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andros te rone)  a n d  androst-5-en-3fl ,  16~, 17fl-triol (andros-  
t en t r io l )  were s e p a r a t e d  f rom t he  po la r  g lucuronos ide  frac-  
t ion .  Fo r  f u r t h e r  c h a r a c t e r i z a t i o n  of t he  i n d i v i d u a l  com- 
pounds ,  all  s te ro ids  were d i lu ted  w i t h  t he  a p p r o p r i a t e  

Table I. C10-steroid glucuronosides, isolated from 24 h urine 

3-glucuronoside of dpm aH dpm I4C 3H/x~C 

Dehydropeiandrosterone 7,850 3,760 2.09 

Testosterone 27,100 13,400 2.02 

Androsterone 7,700 3,670 2.10 

Etioeholanolone } 
Epiandrosterone 58,180 27,800 2.10 

Androstendione } 
Androstandione 6,100 3,020 2.02 
Etiocholandione 

Polar steroids 124,100 58,100 2.14 

Table II. Specific activity of free steroids after enzymic hydrolysis of 
3-glucuronosides and reverse isotope dilution 

Steroid Specific activity (dpm//zg) after chro- 
matography 

Free 2,4-DNPH- 
derivative 

System A B C D 

Dehydroepiandrosterone 394 380 383 
Androstendione 35.8 33.2 30.4 
Testosterone 119 98.6 98.2 
Androsterone 156 145 142 
Etiocholanolone 36.6 34.5 35.0 
Epiandrosterone 429 415 420 
Androstendiol 178 175, 
16~-Hydroxy- 
dehydroepiandrosterone 156 150 144 148 
Androstentriol 20.0 18.5 

A = paper chromatography in propylene glycol/toluene; B = paper 
chromatography in propylene glycol/methylcyclohexane; C = thin 
layer chromatography on silica gel G in ehtoroform-dioxane (94:6 
v/v); D = thin layer chromatography on silica Gel in chloroforme. 

As free compound. 

non- labe l l ed  s t a n d a r d  a n d  pur i f ied  to c o n s t a n t  s p e c i f i c  
ac t iv i ty ,  t h e  s te ro id  c o n c e n t r a t i o n  be ing  q u a n t i t a t e d  b y  
m e a n s  of t he  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  r eac t ion  9 (ke- 
ton ic  s teroids)  or  t he  OERTEL--EIK-NEs reac t ion  t0 (andro-  
s t end io l  a n d  andros ten t r io l )  (Table  II) .  The  fo rmer  
p rocedure  n o t  on ly  a l lowed a r epea t ed  c h r o m a t o g r a p h y  
a n d  ensu ing  q u a n t i t a t i o n  of the  coloured  de r iva t i ve  b u t  
p rov ided  t he  s epa ra t i on  of t r aces  of 5e -andros tan-3 ,  17- 
d ione  a n d  5f l -androstan-3,  17-dione ( and ros t and ione  and  
e t iocholandione)  f rom t h e  a n d r o s t e n d i o n e  f ract ion.  

F r o m  these  results ,  i t  becomes  e v i d e n t  t h a t  t h e  d i rec t  
m e t a b o l i s m  of C19-steroid glucuronosides ,  such as reduc-  
t ion  in r ing  A, is no t  l imi ted  to 17fl-glucuronosides b u t  
m a y  o c c u r  w i t h  3/3-glucuronoside also. Hence,  t he  con-  
vers ion  of d e h y d r o e p i a n d r o s t e r o n e  3/~-glucuronoside to 
t he  g lucuronos ides  of a n d r o s t e r o n e  or e t iocho lano lone  
necessar i ly  invo lves  t he  i n t e r m e d i a t e  f o r m a t i o n  of 3, 5- 
d ienol  glucuronoside(3) ,  as ref lec ted  b y  the  i so la t ion  of 
a n d r o s t e n d i o n e  and  t e s t o s t e rone  and  d e m o n s t r a t e d  b y  
o the r  a u t h o r s  XL C o m p a r i n g  t he  d i rec t  m e t a b o l i s m  of 
d e h y d r o e p i a n d r o s t e r o n e  g lucuronos ide  w i th  t h a t  of de-  
h y d r o e p i a n d r o s t e r o n e  s u l p h a t e  or su lpha t ide  respec- 
t ively~L i t  seems n o t e w o r t h y  t h a t  t he  mode  of con juga-  
t ion  does no t  ser iously  af fec t  t he  me tabo l i c  changes  in t he  
s tero id  moie ty ,  a t  l eas t  w i t h  r ega rd  to me t abo l i t e s  
fo rmed  is. 

