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Modifications of Pha~,ocitary Activity by Splenic 
Cells of Rat Carriers of Sarcoma,  Isolated in vitro 

Fol lowing  u p o n  o b s e r v a t i o n s  m a d e  d u r i n g  p rev ious  
work  1-3, I h a v e  o b s e r v e d  t h a t  r a t  car r ie rs  of big Gal l ie ra  
s a r c o m a  show a cons ide rab le  increase  of spleen,  r e ach ing  
s o m e t i m e s  u p  to  five t imes  t he  b u l k  of t he  spleen of 
n o r m a l  ra ts .  

Ana logous  o b s e r v a t i o n s  h a v e  been  m a d e  b y  o t h e r s  4-6 
on  a n i m a l  car r ie rs  of t u m o r s ,  a n d  WIN,-; d e m o n s t r a t e d  
t h a t  sp leen  of a n i m a l  car r ie rs  of t u m o r s  p roduces  a 
ce l lu lar  a n t i b o d y  t h a t  is specific for  t he  t u m o r .  H i s to -  
logical  mod i f i ca t ions  of t h e  sp leen  of r a t  car r ie rs  of Gal -  
t iera  s a r c o m a  cons i s t  in  h y p e r p l a s i a  a n d  h y p e r t r o p h y  of 
t h e  r e t i c u l o - e n d o t h e t i u m ,  whose  cells s o m e t i m e s  show 
p h a g o c i t a t e d  g ranu les  a n d  s o m e t i m e s  vacuo les  in  cyto-  
p l a s m ;  t h i c k e n i n g  of t h e  c o n n e c t i v e  t i ssue  of t h e  spleen 
was also obse rved .  

On  t he  basis  of such  obse rva t ions ,  possible  f u n c t i o n a l  
mod i f i ca t ions  of t he  cells of t he  spleen of r a t  carr iers  
of Gal l ie ra  s a r c o m a  were i n v e s t i g a t e d  s t u d y i n g  t he  phago-  
c i t a r y  a c t i v i t y  of t he  splenic  cells i so la ted  in  vitro, ac- 
co rd ing  to t he  t e c h n i q u e  desc r ibed  b y  SHEPARO 7 9 a n d  
du ly  modif ied .  

Mater ia l  and Method. I used for  t h i s  r e sea rch  30 r a t s  
h a v i n g  a n  ave rage  we igh t  of a b o u t  230 g each,  d iv ided  
in to  two  groups.  The  f i rs t  (control)  g roup  cons i s t ed  of 
15 n o r m a l  r a t s ;  t he  second g roup  of 15 ra ts ,  car r ie rs  
of b ig  non -u l ce red  sa rcoma .  Af te r  h a v i n g  ki l led each  
a n i m a l  b y  b e h e a d i n g  a n d  f u r t h e r  b leeding,  I t ook  a w a y  
t he  spleen,  whose  t o t a l  w e i g h t  was  cont ro l led .  F u r t h e r -  
more  I h o m o g e n i z e d  0.5 g of sp lenic  t i ssue  in  10 ml  of 
s ter i le  phys io log ica l  so lu t ion  of NaCI;  I t h e n  p u t  t h e  
h o m o g e n a t e s  in  s ter i le  t e s t - t ubes ,  for a s p o n t a n e o u s  sedi-  
m e n t a t i o n  of 5 rain,  in  o rde r  to  r e m o v e  t h e  n o n - h o m o -  
g e n a t e d  t issue.  The  s u p e r n a t a n t  was  c e n t r i f u g a t e d  for 
90 sec a t  300 g, in  o rde r  to  col lect  on ly  splenic  cells, 
w i t h o u t  e r y t h r o c y t e s ;  t h e  cells were  s u s p e n d e d  in 10 m l  
of s ter i le  phys io log ica l  so lu t ion  a n d  c e n t r i f u g a t e d  a 
second t i m e  a t  t h e  s ame  speed for  90 sec. T he  p u r e n e s s  
of t he  cells i so la ted  in  vitro was con t ro l l ed  b y  microscope.  
The  splenic  cells were t h e n  s u s p e n d e d  in 2 ml  of s ter i le  
phys io logica l  so lu t ion  in o rde r  to  s t u d y  t h e i r  phagoc i t i c  
ac t iv i ty .  I n  a s ter i le  t e s t - t u b e  I p u t  0.5 ml  of suspens ion  
of sp lenic  cells w i t h  0.5 ml  of fresh gu inea  pig  c o m p l e m e n t  
a n d  w i t h  7 ml  of a f resh  suspens ion  of Staphylococcus 
pyogenes aureus, Oxford  s tock ;  a f t e r  mix ing ,  I p u t  t he  
t e s t - t u b e  in a t h e r m o s t a t  a t  + 37 ° C for 3 h, h a v i n g  
found  in t he  p r e l i m i n a r y  t e s t s  t h a t  such  per iod  of in- 
c u b a t i o n  was the  op t ima l .  

