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Several reports12m14 have now identified substances such 
as noradrenaline, dopamine and 5-hydroxytryptamine in 
neurosecretory vesicles and ATWOOD et a1.5 have ten- 
tatively suggested that the contents of neurosecretory 
vesicles may mediate the well established trophic effect 
of nerve on muscle15. If this is true, then the only dif- 
ference between the endings described here and those of 
ATWOOD et a1.5 is that in Car&us the trophic vesicular 
element has become separated from the synaptic vesicular 
element at the peripheral sites. 

Re’sumd. Un axone neuro-s&r&em- & extrt5mit6s loca- 
1isCes dans le muscle squelettique du crane Cavcinus est 
dCcrit. Ces extr&mit&s contiennent 6 sortes de vBsicules 
ayant les diambtres de 1300 a 3700 A. 11 est sugg&C que 
les petites vesicules correspondent & la phase de r&ablis- 
sement de la membrane, pendant la d&charge des granules 
neuro-s&r&eurs. On suppose aussi que cet axone peut- 

Fig. 1. Longitudinal section through part of a 
strap-like neurosecretory axon terminal. The 
axon, somewhat convoluted along its length, 
makes loose contact at several points with the 
extracellular connective tissue sheath(S) sur- 
rounding the muscle fibre (not shown). The 
axon, at this point, is packed with large 
granular or dense membrane-bounded vesicles. 
A few small clear vesicles(V) are evident in the 
upper left-hand corner. x 14,000; scale 1 pm. 

Fig. 2. Portion of a neurosecretory axon 
running in a cleft between 2 fibres completely 
bounded by extracellular sheath material(S). 
Note the large aggregations of medium-sized 
electron-lucent vesicles(V). x 11,100; scale 
1 pm. 

Fig. 3. High-power view of some neuro- 
secretory vesicles showing the variations in 
size and appearance. x 42,000; scale 0.5 pm. 

&t-e I’intermCdiaire d’une influence trophique du nerf sur 
le muscle. 
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Immunological Activity of Transplanted Spleens in Xenopus Zaevis 

Adults of Xenopus laevis, like other amphibiansl, are its immunological basis is shown by thespecificaccelerated 
known to show immunological responses when maintained rejection of second set grafts4. 
at a temperature of 20°C or above. These responses in- In our experience with skin transplants, Xenopus main- 
elude the production of circulating antibody to soluble or tained at 24°C behaves in a manner broadly comparable 
to particulate antigen 2,3. Allograft rejection occurs2 and with mammals and birds. We have found that autografts, 
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if surgical ly successful, a lways take.  Fi rs t  set al lografts  
are  normal ly  rejected in be tween  14 and 20 days a l though 
in 15% of cases they  are accepted.  Since accepted graf ts  
are commoner  be tween  siblings than  be tween  other  mem-  
bers of our colony (24% as against  9~o) we bel ieve t h a t  
chance genetic  and ant igenic compa t ib i l i ty  is responsible 
for failure to  reject.  Second grafts f rom the  donor of a 
re jected graf t  succumb in be tween  8 and 12 days.  I n  this  
species, however,  i t  is difficult  to define a precise end-point  
of the  re ject ion process. 

Specific immunologica l  tolerance can be induced in 
embryos  which receive t issue grafts at  stage 22 (NIx~W- 
Kooe and FA~R~) .  In  our exper iments  massive grafts are 
used which include p resumpt ive  skin, body wal l  and gut  
and, probably,  blood forming cells. The tolerance inducing 
graft  is not  dist inguishable in la ter  deve lopment ,  bu t  the  
to le ran t  s ta te  can be confirmed by  tes t  grafts of skin. 
Tolerance has b e e t  successfully induced in 93% of our 
a t tempts ,  the  few failures m a y  be due to unobserved 
ext rus ion of embryonic  graf t  cells in the  pos t -opera t ive  
period. The a l t e rna t ive  explanat ion,  t h a t  the  graf t  is made  
too la te  or is too small  to induce tolerance,  should be borne 
in mind  in the  l ight  of evidence ~,v t h a t  even younger  
embryos  can be immunized  by  neura l  crest grafts  in 
anurans.  This  possibi l i ty  is s t rengthened by  the  observa- 
t ion t h a t  the  tes t  skin grafts were, in these animals,  re- 
jected in the  fashion of second set grafts. The  reac t iv i ty  of 
hosts  bear ing to lera ted  grafts to grafts f rom other  animals  
is not  impaired.  

