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Table II, Adoptive transfer of antinuclear autoimmunity 
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Antinuclear antibody titre of 8 64 
the donors 

512 1024 1024 1024 1024 

Recipients 1 month old 
thymectomized at birth 

No. of days after transfer 

3 4 1 2 5 6 7 8 9 10 11 12 13 14 

8 8 4 2 0 8 
15 64 8 2 0 8 
25 2058 8 0 0 8 
55 4096 8 0 0 dead 
75 4096 0 0 0 

8 4 2 4 8 0 8 2 0 
64 64 2 8 8 dead 64 2 0 
dead 64 0 4 8 64 0 0 

64 dead dead dead dead dead 0 
dead 0 

The  spleen was col lected f rom a CF1 a n i m a l  t h y m e c t o -  
mized  a t  b i r t h ,  in  wh ich  a n t i n u c l e a r  an t ibod ie s  h a d  
a p p e a r e d  a t  t he  end  of severa l  m o n t h s .  T he  spleen was  cu t  
in to  4 f r a g m e n t s  of equa l  size. E a c h  of these  f r a g m e n t s  
was  i m p l a n t e d  in to  t h e  pe r i tonea l  c a v i t y  of 1 -mon th -o ld  
CF1 mice.  Two of these  r ec ip ien t  an ima l s  were n o r m a l  and  
se rved  as controls ,  t he  o t h e r  2 were mice  t h y m e c t o m i z e d  
a t  b i r th .  The  a n t i n u c l e a r  an t ibod ie s  were d e t e r m i n e d  in 
t he  rec ip ien t s  a t  t he  end  of 8 days,  a n d  t h e n  per iodica l ly  
as i nd i ca t ed  in Tab le  I I .  Seven  CF1 mice  t h y m e c t o m i z e d  
a t  birth w i t h  a n t i n u c l e a r  an t ibod ie s  se rved  as donors .  
28 mice  of 1 m o n t h  of age, 14 of t h e m  t h y m e c t o m i z e d  a t  
b i r th ,  were  used as recipients .  

I t  is seen (Table  I I )  t h a t  11 of t he  r ec ip ien t  an ima l s  
t h y m e c t o m i z e d  a t  b i r t h  h a d  a n t i n u c l e a r  a n t i b o d i e s  f rom 
the  8 th  d a y  of i m p l a n t a t i o n  onwards ,  some t imes  a t  h igh  
t i t res ,  whe reas  n o n e  of t h e  14 cont ro l s  showed a pos i t ive  
reac t ion .  A d o p t i v e  t r a n s f e r  of a n t i n u c l e a r  a u t o i m m u n i z a -  
t i on  was the re fo re  poss ible  on ly  in an i m a l s  t h y m e c t o -  
mized  a t  b i r th .  H o w  can  these  resu l t s  be  i n t e r p r e t e d  ? 
The  an t ibod ie s  found  in t h e  r ec ip ien t  mice  will o r ig ina te  
f rom a d o p t i v e  t r a n s f e r  a n d  no t  f rom a u t o i m m u n i z a t i o n  
of t h e  recipient ,  wh ich  in t h y m e c t o m i z e d  an i m a l s  can  
deve lop  on ly  a f t e r  t h e  t h i r d  m o n t h .  I t  seems t h a t  t r a n s -  
fe r red  spleen cells can  m u l t i p l y  or con t inue  to secrete  
a n t i n u c l e a r  a n t i b o d i e s  on ly  if t h e  r ec ip ien t  is t h y m e c -  
tomized .  T h y m u s  seems to h a v e  an  i n h i b i t i n g  effect  on  
t h e  a u t o i m m u n e  reac t ions .  A n o t h e r  poss ib i l i ty  is t h a t  t he  
g ra f t ed  cells m u l t i p l y  easi ly  in t h e  t h y m e c t o m i z e d  
a n i m a l s  b y  occupy ing  depopu l a t ed  t h y m u s - d e p e n d e n t  
zones in t he  an ima l s  t h y m e c t o m i z e d  a t  b i r th .  Th i s  possi- 
b i l i ty  c a n n o t  be  re jected,  b u t  t h e  resu l t s  of la te  t h y m e c -  
t o m y  of t he  CF1 mice  c o m b i n e d  w i t h  those  of a d o p t i v e  
t r a n s f e r  e x p e r i m e n t s  a p p e a r  to  f a v o u r  t he  h y p o t h e s i s  of a 
r egu la to ry  effect  of t he  t h y m u s  on a u t o i m m u n e  reac t ions .  

