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Mutagenicity Testing of Gyclamate and Some Pesticides in Drosophila melanogaster 
In  the  course of a research program,  12 pes t ic ides  

including 4 re la ted  c o m p o u n d s  and  1 sweetening  agen t  
w i th  2 suspec ted  metabol i tes ,  were t e s t ed  on Drosophila. 
In  order  to measure  possible  genet ic  effects of t he  com- 
pounds  selected, sex- l inked le thal  t es t s  were pe r fo rmed  
by  feeding adu l t  males.  

The t e s t  subs tances  were admin i s t e red  in solut ion or a s  
fine suspensions  by  t r ea t ing  2-day-old adul t  Berl in K 
males for 3 days  1. Compounds  suggested to be insoluble in 
wa te r  were comple te ly  dissolved in DMSO or e thanol  
f irst  and  t h e n  d i lu ted  wi th  5% sucrose solut ion to  reduce 
the  DMSO or e thano l  con ten t  down to 2 and  5%, 
respect ively ,  and  to  yield a homogenous  solution.  
Depend ing  on the  solubi l i ty  of the  compounds  under  
weakly  alkaline or acidic condi t ions ,  a m/15 p h o s p h a t e  
buffer  were used to keep the  p H  cons t an t  a t  6.8 or 8.0 
(listed in the  Tables  for every  compound) .  Af te r  t r ea t -  
ment ,  the  t r ea t ed  (control) males were m a t e d  to  two  
In  (1) scSlL SCS• + S, sc sl sc s w a B females  (genetic sym-  
bols see ref. 2) for 3 days.  A sequence  of two  3-day brood 
per iods  was in i t ia ted  followed by  one 4-day brood. At  the  
end of each breeding  period,  the  t r ea t ed  male was t rans -  
formed to a new vial and  r e m a t e d  wi th  2 new females.  

E x c e p t  wi th  pen tach lo ropheno l  and cyc lohexanoneo-  
xime, repl icates  were carr ied out  using d i f ferent  concent ra-  
t ions.  However ,  when  the  compound  tes ted  was ineffective,  
only the  m e a n  va lues  are l is ted in t he  Table.  

The da t a  in Table I for 2.4-D and  chemical ly  re la ted  
compounds  show t h a t  MCPA m a y  be considereed a weak 
m u t a g e n  in Drosophila. W h e n  the  da t a  from all MCPA- 
expe r imen t s  are pooled and  compared  to the  cor responding  
contro l  (control  2), th is  difference in the  x2-test is on the  
verge of significance, P =  0.015.2.4-D, 2.4.5-T and MCPB 
failed to  induce a not iceable  rise of recessive le thal  
f requencies ;  however ,  there  migh t  be a ve ry  weak effect  
for MCPB a t  4.4 m21/I as well as 8.8 m M .  A considerable  
decline in fer t i l i ty  resul ted  a t  7.2 m M  2.4.5-T, as express-  
ed b y  the  reduced  n u m b e r  of ch romosomes  t e s t ed  in 
broods  2 and  3. The steri l izing effect  migh t  or ig inate  
f rom similar  cy togene t ic  effects as observed for 2.4.5-T 
after female t r e a t m e n t  a. 

As ind ica ted  in Table II ,  2 of 8 compounds ,  n ame ly  
1 .2-d ibromoethane  and  1 .2-dibromopropane,  clearly show 
mutagen ic  ac t iv i ty  in Drosophila. Differing f rom the  
general ly  observed high sens i t iv i ty  of ma t u r e  sperm to 
chemical  mutagens ,  obvious ly  spe rma t id s  and spermato-  
cy tes  (corresponding to  b roods  2 and  3) are more  af fec ted  
by  the  ha logenalkanes  t h a n  ma tu re  spe rm;  1.2-dibromo- 
e thane  was suggested to be mutagen ic  in Neurospora 
crassa 4 and  the  H o s t - m e d i a t e d  Assay  ~. The closely 
re la ted  1.2-dichloroethane is a p o t e n t  m u t a g e n  in Droso- 
phila% 1.1-dibromoethane,  ineffect ive in Drosophila, 
induces  t ransvers ions  and  t r ans i t ions  7 on phage  S 13. 

