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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). 
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A N N E L I D A  

Entwicklung der Larvenformen bei 
Anneliden und bei Mollusken aus der 
PeeicaZym~a-Larve, jeweils in Total- 
ansieht (oben) und im schematisierten 
Langsschnitt (unten). E, Endotarve; 
H, Htillglockenlarve (Pericafymma); 
Me, MetacMymma; Mr, Metatrocho- 
phora; P, PseudoSrochophom; Sc, 
Stenovalymma; T, Trochophora; V, 
Veliger. 

MOLLUSCA 

mida) .  Demgegen t ibe r  feh len  der  ~ihnlichen L a r v e  v ie ler  
Mol lusken  die Augen,  die Solenocyten ,  rac is t  auch  der  
ana le  wie pos to ra le  Ci l i enkranz ;  das  Mesoderm b i lde t  
zer fa l lende  S t re i fen  u n d  die bei  h 6 h e r e n  Musche ln  wie 
S t i s swasser -Schnecken  a u f t r e t e n d e n  P r o t o n e p h r i d i e n s i n d  
als Osmoregu l a to r en  (wie be i  Mes enchym a t a / A coe lo -  
m a t a  a l lgemein)  s t e t s  W i m p e r f l a m m e n - O r g a n e ;  die 
L a r v e  muss  d a h e r  als Pseudo-Troch@hora beze ichne t  
werden  (<~Puaeveliger, bei~). Besondere  D e u t l i c h k e i t  ge- 
w i n n e n  diese Verhg l tn i s se  j edoch  dadurch ,  dass  be ide  
L a r v e n t y p e n  c o n v e r g e n t  jeweils als v e r e i n f a c h t e  Peri- 
calymma-Larve (Hi i l lg locken-Typus ,  Tes tce l I - type)  fest-  
zus te l len  s ind (Figur) :  Die  grosszell ige Htil le der  L a r v e  
( E n d o l a r v e  bei  Anne l ida ,  Ht i l lg lockenla rve  bei  Mollusca) 
wi rd  zusehends  zu e inem b r e i t en  W u l s t  v e r m i n d e r t  
(Metacalymma, Stenocalymma) a n d  schl iess l ich anf  die 
Ci l i enkranz-Ze l len  e i n g e s c h r g n k t  (Trochophora, Pseudo- 
trochophora); c o n v e r g e n t  t r e t e n  h ie raus  wei tere  Differen-  
z i e rungen  auf  (Veliger; Metatrochophora u n d  ./1 trocha, 
etc.). I m  Ansch luss  a n  f r i ihere  l~ber legungen  war  diese 
E n t w i c k l u n g s r e i h e  yon  CHANLEY 3 ftir die Muscheln ,  yon  
SALVINI-PLAWEN 4 fiir die Solenogastres ,  yon  MINICHEV 
u n d  STAROBOGATOV s ffir die A n n e l i d e n  und  schl iessl ich 
z u s a m m e n f a s s e n d  a l lgemein  fes tges te l l t  w o r d e n  t. Es  er- 
g ib t  s ich diesbezf igl ich d a h e r  e~ne g e m e i n s a m e  Wurze l  in  

der  Pericalymma-Larve (Figur),  de ren  prim~tre Differen-  
z ie rung  aus  der  MOLLERsChen L a r v e n f o r m  (Protrochula; 
Turbe l l a r i a -Po lyc lad ida )  d e n k b a r  e r sche in t  1, u n d  deren  
ana loge  W'e i t e ren twick lung  zu den  aeoe lomat  verb l iebe-  
nen  Mollusca bzw. zu den  coe loma ten  E c h i u r i d a / A n n e -  
l ida  schon  d u r c h  das  rad ia le  (Mollusca) bzw. in t e r r ad ia l e  
(Annel ida)  B l a s t o m e r e n k r e u z  im Ke im d ive rg ie rend  be-  
legt  ist. 

Alle wei teren,  als Trochophora-~hnIich b e z e i c h n e t e n  
L a r v e n  h a b e n  ke ine  ges icher te  Bez i ehung  zum e c h t e n  
Trochophora-Typus. Die L a r v e n  der  p r o t a n n e l i d e n  Myzo- 
s t o m i d e n  weichen  z u m i n d e s t  d u r c h  den  s u b a n a l e n  
Cauda lk6 rpe r  sowie d u r c h  das  F e h l e n  yon  Augen,  Soleno- 
c y t e n  und  Coe lombi ldung  ab% Die coe lomaten  S ipun-  
cu l ida  en twicke ln  sich fiber eine Pericalymma- oder  d a r a u s  
v e r e i n f a c h t e  Trichosphaera-Larve (die sog. ~ Troc~ophora ~ 
der  Au to ren ,  ohne  So lenocy ten  u. a. m.) u n d  wei te r  t iber  
die Benlho-/Pelagosphaera, m i t  ve r sch i edenen  Abkf i rzun-  
gen t, ~, 7, s. Basa l  schl iessen sich v ie l le ich t  die Pho ron idea -  
Aclinotrocha, oder  die Tornaria/Dipleurula-Larven der  
d e u t e r o s t o m e n  Ol igomera  an, welche  als Wei te rd i f f e ren-  
z ie rung  eines Trochophora-Typus von  einer  c o n v e r g e n t  
v i e r t e n  (l) E n t w i c k l u n g s r e i h e  a u f g d a s s t  werden  k 6 n n e n  1. 
Die acoe loma ten  K a m p t o z o a  zeigen w iede rum eine pr i -  
m~re  Gle i t la rveg,  1~ wogegen die N e m a t h e l m i n t h e s ,  wie 

