38 2.27-.07 

Positive 4.27-.65 8.76-.09 5.98-.29 2.21-.05 

1mg 4.7-.7 8.4-.1 5.8-.34 2.33-0.5 

0.1mg 5.35-.86 8.46- *1 5.67-.3 2.41±.05 

0.01mg 5.1-.7 8.88-.1 6-.3 2.49-.06 

Table 4 Primary specific ovalbumin response, determined by 

PCA and RAST, and Total IgE and IgG in ovalbumin immunised 

animals given ammonium hexachloroplatinate IV (1, 0.1, 0.01 

mg/animal) together with the primary ovalbumin immunisation. 

Values show mean - S.E.Mean. 

Primary Response Table 4 

There are no significant changes in antibody response in 

any of the platinum treated groups when compared with the 

positive ovalbumin control as determined by Dunnett's
 f

T
l 

test after In transformation. 

Secondary Response Figure14 

Ammonium hexachloroplatinate IV administered concurrently 

with ovalbumin in a standard ovalbumin immunisation produced an 

enhancement (p=0.05) of antibody production in the group given 

the lowest dose of this salt in 0.01mg.Whilst neither of the 

other two platinum treated groups demonstrated this effect, 

it is important to note the very large spread of results within 

all groups, with PCA spread of 6.93-9-01 (1024-8192) in group 

0.01mg. This together with very high standard errors of the 

mean in the other groups accounts for the statistical non-

significance of groups. RAST results closely parallel the PCA 

titre with a significant (p:0.05) elevation of CPM in those 



a n i m a l s t r e a t e d w i t h O . O I m g o f t h e h e x a c h l o r o p l a t i n a t e I V . 

T h e r e a r e n o s i g n i f i c a n t d i f f e r e n c e s i n t o t a l I g G l e v e l s w i t h 

r e s p e c t t o t r e a t m e n t w i t h a d j u v a n t a n d / o r p l a t i n u m s a l t , w h i l s t 

t o t a l I g E s h o w s n o s i g n i f i c a n t d i f f e r e n c e b e t w e e n p l a t i n u m 

t r e a t e d a n i m a l s a n d c o n t r o l s . H o w e v e r , t h e r e i s a d i f f e r e n c e 

b e t w e e n n e g a t i v e ( n o n - i m m u n i s e d ) c o n t r o l s a n d p o s i t i v e c o n t r o l s . 

M a s t c e l l c h a l l e n g e o n t r e a t e d g r o u p s w a s u n d e r t a k e n b u t 

c e l l c o u n t s w e r e u n a c c e p t a b l y l o w . N o n - s p e c i f i c h i s t a m i n e 

r e l e a s e i n t h e n e g a t i v e c o n t r o l g r o u p w i t h 1 , 0 . 1 , O . O I m g 

( N H A ) 0 P t C l . w a s 1 0 0 % , 4 5 % a n d 7% r e s p e c t i v e l y . 



LEGEND 

I M P O 3 ( N H ^ P t C l ^ S e c o n d a r y R e s p o n s e 

F i g u r e 1 4 a C o m p a r i s o n o f a n t i o v a l b u m i n P C A t i t r e ( • ) 

a f t e r I n t r a n s f o r m a t i o n ( m e a n - S . E . M e a n ) b e t w e e n n e g a t i v e 

c o n t r o l s , p o s i t i v e o v a l b u m i n c o n t r o l s a n d 3 a m m o n i u m h e x a -

c h l o r o p l a t i n a t e I V t r e a t e d o v a l b u m i n g r o u p s ( 1 , 0 . 1 , 0 . 0 1 

m g / a n i m a l ) . C o m p a r a b l e o v a l b u m i n R A S T s c o r e s ( A ) i n C P M s 

a f t e r I n t r a n s f o r m a t i o n ( m e a n - S . E . M e a n ) a r e g i v e n o n t h e 

s a m e a x i s . 

S i g n i f i c a n t d i f f e r e n c e s f r o m t h e p o s i t i v e 

c o n t r o l s w e r e d e t e r m i n e d b y D u n n e t t ' s ' T 1 t e s t . W h e r e n o 

v a l u e s a p p e a r t h e r e s u l t s w e r e n o n - s i g n i f i c a n t a t p = 0 . 0 5 . 

F i g u r e b T o t a l s e r u m I g E l e v e l s f o r e a c h t r e a t m e n t 

g r o u p ( m e a n - S . E . M e a n ) a f t e r I n t r a n s f o r m a t i o n . 

F i g u r e C 

g r o u p ( m e a n -

T o t a l s e r u m I g G l e v e l s f o r e a c h t r e a t m e n t 

S . E . M e a n ) a f t e r I n t r a n s f o r m a t i o n . 

t 
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D O E S A M M O N I U M - H E X A C H L O R O P L A T I N A T E I V ACT ' P E R S E ' A S AN A D J U V A N T ( I M P O 4 ) 

The tetra and hexachloro salt of platinum are potent 

sensitisers,but they also produce immunopotentiation of an 

ovalbumin response in B.pertussis treated animals. This experi-

ment was designed to show whether the salts are working syner-

gistically with B.pertussis to enhance antibody production or 

that it is working as an adjuvant in its own right. 

Animals were obtained, housed, fed, watered and bled 

according to procedures laid out in Protocol 1. 

G.j(3) Negative controls 100ul saline IP 

G
2
(6) 10ug ovalbumin in 100ul saline IP + 1mg ( N H ^ P t C l g 

in 500ul saline IP. 

G
3
(6) 10ug ovalbumin in 100ul saline IP + 0.1 mg ( N H ^ P t C L g 

in 100ul saline IP. 

G^(6) 10ug ovalbumin in 100ul saline IP + O.OImg (NH^) PtCl
6 

in 100ul saline IP. 

G_(5) 10ug ovalbumin in 100ul saline IP 
b 

10 

Gg(5) 10ug ovalbumin in 100ul saline IP + 10 B.pertussis 

org/an in 200ul saline IP 
(NH.)_ PtCl- was dissolved in 500ul in place of 100ul h 2 o 

because of lack of solubility at this concentration. 

Animals were boosted on day 21 with 1ug ovalbumin in 100ul 

saline IP and bled on days 12 and 25. Sera collected and 

assayed for antiovalbumin activity. Total immunoglobulin 

levels were also measured. 



RESULTS IMPO 4 

GROUP PCA RAST IgE IgG 

Negative 0 7.97 - .18 4.37 - .62 2.66 1 .19 

Positive 4.04 1 2.6 8.8 1 . 14 5.47 - .48 2 . 1 4 ^ .15 

1mg .61 8.47 - .12 4.87 i .44 2.76 1 .13* 

0.1mg 0 7.9 i . 12 4.36 ± .44 2.56 1 .13* 

0.01mg 0 8.1 1 . 12 4.17 - .44 2.98 1 .13** 

OVA 0 8.22 - .14 4.54 - .48 2.68 1 .15 

Table 5 Primary specific antiovalbumin responses determined 

by PCA and RAST and total immunoglobulin levels in ovalbumin 

immunised animals. Positive controls received 10^B.pertussis 

organism as adjuvant. All other groups were given either 

ovalbumin alone or ovalbumin + platinum (1m 0.1, 0.01 mg/animal). 

Significance levels determined by Dunnett's
 f

T' test after ln 

transformation. *= p=0.05, **=p=0.01. Values represent 

In mean - S.E.Mean. 

Primary Results (Table 5 ) 

The positive control produced consistent antibody titres as 

determined by PCA and RAST. All platinum treated groups and the 

ovalbumin (no adjuvant) group failed to produce antibody with the 

exception of 1 animal in the 1mg platinum group. 

Total IgE levels are elevated in the positive control but 

this result is non-significant at p=0.05. 

Total IgG shows elevated levels in all groups, as compared 

with the positive controls. Platinum treated groups 1mg and 

0.01mg show significant elevation at the 5% and 1% respectively. 



S e c o n d a r y R e s p o n s e ( F i g u r e 1 5 ) 

T h e i m m u n o p o t e n i a t i n g a b i l i t y o f a m m o n i u m t e t r a c h l o r o -

p l a t i n a t e a n d h e x a c h l o r o p l a t i n a t e I V i n t h e s e c o n d a r y r e s p o n s e 

h a v e b e e n s h o w n i n e a r l i e r e x p e r i m e n t s . T h e e f f e c t o f t h e 

h e x a c h l o r o s a l t , i n t h e a b s e n c e o f a d j u v a n t , o n t h e a n t i b o d y 

p r o d u c e d i n o v a l b u m i n i m m u n i s e d a n i m a l s h a s n o t p r o d u c e d a n y 

e v i d e n c e o f r e a g i n i c a n t i b o d y s y n t h e s i s a n d t h u s i s n o t w o r k i n g 

a s a c o n v e n t i o n a l a d j u v a n t . T h e r a t i s n o t c a p a b l e o f i n d u c i n g 

a n t i b o d y s y n t h e s i s t o a p r o t e i n a n t i g e n , i . e . o v a l b u m i n w i t h o u t 

t h e e x t e r n a l s t i m u l u s o f a n a d j u v a n t . T h e p o s i t i v e c o n t r o l o f 

o v a l b u m i n + B . p e r t u s s i s p r o d u c e d a P C A t i t r e o f 6 . 6 - . 3 6 . 

T h e p l a t i n u m t r e a t e d a n i m a l s i n 1mg p l a t i n u m g r o u p p r o d u c e d 1 

a n i m a l w i t h a P C A t i t r e o f 4 . 6 . T h i s w a s t h e o n l y p o s i t i v e 

a n i m a l . 

R A S T r e s u l t s s h o w n a n e l e v a t i o n o f CPM f o r t h e O v a + 

B . p e r t u s s i s g r o u p ( p = 0 . 0 1 ) o v e r a l l t h e o t h e r g r o u p i n g s 

( c o n f i r m i n g t h e g e n e r a l l a c k o f a n t i b o d y s y n t h e s i s ) . T o t a l 

I g E s h o w s t h e c o n s i s t e n t l y m a r k e d e l e v a t i o n i n t h e O v a - B p 

t r e a t e d g r o u p ( 6 . 6 - . 3 6 m g / m l ) a b o v e t h e n e g a t i v e c o n t r o l 

( 4 . 7 t . 4 7 ) . H o w e v e r , t h i s i n c r e a s e i s n o t m a n i f e s t e d i n a n y 

o f t h e p l a t i n u m t r e a t e d g r o u p s , i n d i c a t i v e o f t h e f a c t t h a t 

t h e B . p e r t u s s i s i s t h e c a u s a l a g e n t f o r i n c r e a s e d a n t i b o d y 

s y n t h e s i s a n d n o t t h e p l a t i n u m . T o t a l I g G l e v e l i n a l l g r o u p s 

w i t h t h e e x c e p t i o n o f t h e O v a + B . p e r t u s s i s p o s i t i v e c o n t r o l s 

( 9 . 1 5 m g / m l ) s h o w s g r e a t l y e l e v a t e d I g G l e v e l s o v e r 2 0 m g / m l 

i n c l u d i n g t h e n e g a t i v e n o n - i m m u n i s e d c o n t r o l s . T h i s e n h a n c e m e n t 

m a y w e l l b e d u e t o e x t e r n a l e n v i r o n m e n t a l a g e n t s . 



LEGEND 

I M P O 4 ( N H ^ ) 2 P t C l , c S e c o n d a r y R e s p o n s e 

F i g u r e 1 5 a C o m p a r i s o n o f a n t i o v a l b u m i n 

P C A t i t r e ( • ) a f t e r I n t r a n s f o r m a t i o n ( m e a n - S . E . M e a n ) 

b e t w e e n n e g a t i v e c o n t r o l s , o v a l b u m i n i m m u n i s e d a n i m a l s 

w i t h n o a d j u v a n t ( O V A ) , o v a l b u m i n + B . p e r t u s s i s ( P O S ) 

a n d 3 a m m o n i u m h e x a c h l o r o p l a t i n a t e I V t r e a t e d o v a l b u m i n , 

n o B . p e r t u s s i s , g r o u p s ( 1 , 0 . 1 , 0 . 0 1 m g / a n i m a l ) . 

C o m p a r a b l e R A S T s c o r e s ( A ) i n C P M s a f t e r I n t r a n s f o r -

a t i o n ( m e a n - S . E . M e a n ) a r e g i v e n o n t h e s a m e a x i s . 

S i g n i f i c a n t d i f f e r e n c e s f r o m 

p o s i t i v e c o n t r o l w e r e d e t e r m i n e d b y D u n n e t t ' s f T f 

t e s t . W h e r e n o v a l u e s a p p e a r t h e r e s u l t s w e r e n o n -

s i g n i f i c a n t a t p = 0 . 0 5 . 

F i g u r e b T o t a l s e r u m I g E l e v e l s f o r e a c h 

t r e a t m e n t g r o u p ( m e a n - S . E . M e a n ) a f t e r I n t r a n s f o r m -

a t i o n . S i g n i f i c a n t d i f f e r e n c e s w e r e d e t e r m i n e d b y 

D u n n e t t ' s ' T ' t e s t . 

F i g u r e C T o t a l s e r u m I g G l e v e l s f o r e a c h 

t r e a t m e n t g r o u p ( m e a n - S . E . M e a n ) a f t e r I n t r a n s f o r m -

a t i o n . S i g n i f i c a n t d i f f e r e n c e s w e r e d e t e r m i n e d b y 

D u n n e t t ' s , ' T ' t e s t . 
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T H E E F F E C T O F D I C H L O R O D I A M M I N E P L A T I N U M ( C i s D P P ) ON T H E 

P R O D U C T I O N O F _ A N T I B O D Y I N O V A L B U M I N I M M U N I S E D R A T S ( I M P O 5 ) 

D i c h l o r o d i a m m i n e p l a t i n u m i s a p o t e n t a n t i t u m o u r 

c o m p o u n d i n i t s C i s c o n f i g u r a t i o n ( R o s e n b e r g e t a l . 1 9 6 9 ) . T h i s 

c o m p o u n d w a s c h o s e n a s b e i n g l o w e r d o w n i n t h e s k i n t e s t c r o s s -

r e a c t i v i t y s t u d i e s ( C l e a r e e t a l . , 1 9 7 6 ) , y e t s t i l l p o s s e s s i n g 

b i - f u n c t i o n a l c h l o r i n e a t o m s . 

