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Table I. Drosophila melanogaster. Induced frequence is of recessive 
letl~als following treatment of Drosophila males with 0.5 yng/ml 
rifampicin 

Brood X-chromosomes No. of recessive Recessive 
tested lethals lethals (%) 

I 614 2 0.33 
II 613 1 0.16 
III 612 . 0 - 
I-III  1839 3 0.16 

found  only  achromat ic  lesions (AL), ch roma t id  breaks  
(B'), and i sochromat id  breaks  (B"). Chromat id  t rans-  
locat ions (RB') were never  seen (for descr ip t ion  of these  
aber ra t ion  types  see ref.S). The aber ra t ions  show no dose 
effect  re la t ionships  and  are no t  e levated  over  t he  base 
line found  wi th  th is  t e s t  sys t em 9,10. As in t he  Drosophila- 
t e s t  in the  leukocy' .e- test  also r i fampic in  shows no genet ic  
ac t iv i ty .  

Zusammenfassung. Mutagen i t /~ sun te r suchungen  von  
Ri fampic in  an Drosophila mela, nogas o "' (X-chromosomale  
rezessive Le ta lmuta t lonen)  und an me.~schHchen Leuko-  

Table II. Chromatid aberrations produced by rifampicin in human leukocyte chromosomes in vitro 

Rifampicin No. of cells Achromatic lesions (AL) 
concentration analyzed Percent Number 
mg/ml of ceils per cell 

Chromatid breaks (B') Isoehromatidbreaks (B") 
Percent Number Percent Number 
of cells per cell of cells per cell 

0.019 400 7.00 0.078 8.25 
4- 1.28 4- 0.015 4- 1.38 

0.037 400 4.75 0.053 3.50 
4- 1.06 4- 0.012 :k 0.92 

0.055 400 5.00 0.060 5.00 
4- 1.09 4- 0.014 ~ 1.09 

0.073 360 5.00 0.075 6.94 
:k 1.15 4- 0.022 ~: 1.34 

0.098 0.25 0.003 
4- 0.018 

0.040 
4- 0.011 

0.058 
4- 0.013 

0.108 0.23 0.003 
4- 0.029 

the  f irs t  brood main ly  r ep resen t  the  sens i t iv i ty  of ma tu r e  
spe rm;  p rogeny  ob ta ined  f rom brood  II  and  I I I  cor respond 
to  spe rma t id s  and  spe rmatocy tes ,  respect ively .  The resul ts  
p resen ted  in Table  I clearly d e m o n s t r a t e  t h a t  r i lampicin ,  
even  at  such a high dose as 0.5 mg/ml ,  did no t  affect  t he  
f requencies  of recessive le thals  in Drosophila. Out  of 
4023 X - c h r o m o s o m e s  t e s t ed  in 3 broods,  t he  spon taneous  
ra te  has  been  de t e rmined  as 0.15% in the  Berl in wild 
stock. Thus,  r i fampic in  seems to  be qui te  ineffect ive 
according to  t he  incidence of recessive le thals  in Drosophila 
t h a t  are mos t ly  due  to  po in t  mu ta t i ons  or smal l  delet ions 
af ter  chemical  t r e a t m e n t  6. 

H u m a n  leukocyte  chromosomes  in v i t ro :  To tes t  X 
possible  ch romosome  breaking  ac t iv i ty  of r i fampicin  in 
th is  t e s t  sys tem,  microcul tures  f rom the  blood of a normal  
h e a l t h y  m a n  were set  up L Twen ty - fou r  h before f ixat ion,  
wa te r  solut ions of r i f ampic in -Na  were added  to t he  cul tures  
to final  concen t ra t ions  ranging  f rom 0.019 mg/ml  to  
0.073 mg/ml .  For  each concent ra t ion ,  4 cul tures  were set  
up and  60 to  100 mi toses  were analyzed per  culture.  We 

z y t e n c h r o m o s o m e n  in v i t ro  e rgaben  keine A n h a l t s p u n k t e  
ffir eine genet ische Wi rksamke i t  dieser Substanz .  
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A Behavioural Audiogram of Juvenile Carp 

For  fu r the r  �9 inves t iga t ions  an aud iogram of t he  carp 
was necessary,  b u t  surpr is ingly  l i t t le  could be found  abou t  
hear ing  in carp.  Therefore  i t  seemed advisable  to  t e s t  the  
aud i to ry  capac i ty  of th is  f ish once more.  

21/daterial. The aud i t o ry  th resho ld  of newly  cap tu red  
'mi r ror '  carp  (Cyprinus carpio) was es tab l i shed  in the  
shu t t l e -box .  The fish were 11 cm in length,  and  were 
housed  in ind iv idua l  50 1 tanks .  The t e m p e r a t u r e  in these  
t anks  was 21~ which  represen ts  t he  prefer red  t empe ra -  
tu re  for carp  1. The 6 t r a ined  fish were fed wi th  m e a t  dai ly 
a f te r  t he  trials.  

