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zygous  and  t h e  o t h e r  ha l f  he te rozygous ,  I a m  a t t e m p t i n g  
to  b reed  these  m a l e s  in  o rder  to  d e t e r m i n e  w h e t h e r  t h e r e  
is a cor re la t ion  b e t w e e n  geno type  a n d  p h e n o t y p e .  The  
female  s ib l ings  e x h i b i t  a cons iderab le  r ange  of v a r i a t i o n  in 
t h e  express ion  of t h e  p2 allele b u t  t h e  v a r i a t i o n  is con- 
t i n u o u s .  These  f ish are  be ing  b r ed  as well. 

There  is r eason  to  suspec t  t h a t  such  a co r re l a t ion  m a y  
ex is t  in males.  The  2185 pedigree  c o n t a i n e d  b o t h  he te ro-  
zygous a n d  h o m o z y g o u s  males  a n d  a l t h o u g h  none  of these  
males  e x h i b i t e d  a typ i ca l  p i g m e n t a t i o n ,  as a g roup  t h e y  
showed  a b i m o d a l  d i s t r i b u t i o n  of degree of p a t t e r n  
express ion.  I classified t he  males  of 1 b rood  accord ing  to  
t he  degree of p a t t e r n  express ion  a n d  p red ic t ed  t h a t  those  
i nd iv idua l s  w i t h  poor  express ion  would p rove  to  be  
he t e rozygous  a n d  those  w i t h  good expression,  homozygons .  
Seven  of these  f ish were successful ly  b r ed  (Table  I I )  a n d  
5 of t he  p red ic t ions  p r o v e d  t rue ,  1 p r o v e d  false a n d  in t h e  
7 th  case t he  f ish was cons idered  to  h a v e  been  i n t e r m e d i a t e  
so no  f i rm p red i c t i on  h a d  been  m a d e  7. 

P o p u l a t i o n  h y b r i d s  in  th i s  species m a y  also e x h i b i t  
e n h a n c e m e n t  of t he  P~ p a t t e r n .  The  2122 pedigree  was 
de r ived  f rom a female  col lected in Ar royo  La  F lor  an d  a 
male  col lected in Arroyo  Sarco.  These  two local i t ies  
w i t h i n  t h e  Rio  S ab ina s  sys t em are  8 k m  a p a r t  as t he  f ish 
swims. Two 2122 males  deve loped  m e l a n o m a s  and  1 
e x h i b i t e d  a typ i ca l  p a t t e r n  e n h a n c e m e n t  b y  t he  age of 
20 m o n t h s .  E l e v e n  o t h e r  P2 males  in  th i s  ped igree  did  
n o t  show a typ i ca l  p i g m e n t a t i o n  b u t  no t  all  of these  
su rv ived  long e n o u g h  for t h i s  to  h a v e  developed.  F igure  3 
i l lus t ra tes  one of t he  me lano t i c  ind iv idua ls .  

I e s t i m a t e d  t he  p e r c e n t a g e  of surface  area  covered  b y  
t he  p2 p a t t e r n  for a d u l t  f ish of t he  2122 and  2123 pedigrees  
a n d  found  t h a t  t he  p a t t e r n  was s ign i f i can t ly  b e t t e r  
expressed  in males  s. A l t h o u g h  t he  3 f ish des t ined  to  
deve lop  a typ i ca l  p i g m e n t a t i o n  were inc luded  in t h i s  
analysis ,  t h i s  m a y  ind ica t e  t h a t  males  are more  p rone  to  
deve lop  m e l a n o m a s  t h a n  are  females.  T h a t  is, i t  m a y  be 
s ign i f ican t  t h a t  al l  4 examples  of a typ i ca l  p a t t e r n  enhance -  
m e n t  r epo r t ed  here  i nvo lved  males.  Th i s  is p a r t i c u l a r l y  
i n t e r e s t i n g  because  SIClLIANO, PERLMUTTER a n d  CLARI~ ~ 
r e p o r t  t h a t  in  h y b r i d s  of X.  maculatus a n d  X.  helleri 
which  h a v e  i n h e r i t e d  t h e  Sd gene of t he  fo rmer  species 
a n d  the re fo re  deve lop  me lanomas ,  males  deve lop  t h e  
m e l a n o m a s  ear l ier  t h a n  do females.  KALL~IAN 10 po in t s  ou t  

t h a t  t h e  Sp s gene in X.  maculatus produces  a p r o m i n e n t  
b lack  spo t  in  males  t h a t  does n o t  show up in  females.  T h e  
p1 p a t t e r n  of X.  variatus also has  b e t t e r  express ion  in 
males  t h a n  in  females  3. 

