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CHAPTER 1 

I NT RODUCT ION . 

Cor t i s o l  ( 1 1 S , 1 7 a , 2 1 - t r i hydroxy - p r e gn - 4 - en e - 3 , 2 0 -

d i o n e  ) i s  the maj o r  g l ucoco r t i co i d  s e c r e t e d  b y  the 

ad r e n a l  cortex in human s . I n  ad d i t i o n  to  its a n t i 

i n f l ammat o ry ac t i on , c o rt i s o l  h a s  o th e r  b i o l o gi c a l  

a c t i o n s , s uch as t h e  s t i mu l a t i on o f  c a t ab o l i c  p ro ces ses , 

the  mo s t  i mp o r t a n t  o f  wh i ch are the g l u c oneo gen e s i s  

from p r o t e i n s  in  the l i ve r a n d  the r e s o rp t i on o f  b o n e  

ma t r ix . Fur t h e r more , c o rt i s o l  s upp r e s s e s  the  s e c r e t i on o f  

pi t u i t a ry g rowth ho rmon e , a n d  the  p r e s e n c e  o f  an exce s s  

o f  c o rt i s o l i n  chi l dr e n  l e ads t o  growth a r r e s t  ( N e t t e r  

1 9 6 5  ) . 

The r e  i s  a prob ab i l i ty that  co r t i s o l  h as s p e c i a l  

fun c t i o n s  i n  t h e  foe tus a n d  t h e  newb o r n  i n fant . I n  s h e e p  

partur i t i o n  comme n ces  when  g l uc o co r t i c o ids  are g i ve n  t o  

the  fo e t a l  l amb , b u t  n o t  wh e n  s uch s t e ro i ds are g i ve n  to  

the p r e g n a n t  ewes . The  adm in i s t ra t i on of  g l ucoco r t i co i d s 

to  p r e gn a nt ewes in duces l u n g  maturat i o n  i n  the  fo e t a l  

l a mb ( L i gg i n s , 1 9 6 9  ) .  I n  human s the  d a t a  a re c o n fl i c t i n g  

( L i gg i n s  & How i e , 1 9 7 2 ;  Baden , Bau e r  & C o l le ,  1 9 7 2  ) .  

L i g g i n s  and How i e  reduced t h e  i n c i de n c e  o f  re s p i r ato ry 

d i s t r es s  syndrome in t h e  p remature n ewb o rn in fan t from 

26 to 9 �  by the  a d min i s t r a t i o n of h i gh d o s e s  o f  g l u co

co r t i co i ds t o  the mo t h e r s  fo r two d ays p r i o r t o  d e l i v e ry .  

C o r t i s o l  i s  me t ab o l i s ed in  the human adu l t 

pre domi n an t ly by A r i n g  reduct i on , s i de ch a i n  reduct i o n  

and  s i de  ch a i n  d eg r a d a t i o n  ( s e e  fi g .  1 . 1  ) .  In ad d i t i o n  

a p p r o ximate l y  o n e  t hi rd o f  t h e  c o r t i s o l  me t abo l i t es a re 

o xid i s e d  a t  C - 1 1 .  

Qu a n t i t a t i vely l e s s  impo r t a n t  p athways are 6 S 

hyd ro xy la t i on ( Ka t z , L i pman , Fran t z  & J a i l er ,  1 9 6 1 ; 

Burs t ei n , K i mb a ll , K l a i b er & Gu t , 1 9 6 7 ; T rash e r , W e r k ,  

Y o u n g  Ch o i , Sho l i t on , Meyer & Oli n g e r , 1 9 6 9  ) a n d  



o x i d at i o n  o f  the  C - 2 1  hydroxy group to  y i e l d  t h e  C - 2 1  

c a rboxy l i c  acids  ( Brad l ow,  Z umo f f ,  Mande r & He l l man , 

1 9 7 3 a ;  B r ad l ow e t  a l , 1 9 7 3b ;  Mande r ,  Z umo ff ,  Brad l ow & 

He l l man , 1 9 7 5 ) .  1 8 -hydroxy l a t i on has b e en s hown to b e  a 

minor pathway o f  co rt i s o l  me t ab o l i s m  in  p at i en ts s u ff e r i n g  

f r o m  Cus h i n g s  syndrome ( Dixon , Jones  & Penn i ngton , 

1 9 6 8 a  ) .  

The me t abo l i te s  men t i oned ab ove are excreted  i n  the 

urine ma i n ly as g l uc u ron i d e s  ( 8 - D - g l uco p yr ano s i duronic  

a c i d  de r i vat ives ) .  On ly sma l l amounts  of  free and 

s u lphate conj ugated co rt i s o l  metab o l i t e s  are found in  the 

u r i n e  o f  the adu l t  ( Ko rne l & S a i to , 1 9 7 Sa ;  Korn e l  & 

Miyab o , 1 9 7 Sb ) .  

E a r l y  s tud i e s  on  the me t ab o l i s m  o f  co rt i s o l  i n  the  

human newb o rn i n d i c at e d  that  the  cort i s o l  ha l f  l i fe in  

neona t a l  b l ood i s  p ro l onged co mp ared to that  in  adu l t  

b l ood , and that  t h e  fo rmat i o n  o f  g l ucuroni de s  i s  imp a i re d  

( Bon g i o vann i , Ebe r l e i n , Westph a l l  & Boggs , 1 9 5 8 ;  H o l man 

& Mi geon , 1 9 5 8 ;  Mi geon , 1 9 5 9 ; B e r t rand , G i l l y  & L o r as , 

1 9 6 0 ; U l s t rom , Co l l e , B u r l ey & Gunvi l l e ,  1 9 6 0 a  ) .  Mi geon 

( 1 9 5 9  ) admin i s t e r e d  ( 4 - 14C ) cort i s o l  to  newbo rn i n fants 

and found that  only 3 0 �  of the radioact i ve u r i n a ry 

me t ab o l i t es  c o u l d  b e  acco un t e d  fo r .  On l y  sma l l  amo un t s  o f  

rad i o a c t i vi ty w e re e x t r a c t ab l e  from t h e  neonat a l  u r i n e  

a f t e r  incub a t i on w i th a - g l ucuron i das e .  S imi l a r  r e s u l t s  

w ere o b t a i n e d  b y  Aars ko g ,  S t ¢ a  & Tho rs en ( 1 9 64 ) who 

found that the extent o f  g l uc urono conj ugat ion was even 

l ower in premature newb o rn in fan t s . so� of the u r i n ary 

rad i o act i vi ty could not be accoun t e d  for in s p i t e  of the 

u s e  of  ri gorous e thyl  acetate ) e x t r act i on me thods . 

Reyno lds , Co l l e  & Ul s t rom ( 1 9 6 2  ) con cl uded that  the 

newb o rn in fant has a re l a t i ve i n s u f f i c i e ncy of both r i n g  

A redu c i n g  and g l ucurono con j u gat ion enzyme s . 

Dray e r  & G i raud ( 1 9 6 5  ) t e n t a t i v e l y  i d ent i fi ed the 

s u lphates  of s e ve r a l  cor t i c o s t eroids  in neonatal u r i n e  

hydro ly s ab l e  b o t h  by s o l vo ly s i s  a n d  He l i x  Poma t ia 

2 



s ul p h a t as e . K l e i n , C h an & G i r aud ( 1 9 6 9  ) found t h a t  t h e  

sum o f  cort i s o l - a n d  cort i s one s ul p h a t e s  i s  comp arab l e  

to  t h e  amo unt o f  t e t r ahydro co r t i s o n e - g l ucuron i de excre t e d . 

I n  recent rep o r t s  i t  was a ga i n  c o n f i rmed that  neona t a l  

u r i n e  c o n t a i n s  r e l a t i ve ly l a r ge amounts o f  f r e e  co r t i s o l  

me t abo l i t e s  and s mal l amoun t s  o f  g l ucuron i d e s  

( Dan i i l e s cu- Go l d in b e r g  & G i raud , 1 9 7 4  ) .  T h e s e  aut h o r s  

repo r t e d  t h at a ft e r  rad i o act ive co r t i s o l was g iven to  

newbo rn i n fant s , part  of  the  rad io a c t i vi ty n o t  ext r ac t ab l e  

a f t e r  the  app l i c a t i o n  o f  s eve ral hydro l y t i c  me tho ds b y  

extens i ve e thyl  a c e t a t e  e x t r a c t i o n  coul d b e  i s o l at e d  

f r o m  the u r i ne b y  b ut ano l ext ract ion and Amb e r l i te XAD- 2 

chro mat o graphy . Howeve r ,  t h i s  mat e r i a l  coul d no t b e  

i den t i fi e d . 