As a pre lude to exper iments  which required the  adop- 
t ive  t ransfer  of immuni ty ,  we have  tes ted the  abi l i ty  of 
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Fig. 1. After the induction of mutual tolerance, confirmed by reci- 
procal test grafts of skin in post-metamorphic life, spleen grafts 
normally thrive. 

whole graf ted spleens to under take  immunologica l  reac- 
t ions in thei r  hosts. Spleens were used since we have  found 
no l y m p h  nodes in pos t -me tamorph ic  Xe,zopus (but see* 
for deve lopment  of lymphoid  tissue in this  animal).  Three  
exper iments  will  be repor ted  here. In  the  first, to provide  
exper imenta l  controls,  pairs of embryos  were rendered 
mu tua l l y  to le ran t  by  exchange of embryon ic  tissues 
(Figure 1). In  pos t -me tamorph ic  life to lerance was con- 
f i rmed by  exchange of skin grafts, and  la ter  the  spleen 
f rom 1 an imal  was r emoved  and t r ansp lan ted  whole 
benea th  the  skin of the  ven t ra l  surface of the  th igh  of the  
other.  Some crude observat ions  on such spleens are pos- 
sible th rough  the  skin which is p igment  free in this r e g i o n  
They  are normal ly  pale p ink  on t ransp lan ta t ion  bu t  
within 2-3 days have  become vascuIarized by  the  host  
and have  flushed red. One of 19 spleens a t rophied  soon 
af ter  grafting, the  others  remained  visible w i thou th  change 
for several  (2-8) mouths.  Histological  examina t ion  of such 
spleens showed t h e m  to be normal  in s tructure.  

In  the  second exper iment  (Figure 2) a graf t  versus host  
(gvh) react ion was sought.  Tolerance was induced uni- 
la teral ly  be tween  pairs of embryos.  I n  pos t -me tamorph ic  
life the  to le ran t  animal  offered 2 successive skin grafts to 
its par tner .  Af te r  the  re ject ion of the  second the  immuni -  
zed host ' s  spleen was t ransferred to the  to le ran t  animal .  
11 pairs were so t reated.  In  7 the  graf ted spleen was the  
focus of visible evidence of a gvh reaction.  The  skin lying 
above  it  became inflamed, and a progressively Iarger area  
of skin suffered f rom vasodi la t ion  and heamostasis .  Two 
of these animals  died, one 17 and the  o ther  65 days af ter  
receiving the  spleen. The other  5 showed recovery  fol- 
lowed by the  disappearance of the  grafted spleen. 

In  none of the  7 animals  showing a gvh react ion was the  
to lera ted  tes t  graft  of skin f rom the  spleen donor  un- 
equivoca l ly  rejected.  In  4 of the  7 the  test  grafts showed 
some react ion in vasodi la t ion  and haemostasis  af ter  the  
spleen graf t  had been made,  bu t  in each case the  skin 
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Fig. 2. After unilateral induction of tolerance and the immunization 
of the donor against recipient gralts, the grafted immunized spleen 
may mount a gvh reaction. 
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Fig. 3. A grafted spleen tolerar~t of its host, and toIerated by it, may 
react against a skin graft from a third animal previously tolerated by 
its host. 
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appeared to  recover.  The  skin graf t  u l t ima te ly  surv ived  
in all  5 animals  in which the  spleen itself disappeared.  