A n i m a l s w e r e o b t a i n e d , h o u s e d , f e d , w a t e r e d a n d b l e d 

a c c o r d i n g t o p r o c e d u r e s l a i d o u t i n P r o t o c o l 1 . 

G ^ ( 4 ) N e g a t i v e c o n t r o l s 1 0 0 u l s a l i n e I P 

G 2 ( 5 ) 1 0 u g o v a i n 1 0 0 u l s a l i n e I P + 1mg D D P i n 5 0 0 u l 

s a l i n e I P . 

G 3 ( 5 ) 1 0 u g o v a i n 1 0 0 u l s a l i n e I P + 0 . 1 m g D D P i n 1 0 0 u l 

s a l i n e 1 0 

G a ( 5 ) 1 0 u g o v a i n 1 0 0 u l s a l i n e I P + 0 . 0 1 m g D D P i n 1 0 0 u l 

s a l i n e I P 

G _ ( 5 ) 1 0 u g o v a i n 1 0 0 u l s a l i n e I P 
b 

10 

A l l a n i m a l s r e c e i v e d B . p e r t u s s i s a s a d j u v a n t a t 10 

o r g / a n i m a l I P . 

A n i m a l s w e r e b o o s t e d o n d a y 2 1 w i t h 1 u g o v a i n 1 0 0 u l s a l i n e 

I P a n d b l e d a t t h e p e a k o f t h e p r i m a r y a n d s e c o n d a r y r e s p o n s e s 

o n d a y s 1 2 a n d 2 5 r e s p e c t i v e l y . 

S e r a w e r e t e s t e d f o r s p e c i f i c o v a l b u m i n a n t i b o d y b y P C A , 

R A S T a n d h i s t a m i n e r e l e a s e f r o m M A S T c e l l s . S o l u b i l i t y o f 

D D P i n s a l i n e a t 2 5 ° C i s 2 . 5 3 m g / m l . T h u s 5 0 0 u l w a s n e e d e d t o 

i n j e c t 1 m g . H o w e v e r t h i s d o s e i s a p p r o a c h i n g t h e L D 5 0 o f t h i s 

c o m p o u n d . 



RESULTS IMPO 5 

G R O U P P C A R A S T I g E I g G 

N e g a t i v e 0 8 . 2 1 . 1 6 . 6 6 i . 4 8 2 . 1 8 1 . 1 

P o s i t i v e 1 . 9 9 t . 4 5 8 . 6 6 - . 1 7 . 1 2 t . 4 8 2 . 3 2 - . 0 9 

1mg 3 . 5 i . 5 2 8 . 5 i . 1 2 6 . 5 - . 5 6 2 . 0 9 - . 0 9 

0 . 1 m g 3 . 5 ; . 5 2 8 . 8 t 1 2 7 . 9 1 . 5 6 2 . 3 4 - . 1 

O . O I m g 2 . 2 ± . 6 4 8.2 t . 1 2 6 . 5 8 t . 4 8 2 . 3 - . 0 9 

T a b l e 6 P r i m a r y s p e c i f i c a n t i o v a l b u m i n r e s p o n s e s d e t e r m i n e d 

b y P C A a n d R A S T a n d t o t a l i m m u n o g l o b u l i n l e v e l s i n o v a l b u m i n 

i m m u n i s e d a n i m a l s . A n i m a l s w e r e i m m u n i s e d o n d a y 1 a n d g i v e n 

d i c h l o r o d i a m m i n e p l a t i n u m I I i n d o s e s 1 , 0 . 1 , 0 . 0 1 m g / a n i m a l 

i . p . c o n c u r r e n t l y w i t h t h e o v a l b u m i n . V a l u e s r e p r e s e n t I n m e a n 

- S . E . M e a n . 

P r i m a r y R e s u l t s T a b l e 6 

T h e r e s u l t s f o r b o t h P C A a n d R A S T w e r e n o n - s i g n i f i c a n t f o r 

a l l t r e a t m e n t g r o u p s w i t h r e s p e c t t o t h e p o s i t i v e c o n t r o l s . T h e r e 

w a s a p r o g r e s s i v e d e c l i n e i n P C A t i t r e w i t h r e s p e c t t o d o s e . T h e 

l o w e s t d o s e s p r o d u c i n g t h e l o w e r t i t r e . R A S T s c o r e s d i d n o t 

c o r r e l a t e w e l l w i t h P C A d a t a . H o w e v e r , t h e s e r e s u l t s m u s t b e 

v i e w e d w i t h s o m e c a u t i o n i n t h a t t h e r e w e r e o n l y s m a l l n u m b e r s p e r 

g r o u p r e s u l t i n g f r o m t h e t o x i c i t y o f t h e c o m p o u n d u s e d a t t h e 

a b o v e d o s e s . T h e r e w e r e n o s i g n i f i c a n t c h a n g e s i n t o t a l i m m u n o -

g l o b u l i n l e v e l s f o r a n y t r e a t m e n t g r o u p . 

S e c o n d a r y R e s p o n s e ( F i g u r e 1 6 ) 

D i c h l o r o d i a m m i n e p l a t i n u m I I ( C i s D D P ) p r o d u c e d a m a r k e d 

r e d u c t i o n i n s p e c i f i c a n t i b o d y s y n t h e s i s a t a l l t h e d o s e s u s e d , 

a g a i n a s i n t h e h e x a a n d t e t r a c h l o r o p l a t i n a t e I I , t h e r e w a s a n 

i n v e r s e d o s e d e p e n d e n c y . T h e h i g h e s t d o s e o f DDP a t 8 m g / k g 

i s a p p r o a c h i n g t h e L D n f o r t h i s d r u g a n d a p p r o x i m a t e l y h a l f t h e 



a n i m a l s i n t h i s g r o u p d i e d p r i o r t o s e c o n d a r y b o o s t i n g . T h o s e 

s u r v i v i n g w e r e g r o s s l y u n d e r w e i g h t . T h u s t h e s e a n i m a l s w e r e n o t 

i n a s t a t e o f w e l l - b e i n g o r i n l a r g e e n o u g h n u m b e r s f o r a c c u r a t e 

s t a t i s t i c a l a n a l y s i s . B o t h o t h e r p l a t i n u m g r o u p s p r o d u c e d 

m a r k e d l y d i m i n i s h e d r e a g i n i c a n t i b o d y a c t i v i t y ( p = 0 . 0 1 ) w i t h I n 

P C A t i t r e s b e t w e e n 4 - 5 ( 5 4 - 1 4 8 ) . 

R A S T r e s u l t s d i d n o t c o n f i r m t h e o r i g i n a l P C A f i n d i n g b u t 

a l l g r o u p v a l u e s w e r e n o n - s i g n i f i c a n t w i t h r e s p e c t t o b o t h t h e 

p o s i t i v e a n d n e g a t i v e c o n t r o l . T o t a l I g E l e v e l s s h o w e d t h e 

c h a r a c t e r i s e d e n h a n c e m e n t b e t w e e n t h e n o n - i m m u n i s e d a n d p o s i t i v e 

c o n t r o l s b u t w h i l s t t h e r e w a s d i m u n i t i o n o f P C A r e s p o n s e w i t h 

t r e a t m e n t , t h e r e w a s e n h a n c e m e n t o f t o t a l I g E l e v e l s w i t h t h e 

h i g h e r l e v e l s ( 7 . 3 5 - . 3 5 = 0 . 0 1 ) b e i n g a t a d o s e w h i c h p r o d u c e d 

n e a r f a t a l i t y . T h u s I g E p o t e n t i a t i o n a b o v e c o n t r o l w a s d o s e 

d e p e n d e n t , a n d b e c a m e n o n - s i g n i f i c a n t a t 0 . 0 1 m g / a n i m a l . 

T o t a l I g G l e v e l s s h o w e d n o s i g n i f i c a n t c h a n g e i n a n y g r o u p , 

w i t h t h e r a n g e o f l e v e l s b e t w e a i 2 . 2 5 - 3 - . 1 ( 9 . 5 - 2 0 m g / m l ) . 

H i s t a m i n e r e l e a s e s t u d i e s f a i l e d t o s h o w a n y d i f f e r e n c e s i n 

r e l e a s a b i l i t y w i t h d e c r e a s i n g o v a l b u m i n c o n c e n t r a t i o n i n t h e 

- 3 - 8 

r a n g e 1 0 ~ g - 1 0 ~ g m / m l o r i n c r e a s e d s p o n t a n e o u s r e l e a s e w i t h 

1 0 0 u g o r 1 0 u g D D P . T h e r e w e r e g r e a t l y d i m i n i s h e d m a s t c e l l n u m b e r s 

w t i h l a r g e p o l y m o r p h o n u c l e a r l e u c o c y t e i n f i l t r a t i o n . T h i s 

e f f e c t w a s e v i d e n t i n t h e n o n - i m m u n i s e d n e g a t i v e c o n t r o l s , b u t 

t o a f a r l e s s e r e x t e n t . 



LEGEND 

I M P O 5 ( N H 3 ) 2 P t C l 2 S e c o n d a r y R e s p o n s e 

F i g u r e 1 6 a C o m p a r i s o n o f a n t i o v a l b u m i n P C A t i t r e 

( • ) a f t e r I n t r a n s f o r m a t i o n ( m e a n - S . E . M e a n ) b e t w e e n 

n e g a t i v e c o n t r o l s , p o s i t i v e o v a l b u m i n c o n t r o l s , a n d 3 c i s -

D i c h l o r o d i a m m i n e p l a t i n u m I I t r e a t e d o v a l b u m i n g r o u p s 

( 1 , 0 . 1 , 0 . 0 1 m g / a n i m a l ) . C o m p a r a b l e R A S T s c o r e s ( A ) i n 

C P M s a f t e r I n t r a n s f o r m a t i o n ( m e a n i S . E . M e a n ) a r e g i v e n 

o n t h e s a m e a x i s . 

S i g n i f i c a n t d i f f e r e n c e s f r o m t h e 

p o s i t i v e c o n t r o l s w e r e d e t e r m i n e d b y D u n n e t t ' s ' T ' t e s t . 

W h e r e n o v a l u e s a p p e a r t h e r e s u l t s w e r e n o n - s i g n i f i c a n t a t 

p = 0 . 0 5 . 

F i g u r e b T o t a l s e r u m I g E l e v e l s f o r e a c h 

t r e a t m e n t g r o u p ( m e a n - S . E . M e a n ) a f t e r I n t r a n s f o r m a t i o n . 

S i g n i f i c a n c e l e v e l s w e r e d e t e r m i n e d b y D u n n e t t ' s ' T ' t e s t . 

F i g u r e C T o t a l s e r u m I g G l e v e l s f o r e a c h 

t r e a t m e n t g r o u p ( m e a n - S . E . M e a n ) a f t e r I n t r a n s f o r m a t i o n . 

S i g n i f i c a n c e l e v e l s w e r e d e t e r m i n e d b y D u n n e t t ' s ' T ' t e s t . 



In IgG mg/ml In IgE ng/ml In PCA Titre 

In RAST CPM. 
2 * £ 
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T H E E F F E C T O F D I C E S I U M T R I C H L O R O N I T R O P L A T I N A T E C s ^ P t C N C O C l 

T H E P R O D U C T I O N O F A N T I B O D Y I N O V A L B U M I N I M M U N I S E D R A T S ( I M P O 6 ) 

I n s k i n t e s t c r o s s r e a c t i v i t y s t u d i e s ( C l e a r e e t a l . , 1 9 7 6 ) 

i t w a s s h o w n t h a t t h e r e i s p r o g r e s s i v e l y l e s s s k i n t e s t c r o s s -

2 -

r e a c t i v i t y i n t h e s e s u b j e c t s s e n s i t i s e d t o P t C l g s p e c i e s a s 

t h e n u m b e r o f h a l i d e l i g a n d s i n t h e p l a t i n u m s a l t d e c r e a s e s . 

T h e c e s i u m s a l t c o n t a i n s 3 s u c h h a l i d e l i g a n d s . T h i s e x p e r i m e n t 

s e t o u t t o a s s e s s t h e d e g r e e o f p o s s i b l e p o t e n t i a t i o n . 

A n i m a l s w e r e o b t a i n e d , h o u s e d , f e d , w a t e r e d a n d b l e d 

a c c o r d i n g t o p r o c e d u r e s l a i d o u t i n P r o t o c o l 1 . 

G<| ( 3 ) N e g a t i v e c o n t r o l s 1 0 0 u l s a l i n e I P 

G 2 ( 5 ) 1 0 u g o v a l b u m i n i n 1 0 0 u l s a l i n e I P + 1mg C s 2 P t ( N 0 2 ) 

C l 3 i n 5 0 0 u l s a l i n e I P 

G 3 ( 5 ) 1 0 u g o v a l b u m i n i n 1 0 0 u l s a l i n e I P + 0 . 1 m g C s 2 P t ( N C > 2 ) 

C 1 3 i n 5 0 0 u l s a l i n e I P 

G 4 ( 5 ) 1 0 u g o v a l b u m i n i n 1 0 0 u l s a l i n e I P + 0 . 0 1 m g C s 2 P t ( N 0 2 ) 

C 1 3 i n 5 0 0 u l s a l i n e I P 

G _ ( 5 ) 1 0 u g o v a l b u m i n i n 1 0 0 u l s a l i n e I P 
5 

A l l a n i m a l s r e c e i v e d 1 0 ^ o r g / a n B . p e r t u s s i s i n 1 0 0 u l s a l i n e 

I P . 

