
I5.4.1973 Specialia 405 

Standards Biliary bile acids 

Total 
radioactivity 
in bile acids 
(%) 

and  crystal l ized to  a cons t an t  specific ac t iv i ty  wi th  
au then t i c  choles tanol  (Table). The con ten t ion  t h a t  b i l iary  
cholestanol  is of endogenous  origin is suppor t ed  by  the  
observa t ion  t h a t  in v i t ro  fecal cul tures  of t he  pigeon could 
no t  conver t  cholesterol-4 t~C into  cholestanolg.  

The acidic f rac t ion w a s  sub jec ted  to  th in- layer  chroma-  
t o g rap h y  and the  rad ioac t iv i ty  p resen t  in var ious  bile 
acid fract ions was assessed (Figure). About  67.1% of the  
to ta l  r ad ioac t iv i ty  was p resen t  in the  area cor responding  
to  t he  au then t i c  chenodeoxychol ic  acid. Abou t  20% of the  
label was presen~ in the  chol~c acid area. The res t  of it  was 
d i s t r ibu ted  be tween  ano the r  d i h y d r o x y  bile acid (10.6%) 
and unident i f ied  m o n o h y d r o x y  acids (2.3%). The forma-  
t ion of cholic and  chenodeoxychol ic  acids has  been 
d e m o n s t r a t e d  in m a n y  animal  species ~. However ,  i t  has  no t  
been  shown in the  pigeon to  date.  The iden t i t y  of the  
label in chenodeoxy  and cholic acids was conf i rmed by  
th in- layer  c h r o m a t o g r a p h y  of 2 di f ferent  so lvent  sys tems  s 
and  crystal l ized to a co n s t an t  specific ac t iv i ty .  The 
iden t i ty  of the  o ther  d ihyd roxy  and m o n o h y d r o x y  bile 
acids could no t  be conf i rmed in th is  s tudy.  

Zusammen/assung. Es gelang, in Tauben  die U m w a n d -  
lung yon in j iz ier tem Cholesterol-C ~* in Gal len-Cholestanol  
nachzuweisen,  wobei  Chenodeoxycholins~Lure als H a u p t -  
me tabo l i t  des Cholesterols C 14 in der Galle e rmi t t e l t  wurde.  

M. T. R. SUBBIAH 

Distribution of radioactivity in biliary bile acids after injecting 
cholesterol-4-14C (radioactivity expressed as percent of the total 
radioactivity in bile acids). Identification of bile acids: 1, cholie; 
2, hyodeoxycholic; 3, ursodeoxyeholic; 4, chenodeoxycholic; 5, 
deoxycholic; 6, 3fl, 12a-dihydroxy eholanoic; and 7, lithoeholic. 
Adsorbent = silica gel G. Solvent system, isoctane:isopropyl 
ether:acetic acid, 50:40:4 (vJv/v). The plates were stained with 
phosphomolybdic spray in methanol. 
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Perinatal Chan~es of the Activity of Acyl-CoA: Monoglyceride Acyltransferase in the Rat Intestinal 
Mucosa 

Die ta ry  t r ig lycer ides  are hydro lyzed  in the  lumen  of t he  
gas t ro in tes t ina l  t r ac t  in to  diglyceride,  monoglycer ide ,  
free f a t t y  acids and  free glycerol ~. I n  t he  smal l  in tes t ina l  
mucosa  re-ester i f icat ion of t he  absorbed  l ipolyt ic  p roduc t s  
occurs by  two pa thways ,  in i t ia ted  e i ther  f rom e-glycero- 
p h o s p h a t e  or monoglycer ides .  The monoglycer ide  pa th -  
way  has been found  to  be more  i m p o r t a n t  in  manlmals ,  
including m a n  3. In  th is  p a t h w a y  acyl-CoA : monoglycer ide  
acyl t ransferase  cata lyzes  t r ansacy la t ion  of ac t iva t ed  f a t t y  
acids wi th  absorbed  monoglycer ide  forming  diglycerides.  
I t  was found recent ly  t h a t  a h igh fa t  diet  evoked an 
increase 3 of th is  enzyme act iv i ty .  The suckling per iod is 
na tu ra l ly  associa ted wi th  a h igh fa t  in take,  e.g., suckling 
ra t s '  fa t  in take  is 2-3 t imes  h igher  t h a n  la ter  in life 4. In  
contras t ,  ac t iv i ty  of pancrea t i c  small  in tes t ina l  l ipase is 
app rox im a te ly  10 t imes  lower dur ing the  suckling per iod 
t h a n  in adul t  ra tsS,S Thus,  the  ques t ion  arose abou t  the  
e x t e n t  of the  ester i f icat ion processes in the  small  in tes t ina l  
mueosa  of suckling ra ts  as compared  to adul t  rats.  

