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aceto-carmine  squashes, and camera  lucida sketches of 
chromosomes at  different  stages were drawn. 

Most of the  plants  raised f rom t rea ted  seeds grew 
vigorously wi th  leaves, flowers and capsules larger t han  
those of the  control.  Normal ly  D.innoxia has 24 univa-  
lents at  metaphase  1 (Figure a), bu t  the  devia t ions  
ment ioned  below were observed at  meiosis in plants  
raised f rom the  t rea ted  seeds: 

1. Chromosomes grouped separate ly  wi th  unequal  
numbers  (Figures b and c). 2. Unequa l  numbers  of 
chromosomes at  the  2 poles wi th  laggards at  anaphase  
1 (Figure d). 3. Chromat id  bridges wi th  f ragments  
(Figure e). 4. Chromat in  bridges (Figure I) and laggards 

at  te lophase 1 (Figure g). 5. Unequa l  ch romat in  masses 
at  te lophase 1 (Figure h). 6. Few polyploid  cells wi th  48 
univalents .  

The chromat in  bridges m a y  be due to stickiness and tar-  
dy dis junct ion of chromosomes (KABAmTV~), whereas the  
format ion  of chromat id  bridges wi th  f ragments  suggest  
tha t  invers ion has t aken  place. Occurrence of few poly- 
ploid ceils wi th  48 univalents  m a y  be due to the failure 
of cytokinesis,  suggesting t h a t  the  alcohol t r e a t m e n t  
referred to, followed by  t empera tu re  shock, widen the  

s c o p e  for induct ion  of polyploidy.  
REIGER and IVilCHAELIS 4 observed t h a t  the  chromosomal  

aberrat ions in Vicia [aba were induced by  e thanol  in the  
first  par t  of the  in terphase  ei ther before or dur ing chromo- 
somal reduplicat ion.  They  a t t r i bu te  the  act ion of e thanol  
to dena tura t ion  or s t ruc tura l  changes of the  proteins  
needed for D N A  syn-~hesis. RONCI~I and ARCARA 5 also 
confirm the  high sensi t iv i ty  of this phase to the  alcoholic 
t rea tment .  These a rguments  m a y  offer explana t ions  for 
the  occurrence of chromosomal  aberrat ions observed in 
the  present  studies. 

Zusammen[assung. Nachweis,  dass Butyla lkohole in-  
wi rkung und anschliessender Tempera tu r schock  auf die 
Samen yon Datura innoxia Polyploidie  und VerSmderun- 
gen im Alkaloidgehal t  der Pf lanze verursachen und zu 
charM~teristischen Chromosomenaberra t ionen  ffihren. 

S. N. KHOSLA and PI~ATAP SINGH 9 

Regional Research Laboratory, 
Jammu-Tawi (India), 21 January 7973. 

9 The authors are grateful to Drs. C. IZ. ATAL and AKHTAR HUSAIN 
for their interest in the work. 

Mutagenicity Experiments with the Tranquillizer Meprobamate in Drosophila 
melanogaster and in Human Leukocyte Chromosomes in vitro 

Since the  fifties, meprobama te  (2-methyl-2n-propyl-1,  
3-propanedioldicarbamate)  has been used as a t ranqui l l izer  
(Miltaun | Mi l taunet ten  | Aneural  | see ref. 1. Using ra t  
bra in  homogenates ,  meprobamate  inhibi ts  both  ox ida t ive  
phosphoryla t ion  and ATPase  ac t iv i ty  ~. F r o m  these 
findings one can speculate  t h a t  this drug migh t  exhibi t  
mutagen ic  act ivi t ies  by inhibi t ing  D N A  synthesis  and 
repair  processes. To examine  this quest ion exper imenta l ly ,  
the  effect of meprobama te  on Drosophila melanogaster 
(in v ivo  test) and human  leukocyte  chromosomes (in v i t ro  
test) was invest igated.  

A) Drosophila. In  Drosophila, the  frequencies of 
recessive X-chromosome lethals, par t ia l  and to ta l  
chromosome loss and non-dis junct ion  have  been deter-  
mined.  Par t ia l  loss f requency can be t aken  as a cer ta in  
measure  of the  breakage f requency produced by  a 
mutagen,  whereas recessive lethals are main ly  caused by  
po in t  muta t ions  or small  deletions. 