A n i m a l s w e r e b o o s t e d o n d a y 2 1 w i t h 1 u g o v a l b u m i n i n 1 0 0 u l 

s a l i n e I P a n d b l e d o n d a y s 1 2 a n d 2 5 . S e r a w e r e c o l l e c t e d f o r 

s p e c i f i c a n d t o t a l i m m u n o g l o b u l i n l e v e l s . M a s t c e l l s w e r e 

h a r v e s t e d o n d a y 2 6 f o r a n t i g e n c h a l l e n g e . 



RESULTS IMPO 3770 

GROUP PCA RAST IgE IgG 

Negative 0 8.35 - .19 6.05 - .32 1.93 - .15 

Positive 5.5 - 1.14 8.8 - . 16 6.91 - .28 2.05 - .13 

1mg 3.67 - .82 8.6 - 16 7.08 - .28 2.12 - .13 

0.1mg 3.2 - .82 8.58 - .16 7.39 - .28 2.04 - .13 

0.01mg 3.67 - .82 8.65 - .16 7.18 - .28 2.28 - .13 

Table 7 primary specific antiovalbumin responses 

determined by PCA and RAST and total immunoglobulin levels in 

ovalbumin immunised animals. Animals were immunised on day 1 

and given dicesium trichloronitroplatinate in doses 1, 0.1, 

0.01mg/animal i.p. concurrently with the ovalbumin. Values 

represent In mean - S.E.Mean. 

Primary Results 

There were no significant differences between any of the 

treatment groups and the positive controls with respect to any 

of the parameters measured. Total IgE production was enhanced 

in all the immunised group with respect to the negative control. 

Secondary Results (Figure17 ) 

Dicesium trichloronitroplatinate, a platinum salt not 

encountered in the refinary process but still containing 

some degree of cross-reactivity with the hexa and tetrachloro-

platinate did not show any degree of immunopotentiation at any 

of the doses used when compared with the positive ovalbumin 

control. 

There were no significant differences between total IgE 

levels for any of the group. However, the characteristically 

enhanced total IgE for the positive control over the negative 

control was lacking. The negative control values of 
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7.15 - .35 is substantially higher than that found in any other 

experiment (5.67 - .22). Total IgG levels do not change with 

respect to treatment 

Histamine release from mast cells using ovalbumin challenge 

-3 -8 

at 10~ - 10" g/ml produced uniform release with dose, with 

the greatest release in the 1mg group 30% NHR, 0.1mg 23% NHR, 

0.01mg 16.5%. Positive controls uniformly released 21%. Non-

specific histamine release from the platinum compound at 100ug/ml 

was 7.4% - .78. 



LEGEND 

I M P O 6 C s ^ P t ( N O _ ) 0 1 o S e c o n d a r y R e s p o n s e 
• •

 1

 2 2 3 '
 1 1

 *
 1 

F i g u r e 1 7 a C o m p a r i s o n o f a n t i o v a l b u m i n P C A ( • ) 

t i t r e a f t e r l n t r a n s f o r m a t i o n b e t w e e n n e g a t i v e c o n t r o l s , 

p o s i t i v e o v a l b u m i n c o n t r o l s , a n d 3 D i c e s i u m t r i c h l o r o -

n i t r o p l a t i n a t e t r e a t e d o v a l b u m i n g r o u p s ( 0 1 , 0 . 1 , 0 . 1 

m g / a n i m a l ) . C o m p a r a b l e R A S T s c o r e s ( A ) C P M s a f t e r l n 

t r a n s f o r m a t i o n ( m e a n 1 S . E . M e a n ) a r e g i v e n o n t h e s a m e 

a x i s . 

F i g u r e b T o t a l s e r u m I g E l e v e l s f o r e a c h 

t r e a t m e n t g r o u p ( m e a n - S . E . M e a n ) a f t e r l n t r a n s f o r m -

a t i o n . 

F i g u r e C T o t a l s e r u m I g G l e v e l s f o r e a c h 

t r e a t m e n t g r o u p ( m e a n 1 S . E . M e a n ) a f t e r l n t r a n s f o r m -

a t i o n . 
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T H E E F F E C T O F T E T R A M M I N E I P L A T I N U M P M N H ^ C l , , ON T H E P R O D -

U C T I O N O F A N T I B O D Y I N O V A L B U M I N I M M U N I S E D A N I M A L S ( I M P O 7 ) 

T h i s s a l t i s c o n s i d e r e d t o b e i n e r t i n t e r m s o f s k i n t e s t 

c r o s s - r e a c t i v i t y ( C l e a r e e t a l . 1 9 7 6 ) a n d c h e m i c a l r e a c t i v i t y 

d u e t o t h e 4 a m i n e g r o u p s i n t h e s q u a r e p l a n a r s t r u c t u r e . 

T h e r e f o r e t h i s s a l t s h o u l d h a v e v e r y l i t t l e e f f e c t o n a n t i b o d y 

p r o d u c t i o n d u e t o i t s n o n - r e a c t i v i t y . 

A n i m a l s w e r e o b t a i n e d , h o u s e d , f e d , w a t e r e d a n d b l e d 

a c c o r d i n g t o p r o c e d u r e s l a i d o u t i n P r o t o c o l 1 . 

G ^ ( 3 ) N e g a t i v e c o n t r o l s 1 0 0 u l s a l i n e I P 

G 2 ( 8 ) 1 0 u g o v a l b u m i n i n 1 0 0 u l s a l i n e I P + 1mg P t ( N H 3 ) 4 

C l 2 i n 1 0 0 u l s a l i n e I P 

G 3 ( 8 ) 1 0 u g o v a l b u m i n i n 1 0 0 u l s a l i n e I P + 0 . 1 m g P t ( N H 3 ) ^ 

C l 2 i n 1 0 0 u l s a l i n e I P 

G 4 ( 8 ) 1 0 u g o v a l b u m i n i n 1 0 0 u l s a l i n e I P + O . O I m g P t ( N H 3 ) 4 

C l 2 i n 1 0 0 u l s a l i n e I P 

G _ ( 5 ) 1 0 u g o v a l b u m i n i n 1 0 0 u l s a l i n e I P 
b 

10 

A l l a n i m a l s r e c e i v e d 1 0 o r g / a n B . p e r t u s s i s i n 1 0 0 u l 

s a l i n e I P . 

S e r a - w e r e c o l l e c t e d a n d a s s a y e d f o r a n t i o v a l b u m i n a c t i v i t y . 

M a s t c e l l s w e r e h a r v e s t e d o n d a y 2 6 a n d p r e p a r e d f o r a n t i g e n 

c h a l l e n g e . 

R E S U L T S I M P O 7 

G R O U P P C A R A S T I g E I g G 

N e g a t i v e 0 7.8 - . 18 4.51 - . 1 3 1.41 i .11 

P o s i t i v e 3.77 1 .45 8.46 - .1 5.67 - .28 1.42 i .07 

1mg 3.89 - .35 8.5 - . 08 5.87 - .22 1.33 - .07 

0.1mg 4.48 1 .35 8.55 - .08 5.4 1 . 37 1.53 - .07 

O . O I m g 4.19 i .38 8.40 t .08 6.5 i . 22 1.3 ; . 07 



Table8 Primary specific antiovalbumin responses, determined 

by PCA and RAST, and total IgE and IgG levels in animals 

immunised with ovalbumin. Animals were immunised on day 1 and 

given tetrammine platinum in doses 1,g, 0.1mg, 0.01mg/animal 

concurrently with the ovalbumin. Values represent In mean 

- S.E.Mean. 

Primary Results (Table 8 ) 

There were no significant differences in any of the 

treatment group when compared with the positive controls for 

any of the parameters measured. Total IgE levels still showed 

the characteristic increase between the negative and positive 

controls. 

Secondary Results (»Figure18) 

The salt, (NH^J^PtCl^ is considered inert in terms of 

skin test cross reactivity and is postulated to have little 

effect in the immunopotentiation model. PCA and RAST failed 

to detect any significant difference between the positive 

control and any of the treated groups. 

Total IgE levels were non significant with respect 

to treatment groups but there was the characteristic increase 

between negative and positive controls. 

Total IgG levels were unchanged between negative and 

positive controls and the various groups. 

Histamine release from mast cells proved increasingly 

difficult as the number of mast cells decreased as compared with 

the negative controls. 

Mast cells in this experiment were withdrawn by injecting 

under ether anaesthetic 10ml of HEPES-A i.p. and massaging the 



a b d o m e n f o r 1 m i n u t e . S e v e n t o e i g h t m l o f t h e m a s t c e l l 

s u s p e n s i o n w a s w i t h d r a w n a n d c e l l s c o u n t e d . M a s t c e l l c o u n t s 

w e r e u n a c c e p t a b l y l o w , t h u s i n v i v o m a s t c e l l c h a l l e n g e w a s 

p e r f o r m e d . T h i s t e s t i s f a r l e s s f l e x i b l e a n d i t a l l o w s o n l y 

1 a n t i g e n c o n c e n t r a t i o n t o b e u s e d , b u t d o e s a l l o w f o r s o m e 

d e g r e e o f s e m i q u a n t i t a t i v e h i s t a m i n e r e l e a s e s t u d y t o b e 

p e r f o r m e d . 

F i v e h u n d r e d u l o f 1% E v a n s b l u e d y e w a s i n j e c t e d 

i . v . , v i a t h e t a i l v e i n , 2 0 m i n u t e s b e f o r e c h a l l e n g e . O n e m g 

o v a l b u m i n i n 5 0 0 u l sa l ine w a s i n j e c t e d i . p . a n d t h e a n i m a l l e f t 

2 0 m i n u t e s b e f o r e b e i n g s a c r i f i c i e d . F i v e m l H E P E S - A w a s 

i n j e c t e d i . p . a n d t h e a b d o m e n m a s s a g e d . 

T h e a b d o m e n o p e n e d a n d 5 m l o f t h e f l u i d w i t h d r a w n a n d 

t h e e x t r a v a s a t e d d y e , b r o u g h t a b o u t t h r o u g h m e s e n t e r i c m a s t 

c e l l d e g r a n u l a t i o n , r e s u l t i n g i n a m i n e r e l e a s e a n d v a s c u l a r 

p e r m e a b i l i t y , m e a s u r e d c o l o u r i m e t r i c a l l y . 

R e s u l t s s h o w e d n o s i g n i f i c a n t d i f f e r e n c e s b e t w e e n 

i m m u n i s e d g r o u p s . P o s i t i v e c o n t r o l s . 5 5 1 6 - . 2 2 , 1mg 

0 . 6 0 5 - . 1 5 , 0 . 1 m g 0 . 5 7 9 - . 0 2 , 0 . 0 1 m g 0 . 6 6 4 - . 2 5 . N e g a t i v e 

c o n t r o l s g a v e a r e a d i n g o f 0 . 1 0 9 - . 0 8 . 



LEGEND 

I M P O 7 ( N H ^ P t C l , , S e c o n d a r y R e s p o n s e 

F i g u r e 1 8 a C o m p a r i s o n o f a n t i o v a l b u m i n P C A t i t r e ( • ) 

a f t e r I n t r a n s f o r m a t i o n ( m e a n - S . E . M e a n ) b e t w e e n 

n e g a t i v e c o n t r o l s , p o s i t i v e o v a l b u m i n c o n t r o l s , a n d 3 

t e t r a m m i n e p l a t i n u m t r e a t e d o v a l b u m i n g r o u p s ( 1 , 0 . 1 , 

0 . 0 1 m g / a n i m a l ) . C o m p a r a b l e R A S T s c o r e s ( A ) i n C P M s 

a f t e r I n t r a n s f o r m a t i o n ( m e a n - S . E . M e a n ) a r e g i v e o n 

t h e s a m e a x i s . 

F i g u r e b T o t a l s e r u m I g E l e v e l s f o r e a c h t r e a t m e n t 

g r o u p ( m e a n - S . E . M e a n ) a f t e r I n t r a n s f o r m a t i o n . 

F i g u r e c T o t a l s e r u m I g G l e v e l s f o r e a c h t r e a t m e n t 

g r o u p ( m e a n - S . E . M e a n ) a f t e r I n t r a n s f o r m a t i o n . 



In IgG mg/ml In IgE ng/ml 
IS) M 

In PCATitre antiovalbumin 

In RAST CPM 
2 £ § S S 1 

oo S to 00 S 
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T H E E F F E C T S O F AMMONIUM P E N T A C H L O R O R H O D A T E ( N H , ) „ R h I I I C l - i H ^ O 
4 2 j er— 

ON A N T I B O D Y , P R O D U C T I O N I N O V A L B U M I N I M M U N I S E D R A T S ( I M P O 8 ) 

T h e r e a r e v e r y c l o s e c h e m i c a l s i m i l a r i t i e s b e t w e e n t h e 

p e n t a c h l o r i d e s a l t o f r h o d i u m a n d t h e t e t r a a n d h e x a c h l o r o 

s a l t o f p l a t i n u m . T h e e f f e c t s o f t h i s c o m p o u n d w e r e i n v e s t i g a t e d 

u s i n g t h e o v a l b u m i n m o d e l . 

A n i m a l s w e r e o b t a i n e d , h o u s e d , f e d , w a t e r e d a n d b l e d 

a c c o r d i n g t o p r o c e d u r e s l a i d o u t i n P r o t o c o l 1 . 