W i t h  re gard to  the  i den t i ty o f  the free s t e ro i ds 

wh i ch c o u l d  b e  i s o l a t e d  fro m neonat al  urine , U l s t ro m  e t  al  

( 1 9 6 0 b  ) i den t i f i ed 6 S - hydroxy- c or t i s o l  i n  neonat al  

urine an d pos t u l ated the  pres ence of  the  r i n g  A re duced 

an a l o g  o f  t h i s  compound . The p r e s en c e  o f  6 s - hydro xy 

c o r t i s o l  i n  n e o n a t a l  urine was confi rmed b y  Reyno l d s  e t  al  

( 1 9 6 2  ) ,  C a t h ro , Bi r ch a l l , Mi t che l l  & Fo rsyth ( 1 9 6 3  

an d Kenny , Ma l ve aux and Mi geon ( 1 9 6 3  ) .  C a t h ro e t  al  

and Kenny e t  a l  found also  cor t i s o l  an d co r t i s one , and 

Kenny et al  s howe d t h a t  co r t i s o l  o c curred as an 

unconj ugated s t e ro i d .  The l a t t e r  aut ho rs  found o n l y  

extr eme ly low amo un t s  o f  t e t r ahydro co r t i s o l  in n e o n a t a l  

u r i ne , and t h i s  cont ras t s  s h arp ly w i th the  amount s  found 

in adu l t  urine in wh i ch t h i s  s t e ro i d  is one of the 

p re dominant co rt i s o l  me t ab o l i t e s . T h i s  o b s e rvat i o n  on 

neonatal urine was con fi rme d by s e veral autho rs  ( K l e in 

e t  a l , 1 9 6 9 ;  Dan i i l e s cu - G o l d i n b e r g  & G i raud , 1 9 7 4 ;  

Shack l e ton , Honour & T ay l o r ,  1 9 7 5  ) .  T e t rahydro co r t is one 

was gen e r a l ly found as a g l ucuro n id e , but i t s  

quant i t a t i ve cont r i b ut ion to  t h e  t o t a l  o f  cort i s o l  

me t ab o l i t e s  was low i n  neonat al  urin e when comp ared to  

t h a t  i n  ad u l t  urine . 6 S -hydroxy- cort i s one was fo und by  

3 



Cath r o  e t  a l  ( 1 9 6 3  ) and Dan i i l e s cu- Go l d i nb e r g , 

Br anch aud , Arato & G i roud ( 1 9 7 3  ) .  The c o r to l on e s  

we re d e te c te d  b y  Dan i i l e s cu-Go l d i nb e r g  e t  a l  ( 1 9 7 3  and 

1 9 7 4  ) and Shack l e ton et al ( 1 9 7 3  and 1 9 7 5 ) .  Shack l e ton 

& Snodgras s ( 1 9 7 4  ) i denti fi e d  1 S -hydroxy - 2 0 S - co r to l one 

and 1 S - hydroxy - te trahydro c o rti s one i n  th e urine  of an 

i n fant s u f f e r i n g  from p s eudo -hyp o a l do s te ron i s m .  1 S 

hydroxy - 2 0 S - corto lone was a l s o  found b y  Shack l e to n  e t  a l  

( 1 9 7 5  ) i n  the u r i n e  o f  no rmal a n d  pre mature newb o rn 

i n f an ts . 

Fur the r ,  i t  i s  inte r e s ti n g  th at corti s one , rath e r  

than co rti s o l , i s  the predominan t  g l ucocorti co i d  p r e s en t  

i n  the b l o od o f  newbo rn in fants ( Buus , Bra -Ras mus s e n , 

Tro l l e & L undw a l l ,  1 9 6 6 ; H i l l man & G i roud , 1 9 6 5 ;  

Schwe i tz e r ,  Br anch aud & G i roud , 1 9 6 9 ; K l e i n , Baden & 

G i ro ud , 1 9 7 3  ) .  

S ummari s i n g  i t  can b e  s tated tha t  the newb o rn i n fant 

excre te s  re l ati ve ly l a rge amo unts o f  free corti s o l  

me tab o l i tes , s m a l l  amounts o f  g l ucuroni d e s  and s ub s tanti a ]  

amounts o f  s u lphate s . App roxi mate ly h a l f o f  the co r ti s o l  

m e tabo l i te s  can no t b e  i s o l ated from the urine  o f  th e 

newb o rn i n fant us i n g  current methods . 

The a i m  o f  the s tudy de s c r i b e d  in  th i s  the s i s  w a s  

to e l uc i date th e neon atal  corti s o l  me tab o l i s m .  

4 

Fig. 7.1 ( see o pposite page ) .  Metabo lic pathways of cortiso l  in 
the human adult.  The reaction sequence in vivo is not necessari ly 
identical to that presented in this figure . Conjugation is not 
indicated. The quantitative ly most important pathways are indicated 
by heavy lines . Minor metabo lites such as the a l lo epimers of 
tetrahydrocortisone3 the corto lones and the corto ls are not shown. 
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CHAPTER 2 .  

THE I SOLAT I ON OF CORT I SOL METABOL I TES FROM NEONATAL 

URINE . 

2 . 1  I n t roduct i on . 

From the  l i t e ra t ure i t  was evident that the methods 

wh i ch h ad b een proved s ucce s s fu l  i n  o th e r  s t e r o i d  

me t ab o l i c  s t u d i e s  were  i n s u f f i c i ent when app l i e d  to  the 

inve s t i ga t i o n of the  metab o l i s m  of cort i s o l  i n  the 

newb o rn i n fan t .  

T he fa i l ure o f  the e a r l i e r  me thods may be a s s i gn e d  

a s  fo l l ows : 

1 .  The human newb o rn excretes  cort i s o l  metabo l i t e s  

a s  conj ugat e s  wh i c h  c a n  not  b e  hydro ly s e d  by the  

known me thods . 

2 .  The unconj ugated s t e ro i ds o r  the  s t e ro i ds l i b e ra t e d  

b y  hydro lyt i c  methods are t o o  po l a r  to  b e  ext rac t e d  

quant i t at i v e l y  f r o m  n e o n a t a l  urine  by ext ract ion 

p roce dures b as e d  on s o l ve n t -s o lvent part i t i o n . 

3 .  The neonat a l  c o r t i s o l  me t ab o l i t es are unknown 

s t e ro i ds . 

Seve r a l  authors ( U l s t rom e t  a l , 1 9 6 0 ; Dan i i l e s cu

Go l d i nb e rg , Br anch aud , Arato & G i roud , 1 9 7 3 ; Dan i i l e s cu

Gol d in b e r g  & G i roud , 1 9 7 4  ) provided evi dence wh i ch 

s upports  p o s s ib i l i ty No . 3 , and as  the  un i d e n t i f i e d 

cort i s o l  metab o l i t e s  d e t e c t e d  by the s e  authors were  very 

p o l a r , po s s i b i l i ty No . 2 mus t b e  s e r i o us ly cons i de red . 

I n  that  cas e i t  i s  very we l l  po s s i b l e  that  t h e r e  i s  at 

l e a s t  a part i a l ove r l ap in  p o l a r i t y  b e tween the 

un conj ugated p o l a r  s t e r o i d s  and s t ero i d  conj ugates s uch 

as g l ucuron i d e s . T h i s  makes the  use o f  the t ra d i t i onal  

me thods in  the e l u c i dat ion of  neonatal  c o rt i s o l  

me t ab o l i s m  very que s t i on ab l e , a s  i n  t h e s e  methods the  

s ep a r a t i o n  of  the free  and d i f ferent types  of  conj ugated 
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s te ro i ds i s  b ase d on  s e l e c t i ve e x t r a c t i o n  o f  the  

re l at i v e l y  apo l ar free s t e r o i ds b e f o re and after  the  

app l i ca t i o n  of  s e veral  hydro ly t i c  methods . 

