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of Na-  K - p h o s p h a t e  buf fe r  (0.15 M for lower and  0 .25M for 
h igher  ACh concen t r a t i ons )  a t  p H  7.5. Af te r  exposure  to  
ACh ( t ime and  c o n c e n t r a t i o n s  as i nd ica t ed  in t he  Figures) ,  
t h e  cells were w a s h e d  3 t imes  a n d  r e suspended  in 0.75 ml  of 
0.85% NaC1 solut ion.  0.1 m l  a l iquo ts  of t he  cell suspens ion  
were i n t r o d u c e d  in to  d is t i l led  w a t e r  a n d  NaC1 so lu t ions  
(3 ml) a t  c o n c e n t r a t i o n s  of: 0.85, 0.7, 0.6, 0.5, 0.4 a n d  
0.3%. Af ter  i h a t  r oom t e m p e r a t u r e ,  t h e  cell suspens ions  
were cen t r i fuged  a n d  t he  h e m o g l o b i n  c o n t e n t  in  t he  su- 
p e r n a t a n t  f luids was d e t e r m i n e d  us ing  a K l e t t  pho toco lo-  
r ime t e r  (f i l ter  No. 54). 

The  osmot ic  f rag i l i ty  of t h e  e r y t h r o c y t e s  i n c u b a t e d  for 
20 h w i th  ACh or ace ty l th iocho l ine  (AThCh) a t  concen-  
t r a t i o n s  of 10-3M to  10-~M was def in i te ly  increased.  Hi-  
ghe r  c o n c e n t r a t i o n s  of these  2 c o m p o u n d s  b r o u g h t  a b o u t  a 
g rea te r  increase  of t he  cell f rag i l i ty  up  to  a p r o n o u n c e d  or 
a comple te  hemolys is ,  i nduced  a t  t he  i n c u b a t i o n  s tage  
(Figure 1). I n c u b a t i o n  of t h e  e r y t h r o c y t e s  for 20 h w i t h  
ve ry  h igh  c o n c e n t r a t i o n  (1.4 • 10-UVI) of succ inylchol ine  
(SCh) and  b u t y r y l c h o l i n e  (BCh) caused  on ly  a smal l  in- 
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Fig. 5. The osmotic fragility of red blood cells after incubation for 20 h 
with 0.14 M concentrations of: sodium acetate ( & .... A ), choline chlo- 
ride (&--&), both acetate and choline (A-.-&)$ ACh (�9 and 
without them (O--O). 

crease in t he  osmot ic  f rag i l i ty  of t h e  ceils. The  t ime-de-  
p e n d e n t  h e m o l y t i c  effect  (Figure 2) was  due  to  t he  pro-  
duc t ion  of acet ic  acid a c c o m p a n i e d  b y  a decrease  in t he  
p H  of t he  med ium,  w h i c h  was no t  p r e v e n t e d  in isotonic  
condi t ions .  P a p a i n  t r e a t m e n t  of t h e  red  b lood cells was  
found  to abol i sh  t h i s  hemoly t i c  effect  (Figure  3). 

E x t e r n a l  A C h E  f rom b o v i n e  e r y t h r o c y t e s  (Sigma, t y p e  
I) or f rom electr ic  eel (Sigma,  t y p e  V), or p l a s m a  cholines-  
terase,  added  to t he  i n c u b a t i o n  m e d i u m  of t he  papa in -  
t r e a t e d  cells, r es to red  t he  hemolys i s  b y  ACh (Figure 4) 
a n d  b y  AThCh.  I n  a n  i n c u b a t i o n  m e d i u m  c o n t a n i n g  plas-  
m a  chol inesterase ,  a comple t e  hemolys i s  was  induced  b y  
1.4 • 10-1M bu ty ry l cho l ine ,  too. As t h i s  cho l ines te rase  
ca ta lyses  a r ap id  hydro lys i s  of bu ty ry lcho l ine ,  t he  b u t y r i c  
acid p roduced  was i n v o l v e d  in t he  h e m o l y t i c  effect  in  th i s  
case. 