G ^ ( 3 ) N e g a t i v e c o n t r o l s 1 0 0 u l s a l i n e I P 

G ( 8 ) 1 0 u g o v a l b u m i n i n 1 0 0 u l s a l i n e I P + 1mg R h C l _ i n 
2 b 

1 0 0 u l s a l i n e I P 

2„ 
G ( 8 ) l O u g o v a l b u m i n i n 1 0 0 u l s a l i n e I P + 0 . 1 m g R h C l _ 

3 b 

i n 1 0 0 u l s a l i n e I P 

G ^ ( 8 ) 1 0 u g o v a l b u m i n i n 1 0 0 u l s a l i n e I P 

Q ( 5 ) II II II II II II 
5 

10 

A l l a n i m a l s r e c e i v e d 1 0 . B . p e r t u s s i s o r g / a n I P i n 1 0 0 u l 

s a l i n e . 

A n i m a l s w e r e b o o s t e d o n d a y 2 1 w i t h 1 u g o v a l b u m i n i n 1 0 0 u l 

s a l i n e w i t h o u t a d j u v a n t i n s a l t a n d w e r e b l e d o n d a y s 1 2 a n d 2 5 . 

S e r a c o l l e c t e d w e r e u s e d f o r s p e c i f i c a n d t o t a l i m m u n o g l o b u l i n 

m e a s u r e m e n t s . M a s t c e l l s w e r e h a r v e s t e d f o r a n t i g e n c h a l l e n g e 

o n d a y 2 6 . 



RESULTS IMPO 8 

GROUP PCA RAST IgE IgG 

Negative 0 7.9 1 . 2 3.76 - .48 2.23 - .25 

Positive 4. 17 i 1.4 8.41 i .15 5.31 - .37 2.7 - . 2 

1mg 3. 5 - . 82 8.45 - .11 5.01 - .29 2.73 - .15 

0.1mg 4. 17 i 1.4 8.3 - . 11 4.3 t .29 2.48 - .15 

0.01mg 2. 83 t 1.4 8.39 - .11 4.49 - .29 2.38 1 .15 

Table9 Primary specific antiovalbumin responses, determined by 

PCA and RAST, and total IgE and IgG levels in animals immunised 

wtih ovalbumin. Animals were given ammonium pentachlororhodate 

in doses 1, 0.1, 0.01mg/animal on day 1 concurrent with the 

primary ovalbumin injection. Values represent In mean - S.E.Mean. 

Primary Results (Table 9) 

There were no significant changes in specific or total 

immunoglobulin levels with respect to rhodium treatment when 

compared with the positive control. Total IgE levels still showed 

a significant rise between negative and positive controls. 

Secondary Results (Figure 19) 

Using the rhodium salt as a possible potentiating agent 

there was found not to be any degree of immunopotentiation at 

any of the rhodium doses used as determined by PCA or RAST. 

There was the characteristic enhancement of total IgE in 

the positive control group when compared with the negative 

control but no significant difference between any of the other 

rhodium treated group. 

IgG in all the immunised groups showed levels above 20mg/ml 

which may be associated with environmental agents outside the 

immunisation protocol. 



Mast cell counts in this experiment were often less than 

10 cells/ml which makes them unacceptable for use. Negative 

control values were 10 fold higher and allowed non-specific 

histamine release studies using (NH.)_RhIIICl_:H_0 at 100ug/ml 

h 2 b ^ 

with spontaneous release at 5% - .7 and at 10ug/ml where 

release was 0%. 



LEGEND 

1 M P 0 8 ( N H ^ R h l l l C l i H ^ O S e c o n d a r y R e s p o n s e 

F i g u r e 1 9 a C o m p a r i s o n o f a n t i o v a l b u m i n P C A t i t r e 

( • ) a f t e r I n t r a n s f o r m a t i o n ( m e a n - S . E . M e a n ) b e t w e e n 

n e g a t i v e c o n t r o l s , p o s i t i v e o v a l b u m i n c o n t r o l s , a n d 3 

a m m o n i u m p e n t a c h l o r o r h o d a t e t r e a t e d o v a l b u m i n g r o u p s 

( 1 , 0 . 1 , 0 . 0 1 m g / a n i m a l ) . C o m p a r a b l e R A S T s c o r e s ( A ) i n 

C P M s a f t e r I n t r a n s f o r m a t i o n ( m e a n - S . E . M e a n ) a r e g i v e n 

o n t h e s a m e a x i s . 

F i g u r e b T o t a l s e r u m I g E l e v e l s f o r e a c h 

t r e a t m e n t g r o u p ( m e a n - S . E . M e a n ) a f t e r I n t r a n s f o r m a t i o n . 

F i g u r e C T o t a l s e r u m I g G l e v e l s f o r e a c h 

t r e a t m e n t g r o u p ( m e a n - S . E . M e a n ) a f t e r I n t r a n s f o r m a t i o n . 



In IgG mg/ml In IgE ng/ml 

h h 

In PCA Titre antiovalbumin 
n u » ul ® »j « ® 

In RAST CPM. 
£ § 3 s 22 b 

co 
cn 



THE EFFECT OF AMMONIUM TETRACHLOROPALLIDATE ON THE ANTIBODY 

RESPONSE IN OVALBUMIN IMMUNISED RATS (IMPO 9) 

The ammonium tetrachloropallidate is chemically very 

similar to the tetrachloro salts of platinum. Therefore it is 

possibe to hypothesise that any effects,seen were due 

completely to the presence of chlorine configuration and not 

the metal. Thus this salt should behave similarly to (NH^^ 

PtCl^. This experiment attempts to validate this hypothesis. 

Animals were obtained, housed, fed, watered and bled 

according to procedure laid out in Protocol 1. 

G.j (3) Negative control 100ul saline IP 

2 -

G
2
(8) 10ug ovalbumin in 100ul saline IP + 1mg PdCl^ in 

100ul saline IP 
2 -

G
3
(8) 10ug ovalbumin in 100ul saline IP + 0.1mg PdCl^ in 

100 saline IP 
2 -

G
4
(8) 10ug ovalbumin in 100ul saline IP + 0.01mg PdCl^ in 

100ul saline IP 
G_(5) 10ug ovalbumin in 100ul saline IP 
5 

All animals received 1 0 ^ org/an B.pertussis in 100ul saline 

IP. 

Animals were boosted on day 21 with 1ug ovalbumin in 100ul 

saline IP and bled on days 12 and 25. Sera collected and assayed 

for specific and total immunoglobulin. Mast cells were harvested 

on day 26 for antigen challenge. 
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RESULTS IMPO 9 

GROUP PCA RAST IgE IgG 

Negative 0 7.95 - .14 3.75 - .53 1 .87 ± .12 

Positive 3.3 ± 1.1 8.62 - .11 4.78 i .41 1 .80 - .1 

1mg 4.2 - .76 8.96 - .09 5.32 - .32 1 .98 - .07 

0.1mg 3.5 - .83 8.66 - .09 4.96 - .32 1 .85 i .07 

O.Oimg 3.76 i .93 8.35 - .09 4.73 - .32 2 .0 1 . 07 

Table10 Primary specific antiovalbumin responses, determined 

by PCA and RAST, and total IgE and IgG levels in animals 

immunised with ovalbumin. Animals were given ammonium tetra-

chloropallidate in doses 1, 0.1, 0.01mg/animal on day 1 concurrent 

with the primary ovalbumin injection. Values represent mean 

- S.E.Mean. 

Primary results TablelO 

There were no significant differences between any treatment 

group and the positive controls for any parameter measured. 

Total IgE shows the characteristic enhancement of positive 

control over negative control. 

Secondary Results (Figure 20) 

Ammonium tetrachlorpallidate, similar in structure to both 

the rhodium and allergenic platinum salts showed no degree of 

immunopotentiation when assessed by PCA or RAST. 

There were no significant differences in either IgG or IgE 

levels though IgE maintained the difference between negative 

controls and positive controls. 



LEGEND 

IMPO 9 (NH^PdCl^. Secondary Response 

Figure20a Comparison of antiovalbumin PCA titre (•) after 

In transformation (mean ^ S.E.Mean) between negative controls, 

positive ovalbumin controls and 3 ammonium tetrachloropallidate 

treated ovalbumin groups (1, 0.1, 0.01mg/animal). Comparable 

ovalbumin RAST scores in CPMs after In transformation (mean 

i S.E.Mean) are given on the same axis. 

Figure b Total serum IgE levels for each treatment group 

(mean - S.E.Mean) after In transformation. 

Figure c Total serum IgG levels for each treatment group 

(mean - S.E.Mean) after In transformation. 
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THE EFFECT OF ORGANIC PLATINUM SALTS QN THE PRODUCTION OF 

ANTIBODY IN OVALBUMIN IMMUNISED RATS (IMPO 10) 

As part of a new, more efficient extraction process, a 

liquid phase organic separation technique is employed to 

extract the PGM.. This involves complexing the platinum to 

an amine-linked to a highly heterogenous mixture of aromatic 

hydrocarbons known collectively as 'Solvesso 150
!

. The nature 

of this complex led to the investigation of this compound in 

the ovalbumin model to assess the effect of solvesso-amine-

platinum treated groups. 

This compound is available as solvesso (S), solvesso-araine 

(SA) and solvesso-amine-platinum (SAP). They are all non polar 

and hence immicible in water. Thus all dilutions of the 

platinum containing complex must be in the presence of solvesso. 

Experiments were conducted to assess the possibility of 

using this compound in the rat model. 

Reactivity and tolerance studies in Hooded lister rat of the 

solvesso series. 

The three components of the solvesso group were tested for 

their skin irritancy in both prick and intracutaneous skin 

testing together with the ability of the rats to tolerate 

intraperitoneal injection of these compounds. 

The three compounds supplied were: 

1) Solvesso 150 

2) Solvesso 150-amine 

3) Solvesso 150-amine-Pt at 10mg/ml 

In order to dilute the SAP, Solvesso 150 was used. 

Methods 

Four groups of Hooded lister female 150gms rats were skin 



tested arid injected IP with 100ul of each of these compounds 

and observed over a period of time. (Glass must be used at all 

times as this compound reacts with most plastics). 

G^(3) Prick test followed by ID, followed by IP injection 

with Solvesso 150 

G^(3) Prick test followed by ID, followed by IP injection 

with Solvesso-150-amine 

G^t
3

) Prick test followed by ID, followed by IP injection 

with Solvesso-150-amine-Pt1/10 

G^(3) Prick test followed by IP, followed by IP injection 

with Solvesso-150-amine-Pt1/100 

All animals tolerated IP injection with a certain amount 

of writhing. Forty-eight hours later there was no evidence of 

any cellular infiltration, but the sovesso was till present in 

sufficient quantities to be observed. 

Skin test results on a subjective basis of + - ++++ 

Prick test ID test Late reactions 

1 + +++ ++ 

2 + +++ +++ 

3 + ++++ ++++ 

4 + ++++ mil 

All ID sites necrosed and many went to abscess whereupon 

the animals were sacrificied. 

In this experiment the effects of all these combinations at 

doses corresponding to 1mg 0.1mg and 0.01mg /animal were used. 

Animals were obtained, housed, fed, watered and bled according to 

procedures laid out in Protocol 1. 



Negative controls 100ul saline IP 

10ug ovalbumin in 100ul saline IP + 100ul solvesso 

150 IP 

10ug ovalbumin in 100ul saline IP + 100ul solvesso 

150-amine IP 

10ug ovalbumin in 100ul saline IP + 100ul solvesso 

150-amine-Pt at 1mg/an 

10ug ovalbumin in 100ul saline IP + 100ul solvesso 

150-amine-Pt at 0.1mg/an 

10ug ovalbumin in 100ul saline IP + 100ul solvesso 

150-amine-Pt at 0.01mg/an 

10ug ovalbumin in 100ul saline IP 

10 

All animals received 10 B.pertussis in 100ul saline IP. 

Animals were boosted on day 21 with 1ug ova in 100ul saline 

IP and bled on days 12 and 25. Sera were collected for specific 

antibody determination. Mast cells were harvested on day 26 

but too few were found to be assayed. 

RESULTS IMPO 10 

GROUP PCA RAST IgE IgG 

Negative 0 7.9 - 2 5.8 - . 66 1.76 
+ 

.1 

Positive 0 8.29 
+ 

.11 5.4 1 . 51 1.53 
j . 

.08 

Solvesso 3. 78 t 1.1 8.35 
+ 

.11 5.4 1 . 51 1.41 
+ 

.08 

Solvesso-A 3. 6 i . 85 8.54 
+ 

.11 5.43 i .49 1.55 
+ 

.07 

Solvesso-AP1 4. 1 ± 1 .1* 8.78 
+ 

.2* 5.52 ± .47 1.53 
+ 

.07 

Sblvesso-AP.. 13. 48 - 1.1 8.24 
+ 

2 4.8 t . 47 1.53 
+ 

.07 

Solvesso-AP 
.01 

3. 72 - .95 8.61 
+ 

.2 4.65 ± .47 1.41 
+ 

.07 

G.j (3) 

G
2
(6) 

G
3
(6) 

G
a
(6) 

G (6) 
b 

G
6
(6) 

g
7
(6) 



Table11 Primary specific antiovalbumin responses, determined 

PCA and RAST, and total IgE and IgG levels in ovalbumin immunised 

animals. Animals were given Solvesso M50
f

 base, Solvesso-

amine complex, or Solvesso-amine-platinum complexes in doses 

1, 0.1, O.OImg of platinum. * denotes significance at p=0.05 

using Dunnett's
 f

T
f

 test. Values represent In mean - S.E.Mean. 

Primary Results (Tabletl ) 

PCA data together with RAST reveals a significant enhance-

ment of reaginic antibody in those animals receiving Solvesso-

amine-platinum at 1mg/animal over the positive control. 

