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Mixed couples  composed  of ind iv idua ls  f rom t h e  the ly -  
genous  s t r a in  R (genera t ion  10) a n d  b y  ind iv idua l s  f r o m  
the  a r rhenogenous  s t r a in  K (genera t ion  9) p roduced ,  on 
the  o the r  hand ,  an average  n u m b e r  of 4.41 eggs per  day ,  
The to t a l  a m o u n t  of fer t i l ized eggs was  4543. 

Fe r t i l i t y  has  t h u s  nea r ly  doubled  (Figure) in t he  mixed  
couples.  

Such m a r k e d l y  d i f fe ren t  resu l t s  m u s t  be  a t t r i b u t e d  to  
t he  a b o v e - m e n t i o n e d  sexual  in te rac t ions .  T h e y  re- 
es tab l i sh  in  t h e  m i x e d  couples  t h a t  ba lance  wh ich  h a d  
been a l t e red  by  se lect ion wi th in  t he  a r rhenogenous  a n d  
the lygenous  lines and  c a n n o t  be es tabl ishdd in couples  
composed  of indiv iduals  t h a t  have  exceed ing ly  s imilar  
sex genotypes .  

The  i n t e r p r e t a t i o n  a d v a n c e d  prev ious ly  t h a t  a ce r t a in  
dose of genes  for  one  sex  is necessa ry  for  t h e  no rma l  
express ion  of t he  genes  of t h e  o t h e r  sex  is t h u s  d e m o n -  
s t r a t e d  in Ophryotrocha, and  the  occurrence  of genet ic  
sex b i p o t e n c y  in all k inds  of eusexual  o rgan i sms  can  be 
i n t e rp re t ed  on a func t iona l  basis.  

A s y s t e m  of con t ro l  and  feedback  m e c h a n i s m  t h r o u g h  
sex h o r m o n e s  a m o n g  indiv iduals  of b o t h  sexes  and  con- 

t ro l led  t h r o u g h  d i f fe ren t  r egu la t ing  s y s t e m s  has  been  
accord ing ly  p roposed  G,v. 

Riassunto. Si d i mo s t r a  che in te raz ion i  Ira indiv idui  che  
posseggono genot ip i  sessuah  sbi lancia t i  in  segui to  al la  
selezione p e r  geni  sessuali  maschi l i  e femmini l i  p o r t a n o  
ad  u n  sub i t aneo  a u m e n t o  del la  fertilitY, a cause  del  
r i s tabi l i rs i  del l 'equi l ibr io  genet ico.  Cib d i m o s t r a  che  in  
Opkryotrocka una  ca r t e  dose  di  geni  di  un  sesso ~ neces-  
sa t in  pe r  la no rma le  a t t i vaz ione  dei  geni  de l l ' a l t ro  sesso 
e fornisce una  i n t e rp re t az ione  funzionale  al f enomeno  
del la  b ipo tenz ia l i t~  gene t ica  dei sessi. 
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Differences in Teratogeni¢ Response and in 
Capacity to Repair in Embryos of Two  

Inbred Strains of Mice 

Studies  compar ing  the  suscept ib i l i t ies  of d i f fe ren t  in- 
bred  s t ra ins  of mice to  t e ra togen ic  agen t s  have  disclosed 
t h a t  in t he  expe r imen ta l  p roduc t ion  of congeni ta l  abnor -  
malit ies,  t he  f r equency  as well as t he  p a t t e r n  of mal -  
fo rmat ions  is d e t e r m i n e d  in p a r t  by  the  genet ic  back-  
g round  of t he  embryo .  Refe rence  is m a d e  to  t he  w o r k  of 
CALLAS 1 DAGG s,s FRASER 4,5 and FRASER and FAINSTAT 6. 

The present investigation addressed itself to the ques- 
tion w h e t h e r  t he  va r i ab i l i t y  in response  to  a t e ra togen ic  
agen t  b y  inbred  s t ra ins  of mice is re la ted  to  i nhe r e n t  

s t r a in  differences in d e v e l o p m e n t a l  ra tes ,  or  w h e t h e r  t he  
va r i ab i l i t y  in t e ra togen ic  response  is a ref lec t ion  of 
d i f ferences  in capac i ty  for repa i r  du r ing  embryogenes i s .  