M~ethods. Studies  were pe r fo rmed  on ra ts  of Charles 
R iver  s t ra in  fed Pur ina  Chow diet. Fe ta l  ra t s  (1 day  before 
delivery) were ob ta ined  by  caesar ian section. 3 mon th -o ld  
males were used as adults.  Microsomes f rom t h e  mucosa  
(in fe tuses  and  3-day-old ra t s  f rom the  whole in tes t ina l  

wall) f rom the  ent i re  j e j u n u m  and  ent i re  i leum were  
p repa red  from nonfas t ing  ra t s  according to  ROI)GERS et  
al. 7 ; mater ia ls  f rom 8--9 fetal  and  suckling ra t s  were a lways  
pooled and t r e a t ed  as 1 sample,  adu l t  ra t s  were used 
individual ly .  Ac t iv i ty  of t he  acyl-CoA: monoglycer ide  
acyl t ransferase  was de te rmined  according to  RODGERS S, 
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Acyl-CoA: monoglyceride acyltransferase. Circles denote activity in microsomes, columns in total homogenate of the jejunum. Short 
vertical lines denote 2 S.E.M. Not given if smaller than symbol used. Figures in parentheses indicate number of samples. Triangles denote 
activity in ileal microsomes. Full triangles indicate that values significantly differ from corresponding values in the jejunum. Large, 
full circles denote ileal activity expressed as percentages of jejunal activity. 

protein according to LOWRY et al. 9 For  stat is t ical  evalua-  
t ion of differences l-test  was used;  p values 0.02 and lower 
were judged  as significant.  

According to de te rmina t ion  of var ious markers  for 
o ther  cell fractions, the  microsomal  prepara t ions  were 
fair ly s tandard.  The prote in  yield (7-8% of the  to ta l  
homogenate  protein) was similar  to t ha t  described in adul t  
rats  3,10. Contaminat ions  by microvi l l i  indicated by the  
neut ra l  ~-galactosidase de termined  according to 11 was 
similar  (around 10%) as has been observed by others  1~ 12. 
Small  amounts  of acid fl-galactosidase (according to 11) 
were found also regular ly  in this f ract ion (4-7 ~ ), originat-  
ing ei ther  f rom lysosomes or as an integral  par t  of the  
microsomal  fract ion in the  intes t inal  mucosa, as has been 
shown in the  l iver  and kidney for another  lysosomal 
enzyme,  fl-glucuronidase 13. Succinodehydrogenase  ac t iv i ty  
(determined according to 14) and amounts  of D N A  
(determined according to 15) were always below 0.5% of 
the  amoun t  found in the  to ta l  homogenate .  

Results. Before the  deve lopmenta l  changes of acyl- 
CoA: monoglycer ide  acyl t ransferase ac t iv i ty  were studied, 
i t  was confirmed t h a t  the  enzymat ic  react ion in the  micro- 
somal prepara t ions  f rom the  j e junum and i leum of adul t  
and 10-day-old rats  proceeded l inearly during the  incuba- 
t ion period and was propor t iona l  to the  amoun t  of 
enzyme protein used. Fur thermore ,  i t  was established t h a t  
mu tua l  mix ing  of prepara t ions  of the  je junal  and ileal 
microsomes f rom 12-day-01d and adul t  rats  gave values 
corresponding to theoret ica l  values. Therefore,  the  observ- 
ed differences are due to the  changes in ac t iv i ty  of the  
enzyme studied and not  due to changes in the  amoun t  of 
inhibi t ing or ac t iva t ing  substances.  

The  Figure  summarizes  then  the  per ina ta l  changes. 
Ac t iv i ty  in the  j e j unum is low in fetuses and increases 
af ter  birth,  reaching highest  values  in 12-day-old animals.  
Values of adul t  rats  were s ignif icant ly lower than  those 
found in 6- or 12-day-old rats. For  compara t ive  purposes 
ac t iv i ty  was also de termined  in to ta l  je junal  homogenates  
of 6-day-old and adul t  rats.  The  specific ac t iv i ty  was lower 
than  of corresponding microsomal  fractions, bu t  again the  
ac t iv i ty  found in suckling rats  was s ignif icant ly higher  
than  found in prepara t ions  f rom adul t  rats. Per ina ta l  
changes of ac t iv i ty  in microsomes prepared  from i leum 
showed a fairIy similar  pa t t e rn  as described in the  je junum.  
Values for j e junum and i leum of adul t  rats  are in a ve ry  
good agreement  wi th  da ta  publ ished by SINGH et  al.a; 
ac t iv i ty  in the  i leum of our adul t  represents  30% of the  
ac t iv i ty  in the  je junum.  In  suckling rats  the  re la t ive  

ac t iv i ty  of the i leum was significantly higher (between 
66-80% of the  je junum),  suggesting tha t  this por t ion  of 
the  small  intest ine is re la t ively  more  involved  in handl ing 
fat  in the  suckling period than  in adul t  rats. 

