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Results and discussion. Table I i l lustrates  the  resul ts  of 
11 individual  exper iments .  In  the  1050 grad ien t  inter-  
phase  a BL  enr iched popu la t ion  is col lected:  there  are 
70.52% EAC rose t tes  forming  cells w i t h  0% E roset tes .  
On the  cont rary ,  in the  1068 in terphase ,  there  is an en- 
r i chm en t  of TL, w i th  68% E roset tes  and 8.55% EAC 
roset tes .  W h e n  these  p ropor t ions  are compared  wi th  the  
to ta l  lymphoid  popula t ion  ob ta ined  in a 1074 dens i ty  
grad ien t  (Table II) a 187% en r i chmen t  of BL a t  1050 and 
a 36% en r i chmen t  of TL at  1068 densi t ies  were appreci-  
ated.  Viabi l i ty  of all cells collected f rom gradients  was over  
95%. 

These resul ts  show t h a t  it  is possible to ob ta in  pop-  
pula t ions  enr iched for E and EAC roset te  forming 
lymphocy te s  (TL and BL respect ively) .  The d iscont inuous  
F H  gradients  used offer the  advan t age  of being a s imple 
and quick m e t h o d  for the  separa t ion  of 2 types  of l ympho-  
cytes and requir ing small  volumes  of blood. 

Moreover,  as no l igand is a t t a c h e d  to  the  ceil m e m b r a n e  
receptors  dur ing  the  whole  procedure ,  these  recep tors  
remain  unchanged,  a p r o p e r t y  which m a y  be e x t r e m e l y  
useful when  the  funct ion of these  subpopula t ions  are to  
be s tudied  subsequent ly .  
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Summary. Ease  of t ransfus ion  and  high tong- te rm surviva l  ra te  were ob ta ined  when whole  blood was  admin is te red  via 
the  corpus  cave rnosum of the  penis  and removed  f rom the  orbi ta l  sinus of male C57B1 mice. W h e n  2 volumes of blood 
are replaced a p p r o x i m a t e l y  14% of p re - t rans fus ion  red cells remain  af ter  hema toc r i t  correct ions  are made.  The post-  
t ransfus ion  hema toc r i t  levels d ropped  19%, p robab ly  the  resul t  of leakage, which is difficult  to avoid. 

Because of technica l  difficulties, blood t ransfus ions  are 
rare ly  a t t e m p t e d  in small  l abora to ry  animals  such as 
mice. However ,  if a s imple technique  for blood t rans-  
fusion were available,  i t  could have  wide appl ica t ion  in 
m a n y  small  an imal  studies.  A m e t h o d  has  been developed 
in th is  l abora to ry  in which  whole blood can be in jec ted  
into male  mice via t he  corpus  cave rnosum of t he  penis  
while a t  the  same t ime  blood is r emoved  f rom the  oph tha l -  
mic plexus.  The la t t e r  route  has, in the  past ,  been  used 
successfully to ob ta in  blood f rom m a m m a l s  3-~ and 
frogs ~. The corpus  cave rnosum of the  penis,  a l though  no t  
to our  knowledge referenced in the  l i terature,  is a route  
c o m m o n l y  uti l ized for in jec t ing  mater ia l  i.v, in marly 
labora tor iesL Al though  in jec t ion  via t he  tai l  vein  is pos- 
sible, the  ma rked  decrease in tai l  blood flow t h a t  occurs 
in anes the t i zed  mice p resen t s  major  problems.  To de- 
m o n s t r a t e  the  p rocedure ' s  pract ica l  appl icat ion,  male  
C57B1 mice pre - in jec ted  wi th  59 Fe-label led red cells were 
t rans fused  wi th  whole, unlabel led  blood to  de t e rmine  the  
efficiency of blood r ep l acemen t  and survival  in the  t rans-  
fused animals.  

Mature  C57B1 male  mice (27-30 g) were anes the t ized  
by  in ject ion of 10 mg of chloral  h y d r a t e  i.p. This dose was 
suff icient  to keep m o s t  animals  anes the t ized  for the  
du ra t ion  of the  e x p e r i m e n t  ( ~  2 h). However ,  on oc- 
casion, animals  requi red  an addi t ional  3-6 mg. The ex- 
pe r imen ta l  pro tocol  was as follows: 1. "Washed, ~gFe- 
labelled isologous red cells were suspended  in sutf ic ient  
0.9% saline to  ma in t a in  no rma l  hema toc r i t  levels and 

