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Drug Interactions in Intestinal Absorption of 3H-Digitoxin in Rats 

W. BRAUN and K. I t .  DAMM 

Department o/ Pharmacology, University o/Hamburg, Martinistrasse 52, D-2000 Hamburg 20 (German Federal Republic, 
BRD), 12 November 1975. 

Summary. The  a b s o r p t i o n  of 3H-dig i toxin  f rom per fused  r a t  smal l  i n t e s t i ne  was i nh ib i t ed  b y  p r o b e n e c i d  (1.0 • 10 -~ M), 
e t h a c r y n i c  acid (0.5 • 10 -3 M), and  mersa ly l  (8.0 • 10 -a M) ind i ca t i ng  t h a t  d ig i tox in  abso rp t ion  is a t  l eas t  p a r t l y  an  
ac t ive  process.  

I n  r ecen t  s tudies  on  t h e  in v i t ro  a b s o r p t i o n  of digi- 
tox in ,  t h e  c o n t r i b u t i o n  of a n  ac t ive  t r a n s p o r t  was as- 
s u m e d  b y  t he  fol lowing f ind ings :  s a t u r a b l e  a n d  uphi l l  
t r a n s p o r t  f rom m u c o s a  to  serosa ~; d e p e n d e n c y  on  oxygen  
a n d  ene rgy  supply2 ;  a n d  f u n c t i o n a l  a s y m m e t r y  con-  
cern ing  mucosa l  a n d  serosal  a d m i n i s t r a t i o n  of d ig i tox in  3. 
Moreover  t h e  a b s o r p t i o n  of aH-dig i tox in  was i n h i b i t e d  
b y  probenec id ,  e t h a c r y n i c  acid,  a n d  mer sa ly l  2. The  
p r e s e n t  s t u d y  ha s  been  pe r fo rmed  in order  to  i nves t i ga t e  
t h e  d rug  effects  o b t a i n e d  ill v i t ro  on t h e  i n t e s t i n a l  ab-  
so rp t ion  of 3H-dig i toxin  in v ivo  in rats .  
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Fig. 1. Effect of probenecid, ethacrynic acid, and mersalyl on the 
intestinal absorption of 3H-digitoxin in vivo in rats in urethane 
anaesthesia (1.2 g/kg). The amount of 3H-digitoxin absorbed after 
40 min is given in ~xmoles/kg body wt. Number of experiments in 
brackets. 
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Fig. 2. Glycoside pIasma levels during 40 rain single pass perfusion 
of the small intestine of anaesthetized rats (1.2 g/kg urethane) with 
IZrebs-Ringer-solution containing 2 • 10 -a M aH-digitoxin in controls 
and under pr0beneeid, ethacrynic acid, and mersalyl. Results are 
given as the mean 4- SD of 6 experiments. 

Methods. The  smal l  in t e s t ine  o f  male  W i s t a r  r a t s  
(200 :L 50 g b o d y  weight ,  fas ted  for  36 h) was  per fused  in 
v ivo  u n d e r  1.2 g /kg u r e t h a n e  anaes the s i a  in  single pass  
per fus ion  accord ing  to  SCHANKER et  al. 4. I n  40 ra in  
expe r imen t s ,  50 ml  of Krebs -R inge r - so lu t i on  ( r aM:  NaC1 
118.0, KC1 4.7, CaC12 2.2, MgSO 4 1.05, N a H C O  3 24.9, 
K H 2 P O  , 1.18) were per fused  w i t h  a c o n s t a n t  r a t e  of 
1.25 ml  pe r  ra in  a t  a p H  7.4 and  37~ t h e  i n t r a l u m i n a l  
pressure  n e v e r  exceeding  15 cm of water .  ~H-digi toxin  
(MEN, D r e i e i c h e n h a i n / G F R )  and  t h e  inh ib i to r s  used  - 
p robenec id  a n d  e t h a c r y n i c  acid (Sha rp  & Dohme,  Miin-  
c h e n / G F R )  a n d  mersa ly l  (Hoechst ,  F r a n k f u r t / G F R )  - 
were a d d e d  to  t h e . p e r f u s i o n  fluid. 