1 G. CALLAS, Anat. Rec. 142, 336 (1962). 
C. P. DAOO, Am. J. Anat. 106, 89 (1960). 

s C. P. DAOG, Am. Zoologist 3, 223 (1963). 
4 F. C. FRASER, 1st Int. Conference on Malformations (J. B. Lippin- 

cott Co., New York 1961), p. 179. 
F. C. FRASER, 2nd Int. Conference on Malformations (Int. Med. 
Congress, Ltd., New York 1964), p. 277. 

e F. C. FgASER and T. D. FAtNSTAT, Pediatrics, Springfield 8, 527 
(1951). 

Table I. Incidence and pattern of trypan blue induced malformations in C57B1/6J mice 

Group Age of Age of No. of Mean 
fetuses a fetuses - fetuses litter size 
at treatment on day recovered 

sacrificed 

Mean crown-rump No. of No. of % of 
length mm normal abnormal abnormal 

fetuses fetuses fetuses 

Controls 

1 7 7 t6 8.5 ~: 0.35 0.8 4- 0.05 
2 7 8 26 6,5 4- 0.25 1.6 4- 0.20 
3 7 9 23 7.7 4- 1.36 2.6 :~: 0.24 
4 7 10 20 5.0 4- 0.79 4.8 4- 0.i0 
5 7 ii 19 6.3 :l: 1.78 6.7 4- 0.09 
6 7 12 25 6.3 4- 1.08 7.6 q- 0.23 

Experimentals 

7 7 10 t5 7.5 ~: 1.64 2.3 4- 0.01 
8 7 11 18 5.7 q- 0.54 2.4 -t- 0.16 
9 7 12 18 6.0 4- 0.93 2.3 :h 0.13 

16 0 0.0 
26 0 0.0 
23 0 0.0 
19 1 5.0 
19 0 0.0 
21 4 16.0 

0 15 100.0 
0 18 100.0 
0 18 100.0 

In breaking down abnormalities into the various categories many cases were listed more than once, whenever more than one type of mal- 
formation occurred in the same embryo. This fact should be borne in mind when adding the figures of Table L • The age of the fetus is calcu- 
lated by counting the day the copulation plug is noted as day 1. 
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Table If. Incidence and pat tern of try'pan blue induced malformations in Swiss albino mice 

EXPERIgNTIA 23[6 

Group Age of Age of No. of Mean litter size Mean Crown- No. of 
fetuses~ fetuses~ fetuses r u m p l e n g t h  normal 
at  treat- on day recovered m m  fetuses 
ment  recovered 

No. of % of Type of abnormali ty 
abnormal  abnormal Head Tail Misc. 
fetuses fetuses % % % 

Controls 

10 7 7 31 10.3 ± 0.26 1.4 4- 0.08 31 0 0.0 0.0 
11 7 8 27 9.3-4-0,61 2.5-4-0.10 27 0 0.0 0.0 
12 7 9 40 10.0 -4- 1.06 3.2 4- 0.23 40 0 0.0 0.0 
13 7 10 75 12.5 -4- 0.91 4.6 -4- 0.10 74 1 1.3 0.0 
14 7 11 37 9.3 4- 1.29 6.4 -4- 0.12 36 1 2,7 2.7 
15 7 12 48 9.6 4- 1,28 8.9 4- 0.27 46 2 4.2 0.0 
16 7 Birth 66 7,8 -4- 0.64 - 66 0 0.0 0.0 

Experimentals  

17 6 10 46 11.0 4- 0.77 5.5 4- 0.10 15 31 67.4 37.0 
18 6 11 38 12,7 -4- 0.97 7.2 4. 0.20 25 13 34.2 13.2 
19 6 12 33 8.3 -4- 1,43 9.1 4. 0,16 20 13 39.4 24.2 
20 7 10 77 9.6 4- 0.49 5.3 4- 0.13 36 41 53.2 I5,6 
21 7 11 133 10.2 4- 0.98 7.4 4- 0.07 86 47 35.3 18.0 
22 7 12 30 10.0 4- 2.35 9.8 4. 0.08 20 10 33.3 16.7 
23 8 10 98 10.9 4- 1.17 5.2,4- 0.56 30 68 69.4 10.2 
24 8 11 39 11,0 4- 0.47 6.6 4. 1.12 17 22 56.4 38.5 

26 7 Birth 43 5.6 4- 0.19 - 33 10 23.3 0,0 

0.0 0.0 
0.0 0.0 
0.0 0.0 
1.3 0.0 
0.0 0.0 
2.1 6.3 
0.0 0.0 

30.4 13.0 
18.4 18.4 

3,0 30.3 
48.1 10.4 
16.5 10.5 

6.7 20.0 
56.1 16.3 
23.1 17.9 
• b79" Fa?o ~ 
23.3 0.0 

In  breaking down abnormahties  into the various categories many  cases were listed more than once, whenever more than one type of mal- 
formation occurred in the same embryo. This fact should be borne in mind when adding the figures of Table II. • The age of the fetus is calcu- 
lated by counting the day  the copulation plug is noted as day 1. 