The  h i g h  n u m b e r  of d e a t h s  a m o n g  t he  14 rec ip ien t  
t h y m e c t o m i z e d  an ima l s  m a y  seem surpr i s ing  a n d  lead us 
to  t h i n k  t h a t  these  mice  died f rom a g ra f t -ve r sus -hos t  
r eac t ion  in r e l a t i on  to  a m i n i m u m  an t i gen  di f ference in 
t h e  i nb red  CF1. I n  fact ,  t h e  pe rcen t age  of d e a t h s  a m o n g  
those  an ima l s  is t he  s ame  as t h a t  we o b t a i n e d  in a p rev ious  
s t u d y  4 w i t h  CF1 t h y m e c t o m i z e d  a t  b i r th .  

Rec ip i en t  an ima l s  died w i t h  s y m p t o m s  of was t ing  disease, 
w h i c h  is no t  su rp r i s ing  s ince these  mice  h a d  been  t h y m e c -  
t o m i z e d  a t  b i r t h  and  t h e  spleen cells, wh ich  h a d  been  
t r a n s f e r e d  to t h e m ,  were  of no t  use  to  p r e v e n t  t h e  was t i ng  
disease since these  cells c a m e  f rom an ima l s  t h y m e c t o m i z e d  
a t  b i r t h  10. 

Rdsumd. La  t h y m e c t o m i e  chez des souris CF1 Ag6es de 
1 mois  est  suivie  c o m m e  d a n s  le cas de la t h y m e c t o m i e  
n6ona t a l e  de l ' a p p a r i t i o n  d ' a n t i c o r p s  ant inucl6ai res .  Le 
t r a n s f e r t  adop t i f  de l ' a u t o i m m u n i t 6  an t inuc l6a i re  a p p a r u  
chez  des a n i m a u x  t h y m e c t o m i s 6 s  g la na issance  n ' e s t  
possible  que si les a n i m a u x  receveurs  son t  eux-m6mes  
t hymec tomis6s .  Ces c o n s t a t a t i o n s  m e t t e n t  en 6vidence u n  
r61e possible  de contr61e des r6ac t ions  a u t o i m m u n e s  p a r  le 
t h y m u s .  

j .  c .  1V~ONIER, J. THIVOLET 
and  M. SEF~TJIAN 

Hygenic Laboratory o~ the Medical Faculty o/ Lyon, 
Lyon 8e (France), 20 November 1969. 

10 With the technical cooperation of Mrs. D. TILLE. 

C o m p a r a t i v e  E f f e c t s  of  S u l f h y d r y l  I n h i b i t o r s  

M e l a n o p h o r e s  

Su l fhyd ry l  g roups  h a v e  been  impl i ca t ed  in t h e  regula-  
t i on  of b o t h  m e l a n o s o m e  (me lan in  granule)  m o v e m e n t s  1, 2 
a n d  t he  process  of melanogenes i s  a, 4. The  su l fhyd ry l  inhi -  
b i t o r s  mersa ly l  2, 5 a n d  N - e t h y l  ma le imide  2 cause  in v i t ro  
d a r k e n i n g  of t h e  skill of t he  l izard  2 and  t he  frog 5 b y  
d i spers ing  me lanos om es  w i t h i n  d e r m a l  me lanophores .  
O t h e r  su l fhyd ry l  i nh ib i t o r s  such  as p a r a c h l o r o m e r c u r i -  
benzoa te ,  i odoace tamide ,  a n d  m e r c u h y d r i n  also are  said  
to  d a r k e n  frog sk ins  and,  in  add i t ion ,  are said  to  i n h i b i t  
M S H  a c t i v i t y  ~. Because  these  agen ts  a p p e a r  to  m i m i c  t he  
ac t ion  of m e l a n o p h o r e - s t i m u l a t i n g  h o r m o n e  (MSH) on  