X-chromosome lethals. For  the  de te rmina t ion  of recessive 
X-chromosome lethals, the  Basc- technique was used. 
Ber l in  wild males were fed or injected wi th  2.3 • 10 .2 M 
solution of the  drug. Feeding of the  test  substance was 
carried out  according to  the  technique  already described in 
detailS, 4. Af ter  3 days feeding, or 24 h after  inject ion,  
each male was ma ted  indiv idual ly  to 1 vi rgin  female of the  
Basc-stock. At  in tervals  of 3 days they  were remated  to 
new females up to ten  successive broods. Thus germ cell 

stages of different  age of spermatogenesis  including early 
spermatogonia  could be tes ted separately.  The  results can 
be seen in Table  I. In  bo th  inject ion and feeding experi-  
ments  the  mu ta t i on  rates ranged f rom 0.10% to 0.55% 
wi th  only one except ion (broad IX,  exper iment  4) 
showing a f requency of 1.14%. Out  of 20,551 chromo- 
somes to ta l ly  tested,  25 recessive lethals corresponding to 
0.12% were scored. The  spontaneous rate  for recessive 
lethals in the  Drosophila stock used ranges f rom 0.08 to 
0.56% (20,000 chromosomes tested) 5 being on average  
0.18%. Our results wi th  the  Basc- technique do not  show 
any e levat ion  of the  recessive lethal  f requency over  the  
baseline after  appl icat ion of m e p r o b a m a t e  per  os or by  
inject ion.  Analogous to the  megaphene  results% the  
rates of semilethals  and of visible muta t ions  did not  show 
any difference to the control  level. Fur ther ,  excep t  for 
male No. 11 in exper iment  4 which carried 2 lethals (one 
in brood I I I ,  the  o ther  in brood VI), no clusters of 
muta t ions  were found. By  menas  of an Xple stock (sc 
ec c t v  g f) unt i l  now 15 of the  lethals  have  been 
localized. Their  d is t r ibut ion  approx imates  a spontaneous  

1 K. OFITZ, Arzneimittel-Forsch. (Drug Res.) 72, 333 (1962). 
2 L. DECal and J. Ms Experientia ld, 145 (1958). 
a H. L~3~RS, Atompraxis 5, 288 (1959). 
4 H. LOERS, Nrztl. Forsch. ld, 127 (1960). 
5 H. LO~RS and G. OBE, l~utatioIl Res. 15, 77 (1972). 
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Table I. The frequency of sex-linked lethals in male germ cells of Drosophila melanogaster after treatment with 2.3 • 10-~M meprobamate by 
adult feeding for 3 days or by injection 

Experiment Brood Chromosomes tested Recessive Lethals 
No. N N % 

Adult feeding 

1 I 1177 3 0.25 
2; 6; 7 I 3778 3 0.08 

II  2574 i 0.04 
I I I  2972 4 0.13 

I - I I I  9324 8 0.09 
4 I 1246 - - 

II 568 - - 

I I I  1038 2 0.19 
IV 890 1 0.11 
V 569 2 0.35 

VI 651 1 0.16 
VII 933 1 0.11 

VIII  563 - - 
IX 263 3 1.14 
X 183 1 0.55 

I-X 6904 11 0.16 
Injection 

3 ;5  

Total 

I 1 1 1 9  - - 

I I  1052 2 0.19 
I I I  975 1 0.10 

I - I I I  3146 3 0.10 
20551 25 0.12 

Mean spontaneous rate approximately 0,18% 

d i s t r i b u t i o n  as  h a d  b e e n  desc r ibed  b y  BELITZ 8. T h a t  m e a n s  
t h a t  t h e r e  a re  2 peaks ,  one  a t  t h e  lef t  end,  t h e  o t h e r  a t  t h e  
r i g h t  end  of t h e  X - c h r o m o s o m e .  

Chromosome aberrations. I n  a s econd  series  t h e  a b i l i t y  
of m e p r o b a m a t e  to  p r o d u c e  s ingle  b reaks ,  c h r o m o s o m e  
loss a n d  ga in  w a s  i n v e s t i g a t e d .  V i rg i n  f ema les  of t h e  
gene t i c  c o n s t i t u t i o n  y w spl  sn 3 (genet ic  s y m b o l s  see ref.  7) 
were  c rossed  to  y / B S  y y+ m a l e s  t r e a t e d  w i t h  4.6 • 10 .8 M 
m e p r o b a m a t e  b y  a d u l t  f eed ing  for  2 days .  T h e  P m a l e s  
de r i ved  f r o m  a cross  of v i r g i n  y - ~  to  y / B  s Y y+ ~ .  I n  
t h e  F 1 o f f s p r i n g  the  fo l lowing  classes  ( w i t h o u t  t h e  m a r k e r s  
spl  a n d  sn a) we re  checked  for :  