T h e re fore , i t  was cons i de red n e c e s s ary t o  i n t r o duce 

a method wh i ch me t the  fo l l ow i n g  requi rement s :  

T h e  i s o l a t i on o f  free o r  conj ugated c o rt i s o l  

me tab o l i t es  from neonatal  u r i n e  s h o u l d  b e  

quan t i t a t i ve . 

The s ep a ra t i o n  o f  the free and t h e  d i f fe rent types 

of conj ugated s t e r o i ds s hou l d  b e  achi eved wi thout 

us i n g  s o l ve n t - s o l vent p a r t i t i o n i n g  methods . 

T h i s  chap t e r  d e s c r i b e s  the  me r i t s  o f  the  adop t e d  

i s o l a t i on an d s e paration me tho ds . Th e s e  me t h o ds w e re 

tes ted u s i n g va r i o u s  hydro l y t i c  me thods . 

2 . 2  Mat e r i a l s  and Methods . 

A l l  ana l y t i c a l  grade s o l vents , reagents and re ady 

made t h i n  laye r ch romat o g raphy p l a t e s  w e re purch as ed 

from Me r c k ,  Darms t ad t , Ge rmany . Rad i o a c t ive s t e ro i ds 

w e r e  o b t a i ned from New En g l and Nuc l e ar , Dre i e i ch enh a i n , 

Ge rmany , and we re puri f i e d  by t h i n  l ay e r  ch romat o g raphy 

to g i ve a t  l e a s t  9 5 %  p u r i t y . No n radio act ive r e f e rence 

s t e r o i d s  were from S t e r a l o i d s , Pawl i n g , N . J . , U.S . A . , 

and S e rvach rom ( Amb e r l i t e  ) XAD- 2 ,  p art i c l e  s i z e s 3 0 0 -

1 0 0 0  � and 1 0 0 - 2 0 0  � from Se rva , H e i de l b e r g , Ge rmany . 

K e t o d a s e  was o b t a i n e d  f rom Warn e r  Ch i l co t t ,  Mo r r i s  P l a i ns , 

N . J . ,  U . S . A .  and G l us u l a s e  from Endo Laborato r i e s , 

Garden C i ty ,  N . Y . , U . S . A .  DEAE - S eph adex A- 2 5  and LH- 2 0  

l ipoph i l i c  Sephadex were  from Pharmac i a ,  Upps a l a ,  Sweden . 

( 4 - 14C ) c o r t i s o l - 2 1 - s u l p h at e , s o d i um s a l t , was  

prepared e s s en t i a l ly a c c o r d i n g  t o  t h e  me th o d  o f  G r i eb s ch 

and Garn ( 1958 ) . From 2 g o f  co r t i s o l , added t o  wh ich 

were  4 �Ci  o f  ( 4 - 14C )c o rt i s o l ,  s p e c i f i c  ac t i vi t y  5 0 - 6 0  
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mC i /mMo l e , 1 . 5 4 g o f  the  s o d i um s a l t  o f  ( 4 - 14C) co rt i s o l -

2 1 - su lphate were p rep ared . Th i n  l ay e r  chro ma t o g r aphy i n  

the  sys t em b e n z e n e - ace tone-water 2 : 1 : 2 ( v/v/v ) , 

upp e r  phase - meth ano l 1 2 8 : 5 5  ( Dus z a ,  Jos eph & 

Be rn s t e in , 1 9 6 8  ) s h owed that  the  produ c t  w as equ i mob i l e 

to  the  ammo n i um s a l t  o f  dehydro e p i andro s t e ron e - 3 -

s u lphate ( RF = 0 . 4 0  ) and was s l i gh t ly con t am i n ated 

w i th  s t a r t i n g  mat e r i a l . 4 0 0  mg of the  p ro du c t  were 

pu r i f i ed b y  Sephadex LH- 2 0  co l umn chromat o g raphy i n  

the s y s t em ch l o ro fo rm-me th ano l 1 : 1 ,  0 . 0 1 M NaC l .  The 

e l uate was mo n i t o red w i th an UV d e t e c t o r  ( LDC , LUV

mo n i to r  ) at 2 5 4  nm . The b u l k  o f  the p ro duct app e a r e d  i n  

t h e  s u lphate fra c t i o n ( S j o val l & Vi kho , 1 9 6 6  ) .  A f t e r  

poo l i ng  th i s  fract ion , a n d  e vapo ra t i on o f  the  s o lvent i n  

vacuo , 2 7 0 mg , m . p .  1 7 9 - 1 8 0 ° C ( G r i e b s ch & Garn ; 1 8 5 ° C 

o f  the s u lphate were co l l e c t e d . The i n frared s p e c t rum 

( KBr ) con f i rme d the s t ruct ure , exhib i t i n g  s t ro n g  

ab s o rp t i o n b ands a t  1 2 5 0  a n d  1 0 6 0  cm
- 1  

and me d i um b and s 

at 1 1 3 0 - 1 1 6 0 cm- 1  
( Berns t e i n , 1 9 7 0 ) .  

Co l l e c t i o n  o f  uri n e . 

To e s t imate the co rt i s o l p ro du c t i o n  rate , 0 . 1 5 � C i  

( 3 . 3  x 1 0 5 dpm ) o f  ( 1 , 2 , 6 , 7 -3H ) co rt i s o l  o f  spec i fi c  

act i v i t y  8 0 -1 0 0 C i / mMo l e  d i s s o l ve d  i n  SO �1 o f  e t h ano l 

an d added to 2 ml o f  5 %  g l u co s e  s o l ut i on in water  ( w/v 

was ad mi n i s t e red i n t r avenous l y  to  a two d ays o ld fe mal e 

i n fant ( b i r th w e i ght  3 1 1 0  g ) . T h i s  i n fant was adm i t t e d  

to  t h e  hosp i t a l  s us p e c t e d  to b e  s u ffe ri n g  from congen i t a l  

adre n a l  hyp e rp l a s i a .  A f t e r  fu l l y  exp l a in i ng t h e  s t udy t o  

b o t h  parents  w r i t t en p a ren t a l  cons ent was o b t a i n e d .  

Urine was co l l ec t e d  during 2 x 2 4  hours p e r i o d s . The 

urine not  n e ed e d  fo r the d e t e rm i n a t i o n  of the cort i s o l  

produc t jon rate was u s e d  i n  the expe r i men t s  d e s c r i b ed 

b e l ow .  

A l s o  the remain der o f  a 2 4  hours u r i n e  co l l e c t ion 
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o f  a n  adu l t  male  who was  s u s p e c t e d  o f  h a v i n g  adren o 

co r t i c a l  i n s u f f i e n cy a n d  rece i ve d  1 �C i o f  t r i t i at e d  

co r t i s o l  to e s t imate h i s  co r t i s o l  p rodu c t i o n  rat e , 

w as u s e d . 

De t e rmi na t i o n  o f  radi o a c t i v i t y .  

Rad i o act i v i t y  was de t e rm i n e d  by count i n g  dup l i c at e  

m l  s amp l e s , t o  wh i ch 1 0  m l  o f  s ci nt i l l at io n  co c k t a i l  

W i e gman , Wo l d r i n g  & P r at t , 1 9 7 5  ) w e r e  added , i n  a 

Nuc l e ar Ch i c ago Mark I I I  l iq u i d  s c i n t i l l at i o n  coun t e r . 

The re s u l t s  were  c o r r e c t e d  f o r  que n ch i n g  by the  

e x t e rn a l  s t and ard metho d .  

A mb e r l i t e XA D-2 pro c e dur e .  

