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Table II. Correlation between electrophoretical mobility and IgG 
sub-class distribution in 11 hypogammaglobnlinaemie sera 

Titres 
Serum Mobility IgG1 IgG2 IgG3 

Fast h 7 52% 1/16 112 0 
h 5 54% 1116 1/16 0 
h 9 54% 1/8 1116 0 
h 15 57% 1/8 1116 0 
h 13 60% 1/16 118 114 
h 14 62% 1/32 1/8 0 
h 16 65% 1/32 1/16 114 
h 4 66% 1/6 1/4 1/2 
h 8 67% 1/8 114 1/2 
h 10 70% 1116 1/1 1]4 
h 6 75% 1116 0 1/1 

(Start. Dil. 1 mg/ml) 1/16 1/8 1/1 

Medium 

Slow 

Normal IgG 

Fig. 2. Comparison of the electrophoreticat mobilities of some hypo- 
gammaglobulinaemic sera and some isoelectric focusing fractions of 
IgG. The mobilities for each serum and IgG fraction, in this particular 
study, are given in bracketts. (1) Normal IgG; (2) serum h 5 (54%); 
(3) IgG fraction, ph6.8 (40.9%); (4) serum h 15 (52%); (5) IgG 
fraction pH7.0 (43.5%); (6) serum h4  (63%); (7) IgG fraction 
pH 8.45 (76.1%); (8) serum h 10 (70%); (9) IgG fraction pH 8.95 
(84.8%); (10) serum 116 (74%). Anti Fc (IgG) serum was used to 
fill the troughs. 

b u t  had  less IgG2 t h a n  expected .  Addi t iona l  s tudies  
p roved  t h a t  res idual  IgG had  ' spon taneous ly '  spl i t  into 
F a b  and  Fc-like pieces, and  the  recorded mobi l i ty  cor- 
r esponded  to the  Fc f ragment .  

Discussion and conclusions. Our resul ts  seem to prove  
t h a t  in hypogammaglobu l inaemia ,  t he  abnorma l  electro- 
phore t ic  mobil i t ies  of the  residual  IgG (previously re- 
po r t ed  by  GOLEBIOWSKA and  R o w e  6) depend  in t he  
ma jo r i t y  of cases on the  d i s t r ibu t ion  of IgG sub-classes.  

Large a m o u n t s  of IgG2, and poss ibly  IgG4, due to  
t he  fast  e lec t rophore t ic  mobil i t ies  of these  sub-classes 1, e, 9 

will lead to an overall  fas t  mobi l i ty  of the  res idual  IgG. 
In  the  absence of IgG2, the  mobi l i ty  will reflect  t h a t  of 
IgG1 and IgG3, b o t h  slow moving  sub-classes1, 9. 

Summary. The corre la t ion be tween  the  e lec t rophore t ic  
mobi l i ty  of residual  l gG in hypogammag lobu l inaemic  sera 
and  the  d i s t r ibu t ion  of IgG sub-classes was s tudied.  I t  
was found t h a t  IgG f rom sera wi th  raised levels of IgG2 
show fas t  e lec t rophore t ic  mobi l i ty ,  and  sera w i th  ve ry  
low or absen t  IgG2 show a slow moving  IgG. IgG3 was 
absen t  or jus t  de tec tab le  in fast  moving  IgGs, and  
p resen t  in h igher  t i te rs  in some slow IgGs. 

Rdsumd. La correlat ion ent re  la mobil i t6  e lec t ropho-  
r6t ique de l'IgG r6siduelle des s6rums h y p o g a m m a g l o b u -  
l in6miques et  la d i s t r ibu t ion  des sous-classes de l ' IgG est  
l 'ob je t  de cet  6tude. Les IgG r6siduelles de mobil i t6 rap ide  
out  des t i t res  61ev6s d ' IgG2 et  celles de mobil i t6 lente  ne 
p r6sen ten t  que des t races  d ' IgG2.  
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Toxicity of Rabbit Ant i -Dog Lymphocyte Serum to Human Cell Cultures 

Ill previous work  1, r abb i t  an t i -dog  l y m p h o c y t e  serum 
plus r abb i t  c o m p l e m e n t  was found  to have  a rap id  
cytocidal  effect  on blood l y m p h o c y t e s  of pa t i en t s  wi th  
chronic l ymphocy t i c  leukemia  bu t  had  l i t t le  or no effect  
on normal  h u m a n  lymphocy tes .  In  th is  s tudy,  the  ant i -  
se rum was t e s t ed  agains t  cells ill long t e r m  cul tures  which  
had  been  der ived f r o m  blood of normal  persons  and  of 

pa t i en t s  w i th  acute  leukemia  and  f rom BURKITT'S lym-  
photon.  The m e t h o d  of cell cul ture  is descr ibed by  
MOORE et al. 3. 

The cells suspended  in R P M I  1640 were incuba ted  for 
90 min  at  37 ~ wi th  fresh r abb i t  serum (10~o) and wi th  
a r abb i t  an t i -dog l y m p h o c y t e  serum in va ry ing  dilutions.  
The n u m b e r  of viable  cells was counted  by  means  of a 
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special slide chambe r  and  phase  microscopy.  The t i t e r  
was def ined as the  di lut ion of an t i se rum which  killed 
90% of the  cells. 