The re  is on ly  one o the r  r epo r t ed  case of m e l a n o m a s  in 
n o n - h y b r i d  Xiphophorus; t h e  Sc gene in an  inb red  s t r a in  
of X.  monlezumae cortezi causes t h e i r  p r o d u c t i o n  in some 
of t h e  carr iers  n.  The  p r e s en t  r epo r t  i nd ica t e s  t h a t  
m e l a n o m a s  m a y  be  normal ,  a l t h o u g h  v e r y  ra re  even t s  in 
p l a ty f i sh  popula t ions .  

I t  is i n t e r e s t i ng  to  specula te  on  t h e  consequences  of 
m e l a n o m a s  in n a t u r a l  popu la t i ons  of these  fish. The  P~ 
gene appea r s  to  be  found  on ly  r a r e ly  on  t h e  Y c h r o m o s o m e  
in t h e  Rio Sab i n a s  popu la t i ons  b u t  is f ound  on  b o t h  t h e  X 
an d  t h e  Y c h r o m o s o m e  in t h e  p?)pulat ion i n h a b i t i n g  i ts  
t r i b u t a r y ,  t h e  Arroyo  Sarco. Since crossing over  b e t w een  
t h e  gonosomes  occurs  in  Xiphophorus~2 t h e  b ias  in  t h e  
m a i n  r i ve r  p o p u l a t i o n s  ind ica tes  t h a t  Y c h r o m o s o m e s  bear-  
ing t h e  p2 allele are select ively e l imina ted .  The  lack of 
b ias  in  t h e  Arroyo  p o p u l a t i o n  ind ica tes  t h a t  t h e  select ive 
a g e n t  a t  work  ill t h e  r ive r  p o p u l a t i o n s  is n o t  a t  work  in t h e  
Ar royo  popu la t ions .  F r o m  t h e  o b s e r v a t i o n s  I h a v e  
r epo r t ed  i t  appea r s  t h a t  h o m o z y g o u s  males  h a v e  t h e  
h ighes t  r i sk  of developing  m e l a n o m a s  a n d  such  a f ac to r  
would  t e n d  to  l im i t  t h e  p2 allele to  t h e  X chromosome.  
The  m e l a n o m a s  r epo r t ed  in t h i s  p a p e r  deve loped  on ly  in  
older  f ish an d  th i s  could acco u n t  for t h e  difference b e t w een  
t h e  2 popu la t ions .  A n n u a l  f looding ap p ea r s  to  wash  
adu l t s  f rom t h e  s teep ly  b a n k e d  Arroyo  Sarco 3 so mos t  
males  would  n o t  l ive  long enough  for m e l a n o m a s  to  
develop.  I n  t h e  m a i n  r i ve r  w i t h  i ts  b r o a d  flood plains ,  
t h e  i m p a c t  of f looding is decreased  a n d  enough  males  
wou ld  su rv ive  to  an  age a t  wh ich  t h e  m e l a n o m a  fac to r  
could become  i m p o r t a n t  ~3. 

Zusammenfassung. Nachweis  v o n  gene t i sch  b e d i n g t e n  
M e l a n o m e n  bet  Wi ld f~ngen  der  r e inen  A r t  des Zahn-  
k a rp f en  Xiphophorus variatus, wobei  es s ich e indeu t ig  
n i c h t  u m  e inen  A r t b a s t a r d  hande l t .  
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Fig. 3. One of the 2122 males with a melanoma. The nodule was on the 
side of the fish and is not visible in this photograph but the enhance- 
ment of the p2 patern is clear. 

