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ind ica t e  t h a t  a t  leas t  a b o u t  50% of t he  m e a s u r e d  radio-  
a c t i v i t y  co r responded  to b i l i rub in .  

Un id i r ec t i ona l  f lux  of ~4C-bilirubin f rom m u c o s a  to 
serosa could be  d i rec t ly  r e l a t ed  to t h e  b i l i r ub in  cis- 
c o n c e n t r a t i o n  12 (r = 0.73, p < 0.01) (Figure 3, a). A s imi la r  
l inear  co r re l a t ion  was obse rved  for t he  f lux f rom serosa 
to m u c o s a  (r = 0.72, p < 0.01) (Figure 3, b). Ana lys i s  of 
cova r i ance  ~a showed  t h a t  b o t h  slopes d id  no t  differ  
s ign i f i can t ly  ( F =  0.715; p > 0.05). W i t h i n  t he  r ange  of 
c o n c e n t r a t i o n s  used (up to 13 mg/100 ml), no s a t u r a t i o n  
t e n d e n c y  was observed .  
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Fig. 3. Correlation between bilirubin cis-concentration and bilirubin 
flux. a) Noneverted segments; Br~, bilirubin concentration at the 
mucous side. b) Everted segments; Br~, bilirubin concentration at 
the serous side. 

Pa i r ed  e x p e r i m e n t s  of i n t e s t i na l  n o n - e v e r t e d  segmen t s  
(in one of t h e m  un labe l l ed  b i l i r ub in  was p laced  a t  t he  
ex t e rna l  side) were pe r fo rmed  to de tec t  an  effect  of 
b i l i r ub in  t rans-concentra t ion  ~4. The  ana lys i s  of d a t a  
showed t h a t  t he  d i f ie rence  be tween  b o t h  groups  was no t  
s t a t i s t i ca l ly  s ign i f ican t  ( P  > 0.05). 

Discussion.  Our resul t s  conf i rm the  b id i r ec t iona l  pas- 
sage of u n c o n j u g a t e d  b i l i r ub in  across the  i n t e s t i na l  wall.  
The  i nco rpo ra t i on  of r a d i o a c t i v i t y  to  t he  ex t e rna l  side 
followed a l inear  func t ion  (Figure 4). Th i s  sugges ted  t h a t  
no  s ign i f ican t  r e t ro f lux  of i sotope occurred.  

A m o n g  t he  forces t h a t  could be  i nvo lved  in b i l i r ub in  
t r a n s p o r t  across t he  i n t e s t i n a l  wall, we found  t h a t  
b i l i rub in  eis -concentrat ion  a t  t h e  mucosa l  c o m p a r t m e n t  
(in n o n - e v e r t e d  segments)  a n d  a t  t he  serosal  c o m p a r t -  
m e n t  (in eve r t ed  segments)  was d i rec t ly  r e l a t ed  t o  t he  
un id i r ec t iona l  flux. Lack  of t e n d e n c y  to s a t u r a t i o n  and  
of a t rans-concentra t ion  effect  suggests  a m e c h a n i s m  of 
pass ive  diffusion.  This  is in  a g r e e m e n t  w i t h  t he  f ind ings  
r epo r t ed  b y  some au tho r s  t h a t  exp la ined  t he  in v ivo  
a b s o r p t i o n  of b i l i rub in  f rom the  in t e s t ine  3 or t h e  gall  
b l adde r  x5 b y  pass ive  diffusion.  Since t he  m o l a r i t y  of t h e  
b a t h i n g  so lu t ion  was no t  s ign i f i can t ly  changed  b y  bili-  
rub in ,  t he  effect  of so lven t  d rag  was a s sumed  to be  
i r re levan t .  

F luxes  expressed pe r  u n i t  of l e n g t h  h a d  s imi la r  va lues  
for  b o t h  types  of i n t e s t i n a l  segments .  I t  m a y  be  a rgued  
t h a t  w h e n  expressed  pe r  u n i t  of area,  [bi! would  be  m u c h  

J s m  

grea te r  t h a n  t h e  opposi te .  However ,  t he  i n t e s t i n a l  wal l  
c a n n o t  be descr ibed  as a h o m o g e n e o u s  c o m p a r t m e n t  ~6 
a n d  t he  ep i the l ia l  s t r u c t u r e  respons ib le  for t he  d i f fus ion  
ba r r i e r  is as ye t  u n k n o w n .  

Resumen.  Se es tudi6  el t r a n s p o r t e  de b i l i r r u b i n a  no  
c o n j u g a d a  en  asas in tes t ina les  a is ladas  y p e r f u n d i d a s  de  
r a t a .  Los resu l t ados  i nd i can  u n  pasa je  b id i recc iona l  con 
la p r o b a b l e  pa r t i c ipac idn  de u n  m e c a n i s m o  de d i f u s i d n  
simple.  
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Fig. 4. Isotope incorporation at the external solution as a function 
of time. O, noneverted segment; �9 everted segment. 