F u r t h e r m o r e  I m a d e  slides of t h e  cells, wh ich  were 
f ixed b y  h e a t  a n d  s t a i ned  b y  G r a m ' s  m e t hod .  Fo r  each  

exper ience  I c o u n t e d  t he  n u m b e r  of cells h a v i n g  p h a g o c i t e d  
one or more  s t aphy lococch i ,  on  a t o t a l  of 400 ceils, a n d  
ca l cu la t ed  t he  ave r age  p e r c e n t a g e  for each  e x p e r i m e n t .  

Controls Rat carriers of 
Galliera sarcoma 

mg mg 

Average weight of spleen 926 :J: 45 3369 4- 1316 
Phagocitic activity 4.1% 4-0.9 11.2% 4- 1.8 

T h e  T a b l e  refers  to  t h e  ave r age  d a t a  of t h e  t o t a l  
we igh t s  of t h e  spleens  a n d  of t h e  phagoc i t i c  a c t i v i t y  of 
t h e  splenic  ceils of con t ro l s  a n d  of r a t  car r ie rs  of s a rcoma .  
As rega rds  t he  d r y  we igh t s  of spleens,  I f ound  no  dif- 
ference b e t w e e n  t he  n o r m a l  r a t s  a n d  t he  r a t  car r ie rs  of 
sa rcoma .  

Conclusion. The  resu l t s  of th i s  r e sea rch  p e r m i t  t h e  
conclus ion  t h a t  t h e  phagoc i t i c  a c t i v i t y  of t he  splenic  
cells of r a t  carr iers  of Gal l ie ra  sa rcoma ,  i so la ted  in  vitro, 
is m u c h  g rea t e r  t h a n  t he  phagoc i t i c  a c t i v i t y  of t he  
splenic  cells of n o r m a l  ra t ,  as  obse rved  his tological ly .  

The  h y p o t h e s i s  t h a t  a p p e a r s  t he  m o s t  p r o b a b l e  to  
exp la in  t he  increase  of t h e  spleen a n d  t he  increase  of 
phagoc i t i c  a c t i v i t y  of splenic  cells, is t h a t  t he  t u m o r  
p roduce  one or  more  s u b s t a n c e s  ( p r o b a b l y  also an t igens )  
s t i m u l a t i n g  t he  r e t i cu lo -endo the l i a l  t i ssue  a n d  c o n n e c t i v e  
t issue,  of  w h i c h  t h e  cons iderab le  increase  of b u l k  m a y  be  
cons ide red  responsib le .  

Riassunto .  L ' a u t o r e  h a  os se rva to  che  l ' a t t i v i t ~  fagoci-  
t a r i a  delle cellule sp len iche  di  r a t t o  p o r t a t o r e  di s a r c o m a  
Gal l iera ,  i so la te  i n  vitro, r i su l t a  s e n s i b i l m e n t e  a u m e n t a t a  
r i spe t to  a que l ta  delle cellule di  mi lza  di r a t t o  sano.  L a  
s ign i f i ca t iv i th  dei r i su l t a t i  v iene  a c c e r t a t a  ca l co lando  la  
' t '  di F isher .  
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Macromolecular Hypertension: Hypertensive 
Cardiovascular Disease from Subcutaneously  

Administered Polyvinyl  Alcohol 1 

I t  h a s  r e c e n t l y  been  r epo r t ed  f rom th i s  l a b o r a t o r y  t h a t  
ra t s ,  t r e a t e d  s u b c u t a n e o u s l y  w i t h  m e t h y l  cellulose, 
deve lop  ascites,  edema,  h y p e r t e n s i o n ,  foam cells w i t h i n  
glomerul i ,  g lomeru lonephr i t i s ,  a n d  a v a r i e t y  of a r t e r i a l  
a n d  a r t e r io l a r  lesions ~,a T he  s y n d r o m e  m a y  be  d e p e n d e n t  
u p o n  i m p a i r m e n t  of g l o m e r u l a r  c i rcu la t ion  caused  b y  
a c c u m u l a t i o n  of m e t h y l  cellulose w i t h i n  g lomeru l a r  endo-  
the l i a l  a n d  ep i the l i a l  cells. Such  i n t r a g l o m e r u l a r  seque-  
s t r a t i o n  of m e t h y l  cellulose ha s  been  desc r ibed  b y  

