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to  a m i n i m u m  in the  in terspindle  lulls and reached a 
m a x i m u m  dur ing the  spindles. W h e n  synchronized  sleep 
was replaced by  the  desynchronized  phase,  the  peaks in 
the  py ramida l  record d isappeared;  and the  cort icospinal  
a c t i v i t y  became  s tabi l ized to  a level  s imilar  to t h a t  
reached dur ing  the  in terspindle  lulls, provided t he  R E M  
were absent .  As soon as these ocular  p h e n o m e n a  occurred,  
the  py ramida l  ac t iv i ty  increased phasical ly  and reached a 
level  much  higher  t h a n  t h a t  seen dur ing the spindle 
t ra ins  (Figure 1). These exper iments ,  toge ther  wi th  the  
demons t r a t ion  t h a t  the  ab la t ion  of bo th  the  mo to r  and 
sensory areas  of t h e  co r t ex  p reven ted  the  appearance  of 
changes in p y r a m i d a l  a c t i v i t y  re la ted wi th  the  d i f ferent  
s ta tes  of sleep and wakefulness,  indicate  t h a t  dur ing  de- 
synchronized  sleep there  is a phasic increase in the  cort ico- 
fugal  discharge which  also originates f rom the somato-  
sensory areas of the  cor tex  (SI and SII). 

I n  the  decerebra te  cats  s t imula t ion  of the  py ramida l  
t r a c t  as long as 49 days  a f te r  ab la t ion  of the  moto r  cor tex,  
i.e. when  the  cor t icofugal  fibres or ig inat ing f rom the  
moto r  cor tex  had  degenerated  and could no longer  be 
exci ted,  produced a ven t ra l  root  discharge which was 
s t r ik ingly  reduced wi th  respect  to  controls  t aken  in the  
i n t ac t  animal .  The  dorsal  root  po ten t ia l s  el ici ted by  pyra -  
mida l  s t imula t ion ,  on the  o the r  hand,  resembled those  
obta ined  in the  control  expe r imen t  in bo th  size and shape 
(Figure 2). The  fact  t ha t  ou tburs t s  of pyramida l  a c t i v i t y  
stil l  occur  synchronous ly  wi th  the  R E M  af ter  degenera-  

t ion of the  cor t icospinal  fibres arising in the  mo to r  cor tex,  
suggests  t h a t  p resynap t ic  inh ib i to ry  vol leys  or iginate  f rom 
the  sensory areas S[ and SH dur ing the  R E M  periods of 
desynchronized  sleep. They  m a y  a t  least  con t r ibu te  to the 
phasic  depression of the  polysynapt ic  ref lex t h a t  occurs a t  
the  t ime  of  t he  burs ts  of R E M  L 

Riassunlo. Nel sonno desincronizzato si osserva un 
a u m e n t o  del la  scarica p i ramidale  or iginante  dalle aree 
somato-sensor ia l i  del la  cor teccia  in corr ispondenza dei 
R E M .  Queste  scariche p i ramidal i  depolar izzano le fibre 
afferent i  p r imar ie  del la  v ia  riflessa flessoria e verosimil-  
mente  cont r ibuiscono atla depressione fasica dei  riflessi 
pol is inaptici  che si mani fes t s  du ran te  i REM.  
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O n  the  P o s s i b i l i t y  that  T h y m u s - M e d i a t e d  
A l l o a n t i g e n i c  S t i m u l a t i o n  R e s u l t s  in T o l e r a n c e  

R e s p o n s e  

I t  now seems f i rmly establ ished t h a t  t h y m u s  occupies a 
pr ivi leged posi t ion among  o the r  l ympho id  organs (MILLER 
et  al.~). The  var ious  hypotheses  as to whe ther  t h y m u s  is 
an  essential  source of cells for o ther  lymphoid  organs  or 
provides  a humora l  factor  or  a local e n v i r o n m e n t  required 
for funct ional  ma tu r a t i on  of cells or ig inat ing elsewhere ~-7 
m a y  be c o m p l e m e n t a r y  r a the r  t h a n  contradictor)- .  