N a - a c e t a t e  or chol ine  chlor ide  a t  1.4 • 10-1M concen t ra -  
t i on  h a d  no  s ign i f ican t  effect, b u t  in  t he  presence  of b o t h  
of t h e m  the  osmot ic  f rag i l i ty  of t h e  ceils was def in i te ly  
a u g m e n t e d  (Figure 5). A d d i t i o n  of acet ic  acid a t  t he  same 
mola r  concen t r a t i on ,  to  t he  buffer  c o n t a i n i n g  i n c u b a t i o n  
med ium,  lowered t he  p H  of the  m e d i u m  to p H  4-5  a n d  
induced  a comple te  hemolysis .  

The  foregoing e x p e r i m e n t a l  resu l t s  ind ica te  t h a t  inac-  
t i v a t i o n  of the  e r y t h r o c y t e  AChE b y  p a p a i n  p ro t ec t s  the  
cells f rom the  p ro found  h e m o l y t i c  effect  of ve ry  h igh  con-  
c e n t r a t i o n s  of ACh a n d  AThCh.  

Rdsumd. L 'h6molyse  des globules rouges,  incubds  avec  
de for tes  concen t r a t i ons  d ' ac6 ty lcho l ine  en  cond i t ions  iso- 
ton iques  es t  due g l ' ac ide  acdt ique  lib6r6 dans  te mil ieu.  
Cet te  h6molyse  est  c o m p l ~ t e m e n t  inh ib6e  pa r  l ' i nac t iva -  
t i on  de l ' ac6 ty lcho l ines t6 rase  6 ry th rocy t a i r e  a v e c l a  pa-  
paine .  
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Aberrant Thymus Tissue in Rat and Mouse Thyroid 
One of t he  m o s t  i m p o r t a n t  discoveries  of m o d e r n  im- 

muno logy  is t he  role of t he  t h y m u s  in the  con t ro l  of the  
i m m u n e  response.  M a n y  s tudies  h a v e  shown the  f u n c t i o n  
of th i s  g land  b y  r e m o v i n g  it, especial ly  f rom new-bo rn  
animals ,  where  i ts  role is m u c h  more  p r o m i n e n t  t h a n  in 
adul ts .  W e  w a n t  now to r epo r t  a b e r r a n t  t h y m u s  t i ssue  
located  nea r  and  in t he  t h y r o i d  g land  in mice a n d  ra ts .  I n  
these  an ima l s  t he  t h y m u s  is in  t he  thorac ic  cav i ty ,  v e n t r a l  
to  t he  base  of t he  h e a r t  a n d  aor t ic  arch.  

The  t h y m u s  is a l y m p h o i d  organ,  d i f fer ing f rom l y m p h  
nodes  in be ing  ep i the l i a l  in  origin and  c h a r a c t e r  and  in 
h a v i n g  no sinusoids.  The  t h y m i c  lobes are ep i the l i a l  
t h i cken ings  in t he  region of t he  3rd and  4 th  p h a r y n g e a l  
pouches  in 11-day-old mouse  embryos .  Dur ing  t h e  15rE 
d a y  these  ep i the l ia l  vesicles sepa ra t e  f rom the  p h a r y n g e a l  

e p i t h e l i u m  and  come to lie an t e ro l a t e r a l  to t he  hear t ,  and  
d u r i n g  t he  s u b s e q u e n t  4 days  t h e y  grow, mig ra t e  postero-  
med ia l ly  a n d  become  l y m p h o i d a l k  The  r o d e n t  t h y m u s  
h a s  a dense  cortex,  s u r r o u n d i n g  a pale, i r regular ly  a r r anged  
medul la .  The  cor tex  is composed  of dense ly  packed  
masses  of smal l  l y m p h o c y t e s  called ' t h y m o c y t e s ' .  

More t h a n  40 years  ago, oE WiNI~VARTER 2 descr ibed 
t he  poss ib i l i ty  t h a t  t h y r o i d  and  pa ra thy rOid  g lands  
include t h y m i c  t issue,  wh ich  m i g h t  be  confused w i t h  
t a n g e n t i a l  sect ions  of t h e  t h y r o i d  follicles. He t h o u g h t  
t h a t  the  t h y r o i d  a n d  p a r a t h y r o i d  cells could be  local ly 

1 R. AUERBACH, Devel. Biol. 2, 271 (1960). 
2 H. Z)E WrNIW*Rr~R, C. r. Soc. Biol., Paris lO0, 433 (1929). 
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Fig. 1. Thynms tissue under parathyroid. The tissue is separated from Fig. 2. Thymus tissue with cortex and medulla near the thyroid 
the thyroid follicles. H and E, • 30. H and E, • 35. 

