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f rom dif fus ion of i m m u n e  S. minnesota se rum aga ins t  
S. minnesota (crude), Klebsiella pneumonia t y p e  1, a n d  
Serratia marcescens 01. Two l ines of i d e n t i t y  are obse rved  
as were obse rved  w h e n  t he  a n t i s e r u m  was t e s t e d  ag a i n s t  
t he  Proteus rettgeri t y p e  80 an t igen ,  E. colt 014, an d  t h e  
l ipopo lysacchar ide  of E. coli 0111 de r ived  f rom Boiv in-  
t y p e  e x t r a c t i o n  (1000 vg/mt ,  Difco Labora to r i e s ,  De t ro i t ,  
Michigan) .  Conversely,  a n t i s e r u m  p roduced  ag a i n s t  
Klebsiella pneumoniae t y p e  1, Proteus rettgeri t y p e  80, 
a n d  Serratia marcescens 01 all  fo rmed  a t  leas t  2 p rec ip i t i n  
b a n d s  aga ins t  t he  c rude  or pur i f i ed  S. minnesota an t igen .  
P r e c i p i t a t i n g  a n t i b o d y  could be  r e m o v e d  b y  a b s o r p t i o n  
w i t h  whole  S. minnesota organ i sms  or l a t ex  par t ic les  
coa ted  w i t h  pur i f i ed  glycolipid.  No p rec ip i t in  b a n d s  
were fo rmed  b e t w e e n  S. minnesota a n t i s e r u m  a n d  t h e  
pur i f ied  l ipopo lysacchar ides  of Pseudomonas aerugi~osa 
t y p e s  1 t h r o u g h  VII ~, ~. 

These  resul t s  conf i rm b y  t h e  i m m u n o d i f l u s i o n  t e c h n i q u e  
t h a t  ' s m o o t h '  o rgan i sms  w i t h  i n t a c t  O-specific side cha ins  
be long ing  to  t he  f ami ly  Enterobacteriaceae st i l l  possess core 
an t igens  wh ich  will p r ec ip i t a t e  w i t h  a n t i b o d y  d i rec ted  a t  
t he  h e a t - s t a b l e  g lycol ip id  of S. minnesota 595 c h e m o t y p e  
'Re ' ,  a ' r ough '  m u t a n t  whose  cell wal l  is p r inc ipa l ly  
composed  of t h e  KDO- l ip id  A. The  s igni f icance  of t h i s  
de t ec t i on  of p r e c i p i t a t i n g  a n t i b o d y  is a t  leas t  5-fold. 
Firs t ,  t h i s  c an  be  a powerfu l  tool  for s t u d y i n g  the  t axo-  
n o m i c  r e l a t i onsh ips  b e t w e e n  en te r i c  b a c t e r i a  a n d  o the r  
mic roorgan i sms .  M a n y  an t i gens  sha red  b e t w e e n  a p p a r -  

e n t l y  u n r e l a t e d  species are  n o w  be ing  descr ibed,  w i t h  t h e  
hypothes~s  t h a t  t h i s  m a y  be  one m e c h a n i s m  for  t he  
d e v e l o p m e n t  of na tu r a l ,  c ross -p ro tec t ive  i m m u n i t y  n-13, 
Second, i t  becomes  a n o t h e r  m e t h o d  for e v a l u a t i n g  t h e  
r e l a t i onsh ip  of t h e  ' R e '  a n t i g e n  to o t h e r  wide ly  sha red  
an t i gens  of en te r i c  b a c t e r i a  such  as t h e  ' c o m m o n  a n t i g e n '  
(CA) of KOraN ~. Th i rd ,  i t  m a y  p r o v i d e  t h e  basis  for  
deve lop ing  a h igh ly  sens i t ive  and  specific assay  for endo-  
t o x i n  b y  t h e  r a d i o i m m u n o a s s a y  pr inciple ,  w h i c h  depends  
on  c o m p e t i t i v e  b i n d i n g  of r ad io labe l l ed  a n d  un labe l l ed  
an t igens  w i t h  p r e c i p i t a t i n g  an t i body .  Fo u r t h ,  i t  p rov ides  
a bas is  for  t h e  q u a n t i t a t i v e  m e a s u r e m e n t  of a n t i b o d i e s  
aga ins t  core glycol ipid  b y  t h e  a n t i g e n  b i n d i n g  t e c h n i q u e  ~*. 
F ina l ly ,  t h e  a v a i l a b i l i t y  of p r e c i p i t a t i n g  a n t i b d y  ag a in s t  
core glycol ipid  m a y  be  h igh ly  useful  in  s t u d y i n g  t he  
h i s t o p a t h o l o g y  of acu t e  a n d  chronic  g r a m - n e g a t i v e  
bac i l l a ry  infect ions ,  p a r t i cu l a r l y  t h e  loca l iza t ion  of an t i gen  
b y  i m m u n o f l o r e s c e n t  a n d  rad io labe l l ed  a n t i b o d y  tech-  
niques.  

