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3H-ouabain orally administered, 3H-ouabain absorbed by the gastro-intestinal tract and percent of H~-ouabain intestinal absorption in guinea 
pigs 1, 5 and 15 h after administration 

No. Administered 8H-ouabain Absorbed ~H-ouabain Absorbed 
(dpm/kg) 3H-ouabain 

~xg/kg dpm/kg (%) 

After 1 h 7 250 14,090,000 490,500 4- 36,950 3.54 4- 0.28 
7 500 28,180,000 1,003,000 :t: 53,350 3.55 4-4- 0.19 
7 1,000 56,360,000 2,065,000 4- 169,700 3.66 ~ 0.30 

After 5 h 7 250 14,090,000 968,200 -4- 54,415 6.81 ~ 0.38 
7 500 28,180,000 1,941,500 4- 64,293 6.86 -4- 0.23 
7 1,000 56,360,000 3,430,000 -4- 171,468 6.06 4- 0.30 

After 15 h 7 250 14,090,000 1,345,286 :~ 94,717 9.71 4- 0.59 
7 500 28,180,000 2,671,500 4- 144,500 9.42 -t- 0.49 
7 1,000 56,360,000 5,307,500 4- 358,000 9.40 :J_ 0.63 

a d m i n i s t e r e d  to  t he  a m o u n t  of glycoside abso rbed  to be 
c o m p u t e d  (Figure) .  The  ca lcu la t ion  was effected b y  t h e  
s t r a igh t - l i ne  regress ion me thod ,  us ing  a n  Ol ive t t i  P 101 
compute r .  The  coeff icient  of l inear  cor re la t ions  was 
v i r t u a l l y  1, t h u s  d e m o n s t r a t i n g  t h a t  t h e  dose / response  
r a t io  ca lcu la ted  was l inear.  

The  resu l t s  of our  i nves t iga t ions  on  guinea-pigs  
are  qu i t e  cons i s t en t  b o t h  as regards  t h e  a m o u n t  a n d  
t h e  r e g u l a r i t y  of en t e ra l  a b s o r p t i o n  of 3H-ouaba in  
a d m i n i s t e r e d  a t  doses r ang i ng  b e t w e e n  250 and  
1000 ~xg/kg. Our  d a t a  do no t  agree  w i t h  those  o b t a i n e d  
b y  LAUTERBACH a n d  VOGEL 2 who  ca lcu la ted  en t e r a l  
a b s o r p t i o n  of o u a b a i n  a n d  some o the r  card iac  
glycosides b y  us ing  t he  t e c h n i q u e  of HATCHt~R a n d  
BRODIE 1. T h e y  d id  no t  f ind  a n y  l inea r  r e l a t i onsh ip  be- 
tween  t he  q u a n t i t y  of o u a b a i n  a d m i n i s t e r e d  and  ab-  
sorbed.  I n  a n y  case, t h e  m e t h o d  used  b y  LAUTERBACH 
a n d  VOGEL has  r ecen t l y  b e e n  d e m o n s t r a t e d  b y  VOGEL 
h imse l f  a n d  b y  BAIJMANN9 tO be  unrel iable .  

However ,  our  d a t a  agree  w i t h  those  of FORTH et  a12, ~, 
who  car r ied  ou t  e x p e r i m e n t s  in  v i t ro  on  isola ted smal l  
i n t e s t i n e  s egmen t s  of t h e  r a t  a n d  gu inea-p ig  a n d  in  v ivo  
on  smal l  i n t e s t i n e  loops of t h e  ra t .  T h e y  found  t he  fol- 
lowing va lues  of o u a b a i n  i n t e s t i n a l  a b s o r p t i o n :  1. Af te r  
2 h, 3.8~ in  i so la ted  smal l  i n t e s t ine  s egmen t s  of t h e  r a t  
a n d  15% ill smal l  i n t e s t ine  s egmen t s  of t h e  guinea-pig.  