o n  M e l a n o s o m e  M o v e m e n t s  w i t h i n  V e r t e b r a t e  

t hese  p i g m e n t  cell organel les  i t  has  been  sugges ted  t h a t  
s u l i h y d r y l  g roups  m a y  p l ay  a n  i m p o r t a n t  role in  t he  
m e c h a n i s m  of ac t ion  of M S H  2. W e  h a v e  f u r t h e r  inves t i -  
g a t e d  t he  effects of su l fhyd ry l  i n h i b i t i o n  on  b o t h  melano-  
some d ispers ion  a n d  aggregat ion .  I n  t he  p re sen t  com- 
m u n i c a t i o n  we c o m p a r e  t h e  effects of a n u m b e r  of closely 
r e l a t ed  su l fhydry l  i n h i b i t o r s  a n d  c lar i fy  t he  s t r u c t u r a l  
r e q u i r e m e n t s  necessa ry  for  such  inh ib i t ion .  

Methods and materials. The  effects  of su l fhydry l  inhi-  
b i t o r s  on  m e l a n o p h o r e  responses  of t he  frog, Rana 
pipiens, a n d  t h e  l izard,  Anolis carolimnsis, were s tudied ,  
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in vitro,  ut i l izing the  photore f lec tance  m e t h o d  as originally 
descr ibed for the  frog skin b ioassay for melanophore-  
s t imula t ing  hormone  (MSH) ~. In  th is  assay the  n l o v e m e n t  
of melanosomes  wi th in  dermal  melanophores  in response 
to ho rmona l  or pharmacologica l  s t imula t ion  resul ts  in a 
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l ightening (melanosome aggregation) or da rken ing  (mela- 
nosome dispersion) of skin which  can be measured,  in 
vi tro,  as ref lec tance  changes  f rom the  ou te r  ep idermal  
surface of the  skin. Detai ls  of our expe r imen ta l  proce- 
dures have  been descr ibed previously  for the  frog ~ and the  
lizard 8. 

The following sul fhydryl  agents  were ob ta ined  f rom 
Nut r i t iona l  Biochemicals  Corp. : N - m e t h y l  maleimide,  N- 
e thy l  maleimide,  N-bu ty l  maleirnide, N-pheny l  maleimide,  
N-cyclo hexyl  maleimide.  Maleimide and  succinimide 
were ob ta ined  f rom Aldr ich Chemical  Co. and  maleic acid 
was ob ta ined  f rom Sigma Chemical  Co. The porcine =- 
MSH and fl-MSH were ob ta ined  f rom Dr. Aaron  ]3. 
Lerner ;  th is  M S H  was lyophil ized wi th  lactose as carrier 9. 
All concen t ra t ions  of exper imenta l  agents  are expressed 
as the  final concen t ra t ion  af ter  addi t ion  to the  skins. All 
agents  were p u t  into solut ion immed ia t e ly  pr ior  to the i r  
i n t ended  use in an exper iment .  