HUEPER 4"5 a n d  o t h e r s  ~,7, a l t h o u g h  these  i n v e s t i g a t o r s  
d id  n o t  r e p o r t  t h e  i n d u c t i o n  of h y p e r t e n s i v e  card io-  
v a s c u l a r  d isease  t h e r e b y .  
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HUEPER s,9 also noted tha t  the subcutaneous ad- 
ministration of a 5% solution of polyvinyl alcohol (PVA) 
into various kinds of animal caused glomerutar changes 
very similar to those caused by methyl  cellulose. No 
mention, however, was made of blood pressure alterations 
under such circumstances. I t  seemed desirable to deter- 
mine whether the macromolecular substances polyvinyl 
alcohol and methyl  cellulose, which have rather similar 
glomerular effects, would also share the property of 
inducing hypertensive cardiovascular disease in rats. Ac- 
cordingly the following experiment was undertaken. 

Mater ia l s  and  Methods.  Twenty female rats of the 
Holtzman strain, weighing 75-95 g were divided into two 
groups. Group 1 consisted of twelve animals given sub- 
cutaneously 1 cm 3 per day of 5% polyvinyl alcohol made 
up in physiological (0.9%) sodium chloride. Eight  animals, 
group 2, received the same volume of saline. Both groups 
received 1% NaC1 solution to drink - a procedure which 
enhances the development of certain forms of experi- 
mental hypertension - and Purina Laboratory Chow. 
Blood pressures were taken on unanesthetized animals on 
the first and twenty fifth day of the experiment by a tail 
plethysmograph, intermediate determinations were made 
impossible by disruption of services caused by the hurri- 
cane 'Carla'. Pressures greater than 150 mm Hg were 
regarded as hypertensive. At  this t ime the hematocrit,  
hemoglobin and red cell counts were made from a sample 
of drawn tail  blood and the urine was tested for protein 
by a reagent impregnated paper method 1°. The animals 
were killed with ether on the 27th day. 

Results .  All animals receiving PVA were severely 
hypertensive by day 25. Systolic pressures ranged 168- 
232 mm Hg, with a mean of 208 mm Hg. Pressures among 
controls ranged 120-136 mm Hg with a mean of 126 mm Hg 
PVA-treated animals also had lower hematocrits, hemo- 
globin and red cell counts than did controls. One animal 
which died on the 26th day and another which was killed 
then because of severe illness, had a particularly severe 
anemia, and were found at autopsy to have ascites. 
Est imation of urinary protein indicated that  while con- 
trols were excreting 0-30 mg% protein, PVA-treated 
animals were excreting 300-1000 mg%, a considerable 
proteinuria. 

At autopsy PVA-treated rats were found to have 
kidneys which were grossly enlarged and showed patchy 
whitish lesions. In one or two animals they were yellow 
and granular. The hearts were greatly hypertrophied, and 
in manyinstances epicardial scars could be detected.There 
was no abnormali ty visible in any of the other organs at 
autopsy, nor in those of controls. Organs were fixed in 
neutral formalin for subsequent weight and histology. 

Treated rats exhibited enlargement of the liver 
(P < 0.001), kidneys (P < 0.001), heart  (P < 0.001) and 
spleen (P < 0.02), slight atrophy of the thymus P < 
0.05), but  no significant adrenal hypertrophy. The data  
are incorporated in the Table. 

Discussion.  I t  is evident that  polyvinyl alcohol shares 
with methyl  cellulose the ability to cause hypertensive 
cardiovascular disease in the rat. Both are carbohydrate 
emulsion and film forming substances, both are chemi- 
cally inert and poorly metabolized by or excreted from 
the body, both are sequestered by the recticuloendothelial 
system and retained by the glomerulus. The last a t t r ibute 
suggests a possible mode of action. 