I t  is wel l -known t h a t  victual  1 .2-dibromides readi ly  
react  to form highly  uns tab le  b romon ium ions in solut ion s. 

H 2 C - - C H  2 H 2 C - - C H  2 

] l-- , Br- + ",,@// 
Br Br Br 

The b romon ium ions can be cons idered  as 'biological 
a lkyla t ing  agen ts '  which will a lkyla te  cellular nucleophiles,  
including DNA. The init ial  p ro d u c t  of a lkyla t ion of a 
he t e ro -a tom such as O, N, or S would be the  2-Bromo- 
e thyl -der iva t ives ,  which  would  be a ' ha l f -mus ta rd '  t y p e  
reagent  capable  of ano the r  a lkyla t ion  react ion.  Thus,  
1 .2-d ibromoethane  can be considered as a b i - funct ional  
a lkyla t ing  agen t  capable  of in t roduc ing  cross-l inks into 
biological molecules. A n o t h e r  p o t e n t  mu t ag en  in Droso- 
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Table I. Incidence of X-chromosomal recessive lethals in meiotic and postmeiotic male germ ceils of Drosophila treated by herbicides 

Test Substance Concentration pH Brood 1 lethals/ Brood 2 lethals/ Brood 3 lethals/ 1 3 lethals- 
(mM) chromos. % chromos. % chromos. % chromos. % 

Control i -- 6.8 4/1633 0.24 3/1408 0.21 5/1402 0.36 12/4443 
Control 2 -- 8.0 1/1210 0.08 1/1112 0.09 2/1124 0.18 4/3446 

2,4-D 4.5 6.8 1/617 0.16 1/598 0.17 0/594 - 2/1809 
9.0 6.8 0/413 -- 0/413 -- 2/400 0.50 2/1226 

2,4, 5-T, Na+-salt 3.6 6.8 511827 0.27 2/617 0.32 2/620 0.32 9/3064 
7.2 6.8 2/567 0.35 0/49 -- 0/285 -- 2/901 

MCPA 5.0 8.0 5/708 0.71 3/706 0.42 6/675 0.89 
5.0 8.0 2/595 0.34 1/595 0.17 2/619 0.32 
5.0 8.0 3/593 0.51 0/580 -- 1/742 0.21 

MCPB 

0.27 
0.12 

0.11 
0.16 

0.29 
0.22 

5.0 8.0 10/1896 0.53 4/1881 0.21 9/2036 0.44 23/5813 0.40 
10.0 8.0 7/1191 0.59 2]598 0.33 0]604 -- 9[2393 0.38 

4.4 8.0 6/1159 0.52 1/567 0.18 1/613 0.16 8/2339 0.34 
8.8 8.0 4/1926 0.21 1/1108 0.09 5/1111 0.45 10/4145 0.24 

2,4-D, 2,4-dichlorophenoxyacetic acid; 2,4,5-T, 2,4,5-trichlorophenoxyacetic acid; MCPA, 4-chloro-2-methylphenoxyacetic acid; MCPB, 
4-(4-chloro-2-methylphenoxy)butyric acid. 
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Table II .  Effects of some pesticides on recessive lethal frequencies in meiotic and postmeiotic male germ cells of Drosophila 

Test Substance Concentration pH Brood 1 lethals/ Brood 2 lethals/ Brood 3 lethals[ 1-3 lethals[ 
(raM) chromos. % chromos. % chromos. % chromos. % 

Control 1 -- 6.8 4]1633 0.24 3/1408 0.21 5/1402 0.36 12/4443 0.27 
Control 3" 6.8 5[2207 0.23 1/1817 0.06 3/1850 0.16 9/5874 0.15 
Control 4 b 6.8 1/613 0.16 0/594 -- 0/622 -- 1[1829 0.05 