Fo r rout ine  purpo s e s , 1 . 4 x 2 5  e m  Amb e r l i t e XAD- 2 

co l umn s ( part i c l e  s i z e  1 0 0 - 2 0 0  � ) were  prepared as  

des c r i b e d  b y  Shack l e t o n , Sj 6va l l  & Wi s 6n ( 1 9 7 0  ) .  The  

co l umn s were  washed w i t h  50  ml of  wat e r  b e fo re u s e . 5 0 -

7 0  m l  o f  u r i n e  o r  aqueous u r i n e  fra c t i o n s  ( s e e  b e l ow ) 

were app l ied to  the  c o l umn , and aft e r  the  s amp l e  h ad 

gone t h ro ugh , the c o l umn was i mme d i at e ly e l u t e d  wi th 

1 0 0 ml o f  ab s o l u t e  e th ano l w i t hout any w a s h i n g s  w i t h  

w a t e r  ( Br ad low , 1 9 6 8 ;  S h ac k l e t o n  e t  a l , 1 9 7 0 ) .  The 

e thano l e l u a t e  was co l l e c t e d  from t h e  p re c i s e  momen t  

t h a t  t h e  e t h ano l reached t h e  l owe r e n d  o f  t h e  c o l umn . 

The  e t h ano l s o l ve n t  fro n t  was c l e a r l y  reco gn i s ab l e  b y  

the fo rma t i o n  o f  sma l l  a i r  bubb l e s  in  the Amb e r l i te 

XAD- 2 b e d  on  the wat e r - e th a n o l  i n t e rphas e . Dup l i c a t e  

1 ml po r t i o n s  were  t aken f r o m  the  s amp l e , t h e  aqueous 

e l ua t e  and the  e t h ano l e l ua t e, an d a s s ay e d  for  r a d i o 

ac t i v i ty . T h e  e th ano l fra c t ion was f i l t e r e d  a n d  

evapo rated in  vacuo , and the  d r y  e x t ra c t  was u s e d  in 

furthe r exp e r i me n t s . 
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DEAE-Sepha dex i o n  e xchange c hroma t o grap hy . 

DE AE - S ephadex w e ak ly b as i c  ion exchanger was swo llen 

i n  w a t e r  fo r a t  le as t t h r e e  d ays at room temp e r a t u re . A 

P h arma c i a  K - 9  co lumn o f  d imens ions 6 0  x 1 em was packed 

wi th the  DE AE - Sephadex g e l  and the  column was run 

i n i t i a lly w i th 50  ml of  d i s t i lle d w a te r , pumped at a 

flow rate  o f  1 . 0 5 ml/ mi n  b y  an LKB Va riope rpex 

p e r i s t alt i c  pump . 2 0 - 5 0 ml of u r i ne or aqueous urine  

fr a c t i ons were  app li e d  and the co lumn was e luted w i th 

a lin e a r ly i n c re as ing N a C l  gradi ent in wat e r , s t art ing 

at z e ro concent r a t i o n  and i n c re as ing w i th 0 . 0 7 5  M 

N a C l/ 1 0 0 ml o f  w at e r .  The grad i en t  m i x e r  cons i s t ed o f  

two i n t e r conne c t e d  cy li nd r i c a l  ve s s e ls ( he i gh t  1 0 em , 

d i ame t e r  8 em ) ' the  mixing chamb e r  o f  wh i ch was fi lle d 

w i th 4 0 0  ml o f  d is t i lle d w at e r  and the o t h e r  chamb e r  

\vi th  4 0 0  ml o f  0 . 6  M N a C l  s o lu t ion i n  w at e r . T h e  e lu a t e  

was colle c t e d  in frac t i o n s  o f  1 0 . 5  m l  a n d  s amp les o f  1 

ml were d r awn from e a ch fract ion and counted . E s s e n t i ally 

t h i s  pro cedure was de s c r i b e d  b e fo re by Hob k i rk & 

Davi d s o n  ( 1 9 7 1  ) for the s eparat ion o f  free an d 

conj ugated 1 7 - k e to - s t e ro i ds . 

Hy dro ly t i c  me t ho ds . 

Seve r a l  hydro ly t i c  me thods we re appli e d  cons e cu t i ve ly 

to the  d i fferent fract ions o b t a i ned by DE AE - Sephadex 

chromato g raphy and Amb e r li t e  X AD- 2 i s o lat ion , as w i ll 

b e  d i s cus s e d  b e low . The s e  hydro ly t i c  methods were  carr i ed 

o u t  as fo llows . 

K e t o da s e  hy dro l y s i s : The d ry urine ext rac t s  w e re 

d i s s o lved i n  2 0  ml o f  0 . 2  M a c e t a t e  b u ffe r  pH  5 . 0  and 

2 ml o f  Ke t o d a s e  ( 1 0 , 0 0 0  un i t s  of e - g lucuron i d a s e  ) 

were added . Th i s  s o lu t i o n  was incub a t e d  at 3 7 ° C fo r 7 

day s . 

G l u s u l a s e  hy dro l y s i s : The d ry urine  e x t r ac t s  were 
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d i s s o l ved i n  2 0  ml o f  0 . 2  M ace t ate  b u f fe r  pH  4 . 7 ,  and 

0 . 2 m l  o f  G l u s u las e ( 1 5 , 0 0 0  uni t s  o f  S - g l ucuron i da s e  and 

3 5 , 0 0 0  uni t s  o f  s ulphatas e ) was added . The s o lu t i o n  was 

in cub at e d  at 3 7 ° C for 5 days . 

So l vo ly s i s :  The dry urine ext r ac t s  we re d i s s o lved i n  

2 m l  o f  methano l ,  and 3 8  m l  o f  p e ro xi de free t e t rahy d r o 

furan a n d  0 . 0 3 5 ml o f  a 7 0 %  s o lut i o n  o f  p e rch lo r i c  a c i d  

in w a t e r  we re add e d . The r e a c t i o n  m i x t u r e  was a l lowed to 

s t and at 3 7 ° C fo r 1 5  hours , 0 . 2  m l  of py r i d i n e  was added 

and the s o lven t s  were e vapo rated in vacuo . The d ry 

s amp le was d i s s o l ved i n  2 0  ml o f  d i s t i lle d wat e r . 

By Ke todase  a l l  known s t ero i d  g lucuron i d e s , except 

a ld o s t e rone g lucuro n i d e , are hy dro ly s e d  in e x c e ll ent 

y i e lds . G l us ulase  hydro lys e s  a l l  g lucuron i d e s  and als o  

t h e  3 - s u lphates  o f  3 S , �- 5 - and 3 S , 5 a - s t e ro i ds . Th i s  

e n z yme prepara t i o n  contains  a l s o  C- 2 1  s u lp h a t as e . 

S t e ro i d- s u l p h a t e s  are e as i ly hydroly s e d  by s o lvo ly s i s  

i n  good y i e ld s . An imp o r t ant d i s advan t a ge o f  s o l vo l y s i s  

i s  that  co r t i co s tero ids  are p art ly de s t royed und e r  

s o l vo l y t i c  con d i t i ons . 

Fo r a review o f  hyd r o ly t i c  me thods in s t e ro i d  

an a ly s i s  s e e  Bradlow ( 1 9 7 0  ) .  

2 . 3  Expe r i ments  and Re s u lt s . 

Pre lim in ary expe r i ments  w i th the Amb e r l i te XAD- 2 

i s o l a t i on p ro cedure ( s ee f i g .  2 . 1 ) s howed that  w as h i n g  

the c o l umn w i t h  wat e r , fo llo w i n g  the app li c at ion o f  

neonatal  urine , e lut e d  a sub s t an t i al amoun t o f  radi o 

a c t i v i ty from t h e  co lumn . Th i s  w a s  n o t  t h e  c a s e  when 

ad u lt urine  was p ro ce s s e d .  Add i ng 2 5 %  NaCl ( w/v ) to 

b o th the urine s amp le and t h e  water us ed fo r w a s h i n g  the 

c o l umn raised the amo un t of r a d i o ac t i v i ty e lu t e d  i n  the 

e th anol f rac t i o n  to 9 5 . 4 % of  the amo unt app li e d  to the 
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Fig. 2 . 1 Amberlite XAD-2 elution patterns of radioactive cortisol 
metabolites . 
1 .  5 ml of neonata l urine applied to a 1 . 2 x 1 3. 5 em Amberlite 

XAD-2 column ( partic le size 300-1000 � ) , washed with 6 x 25 ml 
of disti l led water ( fractions 1-6 ) and 2 x 25 ml of ethano l 
( fractions 7 and 8 ) .  