Zusammen/assung. Pr / iz ip i t i e rende  A n t i k 6 r p e r  gegen 
gere in igtes  G lyco l ip idan t igen  ~ Re ,> yon  Salmonella minne- 
sota R 595 w u r d e n  in K a n i n c h e n  erzeugt .  ~ Re ~> A n t i s e r u m  
b i lde t  P rXzip i t a t ions l in ien  m i t  den  A n t i g e n e n  y o n  E. eoli, 
Klebsiella, u n d  Serratia, n i c h t  abe r  m i t  den  A n t i g e n e n  yon  
Pseudomonas aeruginosa. Typenspez i f i sche  An t i s e r a  gegen 
die e r s t en  drei  O r g a n i s m e n  r eag ie r t en  rn i t  den  ~Re~>- 
Ant igen .  
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Fig. 2. Precipitation of S. minnesota 595 chemotype 'Re' antiserum 
with antigens of other enteric bacilli. A) Serum from rabbit immunized 
i.v. with heat-killed S. minnesota. Well 1: Klebsiella pneumoniae 
type 1 antigen. Well 2 : S. minnesota antigen. 
Well 3: Serratia marcescens 01 antigen. 
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Orosomucoid,  Seromucoid and Haptoglobin in Serum During Adjuvant Arthritis of the Rat 

I n  i m m u n o p a t h o l o g i c a l  e x p e r i m e n t M  diseases l ike 
a d j u v a n t  a r t h r i t i s  ~ a n d  n e p h r o t o x i c  se rum n e p h r i t i s  2 
w i t h  i n f l a m m a t o r y  reac t ion ,  i t  is i n t e re s t ing  to k n o w  t h e  
v a r i a t i o n s  of t he  acu te  phase  p ro t e in s  3 and  to  h a v e  s imple  
specific assays  for these  p ro t e in s  t h a t  will  g ive q u a n t i -  
t a t i v e  i n f l a m m a t i o n  c r i t e r i a  of t h e  e x p e r i m e n t a l  disease.  
W e  were i n t e r e s t e d  i n  two acu te  phase  p r o t e i n s :  oroso- 
muco id  4, or al  acid g lycopro te in  5, a n d  h a p t o g l o b i n  
(Hp) 6, a~ g lycoprote in ,  b o t h  s y n t h e t i z e d  by  the  l ive rL  
Seromueoid ,  or  s e rum m u c o p r o t e i n  s, a he t e rog en o n s  
g lycoprote ic  f rac t ion  c o n t a i n i n g  orosmnucoid ,  was  s tud ied  
s imul taneous ly .  Modi f ica t ions  of two  ex i s t ing  m e t h o d s  
were m a d e  for specific assays  of r a t  o rosomucoid  an d  

h a p t o g l o b i n :  t h e  f i rs t  m e t h o d  was b y  rad ia l  i m m u n o -  
di f fus ion a n d  t h e  second b y  an  a u t o m a t e d  procedure-  
m e a s u r i n g  p e r o x y d a s e  a c t i v i t y  of H p - H b  complex.  Using  
these  t echn iques ,  we s tud ied  b o t h  g lycopro te ins  in  se rum 
d u r i n g  a d j u v a n t  a r t h r i t i s  in  t h e  ra t .  