Materials and Methods. C 5 7 B 1 / 6 J  a n d  S wi s s  a l b i n o  
s t r a i n s  w e r e  c h o s e n  fo r  c o m p a r i s o n .  T h e  d y e  t r y p a n  b l u e  
w a s  u s e d  t o  i n d u c e  m a l f o r m a t i o n s .  

F e m a l e  m i c e  o f  e a c h  s t r a i n  w e r e  i n j e c t e d  i .p .  o n  t h e  7 t h  
d a y  of  p r e g n a n c y  w i t h  0 .4  m l  o f  1 %  s o l u t i o n '  of  t r y p a n  
b l u e  s. C o n t r o l s  r e c e i v e d  0.4  m l  o f  0 . 9 %  s o l u t i o n  o f  p h y s i o -  
log ica l  s a l i ne .  E m b r y o s  w e r e  r e m o v e d  o n  t h e  9 t h ,  10 th ,  
l l t h  a n d  1 2 t h  d a y s  o f  g e s t a t i o n .  

Al l  e m b r y o s  w e r e  e x a m i n e d  g r o s s l y  fo r  m a l f o r m a t i o n s  
u n d e r  a S p e n c e r  d i s s e c t i n g s c o p e ,  a n d  t h e  c r o w n - r u m p  
l e n g t h  w a s  m e a s u r e d  i n  m m  w i t h  a l a b o r a t o r y  ru l e r .  

Results. Teratogenesis in C5737/6J mice. Al l  51 
e m b r y o s  r e c o v e r e d  f r o m  C 5 7 3 1 / 6 J  f e m a l e s  i n j e c t e d  w i t h  
t r y p a n  b l u e  w e r e  m a l f o r m e d  ( T a b l e  I ,  g r o u p  7 -9 )  a n d  
s h o w e d  c o m p l e t e  d e v e l o p m e n t a l  a r r e s t ,  b u t  w e r e  a l i ve ,  
a s  i n d i c a t e d  b y  t h e  p r e s e n c e  o f  a r h y t h m i c a l l y  b e a t i n g  
h e a r t .  T h e  m e a n  c r o w n - r u m p  m e a s u r e m e n t s  i n  c o n t r o l  
e m b r y o s  o f  t h e  C57 s t r a i n  i n c r e a s e d  f r o m  2.6 m m  a t  9 
d a y s  t o  7 .6  m m  a t  12 d a y s  o f  f e t a l  a g e  ( T a b l e  I ,  g r o u p  3 
a n d  6; T a b l e  I I I ,  g r o u p  3 a n d  6), w h i l e  e x p e r i m e n t a l  
e m b r y o s ,  a s  l a t e  a s  t h e  1 2 t h  d a y  n e v e r  e x c e e d e d  a m e a n  
c r o w n - r u m p  l e n g t h  o f  2 . 3 - 2 . 4  m m  ( T a b l e  I ,  g r o u p  9; 
T a b l e  I I I ,  g r o u p  6 a n d  9). 

Teratogenesis in Swiss albino mice. 260 e m b r y o s  o u t  o f  
a t o t a l  o f  553 e m b r y o s  s h o w e d  m a l f o r m a t i o n s  of  t h e  
a n t e r i o r  a n d  p o s t e r i o r  ax i s .  T h e r e  w a s  n o  s i g n i f i c a n t  
d i f f e r e n c e  i n  f r e q u e n c y  n o r  i n  t h e  t y p e s  of  m a l f o r m a t i o n s  
p r o d u c e d  w h e n  t r e a t m e n t  w a s  i n i t i a t e d  o n  e i t h e r  d a y s  
6, 7, o r  8. 

T h e  f r e q u e n c y  of  d i f f e r e n t  t y p e s  of  m a l f o r m a t i o n s  re -  
c o v e r e d  c h a n g e d  w i t h  a d v a n c i n g  f e t a l  a g e .  T h e r e  w e r e  
f e w e r  m a l f o r m a t i o n s  r e c o v e r e d  o n  t h e  1 2 t h  d a y  o f  
g e s t a t i o n  t h a n  o n  t h e  1 0 t h  d a y  ( T a b l e  I I ,  g r o u p  17 a n d  
19, 20 a n d  22, 23 a n d  25), w h i l e  t h e  l i t t e r  s ize  r e m a i n e d  
r e l a t i v e l y  c o n s t a n t  d u r i n g  t h i s  p e r i o d .  