2. As under 1 with the exception that the partic le siz e  of the 
Amberlite XAD-2 was 100-200 �· 

3. As under 1 with the exception that 5 ml of adult urine were 
app lied to the co lumn. 

co l umn , wh i l e  over a l l  recove ry was 9 7 . 2 % .  Al tho ugh th i s  

was a s a t i s fact o ry reco ve ry , t h e  p res ence o f  l arge 

amounts of NaC l in the e thano l e l uate hamp e r e d  fur t h e r  
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proce s s in g ,  and t h i s  p ro c e dure w as ab andoned . 

From fi g .  2 . 1  i t  can b e  s e e n  t h a t  the  re covery o f  

the r a d i o act i v i t y  i n  the  e t h ano l e lu at e  cou l d  b e  qu i t e  

s a t i s fact o ry when t h e  fo l lowing t h r e e  condi t i ons w e r e  

fu l fi l l e d , i f  Amb e r l i t e  XAD- 2 o f  part i c l e  s i z e  1 0 0 - 2 0 0  � 
was us e d , t h e  amoun t o f  app l i e d  u r i n e  w as not exce s s i ve , 

and th e c o l umn was n o t  washed w i th w at e r .  When 4 0  ml o f  

neonat al urine  were p r oc e s s e d  b y  Amb e r l i t e  XAD- 2 

i s o l a t i on unde r the  cond i t i ons j us t  men t i one d , 9 3 . 1 %  o f  

the  app l i e d r a d i o ac t i v i ty was recovered i n  t h e  e thanol  

fract i on , wh i l e  t h e  ove r a l l  reco ve ry was 9 6 . 0 % .  In  the  

course  o f  the exp e r i me n t s  a maxi mum amount of  70  ml of  

the  d i fferent aqueous  urine f r a c t i ons , o b t a in e d  a f t e r  

DEA E - S ephadex ch romat o graphy , was app l i e d  t o  1 . 4 x 2 5  em 

co l umns ,  and recove r i e s  w e re good ( s e e  t ab l e  2 . 1 ) .  

DEAE - S ephadex i on exchange chroma t o
-
graphy s eparated  

the radioac t i v i t y  present  in neonat a l  urine  i n t o  four 

ma in peaks ( s e e  fi g .  2 . 2  ) .  The e l ut i on p a t t e rn o f  

neonat a l  urine  d i ffered cons i de r ab l y  from the  e l u t ion 

p a t t e rn of  adu l t  u r i nary c o r t i s o l  me t ab o l i t es . In  

con t r a s t  to  the  adu l t  ur ine,  there was a r e l a t i v e l y  l ar ge 

amount o f  rad i o ac t i v i ty e l u t i n g  w i t h t h e  vo i d  vo l ume o f  

the  co l umn . T h i s  p e a k  w i l l  b e  r e fe r red t o  a s  the  

unco nj ugated ( u) peak ( cf .  H o b k i rk & Davi dson , 1 9 7 1  ) .  

In cont ras t the s e cond p e ak , wh i ch w i l l  be  r e f e r red t o  

a s  t h e  g l u curon i de ( G ) p e ak , cont ained a re l at i ve ly 

s ma l l  amo unt o f  rad i oa c t ivi ty , when comp ared to  the  

adu l t  p a t t e rn .  The th i rd p e ak in the  n e o n a t a l  urine  was 

v i r t u a l ly ab s e n t  in the adult p a t t e rn, and th i s  p e ak i s  

re ferred t o  a s  the " p re s u lp h a t e "  ( P ) p e ak . P e ak No. 4 

was p r e s ent  in b o t h  neonatal  and adu l t  urine . As  th i s  

p e ak co i n c i ded w i th t h e  p e ak o f  ( 4 - 1qC ) c o rt i s o l - 2 1 -

su lphat e , wh i ch was added to the neonat a l  urine  s amp l e , 

i t  was c a l l e d  the  s u lphate ( S ) p e ak . 

The t o t a l  amo unt o f  neona t a l  u r i n ary rad i o a c t ivi ty 

e l u t e d  from the  DEAE - S ephadex c o l umn i n  two exp e ri me n t s  
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Fig. 2.2 DEAE-Sephadex e lution patterns of radioactive cortiso l 
metaho lites.  

1 .  20 ml of adult urine. 
2 .  50 ml of neonata l urine + s tandard (4-

14
cJcortisol-21-sulphate. 

3. 20 ml of neonatal urine previous ly subjected to Glusulase 
hydioo lysis . 

U, unconjugated peak; G, glucuronide peak; P, presulphate peak; 
S, sulphate peak. 
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was 9 7 . 5  and 9 6 . 8% o f  t h e  amount app li e d  to t h e  c o lumn . 

The e lu t i o n  p a t t e rn s  i n  thes e dupli c a t e  e xpe r iments 

w e re vi r t u a l ly i d en t i ca l. 

The unconj u g a t e d , g l ucuron i de and p res u lphat e p e aks 

were  co l le c t e d  and proce s s e d  by Amb e r li t e  XAD- 2 

i s o lat i on .  The amo un t s  o f  rad i o act i v i t y  recovered from 

e a ch fract i o n  are  p r e s e n t e d  i n  t ab l e  2 . 1 .  

Tab le 2 . 1 Recovery of the radioactivity present in DEAE-Sephadex 
fractions after Amberlite XAD-2 iso lation. 

SEPHADEX RAD I OACT I V I T Y  IN AMBERL I TE XAD- 2 E L UATES a 

FRACT ION 

unconj ugated 

g lucuro n i d e  

p r e s u lphate 

aque ous 

3 . 6  

n . d .  
b 

n . d . b 

e th ano l over all re cove ry 

9 4 . 7 9 8.3 

9 4 . 4  9 4 . 4  

9 4 . 2  9 4 . 2  

a. Expressed as percentage of the tota l radioactivity applied to 
the co lwrrn. 

b. Not detectable . 

Hy dro l y t i c  exp e r i me n t s .  

The n e o n a t a l  g l ucuro n i de fract i o n  ( G ,  s e e  f i g . 2 . 3  ) 

was s ub j e c t e d  to  Ke to das e hydrolys i s ,  and a ft e r  

i n cub a t i on w a s  comp l e t e d  the  free s t e r o i d s  w e r e  s ep arat ed 

from the  conj ugated  s t e r o i d s  b y  DEAE - S ephadex ch romato 

graphy . 7 9 . 3 � o f  the r ad i o a c t i v i t y  p r e s e n t  i n  G w as 

e l u t e d  i n  the unconj ugated  p e ak ( G-1 ) and 2 0 . 7 � was 

e luted i n  the  g lucuro n i de p e ak ( G - 2  ) .  The e lut i o n  

p a t t e r n  i n d i c a ted that the  l a t t e r  frac t i o n  was n o t  

homo geneous . T h e  r a d i o a c t i v i ty p r e s e n t  i n  G-2 was 

poo l e d , i s o l at e d  by Amb e r li t e  XAD- 2 and s ub j e ct e d  to  

G l u s u las e hy dro lys i s . DEA E - S eph adex s e p a r a t i o n  of  the  

i n cub a t i o n  products  showed t h a t  2 3 . 7 �  of  the  app l i e d  

r a d i o act i v i ty ( e q u i va l e n t  to  4 . 9 � o f  t h e  r ad io a c t i v i ty 

o r i g i n a l ly p r e s e n t  i n  G ) was e lu t e d  i n  th e unco n j ugated  

p e ak ( G-J ) . The mat e r i a l  p r e s e n t  i n  the g lucuro n i d e  

p e ak G - 4  ( 7 6 . 3 �  o f  the  app l i e d  radi o a c t i v i ty ) showed 
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SO ml o f  NEONAT AL URINE I 
DEAE-Sephadex 

UN CONJUGATED 
( u ) 

UNCONJUGAT E D  
( G- 1 ) 

GLUC URON I DE 
( G ) 

I 
Amb e r l i t e XA D-2 

I 
Ke t o da s e 

I 
DEAE-Se p h a dex 

I 
G- 2 I 

A mb e r l i t e  XA D- 2 
I 

UNCONJUGATED 
( G- 3 ) 

UNCONJ UGATED 
( G-5 ) 

G l us u l a s e  
I 

DEAE-S e p h a de x  

I 
G-4 

Amb e r l i t e  XA D-2 

So l vo ty s i s  
I 

DEAE- Se p h a dex 

I 
G- 6 

P RESULPHATE 
( p ) 

I 
Amb e r l i t e  XA D-2 

I 
G l u s u l a s e  

I 
DEAE-Se p h a dex 

I 

SULPHATE 
( s ) 

P-2 UNCONJUGAT E D  
( P- 1  ) 

A mb e r  l i t e  XA D - 2  
I 

So l vo ly s i s  
I 

DEAE-Sep h a de x  

I 
P -4 UNCONJUGATED 

( P- 3 ) 

Fig. 2.3 Flow diagram of the hydro lytic e xp eriments. 

a g a i n  a no n- homo g en eous d i s t r i b u t i o n. G- 4 wa s poo l ed ,  

sub j ec t ed to  Amb er li t e  XAD- 2 i s o lat ion and s o lvo ly s ed .  

