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The  a m i n o  acid c o m p o s i t i o n  of rat  bi le  i 
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Summary. The p a t t e r n  of amino  acids in the  bile of ra t s  differs f rom the  p a t t e r n  in the  se rum of these  animals ,  since 
bile conta ins  s ignif icant ly  grea te r  amoun t s  of acidic and  su lphur -con ta in ing  amino acids and  glycine t h a n  serum, while 
the  se rum con ta ined  more  basic amino acids t h a n  bile, ind ica t ing  t h a t  secret ion of amino  acids in to  bile m a y  involve 
specific t r a n s p o r t  processes.  

As p a r t  of a s t u d y  of the  i nco rpo ra t ion  of amino acids in to  
pancrea t i c  enzymes  and the  secre t ion of these enzymes  4, 
we s tudied  the  appea rance  of amino  acids in the  bile of 
ra ts .  Our f indings  indica te  t h a t  the  secret ion of amino  
acids in to  bile is selective and  specific. 
Materials and methods. Male Wis t a r  rats,  weighing 300 g 
(=L 30 g) were s tudied.  2 expe r imen ta l  schedules were 
employed .  
1. 9 ra t s  were fas ted  for 24 h and t h e n  anaes the t i zed  wi th  
u r e thane  (0.6 ml/100 g b . w t  of a solut ion conta in ing  
250 g/l) b y  i.p. inject ion.  Dur ing  each s tudy,  the  b o d y  
t e m p e r a t u r e  of the  ra t s  was ma in t a ined  a t  37 ~ The bile 
duc t  was ca the te r ized  near  t he  liver and the  duc t  dis ta l  to 
t he  cannula  was l igated.  A ca the t e r  was placed in the  
jugular  vein  and  0.15 moles/1 sodium chloride solut ion 
was  infused a t  0.9 ml/h.  Bile was collected in 30-min 
ba t ches  in plas t ic  tubes  and t h e n  pooled.  Blood was ob- 
t a ined  by  aort ic  punc tu r e  a t  the  end of each s tudy.  
2. In  order  to s t u d y  the  effect  of fas t ing  and feeding on 
the  bi l iary excre t ion  of amino  acids, a fu r ther  12 ra ts  
were d iv ided in to  2 subgroups ,  hal f  of which were fas ted  
for 24 h and s tudied  as above,  while the  remain ing  6 ra t s  
were fed unt i l  t he  t ime of s t u d y  and then  had  bile col- 
lected,  as above.  
Samples  (100 ixl) of bile or se rum were t r ea t ed  wi th  t r i -  
f luoroacet ic  acid (5 vi) a t  10 ~ Af te r  cent r i fugat ion ,  the  
s u p e r n a t a n t  and 4 washings  of the  prec ip i ta te  (each 
wash ing  50 txl of t r iple-dis t i l led water)  were combined  and 
evapo ra t ed  in a v a c u u m  desiccator .  The amino-ac id  com-  
pos i t ion  of the  resul t ing  residues was  de t e rmined  wi th  a 
LoCar te  Amino-ac id  Analyser  (single 22 cm co lumn;  

buffer  changes  - p H  3.25 for 65 min,  4.25 for 60 min,  
6.65 for 45 rain; buffer  t e m p e r a t u r e  - - 5 2 ~  for f irst  
45 rain, t hen  60~ thereaf ter )  and Auto lab  Comput ing  
I n t e g r a t o r  Sys tem AA. 
Results. Bile conta ined  s ignif icant ly  grea te r  amo u n t s  of 
the  acidic amino acids aspar t ic  and  g lu tamic  (table) 
(p < 0.01) while the  a m o u n t s  of these  amino  acids in 
se rum were small. On the  o ther  hand ,  se rum conta ined  
more  of the  basic amino  acids lysine and  orn i th ine  t h a n  
did bile (p ~ 0.001). Whi le  bile con ta ined  appreciable  
amo u n t s  of the  su lphur -con ta in ing  amino  acids cys t ine  
and  methionine ,  cyst ine  was absen t  f rom serum and  only 
t races  of me th ion ine  could be de tec ted  (table) (p < 0.001). 
Fu r the rmore ,  there  were s ignif icant ly  grea te r  amo u n t s  of 
glycine in bile co mp a red  w i t h  se rum (p < 0.001). The 
levels of hist idine,  valine, tyros ine ,  isoleucine, leucine and  
pheny la lan ine  in bile and  serum did no t  differ signifi- 
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Amino acid composition of serum and bile 