7 p = 0.11. 
8 For the 2122 pedigree: 3 females, range of 4.3-7.3%, median = 

7.2%, 10 males, range of 4.2-36.5%, median = 8.8%, p = 0.143 
(WILcOxo~'s t-test). For the 2123 pedigree: 3 females, range of 
1.7-2.4%, median = 1.9%, 4 males, range of 2.5-21.3%, median 
= 7.25%, p = 0.029. The significance of the combined results 
evaluated by means of the t{OLMOGOROV-SMIRNOV statistic: p = 
0.05. 
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A c t i o n  o f  A n t i t u b e r c u l o s i s  D r u g s  o n  H u m a n  L e u k o c y t e  C h r o m o s o m e s  i n  v i t r o  

Due  to t he  h igh  inc idence  and  p reva lence  in t h e  
deve lop ing  countr ies ,  tubercu los i s  i n v a r i a b l y  r ep resen t s  
t h e  m o s t  f r e q u e n t l y  found  infec t ious  disease in t h e  world.  
There fore  mil l ions  of p a t i e n t s  m u s t  c o n t i n u o u s l y  unde rgo  

l o n g - t e r m  t r e a t m e n t  w i t h  an t i t u b e rcu l o s i s  d rugs  in t r ip le  
or doub le  combina t i ons .  Moreover ,  m a n y  h e a l t h y  ind iv i -  
duals  w i t h  a h igh  r i sk  of c a t c h i n g  tubercu los i s  are  t r e a t e d  
w i t h  i soniazid  ( INH) as p r i m a r y  or s econda ry  chemo-  
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Chromatid aberrations induced by para-aminosalicyclic acid (PAS), ethambutol (EMB) and capreomycin (CM) in human lymphoeytes in vitro 

Substance Number Achromatic Chromatid Isochromatid Sum total 
concentration (mg/ml) of all breaking 
treatment time (h) of ceils lesions (AL) No. breaks (B') No. breaks (B") No. events per cell 

analysed % of ceils per cell % of cells per cell % of cells per cell cell o 

PAS, 0.153 
48 200 ~ 10.00 0.125 3.50 0.035 2.00 0.020 0.075 
24 200 ~ 10.00 0.110 5.00 0.050 2.50 0.030 0.110 
6.5 200 b 9.00 0.115 6.50 0.070 2.00 0.020 0.110 

EMB, 0.028 
48 200 �9 6.50 0.070 3.50 0.035 2.00 0.020 0.075 
24 200 b 7.50 0.080 4.00 0.040 2.50 0.025 0.090 
6.5 150 b 13.33 0.173 6.00 0.060 0.60 0.006 0.073 

CM, 0.015 
48 100 a 11.00 0.110 3.00 0.030 - 0.030 
24 200 b 5.00 0.060 4.00 0.040 1.50 0.020 0.080 
6.5 200 b 5.00 0.060 3.00 0.030 1.00 0.010 0.050 

~3 cultures, b2 cultures. ~ from B' = 1 and B" = 2. 

prophylaxis .  The widespread  appl ica t ion  of an t i tubercu-  
losis drugs makes  it very  i m p o r t a n t  to t e s t  the i r  possible 
genet ic  hazards .  