Results. In  the  first  expe r imen t  using the  lizard, Anolis  
carolinemis skins were incuba ted  for 30 rain in Ringer  
solut ion conta in ing  nraleimide or o ther  N-subs t i t u t ed  
maleimides.  One group of skins was ma in ta ined  in Ringer  
solut ion as a control  and 2 o ther  groups of skins were 
placed in Ringer  conta in ing  e i ther  succinimide or maleic 
acid. After  30 rain, supe r -max imal  concen t ra t ion  (5 • 
10 -9 g/ml) of ~-MSH was added  to the  Ringer  control  
skins to de te rmine  the i r  maximal  darken ing  response to 
this  hormone.  The darkening  response of the  skins to the  
exper imenta l  agents  (solid black bars) is expressed as 
a percen tage  of the  darkening  induced by  M S H  which is 
considered as 100%, and  the  s t anda rd  errors are ind ica ted  
(Figure 1). Al though  all the  male imides  caused a p rofound  
darkening  of the  skins, ne i ther  succinimide nor  maleic 
acid had  such an effect.  The darkening  of A.  carol{nensis 
skin in response to the  male imides  was irreversible as t hey  

did not  re l ighten  when  r insed a n u m b e r  of t imes  in R inger  
solut ion whereas  t he  M S H - d a r k e n e d  skins did re l ighten  to  
the i r  p re -da rkened  level (lined bars  in Figure  1) w h e n  re- 
t u rned  to Ringer  solut ion in the  absence  of MSH.  

In  the  second e x p e r i m e n t  we used skins f rom the  frog, 
Rana p ip iem.  The skins were sub jec ted  to the  same ex- 
pe r imen ta l  agen ts  as in the  last  e x p e r i m e n t  (except  
maleic acid) for a 60-min t ime period,  as the  response  of 
frog skin melanophores  to ho rmona l  or pharmacolog ica l  
agents  is s lower t h a n  t h a t  of t h e  l izardL All of the  malei-  
mides  caused some sl ight  da rken ing  of the  skins which  was 
qui te  min ima l  co mp a red  to  t h a t  induced  by  M S H  
(Figure 2). Succinimide had  no darken ing  effect  on the  
skins. All skins were t h e n  r insed for ano the r  60 min  w i t h  
several  changes  of Ringer  solution.  None of t he  skins  
da rkened  by the  male imides  re l ightened,  bu t  the  MSH-  
darkened  skins r e tu rned  to  a near  p re -MSH ref lec tance  
value. The add i t ion  of M S H  (5 • 10 -9 g/ml) r eda rkened  
the  control  skins to  the i r  previous  M S H - d a r k e n e d  value  
by  60 min.  In  cont ras t ,  the  skins previous ly  imnrersed in ' 
the  male imide  solut ions failed to respond to MSH.  The 
skins previous ly  immersed  in succinimide,  however ,  
da rkened  to an even grea ter  degree t h a n  did the  MSt-I 
controls.  

In  o ther  expe r imen t s  using b o t h  d .  carolinensis and  
R. pipiens skins we have  found t h a t  b o t h  the  ra te  and  the  
degree of me lanosome dispersion and,  hence, the  darken-  
ing of the  skins, depends  upon the  concen t ra t ion  of t he  
su l fhydryl  agent  used. In  R. pipiens we can somet imes  
induce a grea ter  degree of da rken ing  wi th  N -e t hy l  
m a l e i m i d e  by  decreas ing the  concen t ra t ion  of th is  agent .  
We can block M S H  darkening  in A.  carolinensis by using 
lower concen t ra t ions  of N e thy l  male imide  which  i tself  

1 A. B. LERNER and Y. TAKAHASHI, Recent Prog. Horm. Res. 72, 303 
(1956). 
S. B. Hot~ow1Tz, Expl. Ceil Res. 13, 400 (1957). 
S. ROTnMaN, H. F. KRYSA and A. M. SMILJAMC, Proe. Soc. exp. 
Biol. Med. 62, 208 (1946). 

