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cryp t  cells was signif icantly decreased in alcoholic ani- 
mals, bo th  in the  j e junum (10.62 • 3.26 mitosis against  
19.34 • 2.51 in the  controls ;  p < 0.005) and in the  i leum 
(5.91 ~ 3.16 mitosis against  14.20 • 2.76 in the  control  
ra ts ;  p < 0.005). 

I t  has been demons t ra ted  t h a t  chronic adminis t ra t ion  
of alcohol to h u m a n  volunteers  in the  absence of nutr i -  
t ional  deficiency produces u l t ras t ruc tura l  changes in the  
small  intest ine 2. Recen t  studies of BARAONA et  al. a have  
shown t h a t  rats  g iven alcohol in a l iquid nu t r i t iona l ly  
adequate  diet  for 3 to 4 weeks have  shorter  je junal  villi  
wi th  a reduced number  of epi thel ial  cells l ining the  villi .  
Fur thermore ,  the  je junal  and ileal crypts  had a signif- 
icant ly  increased number  in epithelial  cell count,  while 

the  number  of mitosis per  100 c ryp t  cells s ignif icant ly 
increased in the  ileum, bu t  no t  in the  je junum.  These 
findings are no t  in accordance wi th  our exper imenta l  
results. The different  periods of t ime  of alcohol ingestion, 
the  age of the  rats, and the  t y p e  of diet  used would  seem 
to be the  most  l ikely  causes of this discrepancy.  

A cont innal  dispute  exists whether  alcohol is d i rec t ly  
toxic  or indi rec t ly  injurious due to associated nu t r i t iona l  
deficiency. In  the  present  invest igat ion,  the  alcohol-fed 
animals  consumed a nu t r i t iona l ly  adequa te  diet  ~. Thus 
our  results suppor t  the  view t h a t  alcohol is d i rec t ly  toxic  
to the  small  intestine,  which m a y  be one of the  factors 
p laying a role in the  deve lopment  of small  in tes t inal  
morphological  and funct ional  changes. 
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Summary. The bi l iary excret ion of E'HI L S D  was s tudied in Wis ta r  and homozygous  Gunn rats.  In  Wis ta r  rats  approx-  
ima te ly  46% of the  given dose was recovered f rom bile in 2.5 h whilst  in the  homozygous  Gunn ra t  26% was recovered 
in the  same t ime  period. In  bo th  strains the  main  metabol i tes  were glucuronides.  

Glucuronide conjugat ion  is an impor t an t  mechanism 
in the  b io t ransformat ion  of m a n y  compounds.  Previous  
work  has shown t h a t  in normal  rats  L S D  is ex tens ive ly  
metabol ized  to glucuronides which are excre ted  main ly  in 
the  bile 1-B. In  the  present  s tudy  the  bi l iary excret ion of 
LSD was compared  in normal  Wis ta r  rats  and homozy-  
gous Gunn rats.  In  the  homozygous  Gunn rat,  jaundice  
persists th roughou t  life since the  genetic lesion in the  
microsomal  UDP-glucuronyl t ransfe rase  prevents  the  
synthesis of conjugated  bilirubin. However ,  despite the  
lesion m a n y  exogenous compounds  are excre ted  as 
glucuronides ~-9. 

Materials and methods. Mature  male  Wis ta r  rats  and 
homozygous  Gunn rats  (250-350 g) were anaesthet ised 
wi th  ure thane  (14% w/v  in 0.9% saline; 10.0 ml/kg, i.p.). 
Polye thylene  catheters  were inserted into a femoral  vein, 
a carot id  a r te ry  and the  common  bile duct.  [2(n)-3H] 

lysergic acid d ie thy lamide  ([3HI L S D ;  specific radio- 
ac t iv i ty  15.8 Ci /mmol ;  obta ined  f rom the  Radiochemica l  
Centre, Amersham) was dissolved in s a l i ne :me thano l  
(19:1 v/v)  a f te r  evapora t ion  of the  organic vehicle.  
Radiochemical  pu r i ty  was shown to be 97% by  th in  layer  
ch roma tog raphy  in solvent  system chloroform:  methano l :  
acetic acid (40:30: 30). 