Zusammen/assung. Es  wird  gezeigt,  dass  b e i m  Menschen  
Steroide  in F o r m  ih re r  3-Glucuronoside  me tabo l i s i e r t  
we rden  kSnnen ,  und  zwar  in t~hnlicher Weise wie dies 
schon  ftir e n t s p r e c h e n d e  17-Glycoside nachgewiesen  wor- 
den  ist. 
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Role  of Bac ter ia l  E n d o t o x i n s  in Intes t ina l  
I s c h e m i c  (SMA) S h o c k  

R e c e n t l y ,  a h y p o t h e s i s  ha s  been  a d v a n c e d  t h a t  impa i r -  
m e n t  of r e t i cu lo -endo the l i a l  s y s t e m  (RES)  func t ion  w i t h  
o v e r w h e l m i n g  e n d o t o x e m i a  is the  cause  of e x p e r i m e n t a l  
i r revers ib le  ( refractory)  shockL  E v i d e n c e  in s u p p o r t  of 
t h i s  thes is  is t h a t  R E S  b lockade  b y  d i f fe ren t  m e a n s  ha s  
been  d e m o n s t r a t e d  to  induce  a loss of e n d o t o x i n  tol-  
e rance  ~ and  to  r e n d e r  an i m a l s  more  suscep t ib le  to  bac-  
te r ia l  e n d o t o x i n s  8. I n  add i t ion ,  i n j ec t ion  of va r ious  t ypes  
of g r a m - n e g a t i v e  b a c t e r i a l  cu l tu res  caused  an  increased  

incidence  of m o r t a l i t y  in  h e m o r r h a g i c  and t o u r n i q u e t  
shock  4. These  l a t t e r  i nves t iga to r s  also d e m o n s t r a t e d  t h a t  
r a b b i t s  r ecover ing  f rom revers ib le  hemor rhag ic  shock  
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were ex t r eme ly  sensi t ive to  bacter ia l  endo tox in ;  the  le thal  
dose being 1/100,000 of t h a t  used in contro l  animals  ~. 

However ,  o ther  inves t iga tors  have  ques t ioned  the  role 
of bac ter ia l  endo tox in  in irreversible expe r imen ta l  shock 
for several  reasons:  (1) the  failure to d e m o n s t r a t e  a dif- 
ference in the  course or u l t imate  outcome of animals  pre-  
t r ea t ed  wi th  non-absorbab le  ant ib iot ics  for several  days  
pr ior  to  hemorrhag ic  shock s, shock due to  l igat ion of the  
super ior  mesenter ic  a r t e ry  (SMA) ~,7 or in endotoxic  
shockS; (2) the  failure to de tec t  any  difference in germ- 
free an imals  versus normal  controls  in response  to  bleed- 
ing, dura t ion  of hypotens ion ,  pa tho logy  and  u l t imate  
outcomeg,l~ and  (3) the  failure to de tec t  bac ter ia l  endo-  
tox in  in the  blood of rabb i t s  sub jec ted  to SMA shock n.  

More recent ly  o the r  work  has  d e m o n s t r a t e d :  (1) a 
' R E S  depress ing subs tance '  in the  ischemic in tes t ine  of 
ra ts  which  is no t  bacter ia l  endotoxinl~;  (2) a marked  and 
progressive funct ional  depress ion of the  R E S  of ra t s  sub- 
jec ted  to mild in tes t ina l  ischemic (SMA) shock18,14 ; (3) 
increased survival  ra tes  in SMA shocked animals  being 
corre la ted  to a hyper func t iona l  RESla,I~; and  (4) an in- 
creased suscept ib i l i ty  of ra t s  exhib i t ing  pr ior  ' R E S  
b lockade '  to SMA shock 15. On the  basis of these  observa-  
t ions i t  was suggested t h a t  the  R E S  does, indeed,  p lay  an 
i m p o r t a n t  role in t he  progress ion of the  expe r imen ta l  
shock synd rome  ~5. However ,  such s tudies  m a y  or m a y  no t  
impl ica te  bacter ia l  endo toxemia  as the  cause of the  ulti- 
ma te  demise  of an an imal  sub jec ted  to  expe r imen ta l  
shock. 