1. yellow females 
2. white-Bar males 
3. yellow-white males 
4. white males 
5. yellow-white Bar males 
6. Bar females 

expected class 
expected class 
loss of X or Y, sterile 
loss of yz  
loss of y s  
non-disjunction in males 

F u r t h e r  de ta i l s  on  t h e  t e s t  p r o c e d u r e  see ref. s. E x c l u s i v e l y  
m a t u r e  s p e r m  were  t e s t e d  in t he se  e x p e r i m e n t s  b y  s e t t i n g  
u p  i b r o o d  of 24 h d u r a t i o n .  I n  T a b l e  I I  t h e  r e su l t s  of 3 
s ingle  e x p e r i m e n t s  i n c l u d i n g  m e a n  va lue s  are l is ted.  N o n e  
of t h e m  s u g g e s t  a n  inc rease  in  t h e  a b e r r a t i o n  f requenc ies .  
T h u s  m e p r o b a m a t e  also r e m a i n e d  inef fec t ive  w i t h  r e s p e c t  
to  t h e  i n d u c t i o n  of  c h r o m o s o m e  a b e r r a t i o n s  in m a t u r e  
sperm. 

B) H u m a n  chromosomes. M i c r o c u l t u r e s  were  se t  u p  
( s l igh t ly  mod i f i ed  f r o m  ref. 9) w i t h  t h e  b lood  of a n o r m a l  
h e a l t h y  m a n .  24 h be fore  f i x a t i o n  (whole  c u l t u r e  t i m e  
96 h) w a t e r  so lu t i ons  of m e p r o b a m a t e  were  a d d e d  to  t h e  
cu l t u r e s  to  f ina l  c o n c e n t r a t i o n s  r a n g i n g  f r o m  10 .7 M u p  
to  10 -~ M.  2 c u l t u r e s  were  se t  u p  for  each  c o n c e n t r a t i o n .  

6 H. J. BELITZ, Z. Abst. Vererbungslehre 88, 434 (1957). 
7 D. L. LINDSLEY and E. H. GRELL, Carnegie Inst. Washington. 

Publ. No. 627 (1968). 
8 E. VOGEL, Mutation Res. 20, 339 (1973). 
9 D. T. ARAKAKI and R. S. SPARKES, Cytogenetics 2, 57 (1963). 

Table II. The frequency of sex-chromosome complete or partial loss and non-disjunction (NDJ) in mature sperm of Drosophila melanogaster 
treated with 4.6 • 10-3M meprobamate for 17 h 

Experiment Treatment Expected progeny Progeny 

? ~ (~ + ~) 

Loss of X or Y Loss of yL Loss of Ys NDJ 

N % N % N % N % 

1 control 1805 1817 3622 2 0 0 0 
meprobamate 5580 5592 11172 7 3 0 3 

2 control 608 593 1201 1 0 0 1 
meprobamate 855 867 1722 2 0 0 1 

3 control 2077 2133 4210 2 1 0 0 
meprobamate 2827 2644 5471 2 1 0 0 

1-3 control 4440 4543 9033 5 0.05 1 0.01 0 - 1 
meprobamate 9262 9103 18365 11 0.06 4 0.02 0 - 4 

0.01 
0.02 
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Table III. Chromatid abberrations produced by meprobamate in human leukocyte chromosomes in viLro 

EXPERIENTI: 30/3 

Meprobamate concentration No. of cells analysed Achromatic lesions Chromatid breaks Sum total of all breaking 
(M) (AL) (B') events per cell 

10 -7 200 6 6 0.030 
10 _6 200 3 8 0.040 
10 -s 200 8 12 0.060 
10 -~ 200 3 7 0.035 
Total 800 20 33 0.041 

Only achromat ic  lesions (AL) and ch roma t id  breaks  (B') 
were seen (Table I I I ) .  The sum tota ls  of all b reak ing  
events  per  cell, r epresen t ing  the  sum to ta l  of all B'  per  cell 
in these  exper iments ,  ranges  f rom 0.030 to  0.060. W i t h  all 
mi toses  t e s t ed  (800) th is  value is 0.041. Control  da t a  f rom 
our l abora to ry  range f rom 0.0250 to 0.1025 wi th  a middle  
of 0.0633, ref. :0. Our da t a  show no chromosome break ing  
abi l i ty  of m e p r o b a m a t e  on h u m a n  leukocytes  in vitro.  