Pentaehlorophenol, 
sodium salt 7.0 6.8 0/609 -- 0/618 -- 2/597 0.34 2/1824 0.11 

Pentaehloro- 
nitrobenzene ~ 3.3 �9 6.8 3[1207 0.25 2/1202 0.17 5/1150 0.43 10/3559 0.28 

Folpet o 3.3 b 6.8 3/1198 0.25 2/1212 0.17 4/1229 0.33 9/3639 0.25 

(N-(Triehloromethyl- 
thio) phthalimide) 

1-bromoethane 2.7 6.8 2/1186 0.17 3]920 0.33 1/920 0.11 6/3026 0.20 
8.2 6.8 6[923 0.65 1/615 0.16 1/615 0.16 8/2153 0.37 

1,1-dibromo-ethane 2.7 6.8 4/1090 0.37 3]918 0.33 1/910 0.11 8/2918 0.28 
5.4 6.8 2/920 0.22 1]612 0.16 2/603 0.33 512135 0.23 

1,2-dibromoethane 0.3 6.8 6/1201 0.50 1811209 1.49 16/1234 1.30 40[3644 1.10 

1,2-dibromopropane 5.0 ~ 6.8 4/602 0.66 5[619 0.81 9/622 1.45 18/1843 0.98 

i, 3-dibromopropane 2.7 �9 6.8 4/1107 0.36 0[919 -- 1/926 0.11 5]2953 0.17 

Test solution with 2% DMSO. b Test solution with 5 % aethanol, o Tested as suspension. 

phila, 1 .2 -d ich lo roe thane ,  w o u l d  be  e x p e c t e d  to  u n d e r g o  
s imi l a r  r eac t ions .  T h e  1 . 3 - d i b r o m o p r o p a n e  r eac t s  v e r y  
s l owly  in c o m p a r i s o n  w i t h  1 . 2 - d i b r o m o e t h a n e ,  w h i c h  
p r o b a b l y  e x p l a i n s  w h y  it  fai led to  p r o c e d u r e  a n y  obse r v -  
able  gene t ic  effects  u n d e r  t he se  e x p e r i m e n t a l  cond i t i ons .  

P e n t a c h l o r o p h e n o l  a n d  p e n t a c h l o r o n i t r o b e n z e n e ,  t h e  
l a t t e r  be ing  r e p o r t e d  to  h a v e  m u t a g e n i c  a c t i v i t y  in 
E. coli 9, w e r e  n e g a t i v e  in t h e  sex - l inked  le tha l  t e s t  in 
Drosophila. O u r  d a t a  also r evea l  no  ev idence  for  a gene t i c  

a c t i v i t y  of fo lpe t  in Drosophila a n d  a re  in l ine w i t h  t h o s e  
Of KRAMERS a n d  KNAAP 10 for  fo lpe t .  

C o n t r a d i c t o n a r y  r e su l t s  h a v e  b e e n  r e p o r t e d  as  r e g a r d s  a 
poss ib le  m u t a g e n i c  a c t i o n  of t h e  s w e e t e n e r  c y c l a m a t e  
a n d  i ts  m e t a b o l i c  p r o d u c t  c y c l o h e x y l a m i n e  in m a m m a l s  
in v i v o  a n d  in v i t r o  u-~9. I n  Drosophila, c y c l a m a t e  a n d  
c y c l o h e x y l a m i n e  are  n o t  m u t a g e n i c ,  as i n d i c a t e d  in 
T a b l e  I I I  a n d  r e p o r t e d  b y  BROWNING 2~ e v e n  w h e n  h i g h  
doses  s u c h  as 25.0 m M  were  appl ied .  N e g a t i v e  r e su l t s  
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Table I I I .  Recessive lethal frequencies in meiotic and postmeiotic male germ ceils of Drosophila following treatment by Na-cyclamate, 
eyclohexylamine and eyelohexanoneoxime 