Positive controls failed to produce a measurable titre of 

antiovalbumin antibody in the primary response. This was over-

come in the secondary response, with high titres being reached. 

There was no significant difference in the level of IgE or 

IgG though all levels were depressed as compared with the 

negative controls. 

Secondary Results (Figure21) 

Solvesso-amine-platinum complexes are highly heterogenous 

mixtures of hydrocarbons totally immiscible with water. There-

fore any dilutions that have to be made must use the Solvesso 

'150' base. The irritant effects of these compounds have already 

been investigated and histamine release studies abandoned due 

to the lack of mast cells in the peritoneal cavity. 

PCA results failed to show any degree of immunopotentiation 

at any of the doses of the complex used or by the organic dil-

uent. There was a dose response curve for the dilution of the 

platinum salts, but because of extremely large standard error, 



fell outside the levels of significance. However it was 

interesting to note that there was a certain degree of back 

extraction of the organoplatinums into the aqueous phase as 

aliquots of 10mg/ml shaken with similar aliquots of saline 

in glass tubes for 24 hours and sent to Johnson Matthey 

research centre for analysis showed approximately 1.0% back 

extraction into the aqueous phase, which for the highest dose 

of SAP accounted for 10ug of free platinum salt equal to the 

dose in IMPO 1 giving the highest degree of potentiation. 

RAST CPMs showed very high values in relation to the 

PCA titre. The standard errors were much smaller in these 

groups but still possessed no degree of significance when 

compared with the positive controls. 

There were no significant differences between any 

treatment group for both IgE or IgG. Total IgG levels were 

generally depressed in all groups with very few animals above 

6.5mg/ml. 



LEGEND 

IMPO 10 Organoplatinum Secondary Response 

Figure 21a Comparison of antiovalbumin PCA 

titre (•) after In transformation (mean - S.E.Mean) 

between negative controls, positive controls and 3 

organic platinum compounds (SAP1, SAP.1, SAP.01) 

together with their diluents solvesso (S) and 

solvesso-ammine (SA) on 5 ovalbumin treated groups. 

Comparable ovalbumin RAST scores (
A

) in CPMs after In 

transformation (mean - S.E.Mean) are given on the 

same axis. 

Figure b Total serum IgE levels for each 

treatment group (mean - S.E.Mean) after In transformat-

ion. 

Figure C Total serum IgG levels for each 

+ 
treatment group (mean - S.E.Mean) after In transformation. 
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KINETIC STUDY OF ANTIBODY PRODUCTION IN OVALBUMIN IMMUNISED 

RATS TREATED WITH AMMONIUM TETRACHLORPLATINATE OR MERCURIC CHLORIDE (IMPO U ) 

It is known that administration of mercuric chloride HgCl
2 

greatly enhances total IgE levels in BN rats.It potentiates 

specific IgE to ovalbumin and induces a glomerulonephritis 

with anti GBM antibody (Prouvost-Danon et al. 1981). 

This response seems to be confined to high responding 

strains of rats. This being so, an experiment was set up to 

2 -

study the kinetics of antibody production using HgCl
2
 and PtCl^ , 

also known to to potentiate anti ~ ova responses. 

Animals were obtained, housed, fed, watered and bled 

according to procedures laid out in Protocol 1. 

G,j Negative controls 100ul saline IP Day 0 
2 -

G
2
 100ul saline IP + 10ug PtCl^ 3 x 3 weekly s/cut. 

dorsal wall. 

G^ 100ul saline IP + 50ug HgCl
2
 3 x 3 weekly s/cut. 

dorsal wall 
2 -

G^ 10ug ovalbumin in 100ul IP + 10ug Ptcl^ in 100ul 

saline IP Day 0 

G,_ 10ug ovalbumin in 100ul IP + 50ug HgCl
0
 in 100ul 

s/cut. in dorsal wall 3 x 3 weekly 

Gg 10ug ovalbumin in 100ul IP 
2 -

Gj 10ug ovalbumin in 100ul saline IP + 10ug PtCl^ in 

100ul s/cut. in dorsal wall 3 x 3 weekly 
10 

Animals were given 10 org B.pertussis as adjuvant 

in 100ul saline IP day 0 in groups 4,5, 6, 7. 

2-

PtCl^ and HgCl
2
 are both acidic substances in water, i.e. 

pH 5.5 in the doses used. Control injections were brought 

to this level with 0.1M HC1. 
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Animals were bled by both tail vein and cardiac puncture 

on days 1, 5, 10, 12, 15, 19, 21, 24, 28. Ovalbumin 

boosters were given where appropriate on day 21. Sera collected 

were assayed for specific ovalbumin antibody by PCA. Total 

immunoglobulin levels were also measured. 

RESULTS IMPO 11 

It is known that mercuric chloride enhances both specific 

and total IgE levels in BN rats immunised with ovalbumin. This 

experiment confirms these results and throws additional light 

on ammonium tetrachloroplatinate II as an immunopotentiating 

agent. 

Most of the work with mercuric chloride has focussed on 

responses obtained after the primary immunisation. PCA results 

have shown there is a marked potentiation of the primary response 

in both speed of antibody formation and quantity produced 

(5.8 - .51) over all the other groups. However, in the secondary 

response there was no potentiation but a dimunition of response 

with respect to all other groups but the response did last longer 

than the duration of the experiment. 

Platinum given on day 1 or thrice weekly produced no 

potentiation of the primary response above positive control, but 

platinum administered on day 1 did produce enhancement of specific 

antibody in the secondary response 6.45 - .15. Platinum given 

thrice weekly did not not produce this effect. 

There were no significant differences in the total IgG 

response when comparing the positive control against each 

treatment group and with respect to time. 



Total IgE levels are significantly enhanced in those 

groups treated with HgCl^ irrespective of ovalbumin immunisation 

to levels approaching 3ug/ml after 28 days when the response had 

still not peaked. Multiple injection of platinum produced a 

similar effect with levels rising from 300ng to 2ug/ml after 

28 days, with the levels still rising. This result is not seen 

in those groups where animals received only 1 dose of platinum 

on day 1, or in those animals given platinum 3 x 3 weekly, but 

not immunised. There was very little difference between the 

positive ovalbumin controls and the negative controls in terms 

of changes in immunoglobulin E levels throughout the time 

course of the experiment. 



LEGEND 

IMPO 11 

Figure 22 

Total serum IgE levels with time in ovalbumin 

immunised animals, primed on day 0 with 10ug ovalbumin 

and B.pertussis and boosted on day 21 with 1ug ovalbumin. 

Negative controls (•) Negative controls + 50ug HgCl
2 

3 x 3 weekly (•) Ovalbumin + 50ugHgCl
2
 3 x 3 weekly (A). 

Positive ovalbumin controls (A). Lower graph. Negative 

controls + 10ug(NH
4
)

2
PtCl

4
 3 x 3 weekly (dotted line). 

Ovalbumin controls + lOugtNH^PtCl^ at day 0(half solid). 

Ovalbumin controls + 10ug (NH^PtCl^ 3 x 3 weekly (solid 

line). 
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Figure 23 Time course of specific ovalbumin IgE antibody-

production, as determined by PCA, in animals primed on day 0, with 

lOug ovalbumin and B.pertussis, and boosted on day 21 with 1ug 

ovalbumin. Ovalbumin positive controls (a). Mercuric chloride given 

3 x 3 weekly (A). lOug (NH^PtCl^ given at time of primary 

immunisation (•). 10ug (NH,) PtCl. given 3 x 3 weekly (•). 
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Figure 24 Total serum IgG levels with time in ovalbumin immunised 

animals, primed on day 0 with 10ug ovalbumin and B.pertussis, and boosted 

on day 21 with 1ug ovalbumin. Negative controls (•). Negative controls 

+ 50ug HgCl
2
 3 x 3 weekly (•). Ovalbumin + 50ug HgCl

2
 3 x 3 weekly (A). 

Positive ovalbumin controls (a). Lower graph: Negative controls + 

10ug (NH^^PtCl^ 3 x 3 weekly (dotted line). Ovalbumin controls + 10ug 

(NH
A
)

2
PtCl

A
 at day 0 (half solid). Ovalbumin controls + 10ug 

(NH
A
)

2
PtCl

A
 3 x 2 weekly (solid line). 



CHAPTER 6 

GUINEA PIG IMMUNISATION PROTOCOLS 



IMMUNISATION OF GUINEA PIGS TO PLATINUM AND Pt HSA CONJUGATES(GP1) 

Guinea pigs are known to be far more sensitive to the 

effects of histamine than rats, equally the sensitisation 

characteristics are also very different. The rat may be primed 

with antigen, in the presence of adjuvant, and subsequently 

boosted on secondary exposure to produce a higher antibody 

titre. The guinea pig, in contrast,produces, antibody on 

primary exposure to protein antigens with or without adjuvant, 

but the secondary exposure to antigen can also correspond to 

challenge. Thus if antibody has been produced histamine will 

be liberated and the typical Type 1 anaphylactic reaction obser-

ved and scored accordingly (Weigle et al. 1960). 

During the years 1978-82 many papers appeared in the Russian 

and eastern European presses preporting to have sensitised 

guinea pigs with many Group VIII metals and their salts in free 

and conjugated form (Tomilets et al. 1979; Kolopakov et al. 1977; 

Kolopakov and Kolopakov 1975;1978; Donstov et al., 1979; Tomilets 

and Zakharova 1979; Kolopakov et al., 1977, 1980). Many of these 

experiments were repeated according to the authors methods. It 

was however not possible to show any degree of sensitisation. 

The only phenomenon noticed was irritancy and histamine release 

due to the platinum salts at the doses used. 

IMMEDIATE ALLERGIC REACTIONS TO GROUP VIII METALS IN GUINEA PIGS 

(From Tomilets at al., 1979). 

Twenty-four weanling male Dunkin Hartley guinea pigs 

obtained from Olac 1976 Ltd. were housed, fed pelleted guinea 

pig diet without egg products, water and ascorbic acid supplement 

<ad libitum
1

. 

G H 5 ) 200ul lOmg/ml K^PtCl, into the avascular zone of the 



ear. 

G_(5) 200ul 10mg/ml PtfNHD.Cl. into the avascular zone of 
2 3 4 2 

the ear. 

G_(5) 200ul 1Omg/ml (NH.) PdCl. into the avascular zone of 
3 4 2 4 

the ear. 

G^(5) 200ul 10mg/ml sodium aurothiomalate into the avascular 

zone of the ear. 

G_(4) Controls 200ul saline into the avascular zone of the 
D 

ear. 

No adjuvants were given. 

Day 21 all animals were bled via cardiac puncture under ether 

anaesthetic for PCA tests.Later the same day animals were 
-3 

directly challenged with 50ul of 10 M platinum salts in saline 
ID on depilated skin surface. Salts included were: 

(NH.) PtCl.; K
9
PtCl

£
; Pt(NH

0
).Cl

0
; (NH.) PdCl.; NaAu; Ova-Pt; 

4 2 4
 z

 6 3 4 2 4 2 4 

saline all produced negative responses in both immediate testing 

after 20 minutes and delayed reaction after 24 hour as assessed 

by responses greater than the non-specific effects of these salts 

at these doses (see skin testing methods). PCA reactions using 

free and Ova-Pt conjugates failed to elicit a response in any 

group. 

NB 200ul of 1Omg/ml of many of these salts cause large scale 

necrosis at the injection site of the ear. 

IMMUNISATION OF GUINEA PIGS WITH PLATINUM IN FREE SALT AND 

CONJUGATED FORMS (GP2) 

Groups of guinea pigs were immunised with (NH^^PtCl^ in 

free and conjugated form in an attempt to elicit specific 

platinum antibodies. 

Animals were obtained, housed, fed, watered and bled 



according to method in Guinea pig immunisation 1. 

150ug OVA-Pt^
 A
 in 150ul saline injected in both 

the nape of the neck and IP. 

15ug PtCl^
2 -

 in 150ul saline injected into the nape 

of the neck and IP. 

G
3
(4) AS G . 

4) 150ug OVA in 150ul saline injected into nape of the 

neck and IP. 

10 
All animals received 10 B.pertussis with the antigen 

injection. Animals were bled on day 14 and directly challenged 

2_ 

id with HSA-Pt, 0VA-Pt, PtCl^ 100ug and 10ug, saline. Animals 

were then challenged with i.v. antigen. If no response to Ag1 

was elicited, Ag 2 was injected. 

Ag1 Ag2 

G
1
 300ug BSA-Pt

2 1
 in 300ul 300ug 0VA-Pt

3 A
 in 300ul saline 

saline i.v. i.v. 
2 -

G
2
 300ug 0VA-Pt

3 A
 in 300ul 300ug PtCl^ in 300ul saline 

saline i.v. i.v. 

G
3
 300ug PtCl^

2

"
 i n

 300ul 300ug 0VA-Pt
3 A
 in 300ul saline 

saline i.v. i.v. 

G^ 300ug BSA in 300ul 300ug OVA in 300ul saline i.v. 

saline i.v. 

Serum was collected and stored at -20°C for PCA reaction. 

Blood was taken for whole blood histamine analysis after Ag 

challenge (Sirganian and Brodsky, 1976) with minor modifications. 
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RESULTS 

Histamine release from whole blood failed to show any sign 

of antigen mediated histamine release except on homologous 

protein challenge or (NH^^PtCl^ at doses greater than 50ug/ml. 

ID Skin tests 

BSA-Pt OVA-Pt Pt 10Gug Pt 10ug Saline 

G1 
3 /

4(weak) 
4/ 

4(strong) 

0 /

4 0/4 

G2 
0 /

4 
0/4 

0 /

4 0/4 

G3 
2 /

4(weak) 
4/ 

4(strong) 
4/4 

0 /

4 0/4 

G4 o/4 ^ 4 (strong) 
0 /

4 
0/4 

IV Challenge 

Ag1 Ag2 

G1 2 
4/ 

Death 4 

G2 0 2 

G3 0 0 

G4 0 4/ 
Death '4 

Values for iv challenge indicate scores according to Weigle 

et al (1960). Results indicate that in ID testing homologous 

conjugates produced consistently high responses not verified by 

heterologous challenge indicating a large anti carrier 

component in the response. However there is some evidence 

for antiplatinum activity in groups 2 and 4. 