Of the  4 remaining  hosts  the  graf ted spleens were lost  
in 2 and  the  earlier to le ra ted  tes t  grafts  in these animals  
were s imul taneous ly  rejected.  The  other  2 re ta ined bo th  
grafted spleens and tes t  grafts. 

I t  thus  appears  t h a t  whole grafted immunized  spleens 
can evoke gvh react ions in adul t  Xenopus, bu t  t ha t  the  
sever i ty  of the  react ion varies as indeed it  does in adul t  
mammals% Two observat ions  remain  difficult  to explain. 
The loss of immunologica l ly  react ing bu t  p resumably  
to lera ted  spleens (9 out  of 11) when compared  wi th  
to le ran t  ones has perhaps  a paral le l  in the  pos tu la ted  
'allergic dea th '  of t ransferred lymphocy tes  in radia t ion  
chimaeras~0, ~. However ,  the  t rans ient  d iscomfor t  or re- 
jec t ion of h i ther to  to lera ted  skin tes t  grafts (4 ou t  of 7) 
suggests t ha t  t hey  m a y  be under  a t tack.  I t  should, of 
course, be borne  in mind  tha t  the  a t rophy  of the  graf ted 
spleen does no t  preclude the  surv iva l  elsewhere in the  hos t  
of cells of graft  origin. 

In  t he  th i rd  exper iment  (Figure 3) 2 animals  B) and C) 
were made  mutua l ly  to le ran t  and one of t h e m  B) uni- 
la tera l ly  to le ran t  to a th i rd  A). In  pos t -me tamorph ic  life 
A) gave a to le ra ted  tes t  skin graf t  to B) and 2 successive 
immuniz ing  grafts to C): The  m u t u a l  to lerance of B) and C) 
was also tes ted by skin grafts. The  spleen of C) was then  
t ransp lan ted  to B). Of 12 sets of t r iple ts  so t rea ted  onty 
one spleen host  p rovided  a clear re ject ion of the  skin graft  
f rom A). 10 fur ther  animals  showed some react ion in rheA) 
skin bu t  this la ter  recovered.  In  4 of these animals  a ve ry  
slow process of creeping rep lacement  of the  A) graf t  oc- 
curred. One an imal  showed no react ion in the  A) graft.  
Three of the  hosts died a t  19, 62 and 158 days af ter  the  
spleen graf t  was inserted. The l a t t e r  2 animals  died 6 and 
26 days after  receiving a second challenge with  A) skin. 

These results  are  compl ica ted  by  one consideration.  The  
graf ted spleen, if immunologica l ly  ac t ive  against  A) tis- 
sue, would  a t t ack  bo th  the  tes t  skin graf t  f rom A) and the  
ceils descended f rom the  to]erance inducing embryonic  
graft.  This  could expla in  the  dea th  of 3 of the  hosts. I t  
also makes  i t  reasonable to consider t he  possibi l i ty of 
par t ia l  tolerance or paralysis  in some of the  graf ted spleens 
induced by  the  massive  q u a n t i t y  of ant igenic mater ia l  
present.  

Our results  suggest  t ha t  t r ansp lan ted  immunized  
spleens in Xenopus can effect  immunologica l  reactions in 
to le ran t  hosts bu t  t ha t  in the  gvh  s i tua t ion  t h e y  are 
themselves  subject  to a t t ack  which m a y  also affect, though 
less strongly,  long-s tanding skin grafts  of the  same geno- 
type.  
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Resumd. Des rates immunis6es de Xenopus laevis qu 'on  
greffe duns des h6tes qui  les acceptent ,  peuven t  y prodnire  
des r6actions immunologiques .  Ces r6actions se dir igent  
ou contre  l 'h6 te  ou contre  des greffes 6pidermiques,  prises 
& un troisi~me an imal  que l 'hdte  tolgre. Au cours de ces 
r6actions de greffe-contre-h6Le, ta ra te  se t r o u v e  patrols  
attaqu@e. 
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Adjuvanticity and Delayed-Type Hypersensitivity by Bacillus Calmette-Gu6rin (BCG) 