Test Substance Concentration pH Brood I lethals[ Brood 2 lethals/ Brood 3 iethals] 1-3 lethals] 
(mM) chromos. % chromos. % chromos. % chromos. % 

Control i -- 6.8 4/1633 0.24 3[1408 0.21 511402 0.36 12/4443 0.27 

Na-eyclamate 5.0 6.5-7.0 0/597 -- 0[585 -- 4[584 0.68 411766 0.23 
25.0 6.5-7.0 411202 0.33 211013 0.20 3[1021 0.29 9/3236 0.28 

Cyclohexylamine 10.1 6.8 4]996 0.40 011011 -- 11995 0.t0 5]3002 0.17 

Cyelohexanone-oxime 8.8 6.8 0]622 -- 0]593 -- 3]603 0.50 311818 0.17 
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were ob ta ined ,  too, w i t h  cyc lohexanoneox ime ,  p r o b a b l y  
a n o t h e r  p r o d u c t  of c y c l a m a t e  me tabo l i sm.  

I n  s u m m a r y ,  ou t  of all  c o m p o u n d s  tes ted ,  1 .2-dibromo-  
e t h a n e  a n d  1 .2 -d ib romopropane  were found  to be def in i te ly  
m u t a g e n i c  in  Drosophila. The  effects  p roduced  b y  MCPA 
and,  to  a lower ex t en t ,  also MCPB,  are no t  suff ic ient  to  
decide  w h e t h e r  these  two  c o m p o u n d s  are also ac t ive  in 

31 We should like to thank Mrs. IV[. KLUG and Miss GI ]SZOLODZIEJ for 
their careful technical assistance. 

22 New address: Department of Biochemistry, Oklahoma State Uni- 
versity Stillwater, Oklahoma 74074, USA. 

e3 New address: Department of Radiation Genetics and Chemical 
Mutagenesis, University of Leiden, Wassenaarseweg 62. The 
Netherlands. 

p r o d u c i n g  recessive l e tha l s  or not .  A t  leas t  MCPA seems 
to be a w e a k  m u t a g e n  in Drosophila 2~. 

Zusammen/assung. 15 Subs t anzen ,  vo rwiegend  Pes t i -  
zide, w u r d e n  a n  mS.nnlichen Keimze l len  y o n  Drosophila 
auf  ihre  gene t i sche  W i r k s a m k e i t  u n t e r s u c h t .  F i i r  1.2- 
Dibrom~t than ,  1 . 2 - D i b r o m p r o p a n  u n d  MCPA k o n n t e  eine 
gene t i sche  Aktivit~Lt nachgewiesen  werden.  Ha logen-  
a lkane  zeigen eine k lare  S t ruk tur - 'vVi rkungsbez iehung .  

E. VOGI~L 23 and J. L. R. CHANDLER 22 

Zentrallaboratorium /i~r 2VIutagenitdtspri~/ung der 
Deutschen Forschungsgemeinscha/t, 
Breisacherstrasse 33, D-78 Freiburg im Breisgau 
(Federal Republic o/Germany), 20 August 7973. 

T e r t i a r y  T r i s o m i c s  i n  Pennisetum typhoides 

I n  t e r t i a r y  t r i somics  t he  e x t r a  c h r o m o s o m e  is t r a n s -  
loca ted ;  t he  ends  of e x t r a  c h r o m o s o m e  are homologous  
w i t h  t he  ends  of 2 d i f fe ren t  chromosomes .  The  d iagnos t i c  
cha rac te r i s t i c s  of t e r t i a r y  t r i somics  are t he  f o r m a t i o n  of 
p e n t a v a l e n t s  (chain of 5 ch romosomes  or 2 r ing  b i v a l e n t s  
l inked  b y  a t r a n s l o c a t e d  ch romosome-  ' d u m b - b e l l '  shape)  
and  t he  absence  of r ing  q n a d r i v a l e n t s .  