C) Therapeutical doses. The the rapeu t i ca l  doses of 
m e p r o b a m a t e  are 0.40 to  1.20 g per  day  in adults .  Assu- 
ming  a body  weight  of 75 kg we have  a dose of 0.005 to 
0.016 g per  kg or roughly  per  l i tre (1) body  fluid. The 
doses used in our t e s t  are in Drosophila 5.02 g/1 (X- 
chromosome lethals) and ' l .  00 g/1 (chromosome aberrat ions)  
and  in h u m a n  chromosomes  in v i t ro  up to 0.022 g/1 
(10 -~ M). These calculat ions should be t aken  wi th  caut ion  
b u t  t h e y  show t h a t  the  doses used in our t e s t  are well 
above the  range of the  doses used therapeut ica l ly .  

Zusammen/assung. Mutagen i tg t sun t e r suchungen  mi t  
M e p r o b a m a t  an Drosophila melanogaster (X-chromoso-  
male rezessive Le ta lmu ta t ionen ,  Chromosomenaber ra -  
t ionen  in reifen Spermien) und  an mensch l ichen  Leukozy-  
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  
fiir e ine genet ische  Wi rksamke i t  dieser  Substanz.  

H. LOERS, ]~. VOGEL and  G. OBE 

Institut liar Genetik, Freie Universitiit Berlin, 
Arnimallee 5-7, D-1 Berlin 33 (Germany); and 
Zentrallaboratorium [i~r Mutagenitiitspri~/ung der 
Deutschen Forschungsgemeinscha/t, 
Breisaeher Sir. 33, D-78 trreiburg im Breisgau 
(Germany), fi September 7973. 

to G. OBE and J, HERE:, Fortschr. Med. 91, 533 (1973). 

D e v e l o p m e n t a l  S t u d i e s  in  Drosophila nasuta I I I .  
D e v e l o p m e n t a l  O b s t i n a c y  of  the  E g g s  Laid  a f ter  S t a r v a t i o n  

The func t ion  of t he  female reproduc t ive  sy s t em is to 
p roduce  eggs and  prov ide  for the i r  fer t i l iza t ion and  
depos i t ion : .  The t ime  spen t  by  each egg in t he  uterus  is 
s table  2. The egg r e t en t i on  in Drosophila m a y  occur under  
2 c i rcumstances :  1. W h e n  the  females  are virgins and  
2. when  the  m a t e d  females  are no t  offered a sui table  si te 
for egg laying 2. In  the  l a t t e r  case, the  embryonic  develop-  
m e n t  begins  w i t h i n t h e  female ' s  r ep roduc t ive  sys tem 8. 

Delcour has given a p rocedure  for rap id  egg collection in 
Drosophila 4. This has been  employed  by  m a n y  invest iga-  
tors  for compe t i t ion  and deve lopmen ta l  s tudies: ,5 ,  6 
Tile p rocedure  is, af ter  s ta rv ing  a s tock of well-fed flies 
for 5 h, t h e y  are exposed to  med ia  for egg laying (100 cm a 
dist i l led water ,  3 g Agar  Agar, 1.5 cm 8 acetic acid, 2.5 cm 8 
e thy l  alcohol and  a few drops  of yeast ,  ]L)ELCOUR 4 has  

fu r ther  sugges ted  d iscard ing  the  f i rs t  b a t c h  of eggs 
ob ta ined  dur ing  'F i r s t  H o u r '  a f ter  s t a rva t ion ,  reasoning  
t h a t  t h e y  m a y  con ta in  eggs of var iab le  deve lopmen ta l  
s tages.  

: D. BODENSTEIN, in: Biology of Drosophila (Ed. M. DE.~EREC; 
John Wiley and Sons, Inc., New York 1950, p. 275-367. 

2 j.  DAVID and J. BOULETREAU-~/~ERLE, Drosoph. Inf. Serv. 46, 63 
(1971). 

3 R.C. KING, Drosoph. InI. Serv. 38, 96 (1963). 
: J. D~LCOUR, Drosoph. Inf. Serv. dd, 133 134 (1969). 
5 M. BUDmK, D. BRNClC and S. KOREF-S:NTIBANEZ, Evolution 25, 

4:O (:971). 
6 H. A. RAgG:N:TH and N. B. KRISEN:,'~URTHY, Sci. J. Mys. 

Univ., in press (1973). 
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Fig. 1. Pattern of development at T o (21 ~ Fig. 2. Pattern of development at T' (23-28 ~ 