Since the  R E S  is known  to be depressed in animals  
sub jec ted  to mild SMA shock ~3d4 then  an LD~0 inject ion 
of bacter ia l  endo tox in  in such mildly shocked animals  
should exacerba te  the  SMA shock pic ture  and lead to a 
grea ter  incidence of shock mor ta l i ty ,  s imilar  to t h a t  pre- 
viously seen in hemorrhag ic  and t r auma t i c  shock *, if 
g ram-nega t ive  bacter ia  are, indeed, e labora ted  by  the  
isehemic in tes t ine  16 and are responsible  for i r revers ibi l i ty  
in all types  of expe r imen ta l  shock 1. 

1 group of Wis ta r  s t ra in  female ra ts  (average weight  
150 g) was anes the t ized  wi th  pen toba rb i t a l  (30 mg/kg) 
and received an i.v. LDs0 dose of S. enteritidis l ipopoly- 
sacchar ide  endo tox in  (Difco). A second group was simi- 
larly anes the t ized  and received a sham SMA opera t ion  
( l aparo tomy plus loose, unoccluded,  l igature a round  the  
SMA for a per iod of 20 min). A th i rd  anes the t ized  group 
of animals  was sub jec ted  to a t e m p o r a r y  l igat ion of the  
super ior  mesenter ic  a r t e ry  for a per iod of 20 min using a 
previous ly  descr ibed technicXL Bo th  of the  la t t e r  groups 
of animals  received an i.v. LDs0 dose of S. enteritidis 

Influence of bacterial endotoxemia on survival after mild intestinal 
(SMA) isehemie shock 

Group Survivors]total Survival 

rats (%) 

Endotoxin alone b 11 ]24 46 
Sham SMA + endotoxin~ 21137 57 
SMA + endotoxin~ 18135 51 

Survival determined at 48 h in all cases, b S. enteritidis adminis- 
tered i.v. in a dose of 2.0 rag/ 100 g body weight, c S. enteritidis ad- 
ministered i.v. in a dose of 2.0 ing/100 g body weight 3 h after sham 
or SMA procedure. 

endo tox in  3 h af ter  release of the  sham l igatures and 
l igated SHAH. This  t ime in te rva l  was selected as o the r  
s tudies  in 20 rain SMA animals  showed phagocytic indices 
which  were 33% depressed over  s h am-o p e ra t ed  or normal  
ra t s  13,14. All 3 groups  of ra t s  were t h e n  observed  for 48 h 
for survival .  The resul ts  of these  expe r imen t s  are shown 
in the  Table.  I t  is qui te  ev iden t  f rom these  d a t a  t h a t  
endo toxemia  does no t  exacerba te  the  incidence of m o r -  
t a l i ty  in the  in tes t ina l  ischemic shocked animals  or vice 
versa.  

These results  when  t aken  toge the r  wi th :  (1) t he  pre-  
viously  ci ted e v i d e n c e ' - n ;  (2) d i rect  in v ivo microscopic 
observa t ions  of mesenter ies  of ra t s  sub jec ted  to  SMA 
shock ~, showing an ent i re ly  d i f ferent  p a t t e r n  of vascular  
behav io r  f rom mesenter ies  of ra ts  sub jec ted  to  le thal  
doses of endo tox in  ls,ig; and (3) the  inabi l i ty  of endo tox in  
to le ran t  ra ts  to  to le ra te  SMA shock 7 (a c i rcumstance  in 
i tself  arguing aga ins t  endo toxemia  as being the  p r i ma ry  
fac tor  in card iovascular  collapse following SMA occlu- 
sion), a l though  no t  ques t ioning  the  role of g ram-nega t ive  
bac te r ia  in i r reversible  hemorrhag ic  or t r auma t i c  shock 
do s t rong ly  sugges t  the  need for a re -eva lua t ion  of the  
role of these bac te r ia  in in tes t ina l  ischemic shock 20. 

Zusammen/assung.  Es werden  Versuche  zur Aufkl~irung 
der  Rolle der  g ram-nega t iven  Bakte r ien  im irreversiblen 
ischRmischen Darmschock  durchgeff ihr t  : t~at ten erweisen 
sich un te r  dem Einf luss  einer  mi lden  F o r m  yon isch~imi- 
schem Darmschock  keinesfalls ffir E n d o t o x e m i a  emp-  
f indl icher  als falsch operier te  oder  normale  Tiere, die die- 
selben Dosen yon  bakter ie l lem E n d o t o x i n  e rha l ten  haben.  
D a d u r c h  wird  die lRolle der  E n d o t o x e m i a  in der  Pa tho -  
genese des i r revers iblen Darmschocks  fragwtirdig.  
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