T h e  s o lvo lys i s  p roducts  wer e again chromato graph ed on 

DE AE - S ephadex a nd the elu t i o n  p a t t ern s h o wed that  6 3 . 5� 

o f  th e app li ed rad i o a c t i v i ty ( 1 0 . 0 \ o f  G ) was p r es ent 

in  t h e  u nconj u g a t ed p eak ( G - 5  ) . The remainder of  t h e  

appli ed rad i o ac t i vi ty ( G - 6  ) elut ed ear li er t h an t h e  
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o r i g in a l  g lucuroni de p e ak G,  s ugge s t i n g  that  chemi c a l  

a l t e r a t ions h a d  t aken p l ace . 

When 2 0  m l  o f  the  adu l t  g l ucuronide frac t i o n  were  

s ub j e c ted to  Ketodase  hydro lys i s ,  DEAE - Sephadex 

s e parat i o n  of the i n cub at ion p ro du c t s  showed t h at a l l  

radi o ac t i v i t y  was p r e s e n t  i n  the  un conj ugat e d  peak . 

The p r e s u l ph a t e  fract ion ( P ) was s ub j e c t e d  to  

G l u s u l ase  hydr o ly s i s , and a f t e r  comp l e t ion o f  the  

i ncub at i on s ep a ra t ed on a DEAE - S ephadex co l umn . On ly 

9 . 6 % of  the  app l i e d  radio act i v i t y  app e a r e d  in the  

unconj ugated  p e ak ( P- 1 ) and t h e  rest  was found i n  t h e  

p r e s u lphate  peak ( P - 2  ) .  T h e  l a t t e r  fra c t ion was 

poo l e d , i s o l at e d  b y  Amb e r l i t e  XAD- 2 and s ub j e c t e d  to 

s o l vo ly s i s . DEAE- Seph adex s ep arat ion of the s o l vo l ys i s  

p roducts  showed t h at 8 3 . 5 % o f  t h e  app l i e d  radio a c t i v i ty 

( 7 5 . 4 % o f  t h e  r a d i o ac t i v i ty p r e s en t  i n  p ) was e l ut e d  

i n  the  uncon j u g a t e d  p e ak ( P- 3 ) .  E x t e n d i n g  the  

s o l vo ly s i s  t i me to  t h re e  days  d i d  n o t  i n c r e a s e  t h e  

amo unt o f  r ad i o ac t i v i t y  e l uted i n  the  unconj ugated peak 

( P- 3 ) .  I n  agre ement w i th the o b s e rvat ion concerning 

the  s o l vo lys i s  of G-4 , t h e  mat e r i al o u t s ide the 

unconj ugated  p e ak ( P-4 ) e l u t e d  b e fo r e  t h e  e l ut i o n  

vo l ume o f  the  o r i g i n a l  G-p e ak . 

The s u lphate  frac t i o n  was not inve s t i ga t e d  

s y s t e mat i ca l l y  b e cause o f  the  l o w  amo unt o f  r a d i o 

a c t i v i t y  p res ent i n  t h i s  fract ion . Howeve r ,  i n  an 

exp e r i ment in wh i ch 2 0  ml o f  the o r i g in a l  neonat a l  

u r i ne w e re s ub j e c t e d  to  G l u s u l a s e  hydro lys i s  and w e r e  

s e parat e d  on a DEAE - Sephadex co l umn s ub s equen t ly , n o  

radio act i v i ty co u l d  b e  de t e c t e d  i n  the  s ul p h a t e  fract ion 

( see  f i g .  2 . 2  ) , i n d i ca t in g  t h at t h e  mat e r i a l  i n  t h is 

frac t i on was hydro l ys ab l e  by G l u s u l as e . 

The data  p r e s e n t e d  above are s ummari s e d  in t ab l e  2 . 2 .  
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00 Tab le 2. 2 A mounts of radioactivity
a 

present in the various fnQctions after DEAE-Sephadex ion 
exchange chromatography. 

SAMPLE 

neonatal urine 

adult urine 

adult glucuro 

nide fraction 

neonat al glucu

ronide fraction 

fraction G-2
c 

fraction G-4
c 

1-NDROL YT I C 

PROCEDURE 

Ketodase 

Ketodase 

Glusulase 

Solvolys is 

neonat al presul- Glusulase 

phate fraction 

fraction P-2
c 

Solvolysis 

UNCONJUGATED 

29 . 6  

1 8 . 6  

9 8 . 8 

79 . 3  

4 . 9  

1 0 . 0  

9 . 6  

75 . 4  

GLUCURONIDE PRESULPHATE SULPHAT E ASPECIFICb 

33 . 3 2 7 . 3 8 . 7 1 . 1  

58 . 7  6 . 6  1 1 . 8  4 . 3  

20 . 7  

1 5 . 8 

5 . 8  

90 . 4  

1 5 . 0  

a .  For the unfnQctionated origina l urine expressed as a percentagB of the tota l radioactivity present 
in the urine; for the urine fractions expressed as a percentage of the radioactivity present in the 
original fraction after the first sepanQtion. 

b. Radioactivity not e luted in one of the described fractions . 
c. See fig. 2. 3. 



2 . 4 D i s cus s i on .  

U s i n g  the  metho ds d e s c r i b e d  above 9 7 %  o f  the rad i o 

ac t i vi ty p r e s e n t  in neonat a l  urine , a f t e r  the  

admi n i s t r a t i on o f  rad i oa c t i ve co r t i s o l  to  the  b ab y, c o u l d  

be  r e c o v e r e d  in the  free fract ion and in the fract i ons 

cont a i n i n g  the di ffe rent types of conj ugated  s t e ro i ds . 

The t o t a l  amo un t o f  rad i o act i v i t y  i s o l a t e d  as 

un conj ugated s t e ro ids  b e fo r e  and a f t e r  t h e  app l i c a t i on 

o f  s e veral  hyd ro lyt i c  me thods , was more than 9 0 %  o f  the  

rad io a c t i vi t y  p r e s e n t  i n  the  urine . 

Be cause o f  the  vas t d i fferences b e tween the methods 

p r e s e n t e d  h e r e  and tho s e  pub l i s h e d  previ o u s l y  

( Dani i l e s cu - Go l d in b e r g  e t  al , 1 9 7 3 ; Dan i i l e s cu

Go ld inb e r g  & G i raud , 1 9 7 4 ; Mi geon , 1 9 5 9 ; A a r s ko g et a l , 

1 9 6 4  ) , the  r e s u l t s  are o n l y  comp arab l e  to  a l i m i t e d  

e x t en t .  Also , t h e  f a c t  t h a t  only one n e o n a t a l  u r i n e  

co u l d  be  s t u d i e d  l i m i t s  the value o f  s uch a compari s on . 

Howeve r ,  s ome i n t e res t i n g  d i fferen c e s  can b e  o b s e rved . 