2. Af te r  20 m i n  10% in smal l  i n t e s t ine  loops of t h e  r a t  
in  vivo.  I n  all  these  expe r imen t s ,  FORTH et  al. f ound  t h a t  
t he  q u a n t i t y  of o u a b a i n  a b s o r b e d  was closely p ropor t i on -  
a t e  to  t h e  dose admin i s t e r ed .  I n  conclusion,  b o t h  t h e  
resu l t s  o b t a i n e d  b y  FORTH et  al. a n d  b y  us c lear ly  demon-  
s t r a t e  t h a t  t he  a b s o r p t i o n  process  of o u a b a i n  a d m i n i s t e r e d  
ora l ly  to  guinea-pigs  is qu i te  l inear .  

Riassunto. Nel la  cav ia  l ' a s s o r b i m e n t o  i n t e s t i na l e  del la  
ouaba ina-SH 6 r i su l t a to  de1 3,6%, del 6-7~o e del 9 ,5% 
r i s p e t t i v a m e n t e  dopo 1, 5 e 15 ore da l la  s o m m i n i s t r a z i o n e  
orale  in  u n  in te rva l lo  di  dosi t r a  250 e 1000 vg/kg.  I rap-  
po r t i  t r a  le q u a n t i t ~  di ouabaina-St-I  s o m m i n i s t r a t e  oral-  
m e n t e  e le q u o t e  di  f a rmaco  assorb i t e  a t t r a v e r s o  la p a r e t e  
i n t e s t i na l e  sono r i su l t a t i  l ineari .  
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Toxicity of Streptomycin and Terramycin, and 
Drosoph i la  melanogaster 

The  inf luence  of t he  an t ib io t i c s  s t r e p t o m y c i n  a n d  
t e r r a m y c i n  on g r o w t h  and  d e v e l o p m e n t a l  t i m e  of Droso- 
phila h a v e  b e e n  s tudied .  F r e s h l y  h a t c h e d  l a rvae  1 were 
p laced  in  po lys ty ro l  beake r s  c o n t a i n i n g  33 ml  of r ea r ing  
m e d i u m  w i t h  d i f fe ren t  c o n c e n t r a t i o n s  of t he  an t ib io t ics .  
T h e  r ea r ing  m e d i u m  was  a nlodif ied m e d i u m  C of SANG ~ 
in w h i c h  t h e  caseine  was rep laced  b y  3 t imes  i ts  we igh t  
of de fa t t ed ,  desa l t ed  powdered  milk,  a n d  b y  a d d i n g  12~o 
of a w a t e r  e x t r a c t  of d r y  b rewer ' s  yeas t .  So lu t ions  of t he  
an t ib io t i c s  were a d d e d  to  t he  m e d i u m  a f t e r  i t  h a d  cooled 
down  to  a b o u t  50~ a n d  were t h o r o u g h l y  m i x e d  w i t h  
t h e  m e d i u m  before  i t  solidified. 

Drosophila eggs were w a s h e d  ou t  of o r d i n a r y  r ea r ing  
bo t t l e s  c o n t a i n i n g  a s t a n d a r d  corn  aga r  m e d i u m  w i t h  
f resh b a k e r ' s  yeas t  on  w h i c h  100 to  200 pa i r s  of 3-day-old  
flies h a d  been  a l lowed to lay eggs for 4 h. T he  w a t e r  was  
passed  t h r o u g h  a f ine m e s h e d  m e t a l  sieve w h i c h  r e t a i n e d  
f r a g m e n t s  of t h e  m e d i u m  b u t  a l lowed t h e  passage  of t he  