Discussion. Due to the  low ac t iv i ty  of pancreat ic  and 
small  intest inal  lipase ~, ~, low hydrolysis  of fat  and there-  
fore a low esterif ication process was assumed to be present  
in the  small  intest ine of suckling rats.  However ,  the  pre- 
sented suggest t ha t  esterif ication processes in suckling ra t  
in the  small  intest ine are even higher  than  in adul t  rats. In  
connect ion wi th  this, the  presence of lipolysis of fat  in the 
s tomach of suckling rats  repor ted  recent ly  from various 
laboratories  16-1s must  be t aken  in consideration.  Accord- 
ing to H:ELANDER and OLIVI~CRONA 17 lipolysis in the  
s tomach  preferent ia l ly  l iberates  med ium chain f a t ty  acids 
and long chain diglycerides. Fu r the r  exper iments  are thus  
needed to character ize the  processes of handl ing fat, i.e., 
Iipolysis and esterif ication in the  gastrointest inal  t rac t  of 
suckling mammals  t9 

Zusammen/assung.  Die Akt iv i t / i t  der  Acyl-CoA: Mono- 
glycerid Acyltransferase,  eines Enzymes ,  das in der 
Ester i f iz ierung der  freien Fetts/~uren eine wicht ige Roile 
spielt, wurde  w&hrend der per ina ta len  Entwicklungs-  
periode der R a t t e  in der Di inndarmsch le imhaut  bes t immt.  
Im  Foetus  ist die Aktivit/gt niedrig, s teigt  nach der Gebur t  
und zeigt in der Mitre der S~uglingsperiode die h6chsten 
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Werte ,  die 2-3mal  h6her  sind, als bei Erwachsenen .  Die 
Befunde  werden  im Bezug auf die niedrige L ipaseak t iv i t~ t  
des gas t ro in tes t ina len  Traktes  sowie auf die hohe  Fe t t -  
au fnahme  w~hrend  der  S~tuglingsperiode diskut ier t .  

A. EISEN, P. HOLTZAPPLE and O. I~OLDOVSK~- 

Division of Biochemical Development and 
Molecular Diseases, Children's Hospital of Philadelphia 
and Dept. of Pediatrics, University of Pennsylvama, 
School of Medicine, 7 3th a~d Bainbridge Sfreets, 
Philadelphia (Pennsylvania, USA), 
25 September 7972. 

D i s t r i b u t i o n  of  a R e n i n - L i k e  E n z y m e  in  t h e  B o v i n e  A d r e n a l  G l a n d  

The adrena l  gland of the  r abb i t  conta ins  an enzyme 
t h a t  reacts  in v i t ro  w i th  na t ive  renin  subs t r a t e  to form a 
vasopressor  polypept ide ,  p robab ly  angiotens in  11. Re-  
cently,  HAYDUCK, et  ah 2, found a similar  enzyme in the  
adrenal  gland of the  dog. W h e t h e r  the  renin-l ike enzyme  
reacts  wi th  renin subs t r a t e  in vivo is no t  known.  However ,  
in v iew of the  effects of angio tens in  on the  secret ion of 
a ldos terone  and medul la ry  catecholaminesa ,  4, the  possi- 
b i l i ty  exists  t h a t  the  enzyme influences specific adrenal  
gland funct ions.  In  the  p resen t  invest igat ion,  a renin-l ike 
enzyme  was found  in bovine  adrena l  gland, and  a s t u d y  
was made  of its d is t r ibut ion .  

Adrenal  glands were d issec ted  (at 4~ as soon as 
possible (1-2 h) af ter  s laughter .  The glands were cut  wi th  
a razor  blade into cross-sect ions (2-3 m m  thick).  Each  
cross-sect ion was cut  to  yield the  following pieces:  
1. cortex,  2. cor t icomedul la ry  junct ion ,  3. medul la  and  
4. cen t ra l  vein. A d h e r e n t  capsular  t i s sue  was no t  r emoved  
f rom the  cort ical  pieces. Similarly,  it  was no t  possible to 
separa te  the  cent ra l  vein f rom a smal l  a m o u n t  of medul-  
lary tissue. 