The re l at i ve amo unt o f  rad i oa c t i vi ty as  i t  was 

found by the DEAE - Sephadex method in the unconj u g a t e d  

frac t i on , i s  cons i d e rab l y  h i gh e r  ( 1 . 5 - 3 t i mes ) than 

the amo un ts  found b y  Dan i i l es c u - Go l d inb e r g  e t  a l  and 

Aars kog et al in th e i r  unco nj ugated fr act ions a f t e r  

e th y l  a c et at e  extra c t i on . The amoun t s  found by Migeon 

in the unco nj ugated fract i o n w e r e  much l ower . One 

p o s s ib l e  exp l an a t i on for the s e  di ffe rences m i gh t  b e  that 

th e conven t i onal  e x t r ac t i on me tho d s , on wh i ch the  

ob s e rva t i ons o f  th e s e  auth o r s  were  b a s e d , c o u l d  not 

e x t ra c t  e x t reme ly  po l ar c o r t i s o l  me t ab o l i t es  

quant i t a t i ve l y . 

The DEAE - S ephadex g l ucuro n i de fra c t i o n  ( G ) 

conta i n e d  2 6 . 4 %  o f  the t o t a l  u r i n ary rad i o a c t i v i ty as  

Ke todase  hydro lys ab l e  mat e r i a l  ( G - 2  ). Th i s  i s  in good 

agreement w i th the  amo un t s  found by Dan i i l e s cu - Go l d in b e r g  

e t  a l , b u t  so mewh at h i gh when compared to  the res u l t s  o f  
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Aar s ko g e t  a l . Th i s  cou l d  con f i rm the  p r e s ump t io n  

men t i oned above , t h a t  t h e  i s o l a t i on e ff i c i en cy o f  

convent i o n a l  me t h o ds i s  n o t  s u ff i c i e n t  fo r t h e  i s o l a t ion 

of ex treme ly po l a r  s ub s t anc es , as a c c o r d i n g  to  t h e s e  

authors the  gl ucuro n i d e  frac t i on con t a i ns p r e dominan t ly 

t e t rahydroco r t i s one ( Dan i i l e s cu - Go l d in b e r g  e t  al  ) o r  

"10\v po l a r" mat e r i a l  ( Aar s k o g  e t  a l  ) , wh i ch can b e  

extracted  eas i ly from neonatal  u r i n e  b y  conven t i on a l  

methods . 

The mo s t  in t e re s t i n g  feature o f  the DEAE - Sephadex 

s e parat i on p ro ce dure wa s the appe arance of the 

p re s u lphate p e ak i n  the e l u t i on p at te rn of the neon a t a l  

urine . Th i s  p e ak ( 2 7 . 3 % o f  the  t o t a l  u r i nary r a d i o 

act i vi ty ) contai ned a l arge amo un t o f  mat e r i a l  ( 2 0 . 6 � 

o f  the t o t a l  u r i n a ry r a d i o a ct i vi ty ) only hydro l ysab l e  

by s o lvo lys i s . T h i s  c o u l d  me an t h a t  an i mpo rtant part o f  

the  n e o na t a l  cort i s o l  me t ab o l i t e s  c o ns i s t s  o f  s u lp h a t a s e  

res i s t ant s u l phates , s u c h  a s  fo r e xamp l e  3a- o r  6 -

su lphates  ( Roy , 1 9 5 6  ) .  I t  i s  much more l i k e ly t h a t  t h e  

pres ulphat e  fract ion d o e s  not  con t a i n  s u lph a t e s  a t  a l l , 

b u t  s o me o t h e r  unkn o wn conj ugate wh i ch i s  l i ab l e  to  

s o l vo ly s i s , b e c ause this  frac t i o n e l u t e s  s o  much e a r l i e r  

than co rt i s o l - 2 1 - s u lpha t e . The pres ence o f  a sma l l  

amount ( 1 0 . 0 % ) o f  s o l vo lys ab l e  ma t e r i a l  ( G - 5  ) i n  the  

g l u curon i de frac t i on , and of  a s imi l a r  s mal l amo unt 

( 9 . 6 � ) of G l u s u l a s e  hydro lys ab l e  mat e r i a l  ( P- 1 ) in 

the pres ulphate frac t i o n , could  b e  the re s u l t  of an 

incomp l e t e  s eparation  of the g l ucuro n i d e s  and the 

p r e s u lphate s . Ho we ve r , it is no t c e r t a i n  that the 

G l u s u l a s e  hydro lys ab l e  ma t e r i al i n  the p r e s ulphate  

fra c t i o n  cons i s t e d  of  g l ucuro n i d e s  o r  a mixture o f  

g l ucuro n i d e s  and s u lph a t a s e  hydro l y s ab l e  ma t e r i a l . 

An i n t e re s t in g  que s t io n  i s  whe t h e r  there are any 

C- 2 1  carboxy li c ac id  me t ab o l i t es o f  cort i s o l  ( B r ad l o w  

e t  a l , 1 9 7 3 ) p r e s e n t  in neonatal u r i n e  an d , i f  so, wh ere  

they wo u l d  e l ute i n  DEAE - S ephadex chromat o g raphy . 
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Un fortunat e l y , re fe rence s t e ro i ds w e r e  not avai l ab l e  

t o  answe r t h i s  ques t i on . 

The abo ve d e s c r i b e d  me thods are a s ound b as i s  fo r 

fur t h e r  e l uc i da t i o n  o f  the neonat a l  c o r t i s o l  me t ab o l i s m ,  

due to  t h e  h i gh i s o l at i on e ff i c i en cy and e a s y  s epara t ion 

of free and s eve ral  types of conj ugated  s t e ro i ds .  

21 



CHAPTER 3 

A P I LOT STUDY ; CORT I COSTE RO I DS I N  THE UR I NE O F  A NEWBORN 

I N FANT RE CE I VI N G  CORT I SOL THERAPY . 

3 . 1 I n t roduct i o n . 

A maj o r  prob l e m  i n  the  ident i fi c a t i o n  o f  c o rt i s o l  

me t ab o l i t e s  p re s e n t  i n  t h e  urine  o f  t h e  n e wb o rn i n fant 

is that t h e s e  me t abo l i t e s  are p r e s e n t  i n  re l at i ve l y  

sma l l amounts comp ared t o  o t h e r  s t e r o i d s  ( Mi t che l l  & 

Shack l e ton , 1 9 6 9  ) . Furthe rmore , as the e ff i c i en cy o f  

the i s o l at i on methods de s c rib e d  i n  ch ap t e r  2 i s  e x t reme ly 

h i gh , the  urin ary ext racts o b t ained by these  me thods 

contain l ar ge amoun ts  of non s t e r o i d a l  i mpu r i t i e s , wh i ch 

nece s s i t at e  the invo l ve ment o f  l ab o rious  puri fi cat i o n  

me thods p r i o r  to  g a s  ch roma t o g r aphy ( Shack l e t o n , 

Gus t a ffs on & M i t che l l ,  1 9 7 3; Sch i nd l e r ,  Wucht e r ,  Hoppen 

& S i e kman , 1 9 7 4 ) . 

As a f i r s t  s t ep t o wards i d e n t i f i c a t i on o f  the 

neonata l cort i s o l  me t abo l i t es  it was cons i de re d  us e fu l  

t o  analy s e  t h e  co rt i co s t e ro i ds p re s en t  i n  t h e  u r i n e  o f  

an i n fant rece i v i n g  a re l at i ve ly h i gh dose  o f  c o r t i s o l  

( 2 5  mg/d ay ) the rape ut i c a l l y .  An i mpo rt ant advan t a ge o f  

th i s  app ro ach i s  that  the  amo unts o f  cort i s o l  me t ab o l i t es 

excreted in the u r i ne of an i n fant d u r i n g  such t h e rapy 

are about ten t i mes  h i gh e r  than the amounts meas ured in 

the u r i ne of a no rmal un t re a t e d  in fant (Cl ay ton , 1 9 6 8  ) . 

A d i s advan t age i s  that the ad min i s t r at ion o f  s u ch a 

mas s i ve d o s e  o f  cort i s o l  to  an i n fant co u l d  i n f l uence 

the me t ab o l i s m of cort i s o l  to  so me ex ten t .  Howeve r , 

s tich i n f l uence wo u l d p r e s umab l y  b e  only o f  a quant i t a t i ve 

n a ture . 