Previous investigators have a t tempted to occlude 
glomerular circulation by injecting particulate mat ter  
intravenously, and thereby cause renal ischemia and 
hypertension. This has not been particularly successful. 
I t  is suggested tha t  the use of substances such as PVA 

and methyl  cellulose, which form emulsion in plasma, 
arrive at  the glomeruli and there either occlude capillaries 
when plasma water  is filtered, or are taken up by endo- 
thelial cells which, by then swelling, cause glomerular 
ischemia, may be the agents of choice for this purpose. 

I t  is probable that  these macromolecules induce hyper- 
tension by a renal mechanism, but if so whether this is 
due entirely to mechanical interference with intra- 
glomerular circulation or to a more complex mode of 
action remains to be elucidated. To describe the hemo- 
dynamic disturbance induced by such agents the term 
'macromolecular hypertension'  is suggested. Although 
not all macromolecules cause hypertension, it is probable 
that  others that  do so will be identified. Such hyper- 
tension can then be conceptualized as distinct from such 
forms as, for example, tha t  induced by surgical procedures 
involving the kidney or by the administration of steroids. 
Only certain forms of kidney damage will produce 'renal 
hypertension'  and not all steroids produce 'steroid hyper- 
tension':  nonetheless the terms are widely used. 

The pathologic effects of PVA will be described in 
a subsequent communication, although others have 
reported on this aspect s,9. Renal enlargement is probably 
largely caused by glomerular retention of the plastic, and 
changes secondary thereto. The induces glomerular 
damage probably accounts for the observed proteinuria. 
Cardiac hypertrophy undoubtedly is secondary to the 
induced hypertension. Splenomegaly and hepatomegaly 
result from the uptake of the macromolecule by elements 
of the reticuloendothelial system. The hematologic find- 
ings are in accord with those reported by others. The 
erythropenia appears to be largely due to sequestration 
of erythrocytes within the tung, liver and spleen, to 
osmotic hydremia and to depressed erythropoiesis, but 
this is said not to account for the hemoglobinemia n. 

Although a high NaC1 diet was used in the present 
experiment, the degree to which the pathophysiological 
findings depend upon such supplementation has not 
been established. 

Effects of subcutaneous polyvinyl alcohol in t i le  rat  

tWA-Treated Controls 

No. of r a t s  in i t i a l  12 8 
fina! 11 8 

Bodyweight in g initial 83 ± 2 89 i '2 
f inal  169 ~t2 6 177 ~: 5 

Blood Pressure day  1 119 ~: 2 121 i '2 

(ram Hg) day  '25 208 z~: 6 126 ~: 2 

H e m o g r a m  RBC millions/mn~ a 5.55 ~ 0.32 6.79 :~: 0.23 
hematoc r i t  4 l  -4- '2 47 4- 1 
hemoglobin  g% 13.12 ztz 0.65 15.26 t :  i).38 

Organ weights  adrenals  (mgllO0 g) 34.8 ± 1.3 36.2 i 1.6 
t h y m u s  (mg]lO0 g) 170 ~z 22 241 -t2 '22 
spleen (mg/lO0 g) 427 Jz 26 327 i 24 
hea r t  (mg/lOOg) 474 :L 19 344:1= 8 
k idney  (g/lO0 g} 2 . t6  :k 0.19 1.05 j= 0.0,t 
l iver  (g/100 g) 7.15 ::[_ 0.2t) 5.31 J :  0.1'2 
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Zusammen/assung. N a c h  s u b k u t a n e r  I n j e k t i o n  vo n  
Polyvinyla lkohol l /Ssung  e n t w i c k e l n  R a t t e n  i n n e r h a l b  
eines M o n a t s  a r t e r i e l l en  H o c h d r u c k .  Gle ichzei t ig  beob-  
a c h t e t  m a n  Verg r6s se rung  von  Leber ,  Milz, Herz  und  
Nieren,  sowie T h y m u s a t r o p h i e ,  j edoch  ke ine  N e b e n n i e r e n -  
vergr6sse rung .  Es  wird  d a h e r  v e r m u t e t ,  dass  diese H y p e r -  
tonie ,  5~hnlich de r  d u r c h  Methylce l lu lose  he rvo rge ru f enen ,  

eine Folge von  ges t6 r t e r  in t raglomerul~i rer  D u r c h b l u -  
t u n g  ist. 

C. E. HALL an d  O. HALL 

The Carter Physiology Laboratory, University o/ Texas 
Medical Branch, Galveston (USA),  October 16, 1961. 