Group I 
Fasted 
Serum Bile 
Median Range Median 

Group II 
Serum Bile 
Fasted Fed Fasted Fed 

Range Median Median Median Median 

Histidine 0 .050  0.025-0.148 0.076 
Lysine 0 .237  0.158-0.325 0.089 
Arginine 0.027 0 -0.078 0 
Ornithine 0 .134  0.096-0.273 0.066 
Aspartie acid 0 0 -0.041 0.770 
Threonine +Gln +Asn + Serine 0 . 5 4 8  0.426-0.606 0.659 
Glutanfie acid 0 .147  0.063-0.206 1.356 
Glycine 0 .235  0.190-0.309 1.074 
Alanine 0 .264  0.181-0.428 0.233 
Half cystine 0 0 -0.024 0.472 
Valine 0 .131 0.098~).162 0.187 
Methionine 0.012 0 -0.020 0.086 
Isoleucine 0 .078  0.058-0.107 0.145 
Leucine 0 .164  0.115-0.219 0.362 
Tyrosine 0 .055  0.038-0.090 0.091 
Phenylalanine 0 .082  0.058-0.122 0.132 

0.023-0.100 0.056 0.057 0.062 0.045 
0.052-0.181 0.381 0.328 0.103 0.070 
0 -0.017 . . . .  
0.042-0.078 0.261 0.282 0.067 0.049 
0.371-1.118 0.016 0 >2.500 >2.500 
0.128-0.902 0.890 0.637 0.357 0.236 
0.788-2.536 0.197 0.143 2.049 1.742 
0.611-2.649 0.378 0.408 1.008 0.937 
0.175-0.376 0.573 0.590 0.143 0.152 
0.373-0.929 0 0 0.540 0.130 
0.106-0.247 0.299 0.154 0.231 0.179 
0.051-0.408 0.027 0.031 0.382 0.383 
0.108-0.247 0.134 0.062 0.327 0.153 
0.124-0.666 0.285 0.206 0.446 0.347 
0.077-0.118 0.133 0.152 0.150 0.091 
0.085-0.219 0.134 0.162 0.210 0.132 

All values in mmoles]l. 
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cant ly .  An  unident i f ied  peak~ t ravel l ing be tween  leucine 
and  tyros ine  in bile, was no t  found  in any  serum sample.  
Discussion. While  the re  have  been m a n y  s tudies  of the  
p ro te in  c o n t e n t  of bile 5, ve ry  l i t t le in format ion  is avail-  
able abou t  the  amino  acid compos i t ion  of bile. Miller s 
analysed  cadaver ic  bile and found free lysine, ty ros ine  
and  glycine which  he considered represen ted  the  excre t ion  
of was te  p roduc ts .  Dassi  and  Gianni  7 examined  h u m a n  
bile ob ta ined  dur ing  l a p a r o t o m y  and de tec ted  wa te r -  
soluble subs tances  reac t ing  wi th  n inhydr in ,  which  t h e y  
cons idered  compat ib le  w i th  t he  presence of free amino 
acids or po lypep t ides .  The p re sen t  s tudy  is therefore  the  
f i rs t  to q u a n t i f y  t he  amino  acids in bile and  to compare  
the  p a t t e r n  of amino acids in bile wi th  those  found in 
serum. 
The h igh  concen t ra t ions  of acidic and su lphur -con ta in ing  
amino acids in bile and  the  re la t ive lack of basic amino 
acids has  no t  been  expla ined.  In  par t ,  the  concen t ra t ions  
in bile m a y  ref lect  the  concen t ra t ions  of the  amino acids 
inside the  hepa t ic  cells, since i t  has  been  shown t h a t  there  
are s igni f icant ly  grea te r  amoun t s  of some amino  acids 
(glutamate ,  a spa r t a t e  and glycine) in the  l iver cells t h a n  
in se rum 8. However ,  o the r  amino  acids are also found to 
be concen t r a t ed  in the  hepa tocy t e s  (e.g. alanine) b u t  are 
no t  found  concen t r a t ed  in bile, while amino acids which  
are no t  c o n c e n t r a t e d  by  the  liver cells (e.g. cystine) m a y  
be found  in grea te r  amoun t s  in bile t h a n  in serum.  
Lysine  has  been  shown to be specifically t r a n s p o r t e d  by  
the  mucosa  of t he  gall b ladder ,  b u t  so are me th ion ine  and  
glycin.e 9, so t h a t  t he  re la t ive lack of lysine in the  bile is 
p robab ly  no t  a t t r i bu t ab l e  to  selective t r a n s p o r t  of the  
lysine ou t  of the  lumen  of t he  bi l iary  t rac t .  
Unlike prote ins ,  which  appear  in bile by  processes  in- 
volving bu lk  t r ans fe r  and  molecular  s ieving of the  p lasma  
pro te ins  10,11, i t  appears  t h a t  t he  t r ans fe r  of amino acids 
in to  the  bile involves  specific t r a n s p o r t  processes.  I t  has  
prev ious ly  been  shown t h a t  organic anions  TM and  cat-  