4 K. M. HAI.eRIN and A. OIIKAWARA, Adv. Biol. Skin 8, 241 (1967). 
'~ R. R. NOVALES, Physiol. Zool. 32, 15 (1959). 

K. SmzumG A. B. LEIaNER and T. B. FITZPATRICK, Endocrinology 
54, 533 (1954). 

T M. E. HAnLEY and J. T. BAONARA, Endocrinology 84, 69 (1969). 
a j .  M. GOLDMAN and M. E. HADI.~.:u J. Pharm. exp. Ther. 166, 1 

(1969). 
9 R. R. NOVELES, ]3. J. NOVALES, S. H. ZINNER and J. S. STONER, 

Gen. comp. Endocrin. 2, 286 (1962). 
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Fig. 1. Darkening response of lizard, Anolis caro- 
linensis, skins to maleimide, other N-substituted 
maleimides, succinimide, and maleic acid, compared 
to the darkening of skins to cc-MSH (5 • 10 9 g/ml) 
considered as 100%. All experimental agents at a 
10-3M concentration. Solid bars represent the 
darkening of skills whereas the lined bars represent 
the percent relightening of the darkening response. 
Structures of the various experimental agents are 
given. Results are the means of the reflectance 
measurements from the 8 skins which comprise each 
experilnental group. Vertical lines represent the stan- 
dard error of the means. 
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only s l ight ly darkens  the  skins.  We  have  ob ta ined  qui te  
s imilar  resul ts  as those  descr ibed above using the  sulf- 
hyd ry l  agent ,  mersa ly l  (Salyrgan).  Al though  mersalyl ,  
l ike N-e thy l  male imide,  will cause a max ima l  and  irre- 
versible  da rken ing  of A. carolinensis skins ~ when  used a t  
low concen t ra t ions  t h a t  bare ly  da rken  the  skins, th is  
agent  will to ta l ly  block the  melanosome dispers ing act ion 
of MSH (Figure 3). In  addi t ion,  mersa ly l  causes a rapid,  
maximal ,  and  p e r m a n e n t  reversal  (lightening) of MSH-  
da rkened  skins (Figure 3). 

Discussion and conclusions. The resul ts  clearly reveal  
t h a t  su l fhydry l  inh ib i tors  are p o t e n t  me lanosome dispers-  
ing agents  and  in t h a t  respec t  mimic  the  act ion of MSH.  
Of addi t iona l  impor t ance  is t he  observa t ion  t h a t  these  
agents  block the  act ion of MSH.  In  addi t ion,  mersa ly l  can 

4~ I 
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tlSH Naleimide N rnetlN N-ethyl N-buN N-phenyl N-C~/clo hex~)l StJccini- 
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Fig. 2. Responseof frog, Ranapipiens, skins to sulfhydryl inhibitors, 
as in Figure 1. (Maleic acid was not used in this experiment.) All 
experimental agents at a 10-aM concentration. This experiment illu- 
strates the blockade of MSH (5 x 10 -9 g/ml) darkening by the thiol 
inhibitors. Note failure of sueeinimide to block such a response. For 
each agent, the solid bar on the left represents the darkening response 
relative to MSH darkening taken as 100%. The lined bars represent 
the percent relightening of the previous darkening response. The 
open bar on the right in each group represents the second darkening 
response after all skins were washed for 1 h after previous exposure to 
experimental agents and then restimulated by MSH. 
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Fig. 3; Reversal and inhibition of MSH action by mersalyl on 
Anolis skins. 2 groups of skins were darkened by/~-MSH (2 x 10 .9 g[ 
ml) for 30 min and then mersalyl (10-4M final concentration) was 
added (arrow) to the skins of one of these darkened groups (I) and 
the other ([]) was allowed to remain as a control. 1 group of skins 
(�9 was incubated in the same concentration of mersalyl for 60 min 
and 1 group of skins (0) was maintained as a Ringer control for the 
same time period. At 60 min (arrow) /~-MSH (2 x 10 .9 glml) was 
added to the skins in each of these groups (0 and O). Each point on 
the graph is the mean of 8 measurements of reflectance. Vertical lines 
the represent the standard error of the means. 

cause a rap id  and  comple te  reversa l  of maximal ly-  
da rkened  M S H - t r e a t e d  skins. Al though  HOROWlTZ ~ no ted  
t h a t  mersalyl  and N-e thy l  male imide  da rkened  A. 
carolinensis skins, he  did no t  a t t e m p t  to block M S H  
action.  Al though  o the r  su l fhydry l  agents  such as para-  
ch loromercur ibenzoate ,  iodoace tamide  and mercuhvdr in  
have  been repor ted  z to  da rken  frog skins and to inhibi t  
MSH act iv i ty ,  no exper imen ta l  da t a  was p rov ided  to  
suppor t  such a suggestion.  

