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E n t e r o - H e p a t i c  C ircu la t ion  of  7 t t - S H - D H E A - ~ S  - 
Sul fate ,  7~ t -~H-DHEA- lCC-Glucuronos ide  and  

Free  7 ~ - S H - D H E A  in the  H u m a n  

In  recent  expe r imen t s  i,~ the  en t e ro  hepa t ic  c i rcula t ion  
of C19-steroids has  been demons t r a t ed  in t he  gunea-pig.  
Similar  inves t iga t ions  in the  h u m a n  seemed of pa r t i cu la r  
interest ,  since var ious  Cl ,-s teroid su lphates  o r  g lucurono-  
sides could  be isolated f rom h u m a n  bile a,~ 

In  o rder  to follow the  d i f ferent  metabo l ic  processes, 
which  even tua l l y  include a recon juga t ion  of steroids,  
double  labelled dehydroep iandros t e rone -  ( D H E A ) - s u l -  
pha te  or  g lucuronoside  ~,~ were  employed .  In  pa t i en t s  
wi th  a choledochus  dra in  (Table I) the  ch romatograph i -  
cal ly  pure  compounds  were infused by  in t raduodena l  
i n tuba t ion  or  adminis te red  d i rec t ly  dur ing opera t ion  into  
the  lumen  of di f ferent  in tes t inal  segments  or into the  
por ta l  vein.  Then,  p lasma of the  appropr ia te  intes t inal  
vein,  per iphera l  venous  plasma,  bile and ur ine were 
assayed for free and con juga ted  single or  double  labelled 
steroids b y  established methods t ,  *, thns  securing an 
adequa te  isolat ion and ident i f ica t ion of free me taboh tes  
as well  as the  corresponding sulphat ides  and glucurono- 
sides. The  q u a n t i t a t i v e  analysis of ~H, a~S and 1~C was 
per formed in a Packard  'T r i ca rb '  Spec t romete r  314-EX. 

Fol lowing the  in jec t ion  of 7e-aH-DHEA-a~S-sulphate  
(aH/a~S = 1.93) in to  the  d u o d e n u m  (exper iment  1), t he  
24-h ur ine conta ined  26.5 %, the  24-h bile 0.5 % of adminis-  
tered an -ac t i v i t y .  Such an excre t ion  a p p r o x i m a t e d  to  t h a t  
found a f t e r  infusion of the  same subs t ra te  in to  the  por t a l  
ve in  (exper iment  2), ind ica t ing  a comple te  reabsorp t ion  
of the  con juga te  f rom the  intest ines.  I n  bo th  expe r imen t s  
the  u r ina ry  s teroid sulphates  exhib i ted  a aH/a~S ra t io  
s imilar  to t h a t  of t he  subs t ra te  (2.48 and 2.31 respec t ive ly  
Table  I I ) .  Hence ,  the  passage of s teroid su lpha te  t h rough  
the  intest inM wall, i ts t r anspor t  f rom the  por ta l  ve in  to 
liver,  per iphera l  circulat ion,  k idney  and f inal ly  in to  ur ine  
mus t  have  occurred wi thou t  subs tan t ia l  hydrolys is  and  
reeonjugat ion.  However ,  any  su lphoconjuga ted  steroid 
reaching the bile unde rwen t  ex tens ive  hydrolysis  and 

reconjugat ion,  as demons t r a t ed  by  a r emarkab le  loss of 
35S in the  fract ions of t r i t i a t ed  steroid conjuga tes  in bile. 
The  analysis of steroid conjugates  in in tes t ina l  ve in  
b lood af te r  in jec t ion  of 7~-SH-DHEA-su lpha te  in to  the  
l umen  of the  i leum (exper iment  3) revea led  a cont inuous  
b u t  s low reabsorp t ion  of the  con juga te  w i thou t  appa ren t  
me tabo l i sm of t he  s teroid moie ty .  