Fig. 3. Aberrant thymus tissue near the thyroid. The cortex is com- 
posed of small lymphocytes and the medana has large ceils, the 
equivalent of Hassal bodies. H and E, • 88. 

Fig. 4. Thymus tissue within the thyroid. Note the dense accumula- 
tion of small lymphocytes of the thymus, well separated from the 
thyroid. H and E, • 28. 

t r ans fo rmed  into  t hymocy te s ,  because he saw m a n y  
mitoses  in these  thyroids .  Later ,  DUNNa, 4 descr ibed 
abe r ran t  t h y m u s  t issue in a lmost  all mice of BALB/c  
s t ra in  s tudied,  This  t issue was of ten  on one side, and 
somet imes  seen as only a collection of lymphocytes .  The 
associat ion wi th  t he  pa ra thy ro id  is i m p o r t a n t  in recogn- 
izing it 5. 

In  our s tudies  on a u t o i m m u n e  thyro id i t i s  in mice and  
ra ts  we used several  inbred s t ra ins  of mice, as A K R / J ,  
BALB/cJ ,  B R V R ,  Cal l /He J, CBA/J ,  Cs ,BL/Ks  J, D B A /  
2J, and S J L / J ,  r a n d o m l y  bred  CF-1 mice  as well as the  
inbred  ra t  s t ra ins :  Buffalo, Lewis and  the  r andomly  bred  
Sprague-Dawley  r a t  s train.  Thyro ids  a t t ached  to the  
t r achea  were r emoved  f rom the  mice and rats,  cleared 
of the  ad jacen t  esophagus  and  laryngeal  muscles,  and  
f ixed in buffered formalin.  Af ter  processing,  serial sect ions 
6 ~m th ick  were s ta ined  wi th  h e m a t o x y l i n  and eosin. 

We  found abe r r an t  t h y m u s  t issue in 20 to  60% of 
animals  in the  var ious  s t ra ins  s tudied.  The t h y m u s  t issue 
is of ten  close to  t he  pa ra thy ro ids :  somet imes  the  para-  
thy ro id  seems to be molded  onto  the  t h y m u s  t issue 
(Figure 1). In  m a n y  case s the  t issue has an easily recogn- 
izable cor tex  and  medul la  (Figure 2). The medul la  has  
large ceils, the  equiva len t  of h u m a n ' s  Hassa l  bodies  (Figure 
3). The aspec t  is qui te  s imilar  to t h a t  of the  normal  

( intrathoracic)  t hymus .  In  some ins tances  the  abe r r an t  
t h y m u s  is m a n y  t imes  larger t h a n  the  pa ra thy ro id  gland. 
In  o ther  cases the  t h y m u s  t issue is located wi th in  the  
thyro id  i t se l f  as a wel l -def ined accumula t ion  of small  
lymphocy tes ,  sur rounded  by  normal  thyro id  follicles 
(Figure 4). This m a y  be confused wi th  a mononuclear  cell 
accumula t ion  seen in a u t o i m m u n e  thyro id i t i s  b u t  does 
not  have  the  diffuse inf i l t ra t ive  character ,  wi th  d is rupt ion  
of thyro id  follicles, as is seen in t h a t  disease. In  such cases 
serial sect ions are required for a be t t e r  recognit ion of 
tissue. E lec t ron  micrographs  migh t  be helpful  in de tec t ing  
myeloid  cells. 

In  chickens, where  the  t hy ro id  is normal ly  very  close 
to the  t h y mi c  lobes, JANKOVId et  al. s considered t h a t  the  
t h y m u s  is a source of mononuc lear  cells in a u t o i m m u n e  

3 T.B. DUNN, J. B. MOLONEY, A. W. GREEN and B. ARNOLD, J. natn. 
Cancer Inst. 26, 189 (1961). 

3 T. ]3. DUNN, in Immunity and Tolerance in Oncogenesis (Ed. L. SE- 
VERI; Division of Cancer Research, Perugia 1970), p. 687. 
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15.1. 1972 Specialia 81 

thyro id i t i s .  Somet imes  we found  in mice  and  ra t s  w i t h  
th i s  disease a sp read ing  of t he  l y m p h o c y t e s  f rom the  
a b e r r a n t  t h y m u s  t i ssue  in to  a d j a c e n t  t h y r o i d  t issue, b u t  
th i s  m a y  well  b e  a n  ar t i fac t .  