Method. The  shu t t l e -box  was 50 cm in leng th  and 28 cm 
wide. In  t he  sw im m ing  area t he  wa te r  level a m o u n t e d  to 
I1 cm. The t e s t ing  t e m p e r a t u r e  ranged  f rom 19 ~ to  22~ 

By a RC. decade  g e n e r a t o r  ( type PW-7,  Zopan,  Warsaw)  
"the pure  tones  were genera ted .  As an u n d e r w a t e r  loud- 
speaker  t he  t y p e  Lp  2256 (R. Lausch  KG, Leipzig) was 
used. I t  was ca l ibra ted  by  the  sound level me te r  SDM 57 
(Entwick]ungswerk  fiir Funkmechan ik ,  Leipzig).  For  
fu r the r  detai ls  of t he  e q u i p m e n t  see WOLFF 2. The 
shu t t l e -box  was d iv ided  b y  a barr ier  t h a t  possessed an 
opening  (8 cm high, 10 cm wide) 2 cm above  the  b o t t o m.  
The w i d t h  of th is  opening  could be d iminished.  In  th is  
way  the  escaping behav iour  t u rn ed  towards  the  b o t t o m  3 

1 F. SCHMEING-ENGBERDING, Z. l~iscb. 2, NF, 125 (1953). 
D. L. WOLFF, Z. vergl. Physiol. 60, 14 (1968). 
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was t aken  into account .  The fish had  to cross into t he  
o ther  p a r t  of the  t e s t  t a n k  wi th in  10 sec af ter  resounding  
a tone  of 1,000 Hz (50 dB). W h e n  no t  doing so, t he  carp  
received an electric shock of 4 V. (50 Hz, A. C.). The 
exper imen t s  were pe r fo rmed  in the  a f te rnoon  f rom the  
end of March till  t he  beg inn ing  of May. The th resho ld  
de t e rmina t ion  was accompl ished  by  means  of the  audio- 
met r ic  s taircase m e t h o d  in s teps  of 5 dB. 

Result. Two animals  reached the  cr i ter ion of 80% 
avoidance  af ter  200 and  450 trials.  Ear l ier  a t t e m p t s  wi th  
a t es t ing  t e m p e r a t u r e  of 13~ and  a barr ier  t h a t  the  fish 
had to swim over  failed. In  th is  case t he  animals  did no t  
reach the  cri terion,  even af ter  775 trials.  The Figure  
shows the  th resho ld  curves of the  2 carp  and  the  lower 
one represen ts  the  band  w i d t h  levels of the  background  
noise t h a t  occurred dur ing  the  exper iments .  The f requency  
of 3,000 Hz (26 dB) was de t e rmined  as the  uppe r  thres-  
hold l imit .  The sens i t iv i ty  s teadi ly  increased up to  
1,000 Hz  (-20 dB) and  t h e  range f rom 900 Hz  (-25 dB) 
to 400 Hz (-22 dB) is the  mos t  sensi t ive of the  t e s t ed  carp.  
This range is followed by  a sl ight  decrease of the  th resho ld  
and  at  250 Hz (-2 dB) a peak  decrease can be not iced  for 
f ish 1. The curves of b o t h  fish end a t  100 Hz (-14 dB) b u t  
the  lower l imit  is cer ta in ly  no t  reached  at  th is  f requency  
level. Pos i t ive  responses  were ob ta ined  tip to  75 Hz. 
U n f o r t u n a t e l y  the  sound pressure  a t  th is  f requency  could 
no t  be measured .  For  the  second carp in general  t he  same 
resul ts  were obta ined .  E v e n  the  peak  at  250 Hz (-4 dB) 
was again not iceable ,  only  the  decresae f rom the  m o s t  
sensi t ive  region up to  th is  peak  was more  gradual.  This  
f ish could only be t e s t ed  up to  800 Hz (-26 dB) because 
it became  neurot ic .  
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The audiogram of 2 juvenile carp (upper curves) and the band-width 
noise level (lower curve). Note the threshold decrease at 250 Hz. All 
pressure values are given in dB re 1. [zbar. 