Platinum at 100ug in sensitised or non-sensitised animals produced 

non specific responses as determined earlier by the skin test 

reactivity series . Platinum at 10ug failed to produce any 

response as did saline. 



Intravenous challenge produced results comparable with intra-

dermal challenge. Figures given where free platinum salts were 

injected indicates histamine release brought about by the, 

platinum salts as opposed to antibody mediated histamine release. 



CHAPTER 7 

CONJUGATE STUDIES 
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IMMUNISATION OF fiATS .WITH PLATINUM-PROTEIN CONJUGATES (C1) 

Attempted 'in vivo' conjugation of free platinum salts, by 

injecting the salts via a number of different routes failed to 

induce specific platinum antibody, therefore recourse was made to 

synthetic conjugates of ovalbumin, Human serum albumin (HSA), 

and bovine serum albumin (BSA) with (NH^^PtCl^. 

Conjugate preparation 

1) 30mg ovalbumin (Sigma GV) were dissolved in 2ml phosphate 

buffered saline pH7.3. 

2) Platinum salts were weighed out at varying concentrations 

and dissolved in 1ml PBS pH 7.3. 

3) The platinum salts were added to the ovalbumin solution with 

gentle agitation for 4 hours at 4°C. 

4) After exactly 4 hours the conjugate mixtures were passed 

through a G25 superfine sepharose (Pharmacia PD10) desalting 

column and 4.5ml collected after Vo. The eluant was assayed for 

protein content using repeated Lowry reactions. Platinum 

content of the conjugates was determined by atomic absorbtion 

spectroscopy (Johnson Matthey Research Centre) following acid 

digestion. From this data the number of platinum molecules 

per molecule protein was calculated. 

Pt Cone, 
(mg) 

Protein (mg) ug/Pt/mg Prot Moles Pt Ratio Pt/Prot 
mol/mol 

10 30 OVA 75.8 2.03 X 10"
7 

9.9 : 1 

5 30 OVA 65.3 1.75 X 10"
7 

7.9 

2 30 OVA 58.5 1.56 X 10"
7 

7.0 

1 30 OVA 29.6 7.7 X 10"
8 

3.5 

0.5 30 OVA 14.2 3.8 X 10"
8 

1.7 

1 30 BSA 16.4 4.36 X ID"
8 

2.1 



Pt Con. Protein (mg) ug/Pt/mg Prot Moles Pt Ratio Pt/Prot/ 
(mg) /mol/mol 

10 30 HSA 30 7.8 x 10"
8 

4.9 

5 30 HSA 23.5 6.1 x 10"
8 

3.8 

IMMUNISATION PROTOCOL 

Female hooded lister rats (Olac 76 Hd) weighing 125-150gms 

were fed pelleted rat diet and water
 !

ad libitum
1

• This diet 

was free from all egg products. Groups of 4-8 animals were used 

in each experiment, all animals were age, weight, sex and 

batch matched. 

Negative controls. 100ul saline IP 

10ug ovalbumin in 100ul saline IP 

10ug ovalbumin in 100ul saline IP + 10ug (NH.) JPtCl. 
4 2 4 

in 100ul saline IP 

10ug (NH.) PtCl. in 100ul saline IP 
4 2 4 

100ug ovalbumin - Pt 3.5 in 100ul saline IP + 10ug 

(NH.)' PtCl. in 100ul saline IP 
4 2 4 

100ug ovalbumin - Pt 3.5 in 100ul saline IP 

100ug ovalbumin - Pt 1.7 in 100ul saline IP 

All animals recived 1 0 ^ organisms B.pertussis in 100ul saline 

IP on day 0. 

On day 21 animals received 1/10 the original dose of the 

immunising compound, without adjuvant or free platinum salt 

except G4 which received 1ug (NH^^PtCl^. 

Animals were bled, via cardiac puncture under ether 

anaesthetic, on days 12 and 25. Sera were collected and stored at 

-20°C for later use in PCA tests with homologous and hetero-

logous conjugates, tested for anticarrier activity and cross-

reactivity. RAST for platinum antibody was performed as were 

0 ^ 4 ) 

G
2
(6) 

G
3
(6) 

G
a
(6) 

G (6) 
b 

G
6
<6) 

G
7
<6) 



total immunoglobulin levels. 

RESULTS C1 

Group PCA Pt RAST IgE IgG 

Negative 0 7.9-.22 4.7-.57 2.1?09 

OVA Pos. 4.27-.65 8.18-.28 5.4-.5 2.2-.11 

OVA+Pt 4.4-.7 8.07-.22 5.5-.57 2.19-.09 

Pt 0 8.07-.22 5.52-.5 2.37-.09 

OVA-Pt+Pt 
3.5 ND 8.27-.22 4.8-.5 2.41-.09 

OVA-Pt 
3.5 

ND 8.55-.28* 6.1-.5 2.24-.11 

OVA-Pt 1.7 ND 8.4-.28* 6.4-.5 2.32-.11 

Table12 

Primary specific platinum response, determined by RAST, and 

total immunoglobulin levels. Full group details are given in 

methods section. *Denotes statistical significance at 

p=0.05 using Dunnett's
 !

T
!

 test after In transformation. ND 

refers to those groups where PCA was not determined. 

Primary Results 

There are no significant changes in total immunoglobulin 

production in animals given OVA-Pt conjugates, free platinum 

salts or ovalbumin. All groups show enhanced values above the 

negative control for IgE production after immunisation. 

Specific RAST shows elevated scores (p=0.05) in those 

groups immunised with OVA-Pt conjugates but not in the group 

given conjugates + free platinum salt as a possible potentiating 

agent. PCA titres were not determined in conjugate treated 



groups because of shortage of original immunising conjugates. 

Thus only secondary challenges were made. PCA challenge on OVA 

treated and OVA-Pt treated animals showed consistent anti-

ovalbumin antibody production and enhancement in the platinum 

treated groups, as confirmed in earlier experiments. 

Secondary Results (Figure 25) 

There were no significant differences between any of the 

treatment group and the controls for either total IgE or IgG 

production. 

Specific platinum RAST indicates a significant (p=0.05) 

elevation in RAST score for those groups immunised with conjug-

ates with haptenic loading of 1.7 and 3.4 platinum/protein 

molecule. 

PCA titres show both homologous challenge (•) and 

heterologous challenge (o) with BSA-Pt2.1 or BSA alone depending 

on group. Groups 1-4 are all negative when challenged with 

BSA inferring that there is no carrier cross-reactivity between 

OVA and BSA. Groups 5-6-7 indicate that, when challenged with 

BSA-Pt 2.1,there is a positive response in the order of 4-5 In 

units and as carrier cross-reactivity has been excluded the 

response must be directed against the platinum moiety. When Groups 

6-7 were challenged with the homologous immunising conjugates 

there were comparable PCA titres. Groups 2 and 3, OVA and OVA+ 

Pt respectively, show high titres when challenged with ovalbumin 

and potentiation of the OVA + Pt group (p=0,05) as seen in 

experiments IMPO 1 and 2. Group 4 failed to produce detectable 

quantities of anti-platinum antibody when challenged with free 

salt or BSA-Pt2.1 as confirmed in earlier free salt immunisation 

protocols. 



LEGEND 

Figure 25a Comparison of antiovalbumin PCA titre for 

homologous (•) and heterologous (o) challenge in negative 

controls (G^), ovalbumin (G
2
), OVA + Pt (G

3
), Pt alone (G^), 

OVA-Pt + Pt (GJ, OVA -Pt1 (GJ, OVA-Pt.5 (G„). Comparable 
b o i 

RAST scores (*) in CPMs after In transformation (mean -

S.E.Mean) are given on the same axis. 

Figure b Total serum IgE levels for each treatment 

group (mean - S.E.Mean). 

Figure C Total serum IgG levels for each treatment 

group (mean - S.E.Mean) 
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THE EFFECT OF PLATINUM 'LOADING' ON THE SENSITISING CAPACITY 

OF PLATINUM-OVALBUMIN CONJUGATES (C2) 

In an attempt to establish the most successful sensitising 

platinum-ovalbumin conjugates, animals were immunised with 

ovalbumin containing between 1.5 and 10 platinum groups. Earlier 

studies had shown that if more than this upper figure were added 

aggregation occurred through protein cross linking. 

Animals were obtained, housed, fed, watered and bled 

according to procedures laid out in protocol C1. 

0,(3) Negative controls 100ul saline i.p. 

G
2
(5) 10ug ovalbumin in 100ul saline i.p. 

G
3
<5) 10ug BSA in 100ul saline i.p. 

G
4
<6) lOOug BSA-Pt2.1 in 100ul saline i.p. 

G
5
<6) lOOug OVA-Pt1.7 in 100ul saline i.p. 

: G
6
(6) 100ug 0VA-Pt3.4 in 100ul saline i.p. 

G
7
(6) 100ug OVA-Pt7.0 in 100ul saline i.p. 

Gg(6) 100ug OVA-Pt8.0 in 100ul saline i.p. 

G
g
(6) 100ug OVA-Pt10 in 100ul saline i.p. 

Animals received 1 0 ^ organisms B.pertussis i.p. on day 

0 in 1oQul saline and were boosted on day 21 with 1:10 original 

dose, without adjuvant, i.p. 

All groups were bled on day 0, 12, 25 Sera were collected 

and stored at -20°C for PCA testing against homologous and 

heterologous platinum conjugates in the secondary response only, 

and for RAST in pre-bleed primary and secondary responses. 

Total IgE and IgG levels were also measured. 

Protocol C2 was repeated twice to confirm the original 

findings. Experiments were identical with the exception that 

in future experiments Groups 3 and 4, both BSA immunisation, were 



164 

deleted. All samples were treated in the same manner and 

all the above tests performed. 

RESULTS C2, C3,C4 

Experiments were analysed separately, if a significant 

interaction was found when all parameters were studied in a 

full analysis of variance. If no such interaction was found 

groups were pooled for analysis of variance using a composit of 

all data, significance levels will state pooled or separate 

data. 

Total IgG levels in the primary response (not shown) were 

non-significant as compared with each positive control there 

was a significant difference between experiments (p=0.01). 

Therefore combined analysis was not possible. 

Total IgG levels in the secondary response (Figure 26) show 

a non-significant interaction and data show a marked elevation 

(p=0,01) in total IgG levels above the positive ovalbumin 

control in groups 5,6,7,8,9. This cannot be explained on the 

basis of the immunisation with the ovalbumin-platinum conjugate 

as immunisation with BSA-Pt does not produce the same effect nor 

2 -

does PtCl^ in Experiment C1. 

Total IgE levels in the primary response (not shown) were 

significant in a composite of all experiments for G5, 7, 8 at 

the 0.05% level, though individual experiments were non-significant. 

There was the characteristic enhancement between negative controls 

and positive controls (C2 4.5 - 5-7 & 5.69 - .44. C3 4.07 - .57 & 

4.44 - .44. C4 3.68 - .5 * 4.06 - .5). Secondary responses 

showed a marked increase in negative control to levels above the 

positive control. This variation is seen in both C2 and C3 and 

may well reflect interference from outside the immunisation 



LEGEND Total IgE and IgG 

Figure 26 Total IgE levels for immunisation protocols 

C2-3-4 (upper graph). Total IgG levels for immunisation 

protocols C2-3-4. ** denotes p=0.01 using Dunnett's »T» 

test after In transformation. 
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protocol. Groups 5 and 7 have retained and increased their 

difference to p=Q,01 whilst the remaining groups and experi-

ments have become non-significant. 

RAST for specific anti-platinum antibody (Figure27) 

shows the results of C2 pre-bleed RAST scores before 

random allocation to groups when n=46 (92% of total) and the 

mean CPM = 7.74 - 0.03 S.E.M. Groups 4-9 showed increased 

RAST scores for the primary and secondary response. Most 

values were above the mean (pre-bleed) + 2 S.D. 

C3 shows the same data with pre-bleed sera n=37 (97% 

total) and a mean CPM of 7.65 - 0.046 S.E.M. There was 

an elevated response between primary and secondary bleeds 

with most sera above the arbitrary mean + 2 S.D. 

C4 pre-bleed data (n=3o, 79% total) with a mean CPM of 

7.83 - 0.03 S.E.M. shows the majority of the immunised groups 

above the mean + 2 S.D. line though there was very little change 

between primary and secondary responses. 

There was a consistent trend for the negative, non-immunised 

control to be much lower than the positive ovalbumin control, 

even though neither group had received platinum that may be the 

function of the B.pertussis adjuvant. 

Animals were not tested for primary PCA responses to any of 

the antigens. Secondary responses are shown in Figure (28) for 

all groups and show both homologous and heterologous challenge. 

It can be seen that the negative controls were consistently zero 

indicating no environmental contact with either BSA, OVA or the 

conjugates. The OVA positive controls ( G f a i l e d to respond 

with BSA challenge but consistently produced a response with OVA 

indicating no cross-reactivity. BSA (G ) appeared not to be 



LEGEND 

Pt-RAST (Figure 27) 

Primary and Secondary Platinum RAST scores for protocols 

C2-3-4. Mean pre-bleed sera (•) + 2.S.D. (dotted line) 

are given for each experiment. 
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immunogenic under these conditions but as a carrier (G^) 

produced high titres of platinum antibody when challenged 

with BSA-Pt2.1 or 0VA-Pt1.7. Groups 5-9, ovalbumin-

platinum conjugates, produced reaginic antibody in 0-100% of 

animals immunised (overall percentage sensitisation 73%). 