One of the  features  dis t inguishing t h y m u s  f rom o the r  
l ympho id  organs is t he  absence of an t ibody  format ion  and 
of morphologica l  s y m p t o m s  of ac t iva t ion  s-a0 which char-  
acter izes the  response to ant igenic  s t imula t ion  in spleen 
and l y m p h  nodes. This  migh t  s imply  be due  to some sort  
of af ferent  b lood- thymus  ba r  which  p reven t s  extr ins ic  
an t igens  f rom en t ry  in to  the  in t ac t  organ  n , ,2  Especial ly ,  
this  charac ter i s t ic  of t h y m u s  led BURNET 2 to place in it  
a hypo the t i ca l  mechan i sm which would ensure immuno-  
logical to lerance to ' self-ant igens ' .  I t  was assumed t h a t  
in lmunotogical  to lerance resul ts  f rom a collision of an im- 
m a t u r e  lympho id  cell w i th  the  appropr ia te  an t igen  XS,14; 
if the  ' vu lnerab le '  phase of  d e v e l o p m e n t  of lymphoid  ceils 
coincided wi th  thei r  sojourn in thymus ,  where only  au to-  
ant igens  seem to be avai lable,  the  po ten t ia l ly  self-react ive 
clones migh t  there  be au tomat i ca l ly  f i l tered off and pre- 
ven ted  f rom fur ther  deve lopmen t  to  reac t iv i ty .  Pa tho-  
logical changes  of  an  a u t o i m m u n e  na tu re  fol lowing 
t h y m e c t o m y  a~,~a, and some d a t a  on the  role of t h y m u s  in 
a u t o i m m u n e  condi t ions  x7,~8, m a y  be in te rpre ted  in favour  
of this  concept  even  though  a different  exp lana t ion  of 
some of the findings m a y  be preferred 19. 

We wished to check this hypothesis  by  assuming t h a t  
the  respect ive  mechan ism migh t  be 'misused '  for non-self- 
ant igens  if these were ar t i f ic ial ly  in t roduced  into the  
t h y m u s  of adu l t  animals.  However ,  the  cell popula t ion  in 
an adul t  t h y m u s  seems to  involve  also a p ropor t ion  of 
funct ional ly  ma tu re  cells, as indica ted  by  the  f indings of  
an t ibody  format ion  in t h y m u s  in jec ted  with  var ious 
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an t igens  11,20. Detec t ion  of the  masked  to lerance  response  
would thus  require  some anci l lary measure .  We  used sub-  
le thal  i r radia t ion whose funct ion  m i g h t  be double :  to  
facil i tate the  ma in t enance  of a necessary  level of t he  
tolerance inducing ant igen while the  r ep l acemen t  of t he  
react ive  popula t ion  takes  place st, and  to  r ende r  t he  adu l t  
recipient  more  t h y n m s - d e p e n d e n t  t h a n  no rma l  x9,2.. 

As it is ex t r emely  diff icult  (if no t  impossible)  to  in ject  
an exac t  volume of an t igen  (spleen cell suspension)  in to  
mouse t h y m u s  in situ, i t  was inocula ted  in to  an excised 
isogenic t h y m u s  which was  t h e n  gra f ted  unde r  the  skin in 
the  t hymic  region of t h y m e c t o m i z e d  recipients  of the  
same age. Rec ip ien ts  (male mice of t he  inbred  s t ra in  
B10 .LP  differing on ly  a t  t he  H-3 locus f rom the  donor  
s t ra in  C57BL10/ScSn,  fu r the r  only  B10) were  s u b m i t t e d  
to  some or all of the  following procedures  : t h y m e c t o m y  in 
4 weeks, exposure  to  400 R of Co-60 f rom T h e r a t r o n  B (5 
weeks), graf t ing t h y m u s ,  whose  donor  was  e i ther  non-  
i r radia ted  or i r rad ia ted  a t  the  same t ime  as recipient ,  and  
ant igen admin i s t r a t i on  (2 • 107 of B10 spleen cells) in 6 
weeks and skin graf t ing  t es t  in 13 weeks.  The resul ts  are  
p resen ted  in t he  Table.  A long- las t ing to lerance  was in- 
duced in mos t  of the  i r r ad ia ted  animals  when  an t igen  was  
in t roduced  in to  t he  p re i r r ad ia t ed  (group 1) or  non-  
i r rad ia ted  t h y m i c  isograf t  (group 2), b u t  also when  t h e  
an t igen  was  given subcu taneous ly  outs ide  the  i r r ad ia ted  
t h y m i c  isograf t  (group 3). This  resul t  seems to  depend  on 
two main  factors,  ne i the r  of t h e m  being suff ic ient  alone 