a p. CHarLEY, Mar. Biol. Ass. India, Proc. Symp. 3 (Moll.), 475 
(1969). 

4 L .  V. S_&LVINI~PLAWEN , Malacologia 9, 191 (1969). 
5 y. MImCHEV und Y. STaROBOGATOV, ZOOI. Zh. (in russ.) 57, 1437 

(1972). 
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Bryozoa  und  Brach iopoda  schliesslich spezielle Larven-  
fo rmen ohne  morphologische  Bez iehungen  zur Trocho- 
phora aufweisen. 

Summary. The confusing t e r m  'Trochophora' is eluci- 
d a t e d  and  res t r ic ted  to  a deve lopmen ta l  s tage of the 
Annel ida  and t h e  p ro t anne l id  Echiur ida ,  der ived con- 
ve rgen t ly  wi th  the  mol luscan Pseudo-Trochophora f rom 

the  co mmo n  Pericalymma-larva. All o ther  so-cMled 
Trochophorae canno t  be t e rmed  as such, the  n a m e  being 
morphological ly  mis leading as in Sipuneul ida and other.  

L. VON SALVINI-PLAWEN 

I. Zoologisches Inslilut der Universitiit, Dr.-Karl-Lueger- 
Ring 7, A-IOIO Wien ((Jslerreich), 10. Mat  7973. 

G r o w t h  S t i m u l a t i n g  Ef fec t s  of the  B r o m o p h e n o l ,  

Bromina ted  compounds  in red algae have  a t t r ac t ed  
a t t en t i on  since the  th i r t ies  f rom chemical  and  pha rma-  
cological po in t  of view *. The mos t  f requent ly  occurr ing 
compound  is lanosol, 2 ,3 -d ib romo-4 ,5 -d ihydroxybenzy l  
alcohol, isolated f rom Polysiphonia lanosa ~. Lanosol  has 
been known as a h ighly  tox ic  subs tance  for bac ter ia  and 
algae. McLACHLAN and  CRAIGIE s give a LDs0 of 0.03 m M  
for unicellular  mar ine  algae. However ,  in na tu re  lanosol 
seems to  appear  in t he  red algae mos t l y  as a d i su lpha te  
a n d  th is  form does no t  inh ib i t  g rowth  of bac ter ia  or 
fungi4, 5 nor  g rowth  of unicellular  algaeK PROVASOLI G 
found lanosol inf luencing the  morpho logy  of Ulva. As 
m a n y  s imple phenols ,  like 3-methylcatechol ,  4-methyl -  
catechol,  and 3, 4 -d ihydroxybenzoic  acid, s t imula te  g rowth  
of axenical ly  cu l t iva ted  Goniotrichum alsidii (Zanard.) 
H o w ~  7 lanosol and its sulphuric  ester  were t e s t ed  on th is  
alga as well as on Potysipho~ia urceolata (Dfllw) Grev. 

Lanosol  s was isolated f rom Polysiphonia brodiaei 
(Dillw.) Grey. and its d i su lpha te  ~ f rom Brongniartella 
byssoides (Good et  Wood.)  Schmitz .  The chemical  prepa-  
ra t ions  were made  by  Dr. P. SAEI~ER, Melbourne Uni-  
vers i ty ,  a t  his s t ay  in our ins t i tu te .  The lanosol p repara-  
t ion  con ta ined  a few percen t  of the  cor responding  alde- 
hyde,  and dur ing  s torage it changed  colour to  da rk  b rown  
and lost  its ac t iv i ty .  The me thods  for cu l t iva t ion  of t he  
red  algae and the  a r r angemen t s  for t h e  expe r imen t s  are 
descr ibed earlier 7,9. The influence of the  b romopheno ls  
on algal g rowth  was tes ted  in a range f rom 4 to 200 smole/1. 
The g rowth  of t he  algae on d i f ferent  concen t ra t ions  is 
given in the  Table  as mean  dry  weight  of algae f rom 6 
parMlel flasks, each flask conta in ing  25 ml  of the  artificial  
seawater ,  ASP6  F% 