Influence on Growth and Developmental Time of 

eggs. These  were col lected on  a piece of f ine m e s h e d  
gauze, w a s h e d  t h o r o u g h l y  w i t h  water ,  des infec ted  for 
10 ra in  in  70% ethanol, ,  r insed  w i t h  dis t i l led  water ,  a n d  
i n c u b a t e d  on  we t  f i l ter  p a p e r  a t  25 ~ The  f resh ly  h a t c h e d  
l a rvae  were t r ans fe r ed  on  t he  r ea r ing  m e d i u m  b y  m e a n s  
of a f ine b rush .  E a c h  b e a k e r  received 50 larvae .  Two 
rep l ica tes  were p r e p a r e d  for each  c o n c e n t r a t i o n  of t h e  
an t ib io t ics .  The  rear ings  t o o k  place  in a d a r k  room a t  
25 ~ and  50% re la t ive  h u m i d i t y .  I n  t he  con t ro l  n led ia  
w i t h o u t  an t ib io t i c s  p u p a t i o n  b e g a n  on  t h e  s i x t h  day.  
The  newly  fo rmed  p u p a e  a n d  t he  eclosed flies were  c o u n t e d  
each  day.  The  m o r t a l i t y  d a t a  were sub jec t ed  to p r o b i t  

i Thanks are expressed to Prof. WORGLER of the Zoological Idstitute 
for supplying us with fresh Drosophila eggs. 

2 I. K. SANG, J. exp. Biol. 33, 45 (1956). 
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ana lys i s  a f te r  FINNEY 3 us ing  a c o m p u t e r  p r o g r a m  ~. The  
l eng th  of t he  p u p a r i a  was  m e a s u r e d  u n d e r  t he  stereo- 
microscope and  used as -an  i ndex  0f growth.  

Slreptomycin was t e s t ed  up  to t he  c o n c e n t r a t i o n  of 
1.5% w/v.  Concen t r a t i ons  up  to  0.2% were seemingly  no t  
toxic  since n e i t h e r  t he  d e v e l o p m e n t a l  t i m e  nor  t he  size 
of t he  p u p a r i a  were affected.  E v e n  t he  c o n c e n t r a t i o n  of 
0 .4% did  no t  cause mor t a l i t y ,  t h o u g h  t ox i c i t y  b e c a m e  
appa ren t ,  t he  size of t h e  p u p a r i a  b e i n g  s ign i f ican t ly  
r e d u c e d  (Table  I) a n d  t a rva l  d e v e l o p m e n t  slowed down 
(Figure  1). These  g r o w t h  effects b e c a m e  m u c h  more  
p r o n o u n c e d  a t  h ighe r  concen t ra t ions .  The  l e n g t h  of the  
p u p a r i a  was  r educed  b y  29.3% a t  t he  c o n c e n t r a t i o n  of 
1.4% s t r e p t o m y c i n  and  t he  m e a n  t i m e  of l a rva l  develop-  
m e n t  was  doub led  a t  th i s  concen t r a t i on .  P r o l o n g a t i o n  
of t he  p u p a l  d e v e l o p m e n t a l  t i m e  has  n e v e r  been  observed .  
Above  t he  c o n c e n t r a t i o n  of 0 .4% la rva l  and  p u p a l  mor-  
t a l i t y  increased  w i t h  a slope of 0 . 9 8 +  0.29 u n t i l  t he  
cr i t ica l  c o n c e n t r a t i o n  of 0.6~o was reached.  Af te r  t h a t  
m o r t a l i t y  increased  v e r y  s t rongly ,  g iv ing  a s t r a i g h t  dose- 
m o r t a l i t y - c u r v e  w i t h  a slope of 7.28 • 0.7 (Figure 2A). 
Most  insects  died as larvae.  P u p a l  m o r t a l i t y  n e v e r  sur- 
passed  10% of t h e  t o t a l  n u m b e r  of t e s t  insects  and  t hus  
h a d  on ly  some s ignif icance be low t he  LCh0. T he  p r o p o r t i o n  
of dead  p u p a e  to all  dead  insects  a m o u n t e d  to  35% a t  
the  LC20 a n d  to 20% a t  t he  LCh0. T he  differences  b e t w e e n  
t he  curves  for l a rva l  and  t o t a l  m o r t a l i t y  were no t  signifi- 
cant .  There fo re  on ly  t h e  l a t t e r  has  been  d r a w n  in F igure  2. 
The  LCh0 va lues  were 1.12% for l a rva l  and  1 .02% for 
t o t a l  m o r t a l i t y  (Table  II) .  Te ra togen ic  effects, i.e. pheno-  
t yp i ca l  modi f i ca t ions  of t h e  eclosed flies were neve r  
observed.  The  longev i ty  of t he  adu l t s  has  n o t  been  s tudied.  