The  t h y m i c  t issue in t he  t h y r o i d  g land  ref lects  the  close 
embryo log ica l  evOlution of these  2 glands.  T he  a b e r r a n t  
t h y m u s  t i ssue  does no t  seem to  be  der ived  f rom t h e  
thy ro id .  I t  looks qu i te  n o r m a l  and  we h a v e  no  reason  to  
be l ieve  t h a t  t he  a b e r r a n t  t h y m u s  t issue in t he  t h y r o i d  is 
no t  func t ion ing .  I t  was shown  t h a t  a b e r r a n t  p a r a t h y r o i d  

- t i s s u e  in t he  neck  a n d  t h y m u s  in r a t s  is n o r m a l l y  func- 
t i on ing  and  can  exp la in  w h y  m a n y  p a r a t h y r o i d e c t o m i z e d  
r a t s  do no t  deve lop  h y p o c a l c e m i a  v. Therefore ,  h is tological  
e x a m i n a t i o n  of t he  t h y r o i d  a rea  is i m p o r t a n t  in all  t h y m -  
ec tomized  animals ,  in order  to  exclude  t h e  poss ib i l i ty  of 
a d d i t i o n a l  t h y m u s  t issue s. 

Rdsumd. Dans  di f fdrentes  l ign6es de souris  e t  de rats ,  on  
a s o u v e n t  t rouv6  du  t issu  t h y m i q u e  d ' a s p e c t  n o r m a l  au  
vo is inage  ou dans  la t h y r o i d e  m4me.  Les a n i m a u x  t h y m -  

ec tomis6s  d o i v e n t  8tre  examin6s  p o u r  contr61er la pr6- 
sence d ' u n  t i ssu  t h y m i q u e  a b e r r a n t .  
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-Isoantigenic Marker in Phytohemagglut inin-Responding Mouse Blood Lymphocytes  

Studies  based  on  t h y m e c t o m y  a n d / o r  b u r s e c t o m y l ,  ~ 
and  on  t h y m u s / b o n e  m a r r o w  g ra f t i ng  in karyologica l ly  
d i s t i ngu i shab le  syngene ic  s t r a i n  c o m b i n a t i o n s  8-5 ind ica te  
t h a t  t h e  p ro l i f e ra t ive  response  induced  in v i t ro  b y  p h y t o -  
h e m a g g l u t i n i n  (PHA) a n d  some o the r  mi togen ic  agen ts  
is u n d e r  t h y m i c  control ,  a n d  t h a t  the  cells p a r t i c i p a t i n g  
in t he  response  are  p r e d o m i n a n t l y  T - ( t h y m u s  dependen t )  
l ymphocy te s .  The  i n t r o d u c t i o n  of the  ~ - i s o a n t i g e n  6, as 
a m a r k e r  for t h y m u s - d e p e n d e n t  l y m p h o c y t e  in  mouse  7, 8, 
has  m a d e  i t  possible  to  ana lyze  t he  p a r t i c i p a t i o n  of T-cells. 
in i m m u n e  responses  b y  us ing  a n  a l t e r n a t i v e  e x p e r i m e n t a l  
design.  In  th i s  c o m m u n i c a t i o n  we wish  to r e p o r t  t h a t  
dep le t ion  of N -bear ing  cells f rom mouse  b lood l y m p h o c y t e  
p o p u l a t i o n  abol i shes  t he  PHA-response ,  a n d  t h a t  all  b u t  
a m i n o r  f r ac t ion  of t h e  b l a s t  cells t r a n s f o r m e d  b y  P H A  in 
cu l tu re  c o n t a i n  t he  ~ - a n t i g e n  on  the i r  surface. 