Methods. Orosomucoid  was k ind ly  p r e p a r e d  b y  
J.  MAR~AIS f rom W i s t a r  r a t  serum,  48 h a f te r  t u r p e n t i n e  
in jec t ion ,  as p rev ious ly  descr ibed  ". A n t i s e r u m  to  r a t  
o rosomucoid  was p roduced  in r a b b i t s  ( s t ra in :  ' F a u v e  de 
Bourgogne ' ) .  Orosomuco id  levets were m e a s u r e d  in r a t  
sera by  t h e  MANCIN110 rad ia l  i m m u n o d i f f u s i o n  t e c h n i q u e  
us ing  a 1/10 d i lu t ion  of an t i  o rosomucoid  a n t i s e r u m  
in 0 .75% agarose  p r e p a r e d  in ve rona l  buf fe r  p H  8.6. 
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Correlations between individual rat  serum levels of orosomucoid, haptoglobin and seromueoid 

EXPERIENTIA 30/2 

Glycoproteins Rat  population n r p y = ax + b 

x y 

Orosomucoid Hp Normal controls 10 0.928 < 0.001 y = 0.89x + 0.06 
All experimental rats 47 0.844 < 0.001 y = 0.72x + 0.42 

Orosomueoid Seromucoid Normal controls 10 0.887 < 0.001 y = 1.42x + 0,41 
All experimental rats  46 0.454 % 0.01 - -  

x, y, correlated values; n, number  of values; r, correlation coefficient; p, level of significance; y = ax + b: equation of regression line. 

2 V1 of s e r u m ,  or  o r o s o m u c o i d  s t a n d a r d  s o l u t i o n  r a n g i n g  
f r o m  0.4 t o  5 g/l ,  w e r e  p u t  in  t h e  wel ls .  F o r  n o r m a l  sera ,  
6 V1 of  s e r u m  or  o r o s o m u c o i d  s t a n d a r d  s o l u t i o n  r a n g i n g  
f r o m  0.10 to  1.5 g/1 we re  n e c e s s a r y  ( F i g u r e  1). 

t i p  l eve l s  r a n g i n g  f r o m  0.05 t o  0.7 g/1 w e r e  m e a s u r e d  
b y  a m o d i f i c a t i o n  ~ of  t h e  a u t o m a t e d  m e t h o d  d e s c r i b e d  
b y  one  of  u s ~ .  

S e r o m u c o i d  w a s  m e a s u r e d  b y  a m o d i f i c a t i o n  of t h e  
t e c h n i q u e  of  H u ~ R o A  e t  al .S: p r e c i p i t a t i o n  in  0.6 M 
p e r c h l o r i c  a c id  of  t h e  s e r u m  d i l u t e d  t o  1/30 w a s  e f f e c t e d  
a t  4 ~  t h e  p e r c h l o r o s o l u b l e  p r o t e i n - b o u n d  h e x o s e  w a s  
d e t e r m i n e d  b y  t h e  o r c i n o l  s u l f u r i c  r e a g e n t  ta w i t h  ga l ac -  
t o s e  s t a n d a r d s .  T o t a l  p r o t e i n s  w e r e  d e t e r m i n e d  a c c o r d i n g  
to GORNALL 1~. 