ionsla can  be secre ted  into bile by  act ive  t r a n s p o r t  pro-  
cesses b u t  mul t ip le  exc re to ry  processes are p r o b a b l y  
involved  14 and the  role of these  processes in the  t r a n s p o r t  
of amino acids has  no t  been s tudied.  In  t he  small  in tes t ine ,  
the  t r a n s p o r t  of the  neutral ,  acidic and  basic amino  acids 
is h igh ly  specific 15 so t h a t  there  m a y  be similar  processes  
involved in the  hepa t ic  secre t ion of these  amino acids,  in 
v iew of the  s ignif icant ly  d i f fe rent  hand l ing  of these  3 
groups  of amino acids by  the  l iver cells. 
The func t ion  of the  bi l iary amino  acids has  no t  been 
defined,  b u t  amino  acids are known  to  s t imula te  pan-  
creat ic  exocrine secre t ion 16 and, pe rhaps  in con junc t ion  
wi th  bile salts  (which also s t imula te  pancrea t i c  secre- 
t ion  1~) m a y  h a v e  some func t iona l  role in the  ear ly  s tages  
of the  digest ive response  to the  e n t r y  of food into t he  
a l imen ta ry  t ract .  
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Nerve e n d i n g s  i so lated f rom chick e m b r y o n i c  optic t e c t u m .  
2. D e v e l o p m e n t a l  aspects  of s y n a p t o s o m a l  m e m b r a n e  

F. Gremo, G. C, Panz ica  and C. Panzica  Vigl ie t t i  

Istituto di Istologia e Embriologia generale, Facolta di Medicina e Chirurgia, Universith di Torino, 
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Summary .  Frac t ions  enr iched in nerve  endings  (synaptosomes)  have  been isolated f rom chick embryonic  opt ic  t e c t u m  
dur ing  deve lopment .  Af ter  osmot ic  shock, these  f rac t ions  appeared  to  be enriched in m e m b r a n e s  which  dur ing develop-  
m e n t  acquire  typ ica l  fea tures  of ma tu r e  s y n a p t o s o m a l  membranes .  

The d e v e l o p m e n t  of improved  f rac t iona t ion  t echn iques  
has  p e r m i t t e d  b iochemica l  and  morphologica l  s tudies  to 
be carr ied ou t  in to  the  na tu re  of indiv idual  c o m p o n e n t s  
of nerve  endings  (synaptosomes) .  
The mos t  a t t e n t i o n  has  been  focused on s y n a p t o s o m a l  
membranes ,  b o t h  in analysis  of gross compos i t ion  and 
ident i f ica t ion  of specific componen t s  1 b o t h  in ul t ra-  
s t ruc tu ra l  o rganiza t ion  of synap t i c  densi t ies  2, in correla- 

tion with its critical role played in synaptic transmission. 
It is also generally accepted that synaptosomal membrane 
is to a certain extent involved in neuronal receptor 
recognition and specificity of cell adhesion during the 
development of neuronal circuits 3. Consequently, isola- 
tion of embryonic synaptic membrane can be regarded 
as an essential step for biochemical and morphological 
studies on properties of maturing synaptic complexes. 

16th 18th 2nd 
a) b) a) b) ,) b) 

Homogenate 100 48.35 100 91.45 100 66.00 
Crude mitochondrial fraction 19.86 9.60 17.32 15.84 20.72 13,68 
Synaptosomes 4.34 2.10 6.90 6.31 5.21 3.44 
Membranes 1.86 0.90 5.68 5.20 7.15 4.72 

~) Percentage of protein content of each fraction based on the homogenate being 100% ; b) total protein content of the fractions (mg). 