Materials and methods. Blood  was col lected f rom a d u l t  
ma le  CBA/TsT  ~ mice, w h i c h  rece ived  i n t r a v e n o u s l y  
0.15 m l  of 1 : 3 d i l u t ed  B. pertussis cu l tu re  e lua te  3 days  
pr io r  to  t he  bleeding.  The  per tuss i s  t r e a t m e n t ,  wh ich  was 
done  to  increase  t he  cell y ie ld  9, 10, s l ight ly  decreased  t he  
n u m b e r  of ~ - p o s i t i v e  cells in  t h e  b lood (Table  I). Opt i -  
m u m  cond i t ions  for cu l tu re  h a v e  been  descr ibed  before l~  
B l a s t  cel l  coun t s  and  u p t a k e  of 3 H - t h y m i d i n e  (New 
E n g l a n d  Nuclear  Corpora t ion ,  Bos ton ,  Mass, - Sp. act.  
6.7 mCi/mNI)  were used for t he  e v a l u a t i o n  of t he  response  1~ 
~ - i s o a n t i s e r u m  was p roduced  in A K R / J a x  mice b y  5 
weekly  in jec t ions  of C B A / J a x  t h y m u s  cells as descr ibed 
b y  RAFF 7,12. F re sh  h a m s t e r  a n d  gu inea-p ig  sera were used 
as sources  of c o m p l e m e n t  1~. T he  cy to tox ic  t i t e r  of t he  
a n t i s e r u m  aga in s t  C B A / T , T  6 and  C 3 H / H e J  t h y m u s  cells 
was  1 :64-128 .  N o r m a l  A K R / J a x  se rum was used as 
control .  The  c y t o t o x i c i t y  t e s t s  were pe r fo rmed  accord ing  
to RAFF ~ a t  1 :2  and  1 :4  d i lu t ions  of a n t i s e r u m  us ing  2 
d i f fe ren t  m e t h o d s :  b y  t he  t r y p a n  blue  dye  exclusion t e s t  
w i t h  pur i f i ed  l y m p h o c y t e s  popu la t ions ,  or b y  p r epa r ing  
cell smears  a f t e r  t r e a t m e n t  w i t h  a n t i s e r u m  and  comple-  
m e n t  us ing  a S h a n d o n  cy tocen t r i fuge  ( S h a n d o n  Scient if ic  
Co. Ltd . ,  L o n d o n  N W  10)z3. The  l a t t e r  of t he  2 m e t h o d s  
also p e r m i t t e d  morpholog ica l  e x a m i n a t i o n  of su rv iv ing  
cells. I n  cases where  l y m p h o c y t e s  were cu l tu red  a f te r  t he  
a n t i s e r u m  a n d  c o m p l e m e n t  t r e a t m e n t ,  t he  sera  were 
s ter i l ized b y  Mill ipore f i l t r a t ion  (Millipore F i l t e r  Corpora-  
t ion,  Medford,  Mass. - pore  size 0.22 ~m), a n d  t he  cell 
dens i t i es  were r ead jus t ed  p r io r  to  cul ture .  

Results and discussion. The  e l im ina t i on  of ~ - b e a r i n g  
cells p r io r  to  t he  cu l tu re  nea r ly  comple t e ly  abol i shed  the  
P H A - r e s p o n s e  (Table  II) .  These  cul tures ,  when  h a r v e s t e d  
on  t h e  3rd day,  c o n t a i n e d  p r i m a r i l y  sma l l  l ymphocy tes ,  
u sua l ly  i n  aggrega tes  a r o u n d  macrophages ,  some eosino- 
phi l ic  g ranu locy tes  a n d  few degene ra t i ng  cells w i th  
d i s t o r t ed  m o r p h o l o g y  (Figure).  The  occas ional  b l a s t  cells 
seen in  these  cu l tu res  were w i t h i n  t h e  aggregates  and  

Table I. Cytotoxic  effect of an t i -~  and complement  on mouse  blood 
lymphocy tes  before and  af ter  B. Pertussis t r e a t m e n t  

T r e a t m e n t  Dead cells (%) 
Blood Blood Thymus  
lymphocy tes  lymphocy tes  cells 
(no pertussis) (pertussis) 

None 2 6 9 
An t i -~  + C' 78 70 94 
A K R  serum + C' 5 4 8 

~Target  cell popula t ion  purif ied from red cells and  granulocytes  by 
NH4C1 lysis and  short  t e rm incuba t ion  on plast ic.  Ant i se rum di lut ion 
1:4. T r y p a n  blue (0.1%) dye  exclusion test.  
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