The t issue pieces were weighed,  homogenized,  and  then  
dist i l led wa te r  was added,  2 ml/g  wet  weight  of t issue. 
The homogena te s  were frozen and  t h a w e d  twice using a 
solid CO2-ethanol slurry.  The homogena te s  were centr i -  
fuged at  1,690 • a t  4~ for 30 min  to  r emove  t issue 
debris.  The s u p e r n a t a n t s  were dialyzed agains t  Na~HPO 4- 
citric acid buffer,  p H  2.6, a t  4~ for 24 h, t h e n  against  
wa te r  for 6 h, a n d  finally agains t  3 m M  Na~ - E D T A  for 
24 h. If, a t  the  end of th is  t ime,  the  ex t r ac t s  were no t  free 
of ca techolamines  (es t imated in t e rms  of effects on mean  
ar ter ial  blood pressureS), dialysis was con t inued  using 
1 m M  sodium p h o s p h a t e  buffer,  p H  7.0, for ano the r  24 h. 
Prec ip i ta tes  fo rmed dur ing  dialysis were r emoved  by  
cen t r i fuga t ion  a t  1,690 xg, at  4~ for 30 rain. P ro te in  
concen t ra t ions  were measured  by  the  m e t h o d  of WAR- 
BURG and CHRISTIAN 6. 

One ml of dialyzed extract was added to 2 ml of rabbit 
renin substrate (2,000 ng of angiotensin content/ml) 
buffered at pH 6.0, the pH optimum of the reaction I, ~, s. 
Soybean trypsin inhibitor, Na 2 �9 EDTA and dimercaprol 

were added  to inhibi t  kallikrein and  angiotens inase  
enzymes  ~-9. The reac t ion  mix tures  were  free of angio- 
tens inase  act iv i ty .  The incuba t ion  was carried out  a t  
37~ Samples  were t aken  lor assay af ter  1, 2 and 3 h of 
incubat ion .  Renin- l ike  ac t iv i ty  was measured  in t e rms  of 
ng of angiotens in  fo rmed/ml /h .  Angio tens in  was assayed 
using the  nlean ar ter ia l  b lood pressure  response  of the  
pen to l in ium- t rea ted ,  anes the t ized  ra t  5. Ash 1, VaP-angio-  
t ens in  I I  was used as t he  s t an d a rd  reference c o m p o u n d .  

Resul t s  are shown in the  Table. Per  g wet  weight ,  the  
medul la  con ta ined  11-times more  renin-l ike ac t iv i ty  t h a n  
did the  cortex.  Poss ib ly  because of the  higher  l ipid 
con ten t  of cortex,  the  enzyme act ivi t ies  of cor tex  and 
medul la  per  mg of p ro te in  were much  closer. The cort ical  
pieces of t issue were no t  freed of ad h e ren t  capsule,  
raising the  possibi l i ty  t h a t  the  cor tex  itself has  l i t t le or 
no renin-Iike act iv i ty .  On this  point ,  it  m a y  be re levant  
t h a t  GOORMAGHTIGH and ~-IANDOVSKY 10 have  descr ibed 
modif ied smoo th  muscle cells, s imilar  to  the  j u x t a g l o -  
merular  cells of the  renal  a f fe ren t  arterioles,  in the  capsule 
of the  adrenal  gland. F u r t h e r  suppor t  for t he  poss ibi l i ty  
t h a t  cor tex  conta ins  l i t t le  or no renin-Iike ac t iv i ty  arises 
f rom the  observa t ion  t h a t  t he  enzymic  ac t iv i ty  of the  
cor t icomedul la ry  junct ion,  per  g wet  weight ,  is no t  the  
mean  of the  cort ical  and  medul la ry  activi t ies.  In  fact,  the  
specific ac t iv i ty  (ac t iv i ty /mg of protein)  0f the  renin-l ike 
enzyme of the  cor t icomedul la ry  junc t ion  is less t h a n  t h a t  
of e i ther  cor tex  plus capsule or medulla.  

The cent ra l  vein  was of in te res t  because of i ts  large 
apical  crescent  of s m o o t h  muscle,  which  is p e n e t r a t e d  by  
a va r i e ty  of small  veins dra ining the  cor tex and  medulla.  
I t  w a s  t h o u g h t  t h a t  a large concen t ra t ion  of renin-l ike 
enzyme in or a round the  ap ica l  crescent  could, by  releasing 
angiotensin,  affect  venous  dra inage and  t h e r eb y  e i ther  
reduce flow or affect  a red i s t r ibu t ion  of f low wi th in  t he  
gland. 

As shown in the  Table,  the  renin-l ike ac t iv i ty  of the  
cent ra l  vein is abou t  65% t h a t  of medul la  and  thus  is in 
grea t  excess of t h a t  accounted  for by  t r ap p ed  blood 
(average renin ac t iv i ty  of i ng/ml/h) .  However ,  it  was no t  
possible to  ob ta in  cent ra l  vein t issue w i t h o u t  some 

Distribution of the renin-like enzyme in bovine adrenal gland 

Tissue ng of angiotensin released per h 

per g w e t  per mg of 
weight protein 

Cortex 18 15 
Corticomedullary junction 37 10.5 
Medulla 200 27 
Central vein 128 14.5 

Tissue segments were separated, extracted and assayed as described 
in the text. These values are the means of 4 experiments. The varia- 
tion among experiments was less than 10%. 
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