The rabb i t  an t i -dog l y m p h o c y t e  serum was toxic  to 
the  cells in all 5 cul tures  (Table). The ceils of MooRs 
No. 5287 were the  mos t  sensi t ive (ti ter 1:3000) and of 
Burk i t t ' s  l ymphoma ,  H R I K ,  the  least  sensi t ive (t i ter  
1:30). Cultures CEE,  MOORE and  CORMACK were der ived 
f rom normal  persons  and  cul ture  BARNES f rom a pa t i en t  
wi th  acute  leukemia.  The degree of tox ic i ty  did no t  seem 
to be corre la ted wi th  the  der iva t ion  of the  culture.  

In  recent  parallel  exper iments ,  the  rabbii~ ant i -dog 
l y m p h o c y t e  serum had  t i ters  up to 1 : 40 for l ymphocy te s  

of 6 normal  persons  (median > 1: 10) and  up to  1:1000 
for l ymphocy te s  f rom 12 pa t i en t s  wi th  chronic lympho-  
cyt ic  leukemia  (median 1:100). These f indings are in 
accord wi th  t he  previous  s t u d y 1  

The r abb i t  an t i -dog l y m p h o c y t e  serum plus r abb i t  
complemen t  was, on the  average,  more toxic to the  h u m a n  
cells in cul tures  t h a n  to blood lymphocy te s  of pa t i en t s  
wi th  chronic l ymphocy t i c  leukemia 8. 

Zusammen/assung. Die K o m b i n a t i o n  von Kan inchen  
A n t i - H u n d  L y m p h o z y t e n s e r u m  und  Kan inchen  Komple-  
m e n t  war  fiir menschl iche  Blutzel len in in -v i t ro -Kul tu r  
sowie f i i r  B l u t l y m p h o z y t e n  yon  P a t i e n t e n  mi t  chroni-  
scher l ympha t i s che r  LeukSmie toxisch.  

Titer of rabbit anti-dog lymphocyte serum which killed 90% of cells 
in established human cell cultures and in lymphocyte suspensions 

Cell cultures Titer 
(yaedian) 

Derived from blood of normal persons 
CEE No. 1120 1 : 300 
COR~IACK No. 8068 1 : 1000 
MOORE NO. 5287 1 : 3000 

Derived from patients with acute leukemia or lymphoma 
BARNES NO. 4277 1 : 1000 
BURKITT'S lymphoma - HRI K 1 : 30 

Lymphocyte suspensions 
Lymph nodes of 2 dogs 1 : 10,000 
Derived from blood of 

6 normal persons > 1 : 10 
12 patients with chronic lymphocytic leukemia 1 : 100 
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R h e o g o n i o m e t r i c  V i s c o s i t y  M e a s u r e m e n t s  of Whole  H u m a n  Blood  at M i n i m a l  Shear  Rates  D o w n  
to 0.0009 sec  -~ 

Low shear  ra tes  down to 0.052 sec -1 appl ied to cer ta in  
blood sys tems  led some inves t iga tors  to the  conclusion 
t h a t  blood has Newton ian  characteris t ics .  Our modifica- 
t ions to the  Weissenberg  rheogoniomete r  p e r m i t t e d  meas-  
u remen t s  down to 0.0009 sec -1 and, in some cases, down 
to 0.0006 sec -1. The da ta  ob ta ined  at  these  low shear  
ra tes  demons t r a t e  t h a t  blood has non-Newton ian  behavior  
and exhibi t s  a yield stress. These f indings are considered 
s ignif icant  in the  phys io logy and pa tho logy  of blood 
circulation.  

Blood viscosi ty  is marked ly  augmen ted  as the  flow of 
blood approaches  a s tandst i l l  and the  shear  ra te  pro-  
gresses to zero. Such s i tua t ions  exist  physiological ly in 
the  l iving circulat ion,  when  the  flow veloci ty  is ex t r emely  
low, such as in pos t -capi l la ry  vessels and wi th  t he  occur- 
rence of stasis or cessat ion of blood flow. Therefore,  it  
needs to  be es tabl ished whe the r  or no t  blood has a yield 
stress and to de te rmine  w h a t  the  flow character is t ics  are 
a t  ex t r emely  low shear  rates.  

One of us (A.L.C.) proposed in 1942 t h a t  blood behaves  
as a non-Newton ian  fluid and m i g h t  well have  a yield 
stress 1. Since a t  t h a t  t ime  techniques  were no t  avai lable 
for the  m e a s u r e m e n t  of viscosi ty  a t  very  low shear  rates,  
th is  p rob lem could only be specula ted  upon.  MERRILL, 
WELLS et  al. 2 s tudied  whole blood viscosi ty  a t  ' low' shear  
ra tes  and concluded,  according to  CHIXN, GREGERSEN 
et al. 8, t h a t  whole blood exhib i ted  a yield stress. C~IIEN 
et al. a, who repea ted  some of these  studies,  r epor ted  in 
1966 t h a t  the  results  a t  low shear  ra tes  wi th  the  GDM 
viscometer  were no t  reliable, because of l imi ta t ions  of 
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