I n s p i t e  of g rea t  usefulness  of t e r t i a r y  t r i somics  in 
ass ign ing  genes to  a p a r t i c u l a r  c h r o m o s o m e  a r m  an d  t h e  
d e t e r m i n a t i o n  of cen t romere  posi t ion ,  these  h a v e  been  
p roduced  on ly  in DaXura, corn, bar ley,  t o m a t o  a n d  rye. 
I n  t o m a t o  severa t  genes  h a v e  been  loca ted  us ing  t e r t i a r y  
t r i somics  1. The  p r e s en t  c o m m u n i c a t i o n  repor t s  for t he  
f i rs t  t i m e  t h e  p r o d u c t i o n  of t e r t i a r y  t r i somics  in  pear l  
mil le t ,  Pennisetum typhoides (Burro.) S. & H. (2n  = 14). 

Severa l  progenies  of selfed i n t e r ch an g e -h e t e ro zy g o t e s  
an d  the i r  crosses w i t h  d i f fe ren t  gene m a r k e r s  were exam-  
ined. T h e  off - type p l a n t s  h a v i n g  sho r t  s t a tu re ,  t h i n  s t em 
a n d  narrow- leaves  were marked .  The  PMC ana lys i s  of 
m a j o r i t y  of t h u s  selected p l a n t s  revea led  t h e m  to  be 
t r isomics .  Besides  i n t e r c h a n g e  t r isomics ,  25 t e r t i a r y  
t r i somics  were i so la ted  f rom a p o p u l a t i o n  of 5,000 p lan t s .  

On a n  average,  t h e  t e r t i a r y  t r i somics  showed  a n  associa- 
t ion  of 5 ch romosomes  a t  d i a k i n e s i s / m e t a p h a s e  I in  
15.0% of t h e  cells. The  p e n t a v a l e n t s  were e i the r  cha in-  
s h a p e d  (Figure  1) or d u m b b e l l - s h a p e d  (Figure  2). As 
seen in  t h e  Table ,  t h e  m o d a l  con f igu ra t ion  was l l n  @ 6ii 
(Figure 3) an d  t h e  n e x t  m o s t  f r e q u e n t  class was 7ii + l i  
(Figure  4). Chromosome  assoc ia t ions  of l ~ v + 5 n + l ~ ,  
l l n  + 511 + 21 an d  61i @ 3i were rare ,  t i le f r equency  be ing  
0.54, 1.36 an d  1.09% respect ive ly .  The  c h r o m o s o m a l  
d i s t r i b u t i o n  of 8-7  was p r e d o m i n a n t  (95.1%),  on ly  a few 
cells showed  laggards .  Pol len  fe r t i l i ty  in  these  t r i somics ,  as 
s tud ied  f rom m a t u r e  a n t h e r s  b y  s t a in ing  w i t h  aceto-  
carmine ,  was  r educed  to  51.1 to 87.8% of t h e  diploid.  

T h e  t e r t i a r y  t r i somics  showed  t h e  cha rac t e r i s t i c  
fea tu res  of t r i s o m y  in pear l  mi l le t .  I n  c o n t r a s t  to  t he  
p r i m a r y  t r i somics  ~, t h e  change  in  m o r p h o l o g y  of t e r t i a r y  
t r i somics  was n o t  a t t r i b u t a b l e  to  p a r t i c u l a r  chromosomes .  

Fig. 1-4. Chromosome associations at diakinesis]metaphase I in ter- 
tiary trisomies. • 1300. 1. l v+5~  (chain-shaped pentavalent). 2. 
lv+5H (dumbbell-shaped pentavalent). 3. l m + 6 m  4. 7ii+11. 
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Meiotic behaviour of tertiary trisomics in pearl millet, Pennisetum typhoides 

Chromosome association at diakinesis/metaphase I 

Cells 1 v + 5~ liv @ 5ii ~- 11 lm + 6ii 1111-~ 5ii ~- 21 7n + 11 

Anaphase I distrib. 

6ii+3i 8-7 7-1-7 

Number 55 2 187 5 144 4 233 12 

Percent 14.99 0.54 50.95 1.36 31.06 :[.09 95.10 4.90 