Conjugates that produced antibody in some groups failed to 

produce detectable reaginic antibody in other groups. The 

reason for this is not forthcoming but may indicate animal 

differences between experiments. 

Sera tested with homologous conjugates (Figure28) showed 

high levels of antibody directed against both the ovalbumin 

carrier and platinum moiety. There is a consistent trend 

towards lower titres as the platinum loading increased. With 

10 platinum molecules/protein molecule there was a significant 

reduction in all experiments (p=0.01). There was a positive 

correlation between the mean platinum RAST score for each 

immunised group and the mean PCA antiplatinum titre after 

heterologous challenge (Figure29 ) where r=0.845 p=0.0001 

(Spearman's rank correlation test interpreted by Student's 'T' 

test after In transformation). The same RAST data analysed(Figure 30) 

with mean PCA homologous challenge resulted in a decrease in 

strength of correlation between the parameter to r=0.523, 

P=0.01, indicating that heterologous challenge was far more 

specific in detecting anti-platinum antibody as carrier cross-

reactivity was excluded. 

Short-term sensitising IgG antibody (data not shown) was 

tested for in experiments C2 and C3 in serum concentration 

1:1 to 1:16. All results were negative when given 1mg heterolog-

ous conjugates 4 hours after injection of heat inactivated serum. 



LEGEND 

PCA 

Figure 28 PCA antiplatinum titre in groups immunised 

with saline (1), ovalbumin (2), bovine serum albumin (3), 

BSA-Pt2.1(4), 0VA-Pt1.7(5), OVA Pt-3.4 (6), 0VA-Pt7 (7), 

0VA-Pt8 (8), OVA-PtIO (9) in experiments C2-3-4 for hetero-

logous challenge (upper graph) and homologous challenge 

(lower graph). Values represent mean - S.E.Mean. ** 

denotes p=0.01 using Dunnett's 'T' test after In transform-

ation. 
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Figure 29 Correlation between PCA antiplatinum titre, determined by 

heterologous challenge with BSA-Pt conjugates, and specific anti-

platinum RAST. Figures represent protocol group number (1-9). 

Protocol C2 (•). Protocol C3 (•). Protocol C4 (4). 
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Figure30Correlation between PCA antiplatinum titre determined by 

homologous challenge with OVA-Pt conjugates, and specific antiplatinum 

RAST. Figures represent protocol group numbers (1-9) Protocol C2 (•). 

Protocol C3 (•). Protocol C4 (•). 



CHAPTER 8 

DISCUSSION 



There are very few low molecular weight inorganic chemicals 

capable of inducing Type I allergy, i.e. nickel sulphate 

(McConnell et al. 1973; Malo et al. 1982); ammonium persulphate 

(Pepys et al. 1976); platinum salts (Hunter et al. 1945) and 

even fewer capable of eliciting a response in both free and 

conjugated form. The complex salts of platinum are such a 

series of molecules. The platinum salts can sensitise refinary 

workers in a matter of weeks, though more often months, through 

exposure to the ammonium hexachloroplatinate IV in either dry 

powder or as aerosol droplets, producing asthma, rhinitis, con-

junctivitis and contact urticaria and in some reports, contact 

dermatitis. The sensitised worker upon controlled bronchial 

challenge with the sensitising compound can give a typical 

immediate reaction with large falls in FEV^ Skin prick challenge 

with free salt (Cleare et al. 1976) in saline or Coca's glycerol 

produces the classic wheal and flare in highly sensitive workers 

-9 
at levels in the order of 10 g/ml, and taking into account the 

amount of allergen penetrating the epidermis, this gives a skin 

-15 

test dose of the order of 10 gm. This must rank therefore as 

probably one of the most potent allergens known to man. 

Cleare et al. (1976) failed to elicit a positive response in 

the prick test using conjugated salts, which, however have given 

positive results in intracutaneous testing (Freedman and Krupey, 

1968). 

Clinical sensitivity to the platinum salts is at present 

mainly confined to the hexachloroplatinate IV. There are reports 

that the chemotherapeutic cis-platinum compounds may have aller-

genic properties when administered intravenously. There is still 



some question as to the exact cause, with contamination with 

halide salts even at very low levels as a likely possibility. 

The hexachloroplatinate J.V shows some degree of cross-

reactivity with other closely related platinum salts i.e. 

(NH^PtCl^ and Cs
2
(PtNC>

2
)Cl

3
. Both possess features in their 

chemical structure which allows one to postulate that the effect 

may be due to leaving halide ligands as their reactivity dimin-

ishes with the reduction in the number of chlorine ligands. The 

effects are specifically due to the platinum core as similar 

salts of palladium and rhodium do not elicit responses in subjects 

sensitised to the platinum salts. 

Their high allergenic potency in both sensitising and 

eliciting responses in man stimulated research into the prod-

uction of an animal model of platinum salt hypersensitivity. This 

in turn could have value for studying the induction of IgE med-

iated immediate hypersensitivity to low molecular weight inorganic 

haptens in general and especially the complex salts of platinum. 

The rat was chosen as the species for sensitisation as it has 

been shown that it is possible to produce high and consistent 

levels of IgE antibody. (Pauwels et al. 1979a, 1979b,reviewed 

Bazin, 1977). 

The rat, outbred hooded Lister, had been shown by Jarrett 

and Stewart (1974) to be a high specific IgE producer when given 

B.pertussis adjuvant and very low doses of an immunising antigen, 

such as ovalbumin. Hooded Lister rats have also been found to be 

high total IgE producers with basal levels of up to 2.74ug/ml 

(Rousseaux-Provost et al., 1977). Other workers have previously 

found much lower levels (300ng/ml) in non-immunised rats (Jarrett 

and Bazin, 1974) rising to 1-2ug on secondary boosting and in 



another report a basal level of 320ng/ml (Karlsson et al. 1979a). 

Hooded Lister rats from different colonies in different 

animal units, were found by Karlsson et al. (1979b) to vary by as 

much as 1500ng/ml. They established from multiple testing that 

high IgE strains have basal IgE level greater than 300ng/ml. 

Throughout the course of the present work, findings have been 

consistent with the above results with levels between 200-400ng/ml 

in non-immunised animals. 

Ovalbumin protocols (PI, 2, 2a) were used to establish some 

of the parameters for the induction of IgE antibody to a well-

defined protien antigen ovalbumin, using the Olac Ltd. hooded 

Lister as opposed to "Animal Suppliers" rats. The results showed 

both primary and secondary antibody peaks with higher secondary 

titres after boosting and a good correlation with the specific 

RAST for ovalbumin. 

B.pertussis when used alone as adjuvant, was found to be 

far more tffective than AlOH^ in inducing high secondary responses, 

although there was no difference in the primary responses when 

AlOH^ was used alone or in conjunction with B.pertussis. Finally, 

intraperitoneal administration of the B.pertussis was favoured in 

preference to intramuscular or subcutaneous administration, though 

as was found in many of the protocols, mast cell numbers drop 

rapidly after I.P. B.pertussis as shown earlier by Reed et al. 

(1972) using B.pertussis alone . This made it difficult to use 

mast cell reactions for the study of sensitisation. 

FREE PLATINUM SALT IMMUNISATIONS 

It must be stressed at the outset that in all platinum salt 

immunisation protocols (P3-P9) ammonium tetrachloroplatinate II 

was used as the sensitising antigen and not the hexachloroplatinate 



IV. The latter is more potent as a histamine liberator and is 

less soluble, though it cross reacts very strongly in both skin 

and provocation testing with the tetrachloroplatinate II. 

Immunisation of rats with free platinum salts via a number 

of routes (P3-P9) using B.pertussis as adjuvant or B.pertussis and 

AlOH^ (protocols P4A, 5a, 6a) in an attempt to enhance the 

primary response at the exponse of the secondary (P2) failed con-

sistently to produce IgE antibody to the platinum salts as 

detected by RAST. In one case (PA) 2 positive RAST reactions to 

platinum salts were obtained in animals given 20ug I.P. This 

particular experiment was repeated but failed to give the above 

results. Direct skin testing with doses of the tetrachloroplat-

-4 

inate II produced 25% non-specific blueing at 10 g/ml or 100% 

with the hexachloro-salt at the same dose. Levels below this 

were taken as indicative of Type I reactions, presumably, but not 

exclusively mediated through IgE. PCA testing using 1mg of 

the platinum salt i.v. with the sera diluted 1:1 - 1:256 failed to 

detect any skin sensitising antibody. Many authors have drawn 

attention to the fact that it is not possible to elicit skin test, 

PCA reaction or histamine release with non-reactive monovalent 

haptenic determinants. (De Week et al. 1973; Siraganian et al. 

1975) although this has been possible with the reactive platinum 

salts (Cleare et al. 1976) and with persulphates (Pepys et al. 

1976). The premises at this stage were 1) that platinum salts 

could elicit a response 'per se' even though in haptenic form, 

2) the free salt may conjugate in vivo with serum or other proteins 

and be delivered to the site of antibody entry as preformed 

conjugates. The most probably thesis is the second because of 

the high affinity of these molecules with proteins especially 



those with high sulphur containing groups such as cysteine and 

methionine.Against this is the fact that Cleare et al. (1976) 

failed to demonstrate, in man, skin reactivity using the prick 

test with conjugates of ammonium tetrachloroplatinate II with 

human serum albumin, transferrin,ovalbumin and human gamma-

globulin. It is possible that all the binding sites were occup-

ied by exogenous proteins, or that sufficent protein molecules 

were bound to cause steric hindrance to incoming antibody mole-

cules or that the conjuates were spatially unsuitable for anti-

body cross-linking. 

Conjugates of the platinum salts with HSA, BSA, and ovalbumin 

failed to give reactions in the protocol series P5, 5a, 7, 8, 9. 

They nevertheless were found to give positive reactions in 

animals sensitised and tested with conjugates in experiments to 

be discussed later (CI, 2,3,4). 

Histamine release from mast cells proved uniformly negative 

for detecting specific histamine release with allergen although 

immunisation with 20ug (NH^^PtCl^ (P4) did show significantly 

enhanced release above controls. This group compares favourably 

with the RAST positivity of 2 sera from Group 4 mentioned earlier. 

Mast cells are usually challenged in HEPES ACM, but cells from 

P6 (subcutaneous immunisation) were tested in the presence of 

10% normal rat serum to provide a higher homologous protein 

concentration if conjugation were needed prior to histamine 

release,even though bivalent haptens can induce histamine 

release (Siraganian et al. 1975). 

Immunisations were attempted to mimic inhalation of the free 

salt by intratracheal administration of the free platinum salts 

(P5). These salts as previously stated, have high affinity for 
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sulphydryl bonds in protein coupling, and the lung is especially 

rich in these groups and therefore conjugation is likely to 

occur in a body cavity normally exposed to those salts. To test 

this a chopped lung preparation was used as well as peritoneal 

mast cells for challenge with both free salt and HSA-Pt conjug-

ates. Neither method showed any specific histamine release. In 

a study using the LDH assay to attempt to assess the level of 

cellular damage resulting from a high platinum salt concentration 

it was found that there was a lower LDH release with high doses 

of the salt and progressivley higher LDH release with lower salt 

concentrations. Saline and ovalbumin controls released low 

levels. This may well be due to greater enzymic inactivation at 

high doses(Melius and Friedman, 1977). 

It would appear that it is not possible to sensitise the 

rat, or from limited data in GP1, 2, the Guinea pig to free 

platinum salts via a number of routes, despite reports in the 

Russian literature to the contrary. 

It was the intention to demonstrate the presence of reaginic 

antibody by more than one assay. There are many reports of high 

correlation between PCA-RAST, RAST-Provocation test, skin prick 

test and RAST etc. Thus to only be able to demonstrate IgE by 

one of these tests might throw doubt on either the validity of 

the assay procedure or the successfullness of the immunisation 

protocol. 

IMMUNQPQTENTIATION STUDIES 

The next series of experiments dealt with effects observed 

in the course of the present study of ammonium tetrachloroplatinate 

II on the production of antibody in ovalbumin treated animals 

(IMPO 1). It was found that giving the platinum salts concurrently 



at different sites with the initial ovalbumin sensitisation 

resulted in an inverse dose response for both secondary PCA and 

RAST with increased secondary response against ovalbumin in 

those animals receiving low doses of platinum with an inverse 

response at high doses of platinum. There were no changes in 

total IgE although a significant drop in total IgG was noted. 

This response is only manifested in the secondary response with 

no significant changes in any parameters measured for the primary 

response. This experiment was confirmed by three further exper-

iments . 

The same saxt given at the peak of the primary response, on day 

14 (IMPO 2) resulted in a similar response to IMPO 1, although 

the increase was less pronounced and the changes in total IgG 

were not observed. 

It has been stressed throughout the high degree of cross-

reactivity between the tetrachloroplatinate II and hexachloroplat-

inate IV. Therefore any degree of potentiation brought about 

2 - 2 -
by the PtCl^ species should be paralled by the PtCl^ ; and 

this was found, although only in the group given the lowest 

2 -

amount of PtCl^ where O'.OImg was used. This experiment prod-
2 -

uced, in the PtCl^ treated groups the highest PCA titres to 

ovalbumin ever obtained (8192) as compared with the ovalbumin 

controls (2048). Taking into account In transformation of this 

data a large standard error was found resulting in statistical 
2 -

non-significance for the higher PtCl^ dose group. 