Microcultures (slightly modif ied  f rom ref. ~) were set  
up wi th  the  b lood of a no rma l  hea l thy  man.  Para-amino- 
salicyclic acid (PAS), e t h a m b u t o l  (EMB) or capreomycin  
(CM) were added  48, 24 and 6.5 h before cul ture s top 
(whole cul ture t ime  72 h). The following drug concent ra-  
t ions  (mg/mI) were t e s t ed :  P A S  Na = 0.153; EMB 
dihydrochlor ide  = 0.028; CM sulfate  --~ 0.015. These 
concen t ra t ions  are a p p r o x i m a t e d  f rom calculat ions based 
on the  the rapeu t i ca l ly  single dai ly doses, being 150- 
200 mg/kg wi th  PAS,  25 mg/kg  wi th  E M B  and 15 mg/kg  
wi th  CM. As can be seen f rom the  Table,  achromat ic  lesions 
(AL), chromat id  breaks  (B') and  i sochromat id  breaks  (B") 
were found.  Chromat id  t rans loca t ions  (Rig') were 
comple te ly  absen t  (for descr ip t ion  of the  aber ra t ion  types  
men t ioned  see ref. 2). The sum to ta ls  of all breaking events  
per  cell (calculated f rom B'  = 1 and  B "  = 2) range f rom 
0.030 to  0.110. These values are no t  e levated over  control  
values f o u n d  in our l abora to ry  ranging  f rom 0.0250 to 
0.1025 (ref. a). I r respec t ive  of the  cell cycle stages t r ea t ed  
PAS,  E M B  and  CM are inact ive  wi th  our expe r imen ta l  
condit ions.  Nega t ive  results  have  also been  repor ted  wi th  
o ther  ant i tuberculos is  drugs.  I N H  is inac t ive  in t he  leuko- 
cy te  t e s t  wi th  concen t ra t ions  up to  1.0 mg/ml  and elevates  
the  frequencies  of ch roma t id  aber ra t ions  only wi th  the  
unphysiological ly  h igh  concen t ra t ion  of 5.0 mg/mD.  
Ri fampic in  (RMP) is inac t ive  in t he  leukocyte  t e s t  as well 
as in the  Drosophila t e s t  5. S t r ep tomyc in  (SM) exhibi t s  a 

s t rong ac t iv i ty  in inducing achromat i c  lesions (AL) in 
h u m a n  chromosomes  in v i t ro  6, an aber ra t ion  t y p e  t h a t  
should  no t  be t aken  as an indica tor  of induced  muta t ions .  
A prospec t ive  control led clinical t r ia l  of pa t i en t s  wi th  
p u l m o n a r y  tuberculos is  to  t e s t  possible  chromosomal  
effects of INH,  SM and P A S ;  INH,  SM and E M B  as well 
as INH,  R M P  and  E M B  in t r iple  combina t ions  in r i v e  is in 
progress.  

Zusammen/assung. Die An t i tube rku losemi t t e l  Para- 
aminosalizyls~tnre (PAS), E t h a m b u t o l  (EMB) nnd  Capreo- 
myc in  (CM) zeigen keine ch romosomenbrechende  Akt iv i tg t  
an menschl ichen  L e u k o z y t e n c h r o m o s o m e n  in vi tro.  
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Zur Kliirung des aTrochophora,,-Begriffes 

Viele La rven fo rmen  wirbelloser Tiere werden  einfach 
als Trochophora oder als Trochophora-~hnlich etc. be- 
zeichnet ,  was gewisse Verwand t scha f t sve rhg l tn i s se  vor-  
t guseh t  und  daher  h$nfig sachlich verwirr t .  Bet detail l ier-  
te r  Analyse  zeigt sich abel" vielfach nur  eine 6kologisch 
bedingte  l~bere ins t immung (Bewimperung;  vergl, den 
Begriff  <~Wurm~>), welche morphologisch  jedoch keinen 
Aussagewer t  enth/~it 1, ~. 

Die charak te r i s t i sche  Trochophora-Larve ist n ich t  
allein durch prae- wie postoralen Cilienkranz und durch 

Wimper schop i  wie Telotroch,  sondern  durch  Augen,  
rech twinke l igen  Darm,  sich aush6hlende  Mesoderm- 
b~tnder und  besonders  durch  Solenocyten  (Geisselzelle- 
P ro tonephr id ien ,  bet  Coelomata) gekennze ichne t ;  sie 
l : ommt  den meis ten  mar inen  Annel iden  (Archiannelida,  
Polychaeta)  wie g c h i u r i d e n  zu (nicht aber  den Myzosto-  

t L. v. SALVlNI-PL&wEN, Z. wiss. Zool. 78d, 205 (1972). 
2 p. FIORO~:, Z. wiss. Zool. t82, 263 (1971). 