P o l y a r t h r i t i s  w a s  i n d u c e d  in  40 S P F  S p r a g u e - D a w l e y  
r a t s ,  w e i g h i n g  f r o m  165 t o  190 g ( I f f a -Credo ,  69 S t  Ger -  
m a i n  s u r  l ' A r b r e s l e ) .  F o o d  a n d  w a t e r  we re  s u p p l i e d  a d  
l i b i t u m .  A d j u v a n t  w a s  p r e p a r e d  as  fo l lows :  90 m g  of  
d e s s i c a t e d  2YIycobaeterium b u t y r i c u m  (Difco) we re  su s -  
p e n d e d ,  h o m o g e n i z e d  a n d  s t e r i l i z e d  in  a m i x t u r e  of  
m i n e r a l  oil, 40 ml .  ' t w e e n  80' ,  10 ml ,  a n d  NaC1 0.9% , 
40 ml .  0.1 m l  p e r  100 g w e i g h t  w a s  i n j e c t e d  i n t o  t h e  
r i g h t  p o s t e r i o r  f o o t  p a d .  T h e  r a t s  we re  t h e n  r a n d o m l y  
d i v i d e d  i n t o  8 g r o u p s  of 5 a n i m a l s  w h i c h  w e r e  s ac r i f i c ed  

r e s p e c t i v e l y  o n  d a y s  2, 4, 7, 9, 11, 14, 18 a n d  24 a f t e r  t h e  
a d j u v a n t  i n j e c t i o n ,  2 c o n t r o l  g r o u p s  of  5 a n i m a l s  i n j e c t e d  
w i t h  s a l i n e  b e i n g  s ac r i f i c ed  on  d a y s  2 a n d  24. J u s t  b e f o r e  
sacr i f ice ,  t h e  r a t s  we re  s c o r e d  v i s u a l l y .  F o r  e a c h  p a w ,  
0 w a s  g i v e n  t o  n o r m a l  a s p e c t ,  1 t o  e r y t h m a ,  2 t o  o e d e m a ,  
3 t o  p s e u d o - p h l e g m o n o u s  a s p e c t  a n d  4 to  n e c r o s i s .  F o r  
t h e  ta i l ,  t h e  p r e s e n c e  of  one  n o d u l e  w a s  n o t e d  1, s e v e r a l  
n o d u l e s  2, a n d  r i g i d i t y  of  t h e  w h o l e  t a i l  3. F o r  e a c h  ear ,  
p u r p u r i c  p o i n t s  we re  n o t e d  1 a n d  n o d u l e s  2. T h e  m a x i -  
m u m  sco re  w a s  23. T h e n  t h e  r a t s  w e r e  b l e d  f r o m  t h e  
a b d o m i n a l  a o r t a  u n d e r  e t h e r  a n e s t h e s i a  a n d  t h e  s e r a  
f r o z e n  a t  - 2 0  ~ 

Resu l t s  and  d i scuss ion .  T h e  d a t a  a r e  s u m m a r i z e d  in  
F i g u r e  2. T h e  c l in i ca l  m a n i f e s t a t i o n s  of  p o l y a r t h r i t i s  
o c c u r e d  i n  100 % of  t h e  a n i m a l s  i n j e c t e d  w i t h  a d j u v a n t .  
T h e  t w o  c l a s s i c a l  p h a s e s  o f  t h e  d i s e a s e  w e r e  o b s e r v e d  ~ :  
a p r i m a r y  i n f l a m m a t i o n  l oca l i z ed  t o  t h e  i n j e c t e d  p a w  a n d  
a s e c o n d a r y  g e n e r a l i z e d  p o l y a r t h r i t i s  b e g i n n i n g  o n  d a y  9. 
T h e  c u r v e s  o f  o r o s o m u c o i d ,  s e r o m u c o i d  a n d  t i p  i n  s e r u m  

w e r e  s t r i k i n g l y  p a r a l l e l  a n d  s h o w e d  t w o  s i g n i f i c a n t  p e a k s  
c o r r e s p o n d i n g  t o  t h e  s u c c e s s i v e  p h a s e s  of  t h e  e x p e r i -  
m e n t a l  d i sease .  A g o o d  c o r r e l a t i o n  b e t w e e n  t h e  i n d i v i d u a l  
r a t  s e r u m  l eve l s  of  t h e  d i f f e r e n t  g l y c o p r o t e i n s  w a s  f o u n d ,  
(Table) .  T h e  m o d i f i c a t i o n s  of t h e s e  a c u t e  p h a s e  p r o t e i n s  

Fig. 1. Radial immunodiffusion of orosomucoid s tandard solutions 
(1 = 0.11 g/l; 2 = 0.22 g/l; 3 = 0.57 g/l; 4 = 1.15 g/l) and rat  in- 
f lammatory sere (5 to 12). 