Comparison o/developmental rate of control Swiss albino 
and C57BI/6J mice. A c o m p a r i s o n  o f  t h e  2 s t r a i n s  

Table I IL t Test for significance between 2 means (crown-rump 
length) 

Groups p 

3 and 6 0.001 Significant 
6 and 9 0.001 Significant 
1 and 10 0.001 Significant 
2 and 11 0.001 Significant 
3 and 12 0.100 Not significant 
4 and 13 0.200 Not significant 
5 and 14 0.250 Not significant 
6 and 15 0.001 Significant 

? • 2  
> 

. / ,  

Fig, 1 Fig. 2 

7 This dosage was selected because preliminary experiments revealed 
it to be sublethal bu t  highly teratogenic for the C57B1/6J and 
Swiss albino strains. 

a The t rypan blue was obtained from Matheson Coleman and Bell 
Company. 



15.6. 1967 Speeialia 45"1 
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Fig, 11 

Fig. 4 

Fig. 6 

Fig. 5 

Fig. 7 

Fig. 12 

Fig. 1. 9 day  embry  O C57Bl16J. Control. Fig. 2. 10 day embryo 
C57B1/6J. Control• Fig. 3. 12 day embryo C57B1/6J. Control. Fig.4. 
10 day embryo C57B1/6J. Experimental .  Note arrested development.  
Fig. 5. 11 day  embryo C57B1/6J. Experimental .  Note arrested 
development. Fig, 6. 12 day embryo C57B1]6J. Experimental .  Note 

arrested development, x 9. 
Fig. 7. 10 day embryo Swiss albino. Control  Fig. 8. 12 day embryo 
Swiss albino. Control. Fig. 9. 10 day  embryo Swiss albino. Experi- 
m e n t a l  Note open neurocoele in the brain and upper spinal region. 
Fig. 10.11 day embryo Swiss albino. Experimental .  Note exeneephaly 
and tail indentation. Fig. 11. 10 day embryo Swiss aibino. Experi- 
mental .  Arrows point to tail indentat ion and to hematomata .  Fig. 12. 
10 day  embryo Swiss albino. Experimental .  Arrow points to indenta-  

tion at tip of tail. × 9. 
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revealed that  the C57 control embryos developed some- 
what  slower than the Swiss albino control embryos 
(Table I and II),  as indicated by crown-rump length 
attained. On  days 7 and 8 of gestation, the increase in 
size of C57 embryos was less than  tha t  of Swiss albino 
embryos (Table I I I ,  group 1 and 10, 2 and 11). On the 
9th, 10th, and 11th days, the C57 and  Swiss albino 
embryos did not differ significantly with respect to 
crown-rump length (Table I I I ,  group 3 and 12, group 4 
and 13, 5 a n d  14), and by  the 12th day, the 2 strains 
diverged again, and the Swiss albino embryos surpassed 
the C57 embryos in growth (Table I I I ,  group 6 and 15). 

Dism~ssion. The present data  show an influence of the 
genetic background on the response of embryonic mice 
to the teratogenic action of t rypan  blue similar to tha t  
first reported for other agents by  DAC~ 2,~, FRASER 4'~, 
FRASER and FAINSTAT s, LANDAUER 9, LANDAUER and 
BLISS i0 and RUGH, GRUPP and WOHLFROMM 11. 

Although the C57B1/6J and Swiss albino strains differ 
in developmental rate, as indicated by differences in the 
crown-rump measurements, it is unlikely that  differences 
in developmental t iming operate to influence the distinct 
response of the embryos of the 2 strains to t rypan blue. 
Treatment  of Swiss albino mice as early as day 6, When 
embryos of this strain presumably resemble the stage of 
maturat ion characteristic for C57 mice a t  day 7, was 
never accompanied by  the type of total  developmental 
arrest tha t  was displayed by  the C57B1/6J embryos 
obtained from mothers treated on day 7. 

The second point deserving comment concerns the 
observation tha t  in Swiss albino mice, unlike C57B1/6J 
mice, the incidence of abnormalities diminishes with 
advancing embryonic age, so tha t  on the 12th day of 
gestation the frequency of malformed embryos, obtained 
from Swiss a lbino mothers injected with t rypan  blue, 
decreased from 69.4% on day 10 to 25.4~ on day 12 of 
gestational age. 

