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Intestinal Uptake of Ouabain and Digitoxin in the Milkweed Bug, Oncopeltus jasciatus 

CAROLYN A. YODER, D. ]~. LEONARD and  J. LERNER 1' 2 

Departments o/ Entomology and Biochemistry, University o/ Maine, Orono (Maine, 04473, USA), 1 March 1976. 

Summary. Th e  ab so rp t i on  of o u a b a i n  and  d ig i tox in  in to  t he  g u t  of t h e  mi lkweed  bug  was  s t u d i e d  by  a t i ssue-ac-  
c u m u l a t i o n  t echn ique .  U p t a k e  of b o t h  c o m p o u n d s  obeyed  d i f fus ion  kinet ics ,  was  N a  + sens i t ive ,  a n d  for d igi toxin ,  
was  concen t r a t ive .  

T h e  large mi lkweed  bug,  Oncopeltus /asciatus (Dallas), 
is one of severa l  insec ts  k n o w n  to  c o n c e n t r a t e  ca rden-  
olides p r e s e n t  in food p l a n t s  a. These  digi tal is- l ike poisons  
d i scourage  v e r t e b r a t e  p reda t ion* .  O u a b a i n  a n d  d ig i tox in  
are inh lb i to r s  of ( N a + - K  +) A T P a s e  and  A T P a s e - l i n k e d  
n u t r i e n t  t r a n s p o r t  s y s t e m s  in v e r t e b r a t e  in te s t inesh ;  ye t  
O./asciatus can  inges t  a n d  c o n c e n t r a t e  t he se  ca rdenol ides  
as r epor t ed  b y  DUFFEY and  SCUDDER 6. These  workers  
f o u n d  t h a t  u n a l t e r e d  ouaba in ,  wh ich  is polar,  and  two 
polar  m e t a b o l i t e s  of d ig i toxin ,  a nonpo l a r  c o m p o u n d ,  
are  c o n c e n t r a t e d  in t he  dorso la te ra l  comp lex  (glands) of 
mi lkweed  bugs .  

T h e  p r e s e n t  s t u d y  was  u n d e r t a k e n  to i nves t i ga t e  t he  
role of t h e  g u t  of 0 . / a s c i a t u s  in t he  c o n c e n t r a t i o n  of t hese  
two  r e p r e s e n t a t i v e  cardenol ides .  
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Fig. 1. Uptake of ouabain and digitoxin into the gut of O. /asciatus 
at 21~ Each point represents a single determination on tissue 
pooled from 3 randomly selected bugs. 
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Fig. 2. Uptake of ouabain into the gut of 0. jascia~us at 1 h. Other 
conditions are the same as in Figure 1. 

O. /asciatus were ra ised in t he  l a b o r a t o r y  on Asclepias 
syriaca L. seeds or h u s k e d  sunf lower  seeds a n d  water .  
a H - O u a b a i n  a nd  aH-d ig i tox in  were o b t a i n e d  f rom New 
E n g l a n d  Nuclear .  Non- labe led  o u a b a i n  a nd  d ig i toxin  
were  o b t a i n e d  f rom S igma  Che mic a l  Co. U p t a k e  of oua-  
ba in  a nd  d ig i tox in  in to  the  ceils of t he  gu t  of adu l t s  of 
O. /asciatus was  d e t e r m i n e d  as follows: the  g u t  was  re- 
m o v e d  a nd  held  a t  0 -4~  in p h o s p h a t e  buf fe r  (pH 7.2; 
N a  + c o n c e n t r a t i o n  154 r a M ;  K+ c o n c e n t r a t i o n  4.5 m M ) v  
prior  to a 30-min p r e i n e u b a t i o n  a t  21~ Labe led  sub-  
s t r a t e  was  t h e n  a dde d  a t  va r ious  concen t r a t ions .  Af ter  
i n c u b a t i o n  t h e  g u t  was  r insed,  we ighed  a nd  added  to 
10 ml  of sc in t i l la t ion  so lu t ion  s, a nd  t he  m i x t u r e  was  
a g i t a t e d  on a v o r t e x  pr ior  to  c o u n t i n g  b y  sc in t i l la t ion  
s p e c t r o m e t r y .  U p t a k e  was  also d e t e r m i n e d  u s ing  low 
Na+ (0.9 m M )  buffer ,  t he  deple ted  N a  + replaced  by  isos- 
mot i c  ma nn i t o l ,  a n d  us ing  h i g h  K+ (20 m M )  buffer .  Up-  
t a ke  of d ig i tox in  was  d e t e r m i n e d  in t he  p resence  of an  
excess  of o u a b a i n  (0.05 m M  o u a b a i n ;  5 • 10 -6 m M  digi- 
toxin) .  The  reverse  t e s t  was  no t  r u n  because  of t he  
l imi ted  so lub i l i ty  of d ig i toxin .  Unless  o therwise  noted,  
all a n ima l s  t e s t e d  were fed cardenol ide- f ree"  sunf lower  
seeds. 
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Fig. 3. Uptake of digitoxin into the gut of 0. [asciatus at 1 h. Other 
conditions are the same as in Figure 1. 
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Figure 1 shows the  different ia l  up take  of equimolar  
digi toxin and ouabain  into the  cells of the  gut  of O. 
/asciatus over t ime. The d i s t r ibu t ion  rat io of in terna l  to  
external  subs t ra te  concen t ra t ion  (DR) at  4 h is a t  an 
equi l ibr ium level of 0.4 for ouabain  compared  to 17.5 for 
unequi l ib ra ted  digi toxin  (assuming 80% tissue wa te r  
content) .  Low Na + buffer  effected a decreased up take  of 
digi toxin;  D R  at  4 h is 8.7. Similar results  were ob ta ined  
wi th  ouabain ;  D R  at  equiI ibrium is 0.09. A high concen-  
t r a t ion  of K+ (20 mM) had  no effect  on absorp t ion  of 
e i ther  subs t ra te  a t  2 rain, 10 rain and  1 h of incuba t ion ;  
nor  did an excess of ouabain  decrease digitoxin up take  
a t  1, 2, and 20 rain or 2 h. Figures  2 and 3 show t h a t  the  
up takes  of ouabain  and digi toxin  are nonsa turab le  and 
direct ly  p ropor t iona l  to concen t ra t ion  in the  ranges 
shown. O. /asciatus fed A. syriaca seeds conta in  carden-  
olides6; these animals  showed no signif icant  difference 
in ouabain  up take  f rom bugs  fed sunflower seeds. 