1 ]3. H. WAKSMAN, C. M. PEARSON and J. T. SHARP, J. Immun.  85, 
403 (1960). 

-~ E. UNANIJE and F. DIXON, Adv. Immun.  6, 1 (1967). 
3 A. H. GORDON, in Plasma Protein Metabolism (Eds. M. A. ROTH- 

SCHILD and T. WALDMANN; Academic Press, New Work 1970), 
p. 351. 

4 H. E. WEIMER, J. W. )/[EHL and R. J. WINZLER, J. biol. Chem. 785, 
561 (1950). 
14. SCH~tD, J.  Am. chem. Soe. 72, 2816 (1950). 

6 M. POLONOVSK[ and M. F. JAYLE, C. r. Soe. Biol. 129, 457 (1938). 
7 C. LOMBART, M. NEBUT, M. P. OLLIER, M. F. JAYLE and L. HART- 

~AXN, Revue fr. Etudes din. biol. 73, 258 (1968). 
E. J. SARCIONE, Arch. Biochem. Biophys. 100, 516 (1963). 

s A. DUBIN, D. S. I4:USHNER, H. A. DYNIEWICZ and H. POPPER, 
J. Lab. clin. Med. 47, 403 (1956). 

9 R. ENGLER, F. A~PEAU, IV!. STERNBERO and M. F. JAYLE, Annls. 
Biol. elin. 29, 257 (1971). 

10 G. MANOINI, J. P. VAERMA~, A. O. CAR~ONARA and J. F. H]~REMANS, 
Prot. Biol. Fluids l l t h  Colloquium Bruges (Ed. H. PEETERS ; Perga- 
inon Press, Oxford and New York 1964), p. 370. 

1I C. LOM~Am'r, R. ENGLE•, M. F. JAVLE, in publication. 
12 j .  MORETTI, 1Vi. WAKS and M. F. JAYLE, Annls Biol. clin. 7, 149 

(1967). 
13 H. E. WEIMER and J. MOSHI~, Am. Rev. Respiratory Dis. 68, 

594 (1953). 
la A. G. GORNALL, C. J. BARDAWlLL and N. ?r DAVlI L J. biol. Chem. 

777, 751 (1949). 
15 B. ]3. NEWI~OUI.D, Br. J. Pharmac. 21,127, (1963). - F. DELBARRE, 

H. BROUILHET, A. ]KAHAN, B. AMOR, in 12 and 13e Confrontations 
Pharmacologiques (Doin, Paris 1968), p. 39. 



15. 2. 1974 Specialia 195 

m a y  be a t t r i b u t e d  to  an increased synthes is  induced  in the  
first  s tage by  the  localized in f l ammat ion  and in t he  
second s tage by  the  general ized i n f l a m m a t o r y  poly-  
ar thr i t is .  They  were no t  due to  any  hemoconcen t ra t ion ,  
since the  to ta l  p ro te ins  were no t  s ignif icant ly  modif ied;  
in fact,  these  g lycoprote ins  r epresen ted  a t  t he  mos t  5 to  
10 % of the  to ta l  proteins.  Our resul ts  are in ag reemen t  
wi th  those  of GLENN et  al. ~o who repor ted  an increase of 

Arthritis score 

~ Injected paw 

Orosomucoid(g/ I )  

. . . . . . . . . . . . . . . . . . . . .  -~ 

H a p t o g l o N n ( g / I ) ~  

t 5  

0 
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08 
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3 0 ~ - .  ' ' ~ . . . .  110 . . . .  1'5 . . . .  2'0 . . . .  25day 