From the data received thus far it would seem that the 

platinum salts are acting as adjuvants in animals primed with 

B.pertussis. In IMPO 4, using ovalbumin without B.pertussis, 

but with concurrent platinum salt, it was concluded that under 



these circumstances platinum salts are not adjuvants in their own 

right. The positive(B.pertussis treated)controls produced high 

titres of ovalbumin antibody by both PCA and RAST. Total IgE 

levels were elevated by the use of B.pertussis to levels substan-

tially higher than in untreated groups. However total IgG showed 

greatly elevated levels above 20mg/ml in platinum treated groups 

as compared to B.pertussis treated groups. 

All the experiments conducted thus far(IMPO 1-4) with 

platinum doses 1mg, 0.1mg, O.OImg have shown immunopotentiation at 

the lowest doses of platinum salt given, i.e. 10ug/animal. This 

may well be one side of a bell shaped dose response curve with 

maximum values around 10ug (0.80-0.1mg/l^), though even lower 

doses were not tested. 

Attempted immunopotentiation with the antitumour compound 

Cis-dichlorodiammine platinum II (IMPO 5) resulted in an increased 

RAST and decreased PCA titre. No change was found in total IgG, 

but elevation in total IgE at the highest doses used. These 

levels approached the LD 50 for this compound, leaving too few 

animals for accurate statistical analysis. 

Cs
2
(PtN0

2
)Cl

3
 (IMPO 6) has been shown by Cleare et al. (1976) 

to possess skin test cross reactivity in workers sensitised to the 

2 -
PtCl^ species, to a level where sensitised workers reacting at 

- 7 -9 - 4 - 5 

1 0 - 1 0 g/ml react to the dicaesium salt at 10 - 10 g/ml. 

Therefore it is possible that if immunopotentiation reflects the 

sensititising capacity of the salt then the dicaesium salt should 

possess properties shared by the hexa and tetrachloroplatinate II, 

but does not. 

The one compound considered 'safe* in terms of its non-

sensitising capacity has been the tetrammine platinum (IMPO 7). 



This compound when tested in the immunopotentiation model failed 

to produce any changes in specific or total immunoglobulin 

levels probably due to the non-reactivity of the molecule with 

proteins brought about through the four ammine linkages. 

In the light of platinum salt immunopotentiation the same 

procedure were used to test other platinum group metals. 

Compounds of rhodium (IMPO 8) and palladium (IMPO 9) 

designed to correspond as closely as possible to the tetra and 

hexachloroplatinates, both failed to produce any immunopotent-

iation when assessed in the ovalbumin model. A possible reason 

for this could be the increased binding affinity of the 

chlorine ligands to the metal core (Figure 31). Whilst this may 

be true for the rhodium compounds the combined substitution and 

dissociation constants for the palladium differ from the 

tetrachloroplatinate II by a factor of 10 and from rhodium 

compounds by a factor of 10^ making palladium far more reactive. 

One of the compounds tested, the solvesso-ammine-platinum 

complexes (IMPO 10) was chosen because it was intended to 

initiate organic extraction of the platinum group metals using 

the heterogeneous hydrocarbon mixture, solvesso 150 base, and 

extracting the platinum as a solvesso-ammine-platinum complex. 

The possibility of using this compound had been considered, 

this it has been tested as one of the compounds in the immuno-

potentiating series. 

Problems became apparent from the onset as this series of 

compounds are immiscible with water. Therefore, the solvesso 

base had to be used as the diluent. All components of this 

complex elicited skin irritation and pain upon injection. These 

compounds are aromatic, volatile, solvents. Therefore plastics 
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Figure 31 structure of formula of some platinum group metal salts. 



must not be used and similarly, if injected, there is bound to 

be fat solubilisation resulting in cellular damage. These 

compounds remain in the peritoneal cavity for at least 24 hours 

and probably much longer. Upon examination there is very little 

cellular infiltration, probably due to cell lysis of incoming 

cells. As with all organic complexes there is a certain degree 

of back extraction into the aqueous phase in this case, and under 

these conditions approximately 1%. Whilst this may be unimportant 

in industrial processes, it is interesting to note that 1% of 

the highest free platinum salt given in IMPO 1, 1mg corresponds to 

the dose giving maximum immunopotentiation and a trend towards 

immunopotentiation was found. However, this was non-significant 

due to excessively large standard errors. This taken into account 

together with the unknown effect of injection of the solvesso-

ammine-platinum complexes makes interpretation difficult. 

The only other inorganic chemical with evidence of an 

influence on IgE production is mercuric chloride sharing proper-

ties with ammonium tetrachloroplatinate. They are both inorganic, 

high atomic weight transition metal atoms with reactive chlorine 

ligands, and their resepctive molecular weights are very small 

in biological terms. Both were found to stimulate specific 

antiovalbumin antibody production in ovalbumin immunised animals 

although with different time courses, at different doses and 

with different characteristics. 

These compounds havethe ability to initiate increased total 

IgE production with multiple injections. This was not seen in 

the single dose platinum treated group. We have not, however, 

studied a similar HgCl
2
 treated group for comparison. Neither 

compound effects total IgG levels, thus these compounds are not 
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working as non-specific mitogens. 

Mercury has been shown to enhance primary specific anti-

ovalbumin and total IgE in the BN rat. (Prouvost-Danon et 

al. 1978; 1981). These experiments have focused on the 

primary response. However, in the present studies, no boosting 

of the secondary response was found. Platinum salt given 

repeatedly in the same manner resulted in marginally increased 

primary antibody titres, non-significant with respect to 

the positive controls, and by contrast a good secondary response. 

However, platinum salts given as a single injection at the 

time of the initial immunisation results in a normal primary 

response, and elevated secondary, consistent with findings in 

earlier ammonium tetrachloroplatinate II studies (IMPO 1, 2, 

3). 

It is known that the chemotherapeutic platinum and other 

organoplatinum compounds are more toxic to T cells than B cells 

(Wierda and Pazdernik, 1979; Alsabti et al. 1979), with single 

doses producing suppression of blastogenesis for up to 72 hours, 

followed by a rebound phenomenon with increased numbers of lympho-

cytes (Khan et al. 1977) and monocytes (Kleinerman et al. 1981). 

DDP has also been shown to increase the number of plasma 

cells indicating enhanced immune system function with increased 

antibody production against sarcoma 180 in mice (Sodhi and 

Aggarwal, 1974). 

These finding allow one to postulate that effects seen in 

the present ovalbumin studies given concurrent platinum salts 

resulting in potential ovalbumin response may well arise from 

specific effects seen as changes of number and/or function of 

lymphocyte populations. 
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In the series of immunisations dealing with immunopotentiation 

as a result of immunising with ovalbumin with concurrent administ-

ration of one of the many platinum, palladium, or rhodium salts, 

it could be argued that this regimen of ovalbumin + B.pertussis, 

followed approximately 20 minutes later by injections of the 

platinum salts,could lead to in vivo conjugation of the platinum 

with the ovalbumin or cell wall components of the B.pertussis. 

It is possible, but most animals were tested for antiplatinum 

activity by RAST, after the finding of platinum antibody in 

conjugate studies (C1, 2, 3, 4) to validate this procedure, and 

showed that irrespective of the dose of platinum used there was 

no sign of antibody directed against the platinum. 

Challenges of peritoneal mast cells have proved to be of 

little use with I.P. immunisations using B.pertussis, as shown 

by Reed (1971), because there follows a rapid fall in the 

number of viable mast cells. The addition of platinum salt 

results in further reduction of the number of cells. 

Tests were carried out for non-specific histamine release on 

mast cells from control animals. Table 13 shows a composite of 

all non-specific histamine release values at the salt doses used. 

Values represent NHR (net histamine release). N.D. denotes 

not determined. 

1 0.1 0.01mg/ml 

% release % release % release 

(NH
4
)

2
PtCl

4 
60-85 10-17 2. 

(NH
A
)

2
PtCl
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Cs(PtN0
2
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(NH
3
)

2
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ND 0 0 

(NH
3
)

4
PtCl

2 
ND ND ND 

(NH
4
)

2
RhIIICl

5
:H

2
0 ND 5 0 

(NH
4
)

2
PdCl
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31 18 0 
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The trend is for the highly chlorinated platinum and palladium 

salts to cause high levels of release at platinum, salt doses 

approaching 2 x 10~^M. 

These values showed some discrepancies with values obtained 

by Zakharova et al., (1979) and this may reflect their use of 

Guinea pig mast cells and the method of testing which are not 

given. The Russian authors merely state that they used aqueous 

solution of the free salts whilst in the present study HEPES-CM 

buffer pH 6.8 was used. Many of the salts tested are acidic at 

the concentrations used (pH 5 - 5.5). 

IMMUNISATION WITH PLATINUM CONJUGATES 

The next series of studies were carried out with platinum 

conjugated to ovalbumin as the sensitising compound whilst hetero-

logous BSA-Pt was used for eliciting the PCA response, and HSA-Pt 

for detecting antibody by the RAST. The main problem encountered 

in these studies were obtaining uniformity of haptenic loading 

on the ovalbumin carrier. This partly accounts for not testing 

the primary response in these groups because of the much larger 

amounts of the available material required for PCA tests as com-

pared with that used for immunisation. It was found that even 

under strict conditions haptenic loading could vary by a factor 

of 3 for any given molar ratio of platinum/protein. 

This was considered important at the onset of the immunisation 

programme. Analysis of the results showed, however, that there 

was no significant differences between conjugates with 2 - 1 0 

platinum molecules per protein molecule. 

Immunisation with conjugated platinum salts produced no 

effect on total IgE production, but consistently elevated total 

IgG levels(C2, 3, 4). The emphasis in the present studies was on 



IgE antibody production and specific IgG levels to platinum salts 

and ovalbumin were not studied. 

The present experiments have resulted, for the first time, 

in demonstrating the production of specific IgE antibody to 

platinum salts in laboratory sensitised rats. 

This was confirmed by using a heterologous conjugate of 

BSA-Pt for which carrier cross-reactivity with ovalbumin had been 

excluded in PCA testing and HSA-Pt conjugate again with carrier 

cross-reactivity with ovalbumin excluded in the RAST. A highly 

significant positive correlation was found between the hetero-

logous BSA-Pt PCA challenge and the RAST, whilst a much lower 

correlation was found when the homologous ovalbumin conjugate 

was used for the PCA indicating for the latter a large carrier 

component in the antibody response. 

Ovalbumin-platinum sensitised animals tested with unconjug-

ated ovalbumin showed that as the haptenic loading on the 

conjugates increased, the PCA titre to ovalbumin decreased, 

presumably as fewer antigenic determinants were left exposed or 

because progressive denaturation of the ovalbumin had occurred. 

Immunisation and testing with BSA gave consistently 

negative results indicating that BSA is non-immunogenic in the 

rat under these conditions. Non-immunogenicity of BSA in the 

rat has been reported by Strejan (1973). However, BSA-Pt 

immunisation produced sensitisation with high specific anti-

platinum antibody responses as detected by the RAST using HSA-

Pt conjugates. 

Throughout this series of experiments two Guinea pig 

immunisations were undertaken. The first (GP1) was an attempt 

to validate some earlier Russian work purporting to have 
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sensitised Guinea pigs to many Group VIII metals and their salts. 

This work was repeated according to the authors methods, but 

failed to reproduce the original findings. Many of their positive 

results were elicited by concentrations of platinum group metal 

salts above non-specific histamine release levels. Immunisation 

protocols in the Guinea pig similar to those producing specific 

IgE in the rat (C1, 2, 3, 4) produced some evidence, in skin 

tests,of sensitisation. 

r 



CONCLUSIONS 
i 

1) Immunisation with ammonium tetrachloroplatinate in its 

free salt form over a range of doses via a number of routes 

using B.pertussis and/or aluminium hydroxide gel as adjuvants, 

does not produce IgE antibody to the platinum salts in the rat 

or Guinea pig. 

2) The allergenic platinum salts in man, i.e. ammonium 

tetrachloroplatinate II and ammonium hexachloroplatinate IV 

are immunopotentiating agents during the secondary response to 

ovalbumin when administered concurrently with ovalbumin in 

B.pertussis treated animals at the time of immunisation. 

3) Other closely related platinum compounds, as well as 

rhodium and palladium salts, fail to produce this immunopot-

entiation. 

4) The immunopotentiating platinum salts do not act as 

adjuvants in their own right. 

5) Low ratios of platinum to ovalbumin carrier results in 

conjugates capable of inducing specific IgE antibody to the 

platinum determinants in tests with heterologous carrier in 

both PCA and RAST systems. 

6) Recent experiments in the Guinea pig show that findings in 

the rat may be extrapolated to other animal species. 

The information provided may be useful for analysis of 

antibody producing mechanisms, roles of lymphocytes populations 

and analysis of IgE induction by low molecular weight inorganic 

chemicals. 



APPENDIX 1 

Statistical Methods 

The majority of antibody data is analysed by Student's 'T' 

test or Mann-Whitney 'U' test. These tests are defined exclusiv-

ely for the comparison of two groups only. Their use with more 

than two groups is invalid. 

Both are special cases of more general methods and the more 

general methods are necessary in analysing any experiment cont-

aining more than 2 treatment groups or having any other complex 

structure. Thus with multiple comparisons and unbalanced numbers 

of observations, a full analysis of variance must be performed. 

Although analysis of variance results are based on the idea of 

normal distribution, the method is reasonably robust with 

respect to non-normality. It can be further strengthened by means 

of suitably chosen transformation in selected cases. 

Examination of the data from all the varieties and all the 

experiments indicated that a logarithmic transformation provided 

a reasonable approach to normality except for the occurrence of 

of large numbers of zer observations, caused by non response of 

animals. 

It was convenient to assign zero observation a value of -1. 

The transformation employed was In (y + 1.1) where y is the 

variate under consideration. 

The next step was to perform multiple comparisons with the 

positive control group in each experiment. The method used was 

that of Dunnett (1964) after transformation (Box and Cox, 1964). 
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