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In  v i t ro  S t u d i e s  on  B i l i r u b i n  T r a n s p o r t  by  the  S m a l l  I n t e s t i n e  of the  Rat  ~ 

I n  v ivo  expe r imen t s  h a v e  d e m o n s t r a t e d  t h a t  uncon-  
j uga t ed  b i l i rub in  is ab so rbed  f rom t h e  gut2, ~ as well as 
t r ans fe r ed  f rom the  p l a s m a  across t h e  i n t e s t i na l  wal l  a, 5 
However ,  t he re  is no clear  i nd i ca t i on  of the  p h e n o m e n a  
i nvo lved  exclus ively  a t  the  i n t e s t i na l  wal l  level. I n  t h i s  
i nves t iga t ion  we s tud ied  t he  t r a n s p o r t  of u n c o n j u g a t e d  
14C-bilirubin across t h e  wal l  of i sola ted r a t  i n t e s t i na l  
segments .  

Methods. A d u l t  VVistar r a t s  of b o t h  sexes were ki l led 
b y  cerv ica l  dis locat ion.  A l e n g h t  of 15-18 cm of t he  
p r o x i m a l  j e j u n u m  was resec ted  and,  in t he  n o n - e v e r t e d  
or aver ted  posi t ion,  m o u n t e d  in the  a p p a r a t u s  shown  
in F igure  1 wh ich  was p laced  in a w a t e r  b a t h  a t  37 ~ 
Oxygen  c o n s u m p t i o n  b y  r ings  of j e j u n u m  was deter -  
mined  w i t h  W a r b u r g ' s  m e t h o d  6. 

~4C-bilirubin was crys ta l l ized  7 f rom t he  bile of r a t s  
in jec ted  w i t h  I~C-ALAS (&amino levu l in ic  acid-4-14C 
hydroch lor ide ,  CEA, France)  a n d  recrys ta l l ized  un t i l  i t  
r eached  a c o n s t a n t  specific a c t i v i t y  (2000-3200 dpm/~xg). 
R a d i o a c t i v e  p i g m e n t  was dissolved in 0.2 ml  0.1 N N a O H  
a n d  b o v i n e  a l b u m i n  (80 m g / m g  bi l i rubin)  in  a t o t a l  
vo lume  of 1 2 - 1 4 m i  of R i n g e r  Krebs  solut ion.  This  
so lu t ion  ( in te rna l  b a t h i n g  solution),  (IS) per fused  t he  
l u m e n  of t he  i n t e s t i na l  s egm en t  (non-ever ted  or ever ted) .  
Sampl ing  of t he  oppos i te  or  ex t e rna l  so lu t ions  (ES) 
(12-14 ml  of R. KazBs)  was pe r fo rmed  a t  i n t e rva l s  of 
30 m i n  for 120 min .  

T r a n s m u r a l  f luxes of 14C-biIirubin f rom m u c o s a  to  
(Jms) and  f rom serosa serosa in  n o n - e v e r t e d  segmen t s  bil 

to  mucosa  in eve r t ed  segmen t s  ([bil~ were e s t i m a t e d  b y  t d $ m /  

d iv id ing  r a d i o a c t i v i t y  (d is in tegra t ions  per  minu te ,  dpm)  
in E S  b y  t he  specific a c t i v i t y  of ~*C-bilirubin in I S  (at  t he  
beg inn ing  of the  exper iment ) .  F luxes  were expressed  as 
amoles /h / cm.  

The  i n t eg r i t y  of the  in t e s t ina l  s egm en t  was  t e s t ed  b y  
per fus ing  a Me thy l ene  Blue  so lu t ion  a t  t he  end  of t he  
expe r imen t .  

E S  were t r e a t e d  in 2 ways.  I n  some e x p e r i m e n t s  t h e  
p i g m e n t  was  diazot ized,  c o n c e n t r a t e d  9 a n d  c h r o m a t o -  
g r a p h e d  on p a p e r  1~ I n  o thers  t h e y  were pooled and,  in  
these  cases, t he  samples  were acidif ied w i t h  acet ic  acid 
a n d  e x t r a c t e d  w i t h  2 : 1 m i x t u r e  of m e t h a n o l  and  chloro- 
form 4. Un labe l l ed  u n c o n j u g a t e d  car r ier  b i l i r ub in  was 
added  and  t he  c o m b i n e d  p i g m e n t  c rys ta l l ized  for radio-  
assay  7. 

B i l i r u b i n  c o n c e n t r a t i o n  was e s t i m a t e d  b y  t h e  diazo 
r eac t i on  in a D U  B e c k m a n  s pec t r opho t om e t e r .  Rad io -  
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assay  of samples  and  p i g m e n t  c rys ta ls  was pe r fo rmed  in 
a P a c k a r d  Tr i -Carb  L iqu id  Sc in t i l l a t ion  Spec t romete r .  

Scann ing  of t he  p a p e r  s t r ips  was car r ied  ou t  b y  a 
p rev ious  m e t h o d  ~ and  d e n s i t o m e t r y  in a Dens icord  542 A 
(Photovo l t ,  N.Y.,  USA) w i t h  a 545 n m  filter.  

Results.  Oxygen  c o n s u m p t i o n  b y  in t e s t ina l  r ings  was 
shown  to be  c o n s t a n t  for a t  l eas t  160 ra in  of per fus ion  
w i t h  va lues  of 9-9.8 ~zl/mg we t  t i ssue/h .  The  passage  of 
14C-bilirubin to E S  was p r o v e d :  a) b y  c rys ta l l i za t ion  of 
b i l i rub in  f rom pooled samples  of E S  where  more  t h a n  
50% of t he i r  t o t a l  coun t s  could be recovered  as c rys ta l l ine  
14C-bilirubin in b o t h  types  of i n t e s t i na l  segments ,  b) b y  
ascend ing  p a p e r  c h r o m a t o g r a p h y  which  showed t h a t  in  
n o n - a v e r t e d  as well as in  eve r t ed  segments ,  E S  c o n t a i n e d  
a n  azo p i g m e n t  ident i f ied  as azo p i g m e n t  A. Scann ing  
of p a p e r  s t r ips  showed  t h a t  nea r ly  40% of t o t a l  radio-  
a c t i v i t y  was p re sen t  in  th i s  area  co inc iden t  w i t h  the  peak  
reg is te red  b y  d e n s i t o m e t r y  (Figure 2). These  e x p e r i m e n t s  

Fig. 1. Diagrammatic representation of the perfusion apparatus. 
a) Internal bathing solution, b) External bathing solution, c) and 
c') 95% 02 5% CO 2 (c', bubble pump), d) Constantly stirred water 
bath. e) Intestinal segment. 
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Fig. 2. Chromatography of pools of external solutions, a) Distribu- 
tion of radioactivity, b) Recording of color spots, c) Chromatogram 
showing a spot corresponding to azopigment A. 
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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 .  

60 

"~ ~0 
i : =  

/a) (b) 
e 

t=Ol3 
�9 ,p<O.O! 

Z 4 5 

arm(mg]lOOmD 

%- 

3O 

6O 

e 

�9 p<O;01 
o i ; 6 

B@(mg/100mt) 
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 