S t r e p t o m y c i n  ha s  several  ac t ive  groups  a n d  m a y  
the re fore  ac t  a t  d i f fe ren t  cell levels 5-n.  One of t he  mos t  
i m p o r t a n t  m e c h a n i s m  seems to be  mi s r ead ing  in p ro te in  
syn thes i s  ~2. Our  resul t s  i nd i ca t e  t h a t  DrosOphila l a rvae  
are h o t  ve ry  sens i t ive  to  ora l ly  t a k e n  s t r ep tomyc in .  Since 
t he  a n t i b i o t i c h a s  no t  been  in jec ted  i t  is no t  k n o w n  
w h e t h e r  or no t  t h i s  is also t r ue  for t h e  t i ssues  and  cells. 
The  low tox i c i t y  of inges ted  s t r e p t o m y c i n  m i g h t  s imply  
ref lect  weak  resorp t ion  of t he  an t ib io t i c  in  t he  gut.  How- 
ever,  t he re  is also ev idence  sugges t ing  t h a t  resorbed  
s t r e p t o m y c i n  is con t i nuous ly  de toxi f ied  in t he  l a rva l  
sys t em of Drosophila. Otherwise  a h igher  pe rcen tage  of 
insec ts  dy ing  as p u p a e  would be  expected .  The  low 
p u p a l  m o r t a l i t y  ind ica tes  t h a t  s t r e p t o m y c i n  does no t  
a c c u m u l a t e  in  t he  ind iv idua l s  as, for ins tance ,  t he  
' exo tox in '  of Bacillus thuringiensis, where  t he  dose- 
m o r t a l i t y - c u r v e s  for l a rva l  and  t o t a l  m o r t a l i t y  do no t  
s t rong ly  overlap~a. Toxic  effects  are the re fore  on ly  pos- 
sible if t h e  a n t i b i o t i c  is inges ted  con t inuous ly .  

a D. J. FINNEY, Prob# Analysis (University Press, Cambridge 1952). 
4 R. J. DAUM and W. KILLCREAS, Bull. ent. Soe. Am. 12, 365 (1966). 

D. S. FEINGOI.D, Biochim. biophys. Acta 55, 787 (1962). 
R. HANCOCK, J. gem Microbiol. 28, 493 (1962). 
C. E. FR~DA and S. S. COHEN, J. Bact. 92, 1680 (1966). 

s T. M. STAEHELIN, J. molec. Biol. 19, 207 (1966). 
9 H. KAJI, Biocbim. biophys. Acta ISd, 134 (1966}. 

10 H. SCHMIOT, Pharmacie 23, 161 (1968). 
n A. M. WALTER and L. HEILMEYER, Antibiotica Fibel (Thieme 

Verlag, Stuttgart 1965). 
12 B. J. HARRISON, Nature, Lond. 213, 990 (1967). 
la j .  M. PERRON and G. B~Nz, J. Invertebrate Path. 10, 379 (1968). 
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Fig. 1. Time to puparium formation in days (abscissa) with different 
concentrations of streptomycin in larval diet: a,  0.05%; b, 0.4%; 
c, 0.8%; d, 1%; e, 1.5%. 
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Fig. 3. Time to puparium fprmation in days (abscissa) with different 
concentrations of terramycin in larval diet: a, 0; b, 0.005%; c, 
0.025%; d, 0.05%; e, 0.1%; f, 0.2%. 
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Fig. 2. Calculated probit regression lines with lower 
and upper fidueial limits (5% probability level) for 
total" mortality caused by A) streptomycin and B) 
terramycin. 
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Table I. Length of.puparia with different concentrations q~ strepto- 
mycin in percentage of larval diet (40 puparia per concentration). 
Values of mortality are approximative 

Streptomycin Mortality Length of puparia Sigliifi- 
concentration caused ~ s~ cance a 

(%) 

0 0 
0.2 0 
0.4 0 
0.6 10 
0.8 30 
1.0 50 
1.2 70 
1.4 85 

2.994- 0.03 a 
2.99 4- 0.03 a 
2.83 :~ 0.03 
2.68 4- 0.03 
2.35 ~: 0.04 b 
2.37 4- 0.04 b 
2.37 :z: 0.06 b 
2.12 :z 0.05 

Values with same letters are not different at the 5% level. 