Fig. 2. Arthritis total (O--O) and partial score, limited to the injection 
paw (A--A), compared with serum orosomucoid, Hp, serum sero- 
mucoid and total proteins during adjuvant polyarthritis in the rat. 
O, mean of the experimental group 4- standard error of the mean; 
T O, mean of 24th day control group). Normal control values for 10 rats : 
arthritis score = 0; orosomucoid = 0.13 ~ 0.03 g/l; haptoglobin = 
0.27 4- 0.01 g/l; seromueoid hexose = 0.60 ~= 0.06 g/I; total serum 
proteins = 59 • 2.7 g/1. 

et and a,, globulins, to ta l  mucopro te ins  and  glycoproteins .  
Bu t  these  au thors  did no t  men t ion  the  f irs t  i n f l a m m a t o r y  
peak  since t h e y  began the i r  s t u d y  at  day  4. 

No signif icant  pathological  p ro te inur ia  was observed 
dur ing  the  course of t he  a d j u v a n t  ar thr i t i s ,  in compar ison  
wi th  the  contro l  groups of ra t s  which  excre ted  2.3 mg 
pro te ins  per  day  as a mean.  No morphological  lesions of 
glomeruli,  tubuli ,  mesangium,  in ters t i t ia l  space and  
vessels were no ted  by  microscopic examina t ion  in the  
kidney.  The con t r a ry  had  been expected,  since Z&HIRI 
et  al. ~ observed histological  a l te ra t ions  of k idney  
glomeruli  and tubuli .  However ,  t h e y  used a d i f ferent  
ad juvan t .  

Conclusion. The kinet ics  of orosomucoid,  H p  and  sero- 
mucoid  in se rum dur ing  a d j u v a n t  a r thr i t i s  reflect  the  
two phases  of t he  clinical deve lopment .  Therefore,  we 
suggest  the  use of these  quan t i t a t i ve  b iochemical  para-  
mete rs  to  apprec ia te  the  effect  of drugs or o the r  experi-  
men ta l  factors  in th is  immunopa tho log ica l  disease. 
F u r t h e r  expe r imen t s  to  va l ida te  these  tes t s  are in 
progress,  

Rdsumd. Chez le rat ,  au cours de la po lya r th r i t e  par  
ad juvan t ,  les courbes  6volutives de l 'o rosomucoide  et  de 
l ' hap tog lob ine  s6rique p r6sen ten t  2 pics i m p o r t a n t s  
parallbles & c rux  du s6romucoide et  co r r e spondan t  aux 
2 phases  in f l ammato i res  de la maladie.  Nous n ' av ons  
observ6 ni prot6inurie  pathologique,  ni lgsions his tolo-  
giques r6nales. 
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V e n u l a r  M i c r o - A n e u r y s m a l  E c t a s i a :  an  A c c o m p a n i m e n t  of the  C u t a n e o u s  A l l o g r a f t  R e s p o n s e  

Increased  vascular  pe rmeab i l i t y  to  c i rculat ing E v a n s '  
blue is a p r o m i n e n t  and  ear ly  even t  in t he  cu taneous  
al lograft  response  which  immed ia t e ly  precedes  unequivoca l  
macroscopic  and  microscopic  evidence of the  onset  of 
re ject ion 1. In  the  course of our s tudies  on the  vascular  
changes  occurr ing at  the  t ime  of th is  exuda t ive  response,  
we have  not iced  the  d e v e l o p m e n t  in t he  graf t  vessels of 

diffuse venular  ectasia  and in par t icu lar  focal aneurysmal  
d i la ta t ion  closely re la ted  in t ime  to  the  exuda t ive  response.  

OrthotopJc  ful l - thickness  skin graf t ing was carried out  
using inbred  s t ra ins  of Wis t a r  Albino Glaxo and  Piebald  
Var ian t  Glaxo ra ts  as donors  and  recipients  respect ively.  
Or tho top ic  skin was graf ted  in to  round  excised wounds  
(9.00 • 0.5 mm) on the  f lanks  of rec ip ient  an imals  ira- 