In  Polysiphonia urceolata, lanosol  inh ib i t ed  g rowth  in 
a concen t ra t ion  of 0.2 mM/1, a resul t  cor responding  very  
well wi th  t he  observa t ion  made  by  McLACHLAN and 
CRAIGIE ~ on the  red alga Porphyridium sp. Lower  con- 

L a n o s o l ,  on  Red  A l g a e  in  A x e n i c  C u l t u r e  

cent ra t ions ,  however ,  s t rongly  s t imula ted  growth,  giving 
an increase near  to  90% a t  a concen t ra t ion  of 4 • 10 -6 M. 
In  Goniotrichum alsidii no inhib i t ion  was no ted  bu t  the  
growth  s t imula t ion  reached only  50O/o . The d isu lpha te  of 
lanosol was no t  only non tox ic  b u t  showed a p ronounced  
g rowth  s t imula t ion  in b o t h  species a t  t he  two  h ighes t  
concen t ra t ions  tes ted.  

At  separa t ion  on a Sephadex  co lumn of seawater  col- 
lec ted in the  Fucus-Ascophyllum zone some fract ions  
conta in ing  phenol ic  compounds  were ob ta ined  which 
inf luenced g rowth  and morpho logy  of Goniolrichum ~~ 
The act ive subs tances  in t h a t  e x p e r i m e n t  were not  
identif ied,  b u t  la ter  it  has  been  shown t h a t  Polysiphonia 
brodiaei exudes  bromophenols ,  ma in ly  lanosol in some 
form soluble in sea-water  1~. CHAN and McMAI~US ~ fol- 
lowed the  bacter ia l  flora on Polysiphonia lanosa and found 
the  same r ichness  f rom May to  September ,  which  could 
indicate  t h a t  the  non tox ic  d i su lpha te  was exuded.  

Analyses of b romopheno l s  in Swedish red algae have  
shown tha t ,  whereas  Polysiphonia urceolata conta ins  

1 H. BASL0W, Marine Pharmae., Baltimore 74, 286 (1969). 
J. H. HODGKIN, J. S. CRAIGIE and A. G. MCI~NES, Can. J. Chem dd, 
74 (1966). 
J. MCLACItLAN and J. S. CRAIGIE, J. PhycoI. 2, 133 (1966). 

4 M. PEGUu C.r. hebd. S6anc. Aead. Sci., Paris 252, 2131 (1961). 
5 K.-W. GLOMmTZA and H. STOFFELEN, Plants reed. 22, 391 (1972). 

L. PROVASOLI, Pubh 1700 Natn. Aead. Set. Washington (1969). 
7 L.' FRIES, J. exp. mar. Biol. Ecol., in print (1973). 
s j .  S. CRAIGIE and D. E. GRIJENIC,, Science 157, 1058 (1967). 
9 L. FRIES, Physiologia Pl. 76, 695 (1963). 

i0 L. FRIES, Proc. VII int. Seaweed Symp. Sapporo 1971, p. 575. (Ed. 
K. NISlZAWA; Univ. of Tokyo Press, Tokyo 1972). 

11 M. PB;DERSI~N, P. SAENGER and L. FRIES, Phytoehemistry, in print 
(1974). 

ie E. C. S. CHA~ and E. A. McMANuS, Can. J. Microbiol. 15, 409 
(1969). 

Effects of lanosbl and sulfonated lanosol oil growth of the 2 axenically cultivated red algae, Goniotrichum alsidii and PoIysiphonia urceolata. 
Sporelings of Goniotrichum and pieces of Polysiphonia threads used as inocula 

Species investigated Substances added Mean dry weight of algae per 25 ml nutrient medium 
(mg) 

Addition per i/~mole 

0 200 40 

Goniotrichum alsidii 2,3-dibromo-4,5-dihydroxy-benzyl alcohol (lanosol) 4.9 ~ 0.9 5.6 =t- 0.5 ~ 7.5 ~ 0.6 ~ 7.2 -V 0.4 ~ 
2,3-dibromo-4,5-dihydroxy-benzyl alcohol disulphate 4.9 • 0.9 6.3 ~ 0.2 ~ 7.1 • 0.6 ~ 6.5 i L0 

Polysiphonia urceolata 2,3-dibromo-4,5-dihydroxy-benzyl alcohol 0.8 • 0.2 0.2 • 0 1.1 • 0.1~ 1.5 i 0.2 ~ 
2,3-dibromo-4,5-dihydroxy-benzyl alcohol disulphate 0.8 • 0.2 1.5 ~ 0.2~ 1.1 • 0.1~ 0.8 :k 0.2 

Significantly different from control at p < 0.05. b Significantly different from control at p < 0.01, indicating growth stimulation. Inoculation 
time 28 days. 6 parallels in each series. 