Der Nachweis  praecipitierender 
Casein-Antik6rper im Agar 

Fiir  das  Aufdecken  v o n  N a h r u n g s m i t t e l - A n t i k 6 r p e r n  
s t a n d e n  uns  bis j e t z t  v ier  V e r f a h r e n  zur  Verf f igung:  
{ 1) Die Praecipitin-Reaktion, welche m i t  d e m  Vor te i l  de r  
t e c h n i s c h e n  E i n f a c h h e i t  u n d  m i t  d e m  Nach te i l  de r  
ge r ingen  Sensibi l i t i i t  b e h a f t e t  ist.  (2) Die Komplement- 
bindungsreaktion, die ca. z e h n m a l  e m p f i n d l i c h e r  als die 
P r a e c i p i t i n r e a k t i o n  ist. I h r  Nach te i l  l iegt  in de r  ge r ingen  
SpezifitAt,  im V e r b r a u c h  von  viel  Serum,  sowie in der  
ums tAnd l i chen  Techn ik ,  die da s  Anse t zen  zah l re i che r  
K o n t r o l l e n  e r forder t .  (3) Die Pr f i fung  au f  A n t i k 6 r p e r  
d u r c h  Injektion des Antigens in die Haul g ib t  h~uf ig  
unspezi f i sche  Resu l t a t e .  Es  is t  b e k a n n t ,  dass  Allergien 
des M a g e n - D a r m t r a k t e s  d u r c h  H a u t r e a k t i o n e n  me i s t ens  
n i c h t  e r fass t  w e r d e n  k6nnen .  (4) Der  Haemagglutinations- 
Test ,  den  wir  vo r  e in igen J a h r e n  ffir den  Nachwe i s  von  
N a h r u n g s m i t t e l - A n t i k 6 r p e r n  e ingef i ih r t  h a b e n  ~,~, h a t  
t r o t z  de r  v o n  a n d e r e r  Sei te  3,4 e r fo lg ten  Pr f i fung  u n d  Be- 
st~it igung ke ine  wei tere  V e r b r e i t u n g  gefunden .  Mit  an-  
de ren  W o r t e n :  Von  den  sub 1-3 ange f f ih r t en  M e t h o d e n  
e n t s p r i c h t  h in s i ch t l i ch  des Sensibi l i t~i tsgrades sowie der  
Spezif i t / i t  n i ch t  eine den  Anspr f i chen  kr i t i sch  e inges te l l t e r  
Kl in iker ,  w ~ h r e n d  m a n  fiber den  "Wert des  H a e m a g -  
g l u t i n a t i o n s t e s t e s  wegen  se iner  b i she r igen  ge r ingen  Ver-  
w e n d u n g  ke ine  s ichere Aussage  a b g e b e n  k a n n .  

Anges ich t s  des in der  p r a k t i s c h e n  B e d e u t u n g  der  an-  
gef i ih r ten  serologischen V e r f a h r e n  b e g r e n z t e n  W e r t e s  ftir 
den  Nachweis  v o n  N a h r u n g s m i t t e l - A n t i k 6 r p e r n  en t -  
schlossen wir  uns  e ine 5. M e t h o d i k  zu b e n u t z e n ,  welche  
eine V a r i a n t e  der  e r s t e r w / i h n t e n  dars te l l t .  

Ft i r  unse re  U n t e r s u c h u n g e n  b e d i e n t e n  wir  uns  des 
Agard i f fus ions te s t s  n a c h  OUCHTERLONY 5, der  in de r  
Serologie der  l e t z t en  J a h r e  in z u n e h m e n d e m  Masse An-  
w e n d u n g  ge funden  ha t .  Aus d e m  Gros  de r  h ie r  zu er- 
w~ihnenden Ver suche  seien n u r  die yon  HAINER et  al. ~ 
m i t t e l s  des  O u c h t e r l o n y - T e s t e s  v o r g e n o m m e n e n  Stu-  
d ien  fiber A n t i k 6 r p e r  gegen K u h m i l c h ,  sowie gegen 
Gl iad in  erw~ihnt, in d e n e n  unsere  frf iheren,  mi t t e l s  der  
K o m p l e m e n t b i n d u n g s r e a k t i o n  sowie des H a e m a g g l u -  
t i n a t i o n s t e s t e s  e r h a l t e n e n  Befunde  bes t / i t ig t  wurden .  