[3H~ L S D  (24 FCi/kg; 0.5 Fg/kg) was injected i.v. and 
blood samples obta ined at  5, 30, 60, 90, 120 and 150 min 
af ter  adminis t ra t ion  of the  drug. Bile was collected in 
preweighed vials a t  successive 30 min in tervals  for 150 
min. The  radioact ive  con ten t  of p lasma samples (20-50 
Ezl) and bile samples (50 ~1) was de te rmined  by  l iquid 
scint i l lat ion spec t l ome t ry  1~ 

Pooled samples of Wis ta r  and Gunn ra t  bile (0-2.5 h) 
were spot ted  on strips of W h a t m a n  No. 1 paper  (6 • 50 
cm) and resolved by  descending ch roma tog raphy  in sol- 
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A) Excretion of radioactivity in bile after i.v. injection of [3H] LSD (24 ~Ci/kg body wt.). Results were summated at 30 min intervals. 
B) The plasma disappearance of radioactivity after i.v. injection of [3HI LSD. 
0, Normal Wistar rats; �9 homozygous Gunn rats. Each value represents the mean • SE of at least 5 experiments. Significalltly different 
from Wistar, p < 0.001 (***), p < 0.01 (**), p < 0.05 (*). 
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v e n t  sys tem,  n - b u t a n o l : a c e t i c  a c i d : w a t e r  (12: 3: 5). 
Zones (1 cm) were serially cu t  f rom the  ch romatograms ,  
t r ans fe r red  to  glass vials and rad ioac t iv i ty  de t e rmined  b y  
scint i l la t ion count ing.  In  some s tudies  samples  of bile 
(0.2 ml) were ad jus ted  to p H  5.0 (0.1 M HCI) and  added  
to  fl-glucuronidase (8000 F i s h m a n  units,  Ketodase ,  War -  
ner  Chilcott).  Control  specimens  were p repa red  by  adding  
fl-glucuronidase to  acidified bile con ta in ing  glucaro- 
(1-+4)-lactone (5 m M ;  Calbiochem).  Af te r  incuba t ion  at  
37~ for 40 h, the  spec imens  were resolved, by  paper  
ch roma tog raphy .  

Results  and discussion. The excre t ion  of r ad ioac t iv i ty  
in t he  bile of no rma l  Wis• and homozygous  Gunn  ra ts  
a f te r  i.v. admin i s t r a t i on  is shown  in Figure  A. Marked 
differences were observed.  A p p r o x i m a t e l y  46% of t he  
given dose was recovered f rom normal  ra t  bile in 2.5 h. 
In  contras t ,  only  abou t  26% was recovered f rom Gunn  
ra t  bile in the  same t ime  period.  The excre t ion  of radio- 
ac t iv i ty  in the  bile of normal  ra ts  was therefore  roughly  
twice the  excre t ion  in Gunn  ra t  bile. The reduced  bi l iary 
excre t ion  in Gunn ra ts  was ref lected in e levated  p l a sma  
levels of r ad ioac t iv i ty  (Figure B). 