Complete  F reund ' s  ad juvan t ,  which conta ins  mycobac-  
teria, is widely  used as a po t en t  a d j u v a n t  in exper imenta l  
immunology .  I t  has  been reported,  however ,  t h a t  too large 
amount s  of mycobac te r i a  do not  act  as a d j u v a n t  1, 2 My- 
cobacter ia  are an ant igen  eliciting a high degree of delayed-  
type  hypersens i t iv i ty  (DTH),  the  ant igenic  de te rminan ts  
seem to be located in the  g lycopept ide  of the  bacter ia l  cell 
wall  ~. The a d j u v a n t  masking effect of too large amount s  of 
myeobac te r i a  seems to be a t t r ibu ted  to the compet ing  an- 
t igen of mycobacter ia4.  We repor t  here tha t  the  a d j u v a n t  
ac t iv i ty  of BCG after  ace t ic -anhydr ide  t r e a t m e n t  seems 
to be re la ted to a low degree of D T H  induced by  the  ace- 
t y l a t ion  t rea ted  bacillus. 

Materials and methods. 1. Bacter ia .  The  bacter ia  used in 
the  present  inves t iga t ion  was 3/Iycobacterium of the  BCG 
strain originat ing f rom Pas teur  Ins t i tu te ,  Paris, France.  
The  organisms were grown in Santon ' s  med ium for 17 
days at  37 ~ 6.7 g of viable  BCG (VB) were harvested,  
f rom cul ture  medium,  by  f i l t ra t ion  th rough  a s intered 
glass f i l ter  and then  washed successively wi th :  a) a large 
q u a n t i t y  of disti l led water ,  b) a mix tu re  of e ther -e thanol  
(1 :t, v/v) ,  and c) pure  chloroform in the  manner  described 
by  ANDEr~SON~. 5 g of baci l lary residue (B1R) thus  ob- 
ta ined from 6.7 g VB (yield: 74.6%), were t rea ted  wi th  
100 ml of a mix tu re  of pyr id ine-acet ic  anhydr ide  (30:25, 
v/v) a t  37 ~ for 2 h, then  fi l tered and washed wi th  di luted 
hydrochlor ic  acid (0.1 N) and wi th  disti l led wate r  unt i l  
all t races of pyr id ine  and acid were removed.  The baci l lary 
mass was then  washed wi th  acetone and exhaus t ive ly  ex- 

tracted with pure chloroform. The acetylation treated 
bacillus (ATB) thus obtained was dried in vacuum at 
room temperature and stored over a desiccant until used. 

2. DTH tests. Female albino guinea-pigs of 400 to 500 g 
were sensitized by injection into each hind foot-pad of 
0.1 ml  of a water- in-oi l  emulsion consist ing of one par t  
paraff in  oil conta in ing 0.5 mg  VB or 0.5 mg ATB,  2 par ts  
Tween 80 and 7 par ts  saline. On day 21 af ter  sensit ization, 
the  animals  were skin-tested by  in t radermal  in ject ion of 
var ious  amount s  of test  an t igen  [glycopeptide f rom wax  D 
of h u m a n  mycobac te r ia  strain peurois 6] in 0.1 ml saline 
into the  cl ipped f lank of guinea-pigs;  the  react ions were 
read 24 h later. 

3. An t ibody  product ion  and de terminat ion .  F1 (DBA/  
2 • C57B1/6 ) mice weighing app rox ima te ly  20 g were in- 
jectvd i.p. wi th  109 sheep red blood cells (SRBC) per  ani- 
mal ;  at  1 rain in tervals  0.1 ml  water- in-oi l  emulsion con- 
ta ining 0.25 mg  u  or 0.25 mg  A T B  was injected i.p. into 
the  same site. 4 days later, the  animals  were killed and the  
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