I n  con t ras t  to these  findings, t he  infusion of  7~-8tt - 
DHEA-14C-glucuronoside (ZH/14C = 2.02) in to  t he  duo- 
d e n u m  (exper iment  4) resul ted  in t he  isolat ion of  1.3% 
and  0.7% of admin is te red  8H-ac t iv i ty  f rom the  24-h 
ur ine  or  24-h bile respec t ive ly  (Table I I ) .  Most  radio-  
a c t i v i t y  was con ta ined  in t he  f rac t ion  of single labelled 
s teroid sulphates,  while in t he  minu te  f rac t ion  of labelted 
steroid glucuronosides,  too, no x4C-activity could be 
detected.  Af te r  in jec t ion  of 7~-3H-DHEA-14C-glucu - 
ronoside into  the  por ta l  ve in  (exper iment  5), 25.4% 
and 6.7% of appl ied a n - a c t i v i t y  were present  in the  
24-h urine and  24-h bile respect ively ,  95% of t he  
an- label led  u r ina ry  metabol i tes  being excre ted  in form 
of double  labelled glucuronosides wi th  the  original 
3H/14C rat io  (Table II) .  Of the  a n - a c t i v i t y  in bile only 
2 5 % were isolated as single labelled steroid glucuronoside,  
the  rest  as single labelled steroid sulphates.  Therefore  it  
can be assumed t h a t  mere ly  15-20% of t he  s teroid 
glucuronoside were reabsorbed f rom the  in tes t ina l  t rac t ,  
and this  only  af ter  comple te  hydrolysis .  F r o m  the  por ta l  
ve in  any  glucuronoside present  passed t h rough  liver,  
per iphera l  c i rcula t ion and k idney  into  ur ine  w i thou t  any  
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Table I. Experimental couditions 

Experiment No. Patient (age; sex; diagnosis) Injected substance (#g; Ipm SHla~S or 14C) Injected into 

(1) 55 years; female; 4th day after 0.192/~g 7~-ZH-DHEA-a~S-sulphate Duodenumby 
eholecysteetomy (eholelithiasis), (6,710,000 Ipm 8H/3,480,000 Ipm ~ 5 S )  duodenaltube 

(2) 

liver-tests in serum normal 

62 years; female; cholecystectomy 
(chotecystitis), in serum bilirubin 
4.9 rag%, ale. phosphatase 5.8 IU. 

63 years; male; stomach resection 
(uleus ventriculi) liver tests in sermn 
normal 

0.072 ~g 7~-ZH-DHEA-3~S-sulphate 
(2,501,000 Ipm aH/1,296,000 Ipm asS) 

(3) 2.009 Ng 7ac-SH-DHEA-sulphate 
(70,000,000 Ipm) 

Portal vein, 
directly 

Lumen of the 
upper ileum 
through the 
intestinal walt 

(4) 68 years; female; 8th day after 0.189/zg 7¢¢-SH-DHEA-X4C-glucuronoside Duodenumby 
cholecystectomy (eholelithiasis), (5,368,000 Ipm 8H/2,660,000 Ipm ~4C) duodenal tube 
liver-tests in serum normal 

26 years; male; stomach resection 
(uleus duodeni) ; in serum ale. 
phosphatase 18.5 1 U, bilirubin normal 

35 years; male; stomach resection 
(HIcus ventrieuli), liver-tests in serum 
normal 

(5) 0.029/zg 70¢-SH-DHEA-~4C-glueuronoside Portal vein, 
(835,000 Ipm an/413,000 Ipm 14C) directly 

(6) 0.288 t*g 7c~'aH'DHEA (13,500,000,Ipm) Lumen of the 
duodenum 
through the 
intestinal wall 
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Table II. Free and conjugated steroids in experiments Nos. 1-6 
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Experiment Material (time after 
No. injection, volume) 

Free steroids Sulphoconjugated steroids Steroid-glucuronoside Total % 
(lpm 3H) ipm 8H (s~S) Ipm ~H {x4C) of injected 

~H-aetivity 

(1) Bile (1-24 h, 563 ml) - 

Urine (1-24 h, 1,120 ml) 

(2) Bile (1-24 h 483 ml) - 

Urine (1-24 h, 1,420 ml) 

(3) Plasma of ileaeal vein 6,605 
(1-120 min, 40 ml) 

(4) Bile (1-24 h, 566 ml) - 

Urine (1-24 h, 475 ml) 

(5) Bile (1-24 h, 598 ml) - 

Urine (1-24 h, 590 ml} 

{6) Plasma of duodenal vein 177,840 
(1-30 min, 40 ml) 

28,710 = 5.3 5,510 0.506 
(5,269) 

1,779,900 ~ 2.4 5,300 26.499 
(719,000) 

5,084 = 8.4 1,225 0.262 
(603) 

727,200 = 2.3 42,150 30.621 
{314,300} 

127,250 504 0.189 

24,430 15,110 0.740 
(0) 

56,475 15,070 1.341 
(0) 

42,310 13,990 6.750 
(0) 

12,500 200,100 = 2.07 25.450 
(97,080) 

577,300 106,390 4,190 

not iceable  hydrolysis .  On the  o ther  hand,  ex tens ive  
hydrolys is  and reconjuga t ion  preceeds the  hepa t ic  
excre t ion  of s teroid glucuronoside,  as ev idenced b y  to t a l  
loss of 14C-activity of t h e  s teroid conjuga tes  in bile. 