J. LELIO CORCHS and  
E. A. 1RoDt~muEz GA~AY 

Inst i tuto  de Fisiologia, Facul tad de Ciencias Medicas,  
Universidad Nacional  de Rosario 
Santa  Fe 3100, Rosario (Argentina), 23 February 1970. 

I2 W. D. STEIN, in The Movement of Molecules Across Cell Membranes 
(Academic Press, NewYork 1967). 

13 G. W. SNEDECOI% in Statistical Methods (The Iowa State Uni- 
versity Press, Iowa, USA 1956). 

14 p. F. CU~RAN and S. G. SeHOLTZ, in Handbook oJ Physiology, 
Section 6: Alimentary Canal Ii i ,  American Physiological Society, 
Washington , D.C.- C.F. Code editor. 1968, Chapt. 65. 

1~ j .  D. OSTROW, J. clin. Invest. d6, 2035 (1967). 
lg B. G. MUNeK and S. G. SCHVLTZ, J. gen. Physiol. 53, 157 (1969). 

I n d u c t i o n  of  M o t i l i t y  in  H o n e y  B e e  (Apis melli]era L.)  S p e r m a t o z o a  b y  S u g a r s  

Sugars,  especial ly  fructose,  are  an  i m p o r t a n t  exogenous  
ene rgy  source for spe r m a t ozoa l  m o t i l i t y  in m a n y  species 1. 
Glucose, fructose,  t rehalose ,  a n d  sucrose are found  in t h e  
r e p r o d u c t i v e  t r ac t ,  s emina l  p la sma ,  a n d  h e m o l y m p h  of 
h o n e y  bees  2-~. F ruc to se  in s emina l  p l a s m a  is r ap id ly  
me tabo l i z ed  b y  h o n e y  bee s p e r m a t o z o a  in v i t ro  e. Neve r -  
theless,  LENSKY a n d  SCtt lNDLER 5, a n d  SCHINDLER a n d  

VOLCANI 3 h a v e  conc luded  t h a t  d i l u t ion  is t h e  p r inc ipa l  
fac to r  i n i t i a t i n g  h o n e y  bee spe rma tozoa l  m o t i l i t y  ove r  a 
wide range  of d i luen t  p i t  a n d  ionic compos i t ion .  

W e  h a v e  b e g u n  to e v a l u a t e  t h e  inf luence  of n a t u r a l l y  
occur r ing  sugars  on  m o t i l i t y  of h o n e y  bee spe rma tozoa .  

Mater ials  and methods. T h e  fol lowing semen  d i l uen t s  
were p r e p a r e d  (g/1 of solut ion)  w i t h  t r ip le  glass-dis t i l led 
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water  as the  solvent :  Di luent  A 8.5 g NaC1, 26.7 g sucrose, 
0.7 g glucose, 0.4 g fructose;  Di luent  B 8.5 g NaC1, 26.7 g 
sucrose, 0.4 g fructose;  Di luent  C 8.5 g NaC1, 26.7 g 
sucrose, 0.7 g glucose; Di luent  D 8.5 g NaC1, 0.7 g glucose, 
0.4 g fructose;  Saline 8.5 g NaC1. 

F ive  replicates of the  following step-wise procedure 
were run for each of t h e  saline and sugar di luents:  A, B, 
C, and D. 4 tes t  tubes, hereafter  noted as 1, 2, 3, and 4, 
were used in each replicate. Tubes 1 and 2 each received 
1 mI of saline d i luent ;  tubes 3 and 4 each received I mi  
of the  saline and sugar di luent  being tested. 

Step A:  1 ~1 of honey bee  semen int roduced into each 
tube  and gent ly  mixed  wi th  the  diluent.  Step B:  1 drop 
of the  mix tu re  f rom each tube  placed on a separate  
microscope slide, covered wi th  a coverslip, and spermato-  
zoal mot i l i ty  and morphology appraised by phase con- 
t r as t  microscopy. Step C: Moti t i ty  of spermatozoa  in 
tube  1 rechecked, and then  3 drops (approx. 0.16 ml) of 
the  tes t  saline and sugar di luent  added to it. Moti l i ty  
checked again after  t h i s  addit ion.  (Final approx ima te  
sugar concentra t ions  here and at  Step E below were 
0.39% for di luents  A, B, and C and 0.016% for di luent  D.) 
Step D:  Mot i l i ty  in tube  2 rechecked and then  oxygen  
bubbled th rough  the  mix tu re  for 1 min  followed by  
another  check for mot i l i ty .  Step E :  3 drops of the  test  
saline and sugar di luent  added to oxygena ted  tube  2 and 
again checked for mot i l i ty .  Step F :  Final  reexamina t ion  
of tubes  3 and 4 to ver i fy  observat ion  in Step B. 