Up take  of bo th  ouabain  and digi toxin  into the  gut,  as 
repor ted  in this  s tudy,  exhibi ts  character is t ics  of diffusion. 

The fact  t h a t  digitoxin,  being only s l ight ly wa te r  soluble, 
has  a h igh l ip id-water  pa r t i t i on  coefficient  m a y  account  
for its observed concen t ra t ion  into t he  gut ;  ouabain  is 
highIy wa te r  soluble by  comparison.  In  addi t ion,  digi- 
toxin,  b u t  no t  ouabain,  is observed to  cross in tes t ina l  
m e m b r a n e s  rap id ly  in ve r t eb ra t e  sys tems  ~~ If  me t ab -  
olism of d igi toxin  occurs wi th in  the  cells, th i s  migh t  
fu r the r  account  for the  inabi l i ty  of th is  subs t ra te  to  reach 
equi l ibr ium even at  4 h. 

The preferent ia l  absorp t ion  of the  nonpola r  cardenol ide  
digi toxin  into the  gut  of O. /asciatus is to  be con t ra s t ed  
wi th  the  h igh  concen t ra t ion  of polar  cardenolides,  e.g. 
ouabain  and  digi toxin  metabol i tes ,  found in the  dorso- 
la teral  glands% Metabolic  and  selective concen t ra t ive  
processes m u s t  br ing about  this  reversal.  

l0 T. Z. CZAKu and Y. I-IARA, Am. J. Physiol. 209, 467 (1965). 

Study  of the Charac ter i s t i c s  of the Inotrop ic  Effect of Insu l in  in Rabbit  Pap i l l ary  Musc l e  ~ 
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Department o/ Physiology and Pharmacology, Duke University Medical Center, Durham (North Carolina 27710, USA), 
27 June 7976. 

Summary. The effect  of insulin was examined  wi th  emphas is  on the  a l tera t ion in the  force-f requency relation. The 
results  show t h a t  insulin does no t  change  the  t ime to peak  tens ion  nor  the  t ime of cont rac t ion .  The inotropic  effect  was 
signif icant  and did no t  depend  upon  the  f requency  of s t imulat ion.  However ,  there  was a defini te  dependence  of the  
magn i tude  of the  inotropic  effect  on t empera tu re .  Previous  s tudies  have  indica ted  t h a t  the  inot ropic  effect  is not  a 
resul t  of increased subs t ra te  avai labi l i ty  or changes  in cAMP phosphodies te rase  act ivi ty .  These results  and those  re- 
por ted  here are cons i s tan t  w i th  the  hypothes i s  t h a t  insulin 's  inotropic  effect  is due to increases in intracellular  Ca ++. 

Al though  the  d o m i n a n t  act ion of insulin is in facil i tat-  
ing glucose en t ry  into the  cell, recent  results  indicate  
t h a t  it  is also an inotropic  agent  s. Since the  prefer red  
myocard ia l  subs t r a t e  is f a t t y  acids and no t  glucose, i t  is 
doubt fu l  t h a t  the  inotropic  effect  is a result  of a l te ra t ion  
in glucose metabol i sm.  Ano the r  exp lana t ion  for insul in 's  
inotropic  could be i t s  effect  on cAMP phosphodies te rase  
(PDE) 3. P re l iminary  s tudies  compar ing  the  effects of 
insulin w i th  o ther  P D E  effectors ( theophyl l ine and imid- 
azole) argue agains t  this.  Since ve ry  li t t le insulin pene-  

t r a t e s  into the  sarcoplasm 4, the  cause of the  inotropic  
effect  migh t  be an a l te ra t ion  of ion t ranspor t .  The s tudies  
p resen ted  here were conduc ted  to examine  more closely 
the  character is t ics  of the  change  in per formance  due to  
insulin using the  changes  in the  force-f requency relation.  

Methods. Cardiectomies were pe r fo rmed  on s t u n n ed  
female rabb i t s  weighing 2 3 kg. A papi l la ry  muscle f rom 
the  r ight  ventricIe was t ied (6-0 silk suture) and t h e n  
suspended  be tween  two silver s t imula t ing  electrodes.  The 
mean  muscle d iamete r  (1 g load) was  1.1 • 0.4 mm,  
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Effect of insulin on mechanical performance of rabbit pappillary muscle. Abscissa frequency of stimulation [Hz]; Ordinate = ratio 
:(K performance in the presence of insulin (10 mU/cc) vs control. ~ = maxinmm twitch tension; ~m~x = (a~/dt)m~x. Maximum time 
derivative of the tension. Points represent mean • S. E. M. (N = 11). Butyric acid (10 raM) substrate. 