0.1 ml was in jec ted  via  the  corpus  cave rnosum of the  
penis ;  2. The e ry th rocy te s  were allowed to  equi l ibra te  for 
15 min and a 20 #1 a l iquot  of tai l  blood was collected into 
a p re -hepar in ized  capi l lary tube ;  3. fresh, whole hepar i -  
nized blood was injected into the  corpus  cave rnosum of 
the  penis. The penis was exposed as shown in the  pho to -  
graph  (Figure) and a 25 gauge needle a t t a ch ed  to a 5 ml 
syringe was inser ted in to  the  corpus cavernosum for 
t ransfusion.  Simul taneously ,  blood was removed in to  a 
g radua ted  centr i fuge tube  via capi l lary tube  inser ted  into 
the  orbi ta l  s inus (Figure). The procedure  required ap- 
p rox ima te ly  5 min to replace 2 volumes  of the  mouse ' s  
blood (4.2 ml/30 g). Technical ly,  it  was easier to  inser t  
the  capi l lary tube  into t he  orbi tal  sinus first  and as a 
resul t  usual ly 0.2-0.3 ml  of blood was removed  pr ior  to 
beginning the  corpus cave rnosum injection.  Once the  
inject ion was begun, i t  p roceeded at  a more  rap id  ra te  
t h a n  remova l  unt i l  0.2 ml  more  blood had  been in jec ted  
t h a n  removed.  This different ia l  was  ma in ta ined  unt i l  the  
2 volumes  of blood were admin i s t e red  a t  which t ime b o t h  
the  capi l lary t ube  and the  in ject ion needle were r emoved  
s imul taneously .  The ex t r a  0.2 ml was to  allow for the  
leakage t h a t  general ly  occured bo th  f rom the  orbi t  and 
the  corpus cave rnosum following t ransfus ion;  4. the  
t rans fused  b lood was t h e n  allowed to  equi l ibra te  for ap- 
p rox ima te ly  1 h and a second 20 #1 sample  was taken.  The 
samples  were cent r i fuged and the  hema toc r i t  pe rcen t s  
de te rmined .  Fol lowing t ransfus ion,  surviving mice were 
replaced in the i r  cages. Some have  been subsequen t ly  
ma in t a ined  for 3 months .  

Extent of replacement and hematocrit changes following blood 
exchange 

cpm[20]*l Initial Initial 
Period Blood~ level (%) Hematoerit level (%) 

Pre 2566 i 228 100 48 4- 3 100 
Post 363 i 85 14 39 • 4 81 

Values expressed as mean ~ standard deviation. Post-replacement 
values are corrected to initial hematoerit. 
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I l lus t ra t ion  of b lood  e x c h a n g e  accompl i shed  b y  in jec t ion  v ia  the  
co rpus  c a v e r n o s u m  of the  penis  a n d  b leeding  t h r o u g h  the  orb i ta l  
s inus of the  mouse.  

An imals  wh ich  su rv ived  t h e  f irst  2 h a f t e r  t r ans fus ion  
( >  90%) showed no obse rvab le  ill effects du r ing  the  fol- 
lowing 3 m o n t h s .  W h e n  n o r m a l  male  C57BI mice were 
t r ans fused  w i t h  2 vo lumes  of fresh n o r m a l  hepa r in i zed  
blood, the re  was a 19% drop  in the  1 h pos t - t r ans fus ion  
h e m a t o c r i t  (Table). This  decrease  was p r o b a b l y  t h e  re- 
su l t  of leakage  of g rea te r  t h a n  t h e  0.2 ml  c o m p e n s a t e d  
for, an d  is dif f icul t  to  avoid.  W h e n  cor rec t ions  were m a d e  
for the  change  in h e m a t o c r i t ,  a p p r o x i m a t e l y  14% of t he  
in i t ia l  59 Fe- label led  red  cell coun t s  r e m a i n e d  in t h e  a n i m a l  
a f te r  t r ans fus ion .  

A m e t h o d  has  been  descr ibed  for t r an s fu s i n g  mice b y  
in jec t ion  of f resh whole  b lood in to  t h e  corpus  c a v e r n o s u m  
of t h e  penis  while  b lood  is c o n c u r r e n t l y  r e m o v e d  f rom 
t h e  venus  p lexus  of t h e  o rb i t a l  cav i ty .  B o t h  these  rou tes  
are easi ly accessible an d  w h e n  reasonab le  p recau t ions  are 
t aken ,  t h e y  fac i l i ta te  r ap id  a n d  re l a t ive ly  safe b lood 
t r an s fu s i o n  in smal l  an imals .  T h e  h igh  su rv iva l  r a t e  w h e n  
syngeneic  b lood is used m a k e s  i t  a useful  p rocedure  for 
l o n g t e r m  studies .  Based  on  a 7% blood v o l u m e  per  we igh t  
mouse,  on ly  2 vo lumes  of b lood were t r a n s f u s e d  in th i s  
s tudy .  However ,  i t  seems l ikely t h a t  la rger  a m o u n t s  can  
be t r ans fused ,  an d  a c o n c o m i t a n t  r educ t ion  in the  endo-  
genous  b lood ob ta ined .  I f  necessary,  the  p rocedure  could 
be r epea t ed  a t  f r equen t  in t e rva l s  w i th  no  d a m a g e  to  t he  
penis. T h e  o rb i t  is more  p rone  to i n j u r y ;  however ,  as 
RILEY 5 n o t e d  1-2 b leedings  of smal l  vo lumes  v ia  th i s  
rou te  pe r  week  seem to be ha rmles s  to  the  a n i m a l  a n d  
da i ly  b leedings  are even  possible.  F u r t h e r m o r e ,  a l t h o u g h  
chlora l  h y d r a t e  resul t s  in  a decreased blood flow to t he  
ta i l  of the  mouse,  i t  is possible  to t r ans fuse  b lood v ia  t he  
ta i l  vein.  Thus ,  t h o u g h  more  difficult ,  t r an s fu s i o n  is pos-  
sible in ch lora l  h y d r a t e  anes the t i zed  female  mice. 
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Summary. Accura t e  e s t ima te s  of t he  equ i l ib r ium concen t r a t i o n s  in  t h e  n o n - i n t e r a c t i v e  r eac t ion  of severa l  l igands  w i t h  
severa l  classes of b ind ing  si tes w i t h  u n i v a l e n t  s t o i ch iome t ry  can  be r ap i d l y  o b t a i n e d  b y  a s imple m e t h o d  of successive 
a p p r o x i m a t i o n s  on  a p r o g r a m m a b l e  desk  calcula tor .  