Methoden und Material. \Vir  b e n u t z t e n  eine Mikromodi -  
f ika t ion  au f  O b j e k t t r / i g e r n  des  Aga rd i f fu s ions t e s t s  n a c h  
OUCHTERLONY 5, bei  der  m a n  m i t  0,2 ccm S e r u m  u n d  
0,1 ccm A n t i g e n l 6 s u n g  a u s k o m m t .  In  das  au f  die O b j e k t -  
t r / iger  ausgegossene  2% Agargel  (2,5 ccm Agar  pro  
Objekt t r~iger)  w u r d e n  ffinf r u n d e  L6che r  m i t  e inem 
D u r c h m e s s e r  von  9 m m  ges t anz t .  Der  A b s t a n d  de r  
L6che r  v o n e i n a n d e r  w a r  5 m m .  In  die v ie r  u m  das  zen- 
t r a l e  A n t i g e n r e s e r v o i r  ge legenen L6cher  wurde  das  
S e r u m  in e iner  V e r d f i n n u n g s r e i h e  eingefi i l l t  (Figur) .  
(a) Agar. Der  4 %  in aqua dest. gel6ste Difco-Agar  wurde  
m i t  V e r o n a l p u f f e r  von  p H  7,4 im Verh~tl tnis  1 : 1 ve rd f inn t .  
(b) Serum. Es  w u r d e  be i  56 ° 30 min  i n a k t i v i e r t e s  m e n s c h -  
l iches S e r u m  yon  N e u g e b o r e n e n  ( N a b e l s c h n u r b l u t ) ,  b e i  
K i n d e r n  und  E r w a c h s e n e n  v e r w e n d e t .  (c) Antigen. Die 

3 ,3% L 6 s u n g  yon  Casein (nach  H a m m a r s t e n )  in ver-  
d f i n n t e m  N a O I t  wurde  m i t  n /10  HC1 au f  p i t  7,2 geb rach t .  
(d) Fiirben. Die g e t r o c k n e t e n  Pr~iparate  w u r d e n  m i t  
A m i d o s c h w a r z  gef/ irbt .  

Ergebnisse. Die case inp raez ip i t i e r ende  A n t i k 6 r p e r  en t -  
h a l t e n d e n  Seren  e rg ab en  zwischen d en  m i t  A n t i g en  u n d  
S e r u m  geffi l l ten L 0 ch e rn  eine deu t l i che  Praezipitations- 
linie, meis t ens  bis zu e iner  S e r u m v e r d f i n n u n g  v o n  1 :8  
(Figur) .  Bei  de r  u m g e k e h r t e n  V e r s u c h s a n o r d n u n g  (un- 
v e rd f i n n t e s  S e r u m  in de r  Mit te ,  A n t i g e n  in e iner  Ver-  
d f innungs re ihe  in den  5.usseren L6chern)  w u r d e n  mi t  
den  me i s t en  Seren  die g le ichen T i t e r  erziel t .  

Zwecks  O r i e n t i e r u n g  fiber d en  \Ver t  des  O u c h t e r l o n y -  
Tes tes  ftir den  Nachwe i s  yon  Case in -Ant ikOrpern  u n t e r -  
s u c h t e n  wir  235 Seren  v o n  170 Pe r sonen  sowohl  m i t d e r  
H a e m a g g l u t i n a t i o n s r e a k t i o n  als auch  m i t  d em O u c h t e r -  
l ony-Tes t  au f  Case in -Ant ik6rpe r .  Die m i t  den  be iden  Me- 
t h o d e n  e r h a l t e n e n  Be fu n d e  s ind in Tabel le  I wieder-  

Tab. I. I)er Nachweis yon Casein-Antik6rperm Vergleich der mit 
dem Hfimagglutinations- und dem Ouehterlony-Test erhaltenen Re- 

sultate in 235 untersuehten Seren 

Ouchterlon y positiv negativ total 
19 Seren '216 Sereu 235 Seren 

/ \  / \  
Haemagglutination positiv negativ positiv negativ total 

1"2 7 68 148 235 Seren 

1)er Nachweis yon Casein-Antik~Srpern im Agar. A 3,3% Casein- 
16sung, 1 unverdfinntes Serum, ~ 1:2 verdtinntes Serum, 3 1:4 ver- 

diinntes Serum, 4 1:8 verdiinntes Serum. 
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