W h e n  Wis t a r  ra t  bile was resolved by  paper  ch roma to -  
g raphy  (Table) an essent ia l ly  similar p a t t e r n  of me t ab o -  
li tes was found as previous ly  repor ted  s, ~, despi te  a 
considerable  difference in the  dose level of LSD given,  
(present  s t u d y  0.5 ~xg/kg, SIDDIIr e t  M. ~ 1.33 mg/kg).  The 
ma jo r  metabol i tes ,  (M3 and  M4) which  on some ch roma to -  
grams were diff icul t  to separa te  and have  therefore  been  
considered together ,  were ident i f ied  as glucuronides by  
comple te  hydro lys is  w i th  fl-glucuronidase. Hydro lys i s  of 
M3 and  M4 was inh ib i ted  by  the  specific inhib i tor  glucaro- 
(1-+4)-lactone, and  under  these  condi t ions  the  radio- 
c h r o m a t o g r a m s  closely resembled  those  ob ta ined  when  
un t r ea t ed  bile was resolved.  A similar  pa t t e rn  of m e t a b -  
olites was seen in Gunn  ra t  bile (Table) w i th  M3 and M4 
shown to  be giucuronides  by  the  procedure  out l ined above.  
Therefore,  despi te  the  genetic lesion in UDP-g lucurony l -  
t ransferase ,  glucuronides (probably  of 13- and  14-hydroxy-  
LSD 3) fo rm the  ma jo r  p a r t  of the  LSD excre ted  in the  
bile of Gunn  rats.  

There  is considerable  evidence t h a t  several  glucuronyl-  
t ransferases  are p resen t  in t he  l iver endoplasmic  retic-  
u lum 11-13 and  t h a t  the  homozygous  Gunn  ra t  is def ic ient  
in only  some of the  enzymes  ~4,~5. I t  has recen t ly  been  
shown la t h a t  the  defec t  in conjuga t ion  wi th  glucuronic 
acid of m a n y  phenols  in the  ca t  is no t  absolute  and  s m a l l  

Resolution of metabolites of [SH] LSD by paper chrolnatography 
(see text for details) 

Metabolite Rf Proportion of total 
radioactivity (%) 

Wistar bile Gunn bile 

M1 0.14 2.1 1.1 
M2 0.22 1.1 ND 
M3 ] 0.35 

76.3 72.4 M4 / 0.43 
M5 0.72 1.1 0.9 
M6 0.80 19.4 25.6 

Values represent the proportion of total radioactivity detected on 
paper chromatograms. ND, not detee• 

amo u n t s  of conj ugates  are formed.  Similar  cons idera t ions  
m a y  app ly  in the  Gunn  ra t  and glueuronides migh t  be 
expec ted  if g lncuronyl t ransfe rase  is a t  a low level. 

I t  has  previous ly  been shown ~ t h a t  the  me tabo l i sm of 
the  q u a t e r n a r y  amine  ed rophon ium is qua l i t a t ive ly  similar 
in b o t h  normal  W i s t a r  and  homozygous  Gunn  rats ,  the  
main  metabo l i t e  being a glucuronide.  However ,  the  ra te  of 
bi l iary excre t ion  of edrophol l ium glucuronide is approxi -  
ma t e l y  10 t imes  grea te r  in homozygous  Gunn  ra ts  t h a n  in 
Wis ta r  rats.  Such an increase was shown no t  to  be due to 
an increased ra te  of me tabo l i sm b u t  an increased ra te  of 
t r ans fe r  across the  canal icular  membrane 'S .  

Dif ferent  cons idera t ions  app ly  in the  p re sen t  s tudy .  
I f  i t  is a ssumed tha t ,  due to  t he  absence of endogenous  
bi l i rubin glucuronide in t he  Gunn rat ,  the re  is a marked  
increase in canal icular  t r ans fe r  of a drug-glucuronide  
conjugate ,  there  would seem to be a s ignif icant ly  depressed 
ra te  of fo rma t ion  of glucuronides of LSD or metabo l i t es  
in th is  strain.  This suggests  the  di rect  i nvo lvemen t  of 
bi l i rubin g lncuronyl t ransferase  in tile fo rmat ion  of such 
conjugates  in the  normal  rat .  The h igher  p lasma  levels of 
r ad ioac t iv i ty  in Gunn ra ts  adds  suppor t  to  the  concep t  of 
reduced  fo rmat ion  of the  conjugates .  
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