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Glycoside content in plasma, liver, kidney, and skeletal muscle of anaesthetized rats (1.2 g/kg urethane) after 40 rain single pass perfusion of 
the small intestine in vivo with Krebs-Ringer-solution containing 2 • 10 -~ M 2H-digitoxin in controls and under probenecid, ethacrynie acid, 
and mersalyl 

Experiments Glycoside concentration after 40 min perfusion with aH-digitoxin 

Plasma Liver Kidney Muscle 
(~xg/mI) (}xg/g) (~g/g) (~zg/g) 

Controls 1.08 4. 0.15 6.96 -- 1.50 1.85 ~ 0.48 0.66 ~ 0.17 5 
Probenecid (1.0 • 10 -2 M) 0.59 • 0.12 ~ 4.19 ~_ 1.40 a 1.30 4- 0.31 0.45 ~ 0.10" 5 
Ethacrynic acid (0.5 • 10 -3 M) 0.71 4. 0.19 ~ 4.26 ~ 1.55 ~ 1.23 4. 0.47 0.40 4- 0.2t 6 
Mersalyl (8.0 • 10 -a M) 0.46 • 0.14 ~ 4.79 4- 0.80 ~ 1.06 4- 0.33 ~ 0.32 • 0.14" 6 

Results are given as the mean -b SD; ~ = number of experiments ; ~indicates significant difference from control values according to Student's 
t-test, p < 0.01. 

a m o u n t  of 2H-digitoxin absorbed  f rom the  in tes t ine  as 
well as the  glycoside concen t ra t ion  in p lasma and  t issues 
reached at  the  end of 40 min single pass perfusion.  But ,  
as shown in Figure 2, the  inh ib i to ry  effects are signif- 
icant ly  d i f ferent  from the  controls  no t  before a perfusion 
per iod of 30 rain indica t ing  a r a the r  long la ten t  per iod of 
the  drug  actions.  The t ime course of the  glycoside con- '  
cen t ra t ion  in the  p lasma remained  l inear wi th  e thacrynic  
acid and  mersalyl ,  whereas  in the  inhib i t ion  wi th  
probenec id  character is t ics  of sa tu ra t ion  are obvious.  In  
view of t he  mechan i sm of the  drug  actions,  it  should  be 
men t ioned  t h a t  in a previous s t u d y  the  effects had  been 
expla ined  by  inhib i t ion  of energy  d e p e n d e n t  processes 
which  med ia te  in pa r t  the  absorp t ion  of d igi toxin  s. In  
the  case of e thac ryn ic  acid and mersalyl  specific effects 
on the  Na+, K+ ac t iva ted  membrane ,  ATPase  m i g h t  be 
an appropr i a t e  exp lana t ion  for the  inhibi t ion of d ig i toxin  
absorp t ion  ,, 7. I t  was  shown by  DAMM and WO:ERMANN 2 
earlier tha t ,  wi th  these  drugs, t he  inhib i t ion  of d igi toxin  

corre la ted  s t rongly  wi th  the  inhibi t ion of the  in tes t ina l  
absorp t ion  of sodium, wa te r  and glucose. P robenec id  is 
known as an inhib i tor  of organic anion t r a n s p o r t s  2,9 as 
well as for non-specif ic  metabol ic  inhibi t ions  x~ The 
l a t t e r  e f fec t  only seems to  be involved in the  inhibi t ion 
of d igi toxin  absorpt ion .  In  all, as d e m o n s t r a t e d  in vitro,  
d ig i toxin  absorp t ion  in vivo can ha rd ly  be in t e rp re t ed  by  
simple diffusion;  the  p resen t  resul ts  indicate  t h a t  ac t ive  
processes are a t  least  pa r t l y  involved in th is  t ransfer .  
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Summary. Chronic admin i s t r a t ion  of alcohol to  wel l -nourished ra ts  led to s t r iking changes  in the  small  in tes t ina l  cell 
popula t ion .  The presen t  expe r imen t s  cor robora te  the  view t h a t  alcohol is d i rec t ly  toxic  to the  small  intest ine.  

Diarrhea ,  d i s tu rbances  of digest ion,  and  ma labso rp t ion  
of nu t r i en t s  are f r equen t ly  associa ted wi th  chronic 
alcohol intake.  L ight  and electron microscopic changes  2, 2 
and funct ional  a l te ra t ions  4-]~ of the  small  in tes t ine  have  
been repor ted  in alcoholic pa t i en t s  and  exper imenta l  
animals.  The causes, however ,  are still unknown.  Mal- 
nu t r i t ion  and direct  en te ro toxic  effect  of alcohol have  
been  assumed as pa thogen ic  mechan i sms  of such ab-  
normali t ies .  The presen t  inves t iga t ion  was unde r t aken  
to  s t u d y  the  effect  of a prolonged per iod of alcohol in- 
gest ion on the  small  in tes t ina l  cell popula t ion  in o therwise  
well-nourished rats.  