(groups 5, 6, 7): i r rad ia t ion  of t he  rec ip ient  (but not  
necessar i ly  of t h y m u s  donor)  and  specific ant igenic  pre- 
t r e a t m e n t .  (Non-specif ic  skin graf t s  B10 .BY differing 
f rom the  ant igenic  inocu lum in two weak  an t igens  of the 
H-1 and  H-3 locus were re jec ted  a t  a n o r ma l  ra te  in 11 
mice ou t  of 12. P ro longed  r e t en t ion  of one non-specific 
g ra f t  migh t  be due  to  the  failure to  t ake  of t he  thymic  
isograf t  in t h e  g iven mouse.)  I t  does no t  appea r  to  be 
cri t ical  w h e t h e r  the  ant igenic  spleen cell suspension is 
g iven inside or outs ide  t h y m u s .  The lower  incidence of 
t o l e r an t  animals  in group 4 seems to  indica te  t h a t  the 
man ipu l a t i on  wi th  t he  t h y m i c  isograf t  in t he  f i rs t  three 
groups  m i g h t  have  fac i l i ta ted  the  effect  of ant igen.  This 
po in t  r emains  to  be clarified. 

Our  working  hypo thes i s  migh t  be reconci led wi th  the 
p r e s e n t  resul ts  by  assuming  t h a t  in th is  pa r t i cu la r  experi- 
m e n t a l  s i tua t ion  immunologica l  to le rance  can be induced 
in adu l t  mice b y  p rocur ing  the  e n t r y  of an t igen  in thymus ,  
e i the r  b y  its d i rec t  inocula t ion  or in an  ind i rec t  way. Is 
the re  a n y  evidence  to  ind ica te  t h a t  t he  sub le tha l  irradia- 
t ion  of t he  rec ip ient  m i g h t  be held responsib le  for such 
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Scheme and results of the experiment on the possible role of thymus in the induction of transplantation tolerance 

Group 

Pretreatment of the B10.LP recipient of skin graft 

Irradiation 400 R B10 cell injection Origin of 
Host Thymus as to thymus thymus 

Reaction to test skin graft 

Specific Non-specific 
(BIO) (BIO.BY) 

1 + + in tra isogenic tolerance 
heterotopic > 220 days 
graft (8 of 10) 

2 + -- intra isogenie tolerance 
heterotopic > 220 days 
graft (9 of 10) 

3 + + extra isogenic tolerance normal rejection 
heterotopic > 120 days (11 of 12)~ 
graft (12 of 12) 

4 + + extra autologous normal rejection normal rejection 
(no (13 of 20) (8 of 8) 
manipulation) tolerance 

> 120 days 
(7 of 20) 

5 -- - intra isogenic normal rejection 
heterotopic (12 of 12) 
graft 

6 + + none isogenic normal rejection normalrejeetion 
heterotopic (12 of 12) (12 of 12) 
graft 

7 -- -- extra autologous (no normal rejection 
manipulation) within 19 days 

(29 of 29)b 

normal rejection normal rejection 
within 19 days within 19 days 
(39 of 39) (20 of 20) 

8 -- -- n o n e  autologous (no 
manipulation) 

s Prolonged survival (>  40 days) in 1 of 12 mice. b With a four week interval between the antigenic pretreatlnent and skin grafting, 
sensitivity was no longer detectable. 
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an indirect effect ? We are inclined to believe that  there is. 
The blood-thymus barrier does not interfere with the 
traffic of syngenic cells between, for example, bone mar- 
row and thymus 7. A cell of foreign origin but  with a simi- 
lar inclination as a syngenic stem cell might thus partici- 
pate in this traffic and act at the same time as a vehicle 
for its tolerance-inducing antigens, if it were not detected 
as foreign before entering thymus. Such a condition 
could be met  if the antigen recognition mechanism of the 
recipient were not  yet  developed or temporarily sup- 
pressed, for example by irradiation. The ease with which 
transplantation tolerance is induced during the perinatal 
period, the findings in the thymus of antigenically dif- 
Ierent cells originating from spleen cell inocula which had 
been used to induce either tolerance in new-born ~3 or re- 
covery in lethally irradiated adult mice ~4, and the re- 
sumed thymus-dependency of irradiated adult  animals 25 
appear compatible with such a view even though a cause- 
effect relationship between the presence of cellular antigen 
in thymus and the tolerance pat tern of host response 
cannot be proved so far. This question is being further 
studied. 