In  addit ion,  a series of on-slide mot i l i ty  examina t ions  
was m a d e  for each saline and sugar diluent,  using saline 
as a control,  as folIows: i drop of saline was placed on 
each of 2 slides, i drop of saline and sugar di luent  was 
placed on a th i rd  slide. Then  i drop of semen was placed 
into the  fluid on each slide, covered wi th  a coverslip, and 
examined  microscopical ly for spermatozoa l  moti l i ty .  Nex t  
a drop of saline was placed adjoining the  coverslip on one 
of the  saline slides, and a drop of saline and sugar di luent  
was placed likewise on the  o ther  saline slide. All 3 slides 
were again examined  microscopically.  

Results and discussion. In both  series of tests, differences 
in spermatozoal  mot i l i ty  be tween saline-semen mix tures  
and saline and sugar-semen mixtures  were so great  t h a t  
quant i f ica t ion  in terms of percent  mot i le  spermatozoa  
was unnecessary. The response was near ly  all-or-none. 

Few spermatozoa  (not more than  1-2%) were capable  
of m o v e m e n t  in the  sal ine-semen mixtures .  Near ly  all 
were folded a t  the  center  of their  length.  In  comparison,  
near ly  all spermatozoa  in all of the  saline and sugar- 
semen mixtures  exhibi ted  vigorous, normal -appear ing  
mot i l i ty  and normal  morphology.  No differences were 
detected in relat ion to the  omi t ted  sugars in di luents  B, 
C and D. 

Oxygenat ion  of the  semen-saline mix tures  did not  
induce mot i l i ty  and did not  seem to al ter  the  folded 
conf igurat ion of the  spermatozoa.  In  contrast ,  adding 
3 drops of any saline and sugar di luent  to ei ther  oxy-  
genated  or unoxygena ted  saline-semen mixtures  imme-  

dia te ly  produced vigorous m o v e m e n t  of the spermatozoa  
a l though most  remained folded. 

The  results of the  on-slide mot i l i ty  tests were consis tent  
wi th  the foregoing. Semen placed in saline remained in a 
t ight  d u m p ,  and near ly  all of the spermatozoa  were 
immoti le .  Semen placed in any of the  saline and sugar 
diluents immedia te ly  dispersed into swirling loci of mot i le  
spermatozoa.  Addi t ional  saline allowed to diffuse into the  
original semen-saline preparat ions  had no effect o ther  
than  par t ia l  d isrupt ion of the  c lump by s t reaming diluent.  
In  contrast ,  swirling loci of mot i le  spermatozoa formed 
rapidly when any  of the  saline and sugar diluents were 
allowed to diffuse into the  semen-saline preparat ions.  

These results suggest t ha t  sugars in concentra t ions  as 
low as 0.016% can induce spermatozoal  mot i l i ty  in di lute 
mix tures  of honey bee semen and 0.85% saline. They  also 
indicate  t h a t  no one of the  sugars tes ted is indispensable 
for the induct ion and suppor t  of spermatozoal  mot i l i ty :  
We  suppose tha t  mot i l i ty  occurred in mixtures  conta ining 
sugar because the  sugar provided a metaboIizable  energy 
source not  previously avai lable.  This  conjecture  is sup- 
por ted  by  similar  findings in o ther  species 1 and by 
observat ion  of rapid  fructolysis in honey bee semen 2. 

The mot i l i ty  difference be tween  saline and sugar-semen 
mixtures  and saline-semen mixtures  of equiva len t  di lut ion 
is evidence tha t  sugar was more impor t an t  to spermato-  
zoal mot i l i ty  than  the  di lut ion itself. This  is inconsistent  
wi th  the  conclusion of others a, ~ tha t  mot i l i ty  is induced 
merely  by  dilution, p robably  wi th  secretions of the  
spermathecal  gland, when spermatozoa  are released or 
r emoved  from the  spermatheca.  Fu r the r  work  should be 
done on the  composi t ion of spermathecal  gland secretion 
to determine  whether  it  too contains  significant  sugar. 

Zusammen/assung. Es wird gezeigt, dass fr ischgewonne- 
nes Sperms  der Honigbiene  Apis melli/era L. in 0,85% 
NaC1-L6sungen mi t  Rohr- ,  Frucht -  und Traubenzucker-  
zusatz bewegungsf~hig bleibt,  w~hrend in 0,85% NaC1 
nur  wenige Spermien bewegungsf~hig sind. 
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Interrelationships Between the Contractile Effects of Metabolic Substrates,  /~-Adrenergic Blocking 
Agents  and Endogenous Catecholamine Depletion on Isolated Rat Atria 1 

The effects of adrenergic  influences on the  contract ion terist ics of the  isolated myocard ium.  However ,  l i t t le  is 
of the  hear t  muscle have  been ex tens ive ly  s tudied over  known regarding the  possible mura l  influences be tween  
the  years. On the  o ther  hand we have  explored l-a the  these two aspects. 
impor tance  of metabol ic  substrates  and enzyme inhibi tors  In  the  present  s tudy  we have  a t t e m p t e d  to explore 
to ma in ta in  and modi fy  electrical and contract i le  charac-  whether  the  myocardia l  contract i le  effects elicited by 