Materials and methods. 5 Wis t a r  s t ra in  male ra ts  (body 
weight  30-40 g) were allowed to d r ink  only alcohol for 
12 weeks. A 32% (v/v) e thy l  alcohol solut ion in 25% 
(w/v) sucrose in t ap  wa te r  was used. 5 animals  f rom the  
same s tock were kep t  as controls  and  given no alcohol. 
All ra t s  were fed on a solid semi-syn the t i c  d ie t  supple-  

m e n t e d  wi th  large amo u n t s  of v i t amins  and l ipot ropes  11, i2 
Tissues f rom b o t h  control  and  expe r imen ta l  groups 

were processed in exac t ly  the  same fashion. To de te rmine  
the  percentage  of cells in division in the  small  in tes t ine  
dur ing a given t ime  interval ,  the  colchicine t echn ique  was 
applied12,14. The ra ts  were in jec ted  s.c.  wi th  colchicine in 
a dose of 0.1 mg per  100 g of b o d y  weight  3 h pr ior  to 
sacrifice. ~he  animals  were sacrificed by  exsangu ina t ion  
under  l ight  e ther  anesthesia ,  and  pieces of p rox imal  
j e j u n u m and dis ta l  i leum were rap id ly  removed,  f lat-  
t ened  on cardboard ,  f ixed in Bouin ' s  solut ion for 72 h, 
and  emb ed d ed  in paraff in.  Longi tud ina l  sect ions were cut  
a t  4 a m  and s ta ined  wi th  hematoxy l in -eos in  and  PAS-  
hematoxy l in .  Areas of sect ions showing c ryp t s  cu t  t h ro u g h  
the i r  length  were selected for  coun t ing  the  to ta l  n u m b e r  
of nuclei and  the  n u m b e r  of mitosis  in m e t a p h a s e  and  
prophase .  At  least  10 c ryp t s  per  sect ion were coun ted  in 
the  par t icu lar  t issue f rom each animal.  The leng th  of villi 



15.5.  1976 Special ia 

Effect  of alcohol feeding on vi l lus and  c ryp t  length  and c ryp t  cell popula t ion  
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Length  (mm) ~ No. of cells b Nuclei  in mitosis  (%) 

J e j u n u m  
Controls 0.837 • 0.056 83.72 -4- 3.99 19.34 --  2.51 
Alcoholics 0.501 • 0.049 66.22 ~ 22.19 10.62 :k 3.26 
Devia t ion  from control  (%) - -  40 --  21 --  55 
p < 0.005 < 0.1 < 0.005 

I leum 
Controls 0.699 i 0.087 72.96 -4- 6.15 14.20 • 2.76 
Alcoholics 0.407 -t- 0.091 56.02 • 14.21 5.91 • 3.16 
Devia t ion  from control  (%) --  47 --  23 --  58 
p < 0.005 < 0.05 < 0.005 

Values are means  :t2 s t anda rd  mean  error. ~Average length  of vil l i  plus crypts ,  bAverage number  of epi thel ia l  cells nuclei  on long i tud ina l  
sections of crypts ,  cMetaphase  plus prophase.  

and crypts  was measured in proper ly  or iented sections 
by  using a micromet r ic  ocular. S tuden t ' s  t-test was used 
to check the  significance of differences be tween  control  
and alcoholic rats. 

Results  and discussion. The general  appearance  of the 
exper imenta l  animals  was essential ly similar  to t h a t  of 
the  controls.  However ,  t h e y  gained 23-28% less weight  
t han  the  controls.  Clinical signs of inebriat ion were com- 
m o n l y  seen among  the  alcohol-fed rats. The animals  
dr inking alcohol consumed 27% of their  calories as 
alcohol  and the  to t a l  a m o u n t  of dai ly consumed calories 
was 10% less t han  the  control  group. 

Af te r  12 weeks of chronic alcohol ingestion, s tr iking 
changes in small  in tes t inal  cell popula t ion  could be ob- 
served. The je juna l  and ileal mucosae f rom alcoholic rats  
were th inner  t h a n  those of the  control  rats  (Figure), and 
the  intes t inal  c rypts  of the  alcohol-fed animals  had  a 
decreased epi thel ial  cell count,  bo th  in the  j e j unum 
(66.22 4- 22.19 ceils against  83.72 :t- 3.99 in the  controls ;  
p < 0.1) and in the  i leum (56.02 • 14.21 cells against  
72.96 :k 6.15 in the  controls ;  p < 0.05) (Table). The  
number  of mitosis  (prophase plus metaphase)  per 100 
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Represen ta t ive  longi tudina l  sec- 
t ions of j e junum and i leum s ta ined  
wi th  PAS-hematoxyl in .  a) Nor- 
real control  j e junum;  b) J e j u n u m  
from alcoholic ra t ;  c) Normal  con- 
trol  i leum; d) I lemn from alco- 
holic rat ,  • 50. 
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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. 

The Biliary Excretion of [3H] Lysergic Acid Diethylamide in Wistar and Gunn Rats 
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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 (*). 