Discussion. Despi te  t he  new barr ier  t h a t  t r ied  to  
consider  the  escaping behav iour  in carp,  i t  seemed diff icult  
for the  an imals  to learn to  avoid the  electric shock. Such 
diff icult ies are also repor ted  f rom the  crucian car p ~. E v e n  
some mar ine  species could no t  be t r a ined  b y  th is  m e t h o d  5. 
Before the  condi t ioned  reac t ion  was stabil ized,  a sup- 
press ion of resp i ra t ion  could be observed dur ing  the  f irs t  
10 sec. This shor t  suppress ion of resp i ra t ion  could still 
be not iced  af ter  s tabi l iz ing the  avoidance  behaviour ,  
ac tua l ly  before crossing in to  the  o ther  hal f  of the  tank.  
FAY e condi t ioned  th is  react ion in as l i t t le  as 10 trials.  The 
s t r ik ing  th resho ld  decrease a t  250 Hz  m i g h t  separa te  t he  
sens i t iv i ty  of the  la tera l  line organ f rom t h a t  of t he  inner  
ear. The p h e n o m e n o n  m a y  be caused by  the  h igh  far- 
field background  noises a t  the  lower frequencies.  The 
noises in jured  the  pe rcep t i v i t y  of the  inner  ear and  t h a t  
was  the  reason w h y  the  fish had  to use t he  d i sp lacement  
receptor ,  t he  la teral  line, in order  to  perceive the  acoustic  
s t imulus.  For  t he  lateral  line of t he  goldfish, WEis s  7 has  
found  a n u p p e r  f requency  l imi t  a t  200 Hz. At  the  f requen-  
cy range f rom 100 to 400 Hz, o ther  au thors  ~, s also found  
an in tersec t ion  be tween  the  sens i t iv i ty  of b o t h  sense 
organs.  No s tar t le  react ions,  as descr ibed for the  gold- 
f ish 9 and  Leucaspius delineatus 1~ could be observed at  
the  lower f requencies  in the  p re sen t  s tudy.  

The h igh  upper  f requency  l imi t  (22 kHz),  as men t ioned  
by  ROUGH 11, could no t  be found.  I t  m a y  be t h a t  he had  
used h igher  sound pressures  in his expe r imen t s  b u t  unfor-  
t u n a t e l y  he did no t  give any  suggest ions  abou t  it. 
STEPANEK 1~ received posi t ive  responses  f rom 50 Hz to 
11 kHz  in his expe r imen t s  bu t  wi th in  this  range there  
were  frequencies  (1, 5-7 kHz) to  which  the  carp did no t  
respond.  But  these  resul ts  are diff icul t  to compare  because 
for the  de t e rmina t ion  he used the  spon taneous  behav iour  
of fish to  sound, and,  on the  o ther  hand,  an air loudspea-  
ker as sound source. In  th is  way  the re  were o ther  acousti-  
cal condit ions,  and  th is  me t h o d  also required re la t ive 
h igh  sound pressures.  If  we consider  the  upper  f requency  
l imits  in o the r  cyprinids ,  we can see t h a t  Carassius aura- 
tus s, o, i3 ends  a t  3,000 Hz, too. In  t he  midbra in  of Tinca 
tinca responses  were ob ta ined  up to 3,500 Hz 14. In  Idus  
melanotus (5,524 Hz)15, Semotilus a. atromaculatus (5,700- 
7,750 Hz) ~, Phoxinus phoxinus (5,000-7,000 Hz) 17, 
Carassius carassius (8,000 Hz)*, and Leucaspius deline- 
atus (13,000 Hz) 10 h igher  l imits  were found.  The peak  
sens i t iv i ty  of the  carp  is wi th in  the  region found in o the r  
cypr in ids  (from abou t  300 to  1,000 Hz). The th resholds  
can be compared  to those  of the  t ench  ~a, the  crucian 
carp ~, the  goldfish 9, and  Leueaspius ~o, bu t  for the  gold- 
fish also lower th resholds  (about  20 dB lower) were 
foundS, la. As to  t he  re la t ion of sound p roduc t ion  to  
hear ing in carp, it  can be seen t h a t  the  feeding sounds in 
carp are main ly  in t he  region of the  ob ta ined  audiogram.  
The sounds  range f rom 50 to  5,000 Hz wi thou t  any  
special f requency  peaks  ~s 
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Zusammen[assung. Mittels  des Meideverha l tens  wurde  
die H6rkurve  e ins6mmriger  Ka rp fen  be s t immt .  Als obere 
H6rgrenze  wurden  3000 Hz (26 dB) und  als <~untere~ 
75 Hz erhal ten.  Zwischen 900 Hz (-25 dB) und  400 Hz 

(-22 dB) lag das Pe rzep t i onsop t imum.  Bei 250 Hz war  
eine auff/illige Empf ind l i chke i t sve r r inge rung  zu beob-  
achten .  