Blood samples  (0.4 ml) were w i t h d r a w n  f rom t h e  
ca ro t id  a r t e r y  a t  5, 15, 30, and  40 rain.  Tissue samples  of 
l iver,  k idney ,  a n d  ske le ta l  musc le  (200-300 rag) were 
r e m o v e d  a t  t he  end  of . the  expe r imen t s .  F o r  d e t e r m i n a -  
t ion  of t he  glycoside c o n c e n t r a t i o n  (digi toxin  inc lud ing  
i ts  metabo l i t es ) ,  r a d i o a c t i v i t y  in  p l a s m a  a n d  t issues  was 
m e a s u r e d  b y  l iquid  sc in t i l l a t ion  c o u n t i n g  as descr ibed  
ear l ier  5. The  a m o u n t  o f -3 I t -d ig i tox in  a b s o r b e d  was cal- 
cu l a t ed  f rom changes  in v o l u m e  a n d  glycoside c o n t e n t  of 
t h e  per fus ion  fluid.  The  fluid v o l u m e  was d e t e r m i n e d  b y  
x~C-inulin (NEN,  D r e i e i c h e n h a i n / G F R )  as a m a r k e r  as 
well  as vo lummet r i ca l l y .  

Results. The  d rug  effects  on  t he  a b s o r p t i o n  of 3H- 
d ig i tox in  are  shown  in  F igure  1. I n  cont ro l s  2.2 ~moles /kg  
b o d y  wt .  of aH-dig i tox in  were a b s o r b e d  f rom the  smal l  
in t e s t ine  of r a t s  in 40 rain.  W i t h  p robenec id  (1.0 • 10 -2 M),  
e t h a c r y n i c  acid (0.5 • 10 -3 M) ,  and  mersa ly l  (8.0 • 
10 -3 M),  t he  d ig i tox in  a b s o r p t i o n  decreased  s ign i f i can t ly  
to  1.75, 1.1, a n d  0.50 Fmoles /kg b o d y  wt.  pe r  40 rain.  

F r o m  the  resu l t s  shown  ill F igure  2, i t  can  be  conc luded  
t h a t  t h e  glycoside c o n c e n t r a t i o n  m e a s u r e d  d u r i n g  t he  
per iod  of a b s o r p t i o n  in t he  r a t  p l a s m a  is d imin i shed  
s ign i f i can t ly  b y  p robenec id  (0.58 7g/ml) ,  e thaCrynic  acid 
(0.71 Fg/ml), a n d  mersa ly l  (0.46 ~g/ml) c o m p a r e d  w i t h  
t h e  cont ro l s  (1.08 ~xg/ml). 

I n  t he  Tab le  t h e  glycoside c o n t e n t s  in  p lasma,  liver, 
kidney ,  a n d  ske le ta l  musc le  r e ached  a t  t h e  e n d  of t he  
e x p e r i m e n t s  are  summar i zed .  Cor responding  to  t he  
decreased  r a t e  of d ig i tox in  abso rp t ion ,  t h e  inh ib i to r s  
i m p a i r  t he  glycoside  c o n c e n t r a t i o n  in p l a s m a  as well  as 
in  t issues.  

Discussion. The  resu l t s  o b t a i n e d  show t h a t  p robenec id ,  
e t h a c r y n i c  acid, a n d  mersa ly l  i n h i b i t  t h e  a b s o r p t i o n  of 
3H-dig i toxin  in v ivo  in rats ,  as a l r e ady  d e m o n s t r a t e d  in 
v i t ro  in mice. The  i nh ib i t o r s  s ign i f i can t ly  reduce  t he  
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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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Effect  of A l c o h o l  I n g e s t i o n  on  t h e  E p i t h e l i a l  Cel l  P o p u l a t i o n  in  Rat  S m a l l  I n t e s t i n e  

S. ZUCOLOTO and M. A. RossI1  

Department o/ Pathology, Medical School o/ Ribeirgo Preto, Caiza Postal 301, Ribeirdo Preto (S. P., Brazil), 
2d November 1975. 

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 