Since the average li t ter size remained unchanged be- 
tween days 10 and 12 of gestation (Table II), the decrease 
in incidence of abnormalities with advancing fetal age is, 
therefore, best explained by  assuming that  repair may be 
taking place during this period in the Swiss albino strain, 
while capacity for repair seems to be altogether lacking 

in C57B1/6J embryos. The possibility tha t  differential 
capacity for repair of the embryos may be one of the 
genetic strain differences underlying their variabil i ty of 
response to an external teratogen deserves further s tudy ~. 

Zusammen/assung. Die Wirkung des Farbstoffes Try- 
panblau auf die embryonale Entwicklung yon 2 M~tuse- 
st/immen, des C57B1/6 Stammes und des Swiss-Albino- 
Stammes, wurde untersucht  und die Ergebnisse wurden 
miteinander vergliehen. Embryonen der beiden St~tmme 
reagierten in verschiedener Weise auf Trypanblau.  Die 
Injekt ion des Farbstoffes fiihrte zum vollst~ndigen Ent-  
wicklungsstillstand aller C57B1/6-Embryonen, w~hrend 
bei Swiss-Albino-Embryonen haupts~ichlich Kopf-, Ge- 
h im-  und Schwanzabnormit~ten auftraten. Bei Swiss- 
Embryonen nahm die Schwere der Abnormit~t  mit  fort- 
schreitendem Alter der Embryos betr~chtlich ab, obwohl 
die Anzahl pro Wurf unver~ndert  blieb. Keine Veran- 
derung in der Zafil der Abnormit~ten wurde in ~lteren 
C57B1/6-Embryonen beobachtet. Die verschiedenartige 
Reaktion der beiden St~mme auf Trypanblau ist viel- 
leicht darauf zurfickzuf~ihrenl dass genetisch bedingte 
Unterschiede in der F~higkeit, zerst6rtes Gewebe w~hrend 
der embryonalen Entwicklung zu reparieren, vorhanden 
sind. 
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Der Ursprung des dorsalen Herznervs 
der Lithobiiden (Chilopoda) 

Die Chilopoden besitzen einen Nerv, der das Herz dorsal 
begleitet und innerviert. Er  wurde deshalb als ~dorsaler 
Herznerw~ beschrieben 1. Eine Verbindung dieses Nervs 
mit  dem Zentralnervensystem konnte durch diese histo- 
logischen Untersuchungen ebensowenig wie sp/iter durch 
embryologische Beobachtungen ~ festgestellt werden. Es 
wurde daher gefolgert, dass der dorsale Herznerv ein 
~selbst~ndiges System~ bilde s. Vom Standpunkt  der 
vergleichenden Anatomie aus ist diese Annahme sehr 
unwahrscheinlich. Deshalb war die MOgtichkeit ins Auge 
gefasst worden, dass der Herznerv wenigstens fiber seg- 
mentale Nerven d e s  Bauchmarks mit  dem Zentral- 
nervensystem in Verbindung stehen kSnnte ~, wie es yon 
einigen Cheliceraten und Insekten bekannt  ist. Diese 
Vermutung wurde schliesslich best~tigt 6. Der caudale 
Nerv eines jeden Ganglions gabelt sich unmit te lbar  nach 

seinem Austritt .  Ein Ast zieht an die Dorsalseite und 
gibt einen sensorischen Anteil an das Tergum, einen 
motorischen vor allem .an die dorsale Muskulatur ab. 
E in  Zweig des motorischen Anteils gelangt fiber die 
Muskulatur hinweg zum Herz und mfindet dort in den 
dorsalen Herznerv ein. Seine Axone zeichnen sich be- 
sonders dutch den Gehalt an Neurosekret aus 6 

Bei histologischen Untersuchungen fiber das stomato- 
gastrische Nervensystem der Chilopoden konnte nun  bei 
Lithobius piceus Koch ausser der segmentalen Verbindung 

1 C. HEaBST, Zoologica, Stuttg. 3]9, 1 (1891). 
R. H~rMONS, Zoologica, Stuttg. 33, 1 (1901). 

s K. FAHLASDER, ZOO1. Bidr. Upps. 17, 1 (1938), 
t B. HA~STR6M, Vbrgleiche~te Anatomic des Nervensystems der 

wirbellosen Tiers (Springer, Berlin 1928). 
H. SCHEYFRL, ZOO1. Jb. 79, 529 (1951). 