W h e n  free 7~-3H-DHEA was infused into the  d u o d e n u m  
(exper iment  6), a rapid  and  comple te  reabsorp t ion  of  the  
s teroid could be demons t r a t ed  by  assay of in tes t ina l  
venous  plasma,  68.2% being con juga ted  wi th  sulphuric  
acid and 12.4% wi th  glucuronic  acid (Table II) .  I n  the  
remain ing  fract ion of free steroids on ly  the  unchanged  
subs t ra te  could be detected.  14% of the  a l l - ac t i v i t y  of 
the  s teroid conjugates  were D H E A - m e t a b o l i t e s .  Whi le  
3fl-hydroxy-steroids were  exclus ive ly  con juga ted  wi th  
sulphur ic  acid, 3~-hydroxy-s teroids  were  p r e d o m i n a n t l y  
coupled wi th  glucuronic  acid. Since, according  to  ear l ier  
exper iments ,  no qua l i t a t i ve  differences were  observed  in 
t he  metabo l i sm of D H E A  glucuronoside and D H E A  
sulphoconj  ugate  (sulphate  and su lpha t ide  respect ively)  3,~ 
the  in jec ted  subs t ra te  mus t  have  undergone  its metabol ic  
changes in the  steroid mo ie ty  pr ior  to c o n j u g a t i o n  of the  
resul t ing metabol i tes .  The  l a t t e r  processes appea r  to  
involve  ra ther  specific sulphokinases and g lucuronyl-  
t ransferases,  as a l ready demons t r a t ed  by  D&HM and 
BREOER e. The  isolat ion of smal l  b u t  s ignif icant  amoun t s  
of es t rogens  as well  as of andros tend ione  f rom the  

fract ions of s teroid su lphoconjuga tes  and glucuronosides 
m a y  also be of in teres t  L 

Zusammen]assung. Withrend D H E A - s u l f a t ,  welches 
m a n  bei  Versuchspersonen in das D u o d e n u m  infundie r t  
ha t t e ,  die D a r m w a n d  fas t  ohne  Hydro lyse  und  Metabo-  
l ismus passierte,  e r fuhr  D H E A - g l u c u r o n i d  eine wei tge-  
hende  Hydro lyse  und Rekon juga t ion .  Freies D H E A  
wurde  bier  zu 14% metabol is ier t ,  wobei  3f l -Hydroxy-  
Steroide mi t  SchwefelsAure, 3~-Hydroxy-S te ro ide  mi t  
GlucuronsAure kon jug ie r t  wurden.  I n  der  Leber  nn te r -  
l iegen D H E A - s u l f a t  und -glucuronid e inem di rek ten  
Metabol ismus.  
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Fai lure  of  L - P h e n y l a l a n i n e  to  P r e v e n t  B e n z e n e -  
I n d u c e d  P a n c y t o p e n i a  

We have  prev ious ly  repor ted  on a group of 60 rabbi ts  
t h a t  were  in tox ica ted  by  means  of s c. benzene  in ject ions  L 
W i t h  a dose of 300 m g / k g / d a y  of pure  benzene,  per iphera l  
pancy topen ia  could  be  induced in al l  the  an imals  wi th in  

1-9 weeks. I n  the  above  ment ioned  s tudy  i t  was demon-  
s t ra ted  for the  f irs t  t ime  rad ioau tograph ica l ly  wi th  3H- 
thymid ine  t h a t  the  pancy topen ia  of benzene in tox ica t ion  
is due to  a severe  inhibi t ion  of the  DNA-syn thes i s  in the  
bone  mar row cells. 

Because  of t h e  fac t  t h a t  t he  eh loramphenico l  molecule  
conta ins  a n i t robenzene-r ing,  one m i g h t  reasonab ly  as- 