Tabte lI. Calculated concentrations of streptomycin (in %) with 
lower (LFL) and upper (UFL) fiducial limits for larval and total 
mortality 

Mor- Larval mortality Total mortality 

tality Concert- LFL UFL Concen- LFL UFL 
( % ) tration tration 

10 0.735. 0.638 0.806 0.679 0.608 0.679 
30 0.942 0.965 s 0.863 0.805"" 0.926 
~0 1.118 1.056 1.118 1.019 0.964 1.077 
70 1.325 1.244 1.452 1.203 1.130 1.280 
90 1.701 1.539 1.987 1.529 1.384 1.688 

b 7.035 :~ 0.734 7.280 :z 0.698 

b, slope of regression line. 

Table III. Same as Table II, for terramycin 

Mor- Larval mortality Total mortality 
tality 
(%) Concen- LFL UFL Concen- LFL UFL 

tration tration 

10 0.071 0.043 0.090 0.062 0.021 0.088 
30 0.098 0.072 0.118 0.089 0.047 0.120 
50 0.122 0.099 0.148 0.115 0;077 0.161 
70 0.153 0.127 0.197 0.148 ' 0.109 0.248 
90 0.209 0.169 0.322 0.214 0.154 0.549 

b 5.46 4- 0.83 ~4.73 4- 1.01 

mor t a l i t y  became  s ignif icant  when  t h e  med i u m con- 
t a i n e d  0.06% and  more  t e r ramyc in .  The LCs0 of te r ra-  
myc in  i s  0.115~ . (fiducia! l imi ts  a t  5% l e v e l -  0,08 
and  0~16), i.e. s m a l l e r - t h a n  t h a t  of s t r e p t o m y c i n  by  a 
fac tor  of 5.:9, if t he  2 values  a r e  e x p r e s s e d  as molar  
concent ra t ions .  However~ the  dose -mor ta l i ty -curve  of 
t e r r a m y c i n  With the  slope of 4 . 7 4 •  1.01 i s  l e s s  s t e e p  
t h a n  •  of s t r ep tomyc in .  Similar ly  to  the  a c t i o n  of  the  
lat ter;  bu t  even more  pronounced ,  t e r r a m y c i n  kills mos t  
insects  as larvae.  At  t he  LCs0 only 10% of .the dead  
insects  were pupae  and none  at  t he  LCs0. 

The higher  t o x i c i t y  of t e r r a m y c i n  is also d e m o n s t r a t e d  
by  the  fact  t h a t  sub le tha l  concen t ra t ions  p ro longa te  
larval  deve lopmen t  considerably,  e.g. by 1 day  wi th  
5 0 p p m ,  3 days  wi th  250 ppm.  and more  t h a n  4 days  
wi th  500 p p m  (Figure 3). At  the  concen t ra t ion  of 0.1%, 
cor responding  to an LC40, t he  mean  t ime  of larval 
deve lopmen t  was 2.7-3 t imes  longer t h a n  t h a t  of the  
controls.  However ,  p ro longa t ion  of pupa l  deve lopmen t  
has never  been  observed  and the  ha t ch ing  flies were 
appa ren t l y  normal .  

The high toxic i ty  of t e r r amyc in  in Drosophila seems 
to indicate  t h a t  this  ant ib io t ic  is be t t e r  resorbed in t he  
gut and diffuses more quicMy to  the  t issues and  in to  t he  
cells t h a n  s t rep tomycin ,  as found  in m a n  la. The sho r t  
half-l ife of t e r r amyc in  11, on  the  o ther  hand,  is - ref lected 
by  its a lmost  exclusively larvicidal  act ion.  