D. KOHLER 19 
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M e t a m o r p h i c  C h a n g e s  in the  In tracerebra l  N e u r o s e c r e t o r y  P a t h w a y s  in the  L e m o n - B u t t e r f l y ,  Papilio 
demoleus L. (Lep idoptera )  

Several  au thors  have  descr ibed the  neurosecre to ry  
cells (NSC) and the i r  p a t h w a y s  in Lep idop te r a  I-8. Bu t  
t h e y  have  no t  r epo r t ed  any  difference in the i r  arrange-  
m e n t  in the  pupa l  and  adul t  brains .  Dur ing  our invest i -  
ga t ions  on the  pos t embryon i c  changes  in the  neuro- 
secre tory  sys t em of Papilio demoleus, we found a consid-  
erable topograph ic  va r ia t ion  in the  NSC and  the i r  
in t racerebra l  p a t h w a y s  in the  pupa l  and  adul t  brains.  
This has  been  m a d e  possible  by  the  use of the  recent ly  
developed in si tu s ta in ing  t echn ique  of DOGRA and TAN- 
DAN 9. This  t echn ique  makes  i t  possible  to  observe the  
comple te  neurosecre to ry  p a t h w a y  even wi th in  a single 
p repara t ion .  Three  groups of NSC s ta in  in the  pupa l  
b ra in  of th is  insect :  a med i an  group, a la teral  group and  
an an te r ior  group. The med ian  group of NSC is located  in 
the  med ian  region of t h e p a r s  in tercerebra l i s  close to  the  
in te rcerebra l  midl ine,  the  la teral  group, on the  mid-dorsa l  
region of the  p ro toce reb rum and the  an te r ior  group, on 
the  an te r ior  marg in  of the  pars  in tercerebral is  (Figure 1). 
In  o the r  l ep idopte rous  insects  th is  last  men t ioned  group 
is r epo r t ed  on the  pos ter ior  marg in  of t h e  bra in  and has  
been  considered charac te r i s t ic  for the  order  Lepidop-  
t e ra  19-~3. The med ian  NSC give rise to 2 sets of axons :  
those  t h a t  run  ou twards  cons t i tu t ing  the  la teral  neuro-  
secre tory  p a t h w a y  (LNSP) and those  t h a t  run  inwards  
and  forwards  cons t i tu t ing  the  med ian  neurosecre to ry  
p a t h w a y  (MNSP) (Figure 1). The dis ta l  po r t ion  of the  
L N S P  is no t  s ta inable ,  poss ib ly  because i t  takes  a deeper  
course inside the  bra in  and is no t  avai lable  to  the  s ta in  
in bu lk-prepara t ions .  On the  o the r  hand,  the  MNSP,  
being superficial,  i s  fully s ta inable  and  could be t raced  
f rom its origin to  emergence  f rom the  brain.  In  addi t ion  

to the  axons  of the  med ian  NSC, the  M N S P  is also jo ined 
by  the  axons  of the  la teral  NSC (Figure 1, ex t reme  left, 
b roken  arrow), a fea ture  no t  c o m m o n  in o the r  insects  and  
also whose  impl ica t ion  is no t  immed ia t e ly  clear. A th ick  
band  of axons,  t hus  formed,  runs  inwards  and forwards  
on the  pars  in tercerebra l i s  and  decussa tes  wi th  its 
coun t e rpa r t  f rom the  o ther  side to form the  chiasma.  
Thereaf ter ,  the  f ibres cross in to  opposi te  hemispheres  and 
run in close p r o x i m i t y  up to  the  anter ior  NSC. At  the  
level of the  an te r ior  NSC, t h e y  make  a bend  (Figure 2, 
solid arrows) and possibly,  accompan ied  by  the  axons  of 
these  cells, run  backwards  t r avers ing  the  ent i re  l eng th  of 
the  p ro toce reb rum before emerg ing  f rom the  bra in  as the  
nervi  corporis  cardiaci  I (NCC I) (Figure 2, b roken  arrow). 
The por t ion  of the  M N S P  be tween  the  med ian  and  ante-  
r ior NSC is reckoned as the  ascending  l imb (Figure 1) and  
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Fig. 1. Bulk-stained preparation of the pupal 
brain showing 3 groups of NSC and their axons. 
Solid arrows indicate outwardly directed axons 
of the LNSP and the broken arrows, inwardly 
running fibres of the MNSP (median NSC, con- 
tributing to MNSP in the left hemisphere, are 
unstained), ANSC, LNSC, MNSC, anterior, 
lateral and median groups of NSC, respectively. 
AF, • 180. 

Fig. 2. Bulk-stained preparation of the pupal 
brain showing descending limbs of the MNSP 
in the 2 hemispheres (ascending limbs being 
more superficial are out of focus). Solid arrows 
point to the bend in the pathway and broken 
arrow to the emergence of NCC I. AF, • 400. 

Fig. 3. Bulk-stained preparation of the adult 
brain showing the formation of the chiasma by 
the descending limb of the MNSP (whose post- 
ehiasmatic portion unstained). AF, • 150. 