B i n d i n g  reac t ions  b e t w e e n  macromolecu les  and  o the r  
c o m p o u n d s  (ligands) are c o m m o n  b iochemica l  pheno-  
mena .  W e l l - k n o w n  examples  are t he  f o r m a t i o n  of enzyme-  
s u b s t r a t e  complexes ,  t he  specific a n d  nonspecif ic  b in d i n g  
of h o r m o n e s  to p l a s m a  or cell p ro te ins ,  t he  an t igen-  
a n t i b o d y  reac t ion ,  etc. I n  t he  "n • m' case2, m indepen-  
d e n t  classes of n o n i n t e r a c t i n g ,  u n i v a l e n t  b i n d i n g  si tes 
r e a c t  w i t h  n u n i v a l e n t  l igands  s i m u l t a n e o u s l y  to r each  an  
equ i l i b r i um def ined b y  n • m equa t i ons  g iven  b y  

Bij - -  Kij (Nj - -  Cj) (Si --- Di) (1) 

where  Bi j  is t he  equ i l ib r ium c o n c e n t r a t i o n  of t he  i t h  
l igand  b o u n d  to  t he  ] t h  class of b i n d i n g  si tes (i = 1,2 . . . . .  
n ;  ] : 1,2 . . . . .  m), Ki~ is t he  co r r e spond ing  equ i l ib r ium 

n m 
assoc ia t ion  cons t an t ,  Ca = X B~j, D,  ~ 27 B,~, and  N~ 

i = 1  ] _ 1  
a n d  Si are t he  t o t a l  c o n c e n t r a t i o n s  for t he  ] t h  class of 
b i n d i n g  si tes and  t he  i t h  l igand,  respect ive ly .  For  a g iven  
pos i t ive  in tege r  m, i t  is possible  to  e s t ima te  t h e  va lues  of 
Ki j  a n d  N j  f rom e x p e r i m e n t a l  b i n d i n g  d a t a  and  k n o w n  

S, ' s  b y  t h e  m e t h o d  of leas t  squares  as appl ied  to  non l inea r  
regress ion 3. Severa l  c o m p u t e r  p rog rams  are ava i l ab le  for  
th i s  k ind  of p a r a m e t e r  f i t t i ng  4-s, inc lud ing  ours  t h a t  in-  
corpora tes  a goodness-of-f i t  t e s t  to  decide (for n = 1) 
wh ich  of severa l  va lues  a s sumed  b y  m bes t  descr ibes  t h e  
e x p e r i m e n t a l  da ta% 

E q u a l l y  i m p o r t a n t  to  researchers  is t h e  converse  p rob -  
lem of ca lcu la t ing  t h e  equ i l ib r ium c o n c e n t r a t i o n s  of b o u n d  
an d  u n b o u n d  l igands  a n d  of filled a n d  e m p t y  b ind ings  
sites w h e n  t h e  associa t ion  c o n s t a n t s  an d  t o t a l  concen t r a -  
t ions  of r e a c t a n t s  are  k n o w n  or al lowed to a s sume  g iven  
va lues  ( s imula t ion  or model ing) .  S'r~cKI10 h a s  descr ibed  
an  a l g o r i t h m  for impl ic i t ly  solving th i s  p r o b l e m  w h e n  
n = 1. O the r s  h a v e  used var ious  c o m p u t e r  p r o g r a m s  
based  on  l inea r i za t ion  (Taylor  series) or d i f fe ren t ia l  
equa t ions  w h e n  n > 111-1a. The  p r e s en t  r e p o r t  descr ibes  
a s imple r  m e t h o d  which  requi res  on ly  a p r o g r a m m a b l e  
desk ca lcula tor .  

S u m m a t i o n  of t h e  n •  equa t ions  g iven  b y  (1) to  
o b t a i n  t h e  m c o n c e n t r a t i o n s  of ] t h  l igand b o u n d  to  all  
s i tes an d  t h e  n c o n c e n t r a t i o n s  of i t h  class of b i n d i n g  si tes 