The presen t  s t u d y  i s  the  f i rs t  to  clearly define the  
s t ruc tura l  r equ i r emen t s  for su l fhydry l  effects of malei-  
mides  on melanophores .  I t  would appear  t h a t  t he  na tu re  
of the  N- subs t i t u t i on  is u n i m p o r t a n t  for su l fhydry l  inhi- 
b i t ion in t h a t  all N- subs t i t u t ed  male imides  da rkened  the  
skins and  also b locked M S H  action.  Because succinimide 
differs f rom male imide  only by  the  absence of t he  C=C 
bond,  i t  would appea r  t h a t  th is  bond  is essent ia l  for 
es tabl i sh ing  blockade.  I t  has been  suggested z0 t h a t  the  
unsa tu r a t ed  imides reac t  rap id ly  wi th  thiol  groups under  
physiological  condi t ions  and  t h a t  t he  C=C bond  is involved 
in the  following reac t ion :  
I t  was also suggestedZ~ t h a t  a d emo n s t r a t i o n  of a failure 
by  succinimide to  dupl ica te  any  of the  act ions of male- 
imide  would insure t h a t  the  effects  of male imide  were re- 
lated to its specific abi l i ty  to reac t  w i t h  thiols. Such a 
demons t r a t i on  has  been  p rov ided  in our expe r imen t s  as 
repor ted  here. The p resen t  expe r imen t s  have  clearly im- 
pl icated a reac t ion  be tween  male imide  and its N-sub-  
s t i tu t ed  analogs and th io l  groups associated wi th  melano-  
phores  of b o t h  the  frog and the  lizard. The failure of 
maleic acid, considered to  be a su l fhydry l  inhib i tor  z0, to 
mimic  the  male imides  would suggest  t h a t  the  in tegr i ty  of 
the  5-membered  ring in combina t ion  wi th  the  C=C bond  
m a y  be of impor t ance  and  responsible  for the  ins tab i l i ty  
and consequen t  r eac t iv i ty  of the  C=C bond.  

The normal  physiological  dispersal  and per inuclear  
aggregat ion of melanosomes  wi th in  A. carolinensis 
melanophores  i n  response  to endocr ine  s t imula t ion  are 
very  rapid  events .  The  abi l i ty  of sul fhydryl  inhibi tors  
such as the  male imides  and mersalyl  to  similarly evoke 
such rap id  responses,  e i ther  melan in  granule dispersion 
or aggregation,  migh t  suggest  t h a t  these agents  are 
direct ly  affect ing the  mechan i sms  by  which  MSH 
media tes  its action.  The i r revers ibi l i ty  of the  effects of the  
su l fhydryl  inhibi tors ,  which is character is t ic  of such 
agents  ~~ suggests  t h a t  an MSH-su l fhydry l  in te rac t ion  is 
involved in me lanophore  regulat ion,  as originally sug- 
gested by  HOROWITZ 2 for d.  carolinensis 11. 

Rdsumd. Dans  les m61anophores des grenouilles et  des 
16zards examin6s  in vitro,  les inhibi teurs  du groupe 
su l fhydryl  (thiol) tels que le m6rsalyle  e t  les mal6imides 
N-subs t i tu t6s  b loquen t  i r r6vocablement  la dispers ion des 
m61anosomes soumis 5. Fact ion  de la MSH et p r o v o q u e n t  
m6me leur re t ra i t .  On 6tudie les condi t ions  s t ruc tura les  de 
Fact ion  inhibi t r ice  d ' u n  cer ta in  nombre  de mal6imides 
N-subst i tu6s,  6 t ro i t emen t  apparent6s .  
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