�9 I t  m a y  be in te res t ing  t o  note  t h a t ,  a t  a concen t ra t ion  
of t e r r amyc in  causing 100% mor ta l i ty ,  , the  larvae  m a y  
survi,~e UP to  24 days  as L1 or t i n y  L2. They do no t  
grow and even tua l ly  die. However ,  th i s  p h e n o m e n o n  is 
not  specific of t e r ramycin .  In  our  laborazory it was also 
observed in larvae p u t  on a sal t -free med ium Such 
larvae did nor lose t he  po tency  of g rowth ;  t h e y  grew 
per fec t ly  well as soon as a salt  m i x t u r e  conta in ing  K, 
Na, Mg, carbonate ,  p h o s p h a t e  and  sulfate  was added  to  
t he  medium.  W h e t h e r  or no t  the  t i ny  larvae  f rom a 
t e r r a m y c i n  med i u m would also re take  normal  growth  
when p u t  on a normal  med i u m has no t  been  tes ted .  
However ,  t h e  observa t ions  indica te  t h a t  even  a highly  
le thal  dose of t e r r amyc in  does no t  in terfere  specifically 
wi th  the  ma in tenance  me tabo l i sm of Drosophila larvae,  
bu t  r a the r  suppresses  the  syn thes i s  of subs tances  necessary  
for growth.  

I t  is known  t h a t  t e t racyc l ins  in t e r fe re -wi th  t he  syn- 
thes is  of r ibosomes ~5, ~e. Suppression of the  synthes is  of 
r ibosomes  by  5-fluorouracil  also comple te ly  inhibi ts  t he  
g rowth  of Drosophila larvae  iv. Thus  the  toxic  ac t ion  of 
t e r r amyc in  m i g h t  base on th is  m e c h a n i s m  ra the r  t h a n  
on its po t ency  to  f o r m  chelates  w i t h  ions of h e a v y  
meta ls  14. 

The d i sconnec ted  change  of slope of the  dose-mor ta l i ty -  
curve above the  cri t ical  concen t ra t ion  of 0.6% indica tes  
an a b r u p t  change  in t h e  in tox ica t ion  sys tem.  The na tu re  
of th is  change  canno t  be deduced  f rom our results.  I t  
seems t h a t ,  be low the  cr i t ical  concent ra t ion ,  re la t ively  
few molecules of s t r e p t o m y c i n  reach  v i ta l  centers  of t he  
cells, whereas  d i sp ropor t iona te ly  more  molecules reach  
such si tes above  t h a t  concen t ra t ion :  Since the  p ropor t ion  
of insects  killed as  pupae  is a lways low, th is  change  is 
p robab ly  no t  due to  a b r e a k d o w n  of t he  de tox i fy ing  
sys tem,  b u t  i t  m i g h t  ref lect  a change in t he -pe rmeab i l i t y  
of t he  cell m e m b r a n e s  as d e m o n s t r a t e d  in Escherichia 
coli ~,11 However ,  a change in  the  r e so rp t ion  sys t em 
canno t  be excluded.  

Terramycin proved  to  he  far m o r e  tox ic  for Drosophila 
t h a n  s t r e p t o m y c i n  (Figure 2 B and  Table  I I I ) .  No mor-  
t a l i ty  occurred up to a concen t ra t ion  of 0.025%, bu t  

Zusammen/aSSUng. Die tox i sche  W i r k u n g  von  oral 'an 
La rven  yon  Drosophi,a melc~nogaster v e r a b r e i c h t e m  Ter- 
r amy c i n  ist  bedeu t end  grSsser als jene  von  S t rep tomyc in .  
Bei be iden  Ant ib io t ica  l~sst die geringe P u p p e n m o r t a l i d i t  
auf  einen wi rksamen  E n t g i f t u n g s m e c h a n i s m u s  schliessen. 
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