Rdsumd. La tol6rance de transplantation a 6t6 induite 
dans une combinaison antig6niquement faible du donneur 

et receveur par lqrradiation subMthale et le pr6traitement 
antig6nique sp6cifique chez la souris adulte. Les r6sultats 
obtenus sont compatibles avec l'id6e que la fonction 
hypoth6tique du thymus lors du d6veloppement de l 'auto- 
tol6rance puisse jouer un r61e m~me dans la tol6rance 
exp6rimentelle envers l'antig~ne 6tranger autant  que cet 
antigone est permis d'entrer,  sur quelque prineipe, dans 
le thymus. 
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Hiimatologische Untersuchungen 
a m  S p i t z h 6 r n c h e n  Tupaia  tana ( R a f f l e s  1821) 

(Tupaiidae,  Prosimiae) 

Die Spitzh6rnchen (Tupaiidae), kleine in Sfidostasien 
beheimatete Siiugetiere gewinnen wegen ihrer basalen 
Zwischenstellung zwischen Insektivoren und Halbaffen 
(Prosimiae) zunehmend an wissensehaftlichem Interesse. 
Nach der vorherrschenden Meinung werden sic als Infra- 
ordo Tupaiiformes x der Subordo Prosimiae zugerechnet, 
wobei sic den Insektenfressern, aus denen sich die Prima- 
ten entwickelt haben, noeh sehr nahe stehen. Andere 
Autoren stellen sic als Subprimaten noch nither zu den In- 
sektivoren, unbestri t ten bleibt jedoch ihre wichtige Zwi- 
schenstellung. Diese hat  inzwischen zu einer Reihe von 
anatomischen, biologisehen und ethologischen Unter- 
suchungen geifihrt ~, zumeist an der Art Tupaia glis Diard 
1820. H~imatologische Untersuchungen sind uns bei einer 
Literaturanalyse * bisher nicht bekannt geworden, es sei 
daher fiber erste diesbezfigliche Befunde berichtet. 

Zur Untersuchung gelangte ein Pgrchen adulter Tiere 
yon Tupaia tara (Raffles 1821), das fiber den Tierhandel 
in ]uvenilem Zustand aus Thailand bezogen worden war. 
Zum Vergleich wurde als Vertreter der Insektivoren ein 
fast erwachsenes M~nnchen des Igels (Erinaceus europaeus 
L.) mit  herangezogen; die ]eweils erhobenen 13efunde 
wurden den Normwerten bei eI~vachsenen Menschen ge- 
geniiber gesteltt. Die Btutentnahme erfolgte beim Spitz- 
h6rnchen aus dem caudalen Venenplexus unterseits etwa 
in der Mitte des Schwanzes, beim Igel an der Aussenseite 
des Unterschenkels der hinteren ExtremitAt. 

Beim Spitzh6rnchen ist die Erythrocytenzahl  im Ver- 
gleich zum Menschen relativ hoch, sic betr~igt 5,5 bis 6 
Millionen/mm 3 (Mittel 5,8 Mill).  Dem entspricht auch 
der durchschnittlich fiber 45% liegende H~imatokritwert 
(Normalwert beim Menschen zwischen 42 und 45%). In 

diesem Zusammenhange sei erwAhnt, dass nach neueren 
Untersuchungen a an Populationen yon VVildsAugern bei 
systematisch nahestehenden Arten eine Korrelation zwi- 
schen Erythrocytenzahl  und K6rpergewicht besteht, wo- 
bei die Zahl der roten Blutk6rperchen mit  abnehmendem 
K6rpergewicht zunimmt. Der H~imoglobingehalt des ein- 
zelnen Erythrocyten  tiegt bei Tupaia tara mit  29,3 ~,7 
unter dem Normwert  des Menschen (32,0 ~,?). Entspre- 
chend finden sich bei der panoptischen F~irbung nach 
Pappenheim h~ufig Hypochromasie, Polychromasie und 
ganz vereinzelt auch basophile Tfipfelung der Erythro-  
cyten. Hinsichtlich Gr/Ssse und Form sind keine wesent- 
lichen Abweichungen im Vergleich zum Menschen zu 
beobachten, eine erheblichere Anisocytose oder Poikilo- 
cytose besteht nicht. Makrocyten, Megalocyten oder 
kernhaltige Vorstufen konnten im peripheren Blutbild 
nicht gefunden werden. 

Beim Igel betrligt die Erythrocytenzahl  im Mittel 5 
Millionen/mm 3, das Gesamth~moglobin und damit  auch 
der Hb-Gehalt  des einzelnen Erythrocyten liegt deutlich 
fiber dem des Menschen. Auffitllig ist die starke Gr6ssen- 
schwankung (neben Zellen mit  7 / ,  ~ relativ h~ufig 
Makro- und Megalocyten) sowie das Vorkommen yon 
Formverschiedenheiten (Poikilocytose) bei den roten 
Blutk6rperchen. Dabei fanden sich - iihnlich wie beim 
Tupaia tara - deutlich ausgepr~gt Polychromasie und 
basophile Tfipfelung der Erythroeyten.  Da ]edoch der 
Igel als Insektenfresser w~hrend des Winters in einen 
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