I n  t h i s  chap t e r  the an a lys i s  o f  the  cort i c o s t e ro i ds 

pres ent i n  the urine  o f  an i n fan t rece i v i n g  cort i s o l  

the rapy i s  d e s c r i b e d . De f i n i t e  o r  part i a l  i dent i f i c a t i o n  
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was achi eved b y  comb i n e d  gas ch rom a t o graphy - mas s 

s pe c t rome t ry .  No a t t empt was made to  quant i t at e  the  

i d e n t i fi e d  s t e r o i d s . 

3 . 2 Mat e r i a l s  and Me thods . 

B e s i d e s  t h e  mat e r i al s  ment i oned i n  chap t e r  2 t h e  

fo l l owing mat e r i a l s  we re us ed . S i ly l at in g  and me thy l 

o x i mat i o n  reagents  we re p urch a s e d  from P i e r c e  Chemi c a l  

C o . , Roc k fo r d , I l l . , U . S . A .  a n d  s t at i onary p h a s e s  f o r  

g a s  chroma t o g r aphy f r o m  C h r ompack , Midd e l b ur g , T h e  

N e t h e r l ands . 

Co l l e ct i on o f  uri n e . 

A 1 2  h o urs u r i n e  co l l ec t i on ( 1 1 0 ml  ) from a ma l e  

i n fant aged 1 4  days wh o r e c e ived 2 5  mg o f  co rt i s o l 

hemi s u c c i na t e / day i n t r avenous ly was f i l t e r e d  and fro z en 

at - 2 0 ° C unt i l  p r o ce s s e d .  The b aby was s u f fe r i n g  from the  

s a l t  l os i n g  form of  conge n i t al ad renal hyp e rp l a s i a  and 

the rapy was s t ar t e d  24 hours b e fo re the b e g i nn i n g  o f  the  

urine c o l l e c t i on . B e s i des  cort i s o l - h e m i s u c c i n a t e  the b ab y  

rece i ved 2 mg DOCA and a n  0 . 4 5 %  s a l ine in fus i on . The 

b ab y  was b o rn a ft e r  a no rma l pre gnancy and h a d  a b i rth  

we i g h t  of  3 6 5 0  g .  

P�rifi ca t i o n  o f  uri nary s t e r o i ds . 

SO ml o f  urine we re s ub j e c t e d  t o  D EAE - S eph adex 

chromat o g raphy , and the g l ucuro n i de fract i on was 

s ub s equen t l y  hydro l y s e d  b y  Ketodas e .  The unconj ugated  

s t e ro i d s  and  t h e  s t e ro i ds l i b e r a t e d  by Ketodase  from 

t h e i r  g l ucuron i des  we re i s o l at e d  by Amb e r l i t e  XAD- 2  

chromato g r aphy , and the  e t h ano l e l ua t e s  we re f i l t e red 

and t aken to d ryne s s  in  vacuo . The d ry r e s i dues we re 

d i s s o l ved i n  0 . 2  ml of methanol and app l i e d  to  an 0 . 5  mm 
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s i l i c a ge l t h in l aye r chromato graphy p l ate wi th  a 

Shandon s amp le  s t re ake r .  A l o n gs ide  the extracts  a 

mixt ure o f  s t andard co rt i s o l  and t e t rahydro c o rt i s o l  was 

app l i e d  and the  p l ate was d e ve l oped in the s y s t e m  wat e r

me thano l - ch l oro fo rm 1 0  : 1 2 5  : 8 6 5  ( v/ v/ v ) .  Aft e r  

deve lopment the  marker s t e r o i d s  we re s t ai n e d  wi th  b l ue 

t e t r az o l i um ( N e h e r , 1 9 6 4 ) reagent and the  fo l l o wi n g  

z ones  we re  s c rape d o f f :  the z o n e  ran g i n g  from co rt i s o l  

to  t e t rahydroco rt i s o l  ( zo ne A ) , t h e  z on e  ran g i n g  from 

t e t r ahydro cort i s o l  to h a l f  the RF va l ue o f  t e t rahyd r o 

co r t i s o l  ( z o n e  B ) , and the  zone  ran g i n g  from h a l f  t h e  

RF va lue o f  t e t rahyd roco rt i s o l  to  the  l i ne o f  

app l i c a t i o n  ( z one C ) . The ads o rb en t  was e l uted wi th 

meth ano l - methy lene ch l o r i d e  3 : 7 and the e l u at e s  we re 

e vap o r a t e d  und e r  a s t r e am o f  n i t ro gen . The d ry t h i n  

l ay e r  chro mat o g raph i c  frac t i ons we re d i s s o l ved i n  1 ml 

o f  me thano l .  

Prepara t i o n  of 0-me thy Loxime - t rime t h y Ls i Ly L  ( MO-TMS ) 

deri va ti ve s  fo r gas chro ma t o grap hy . 

0 . 5  ml  o f  the d i fferent t h in l ay e r  ch romat o g raph i c  

fr act i o ns o f  b o t h  the unconj ugated and g l ucuro n i de 

frac t i ons  was t aken t o  d ryne s s  and 5 0  � 1  o f  py r i d i n e  

cont a i n i n g  2 %  ( w/v ) o f  me thyl hydroxyl amine . HC l  we re 

added . The s e  s o l u t i ons we re h e a t e d  at 6 0 ° C fo r t wo hours 

and the  s o l vent was s ub s eque n t l y  e vapo r a t e d  unde r a 

s t re am o f  n i t ro gen . 2 0  � 1  o f  T ri s i l -TBT ( t r imethy l 

s i l y l i m i daz o l e - b i s ( t r i me t hy l s i ly l ) ace t ami d e - t r i ch l o ro 

s i l an e  3 : 2 : 2 ) we re ad ded and t h e  react i o n  mixtures  

we re heated at 1 0 0 ° C for fou r hours . 

By t h i s  proce dure a l l  keto  group s , except the  k e t o  

g ro up at C - 1 1 ,  we re conve rted i n t o  0-methy l o x i me s . A l l  

hydroxy groups  we re conve rted into  t r imethy l s i loxy 

groups  ( pers i ly l at i on ; Ho rn i n g  & Ei k - N e s s ,  1 9 6 8  ) .  
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Ca l c u l a t io n  o f  re t e n t io n  da t a .  

M . U .  ( methy l ene un i t s  ) values  we re cal c u l ated b y  

l in e ar i n t r apo l at i on o f  t h e  r e t e n t i o n  t ime o f  a compound 

b e tween the re tent i on t i mes o f  th e two b r acke t i ng e ven 

numb e red n - a l k ane s ( VandenHe uve l ,  Ga r d i ne r & Ho rn i ng , 

1 9 6 5  ) .  A l l  r e t en t i o n  d a t a  were de t e rmined on  a normal 

gas chromato g raph us i n g  n i t rogen as the c a r r i e r  gas 

( s e e  b e l ow ) .  

Comb i n e d  ga s ch roma t o grap hy-ma s s  s p e c t rome t ry. 

3 �1 o f  the d e r i vat i s e d  s amp l e s  were i n j e c t e d  i n t o  

a Packar d - B e c ke r mo de l 4 0 9  gas chroma t o g raph e q u i pp e d  

w i t h  a fl ame i o n i s a t i on d e t e c t o r .  A 2 m x 2 mm ( i . d .  

g l as s  co l umn p acked w i t h  3 \  OV- 1 on  Chromo s o rb W-HP 

1 0 0 - 1 2 0 me s h  was used at a f l ow rate of 18  ml/mi n  

( n i t ro gen ) .  The t e mpe rature was p r o g r ammed from 2 1 0 -

2 7 0 0C at 1 ° C/mi n .  Aft e r  an alys i s  o f  e ach s amp l e  3 �1 

o f  the s ame s amp l e  we re i n j e cted again  t o g e th e r  w i t h  3 

�1 o f  a s o l u t i o n  o f  eve n  numb e re d  n - a l kanes i n  h exane . 

A l s o  3 �l o f  e a ch s amp l e  w e re inj e ct e d  i n t o  a Var i an 

Aero graph mod e l  1 4 0 0  gas ch romat o g r aph coup l e d  t o  a 

Var i an MAT 1 1 2  doub l e  focus i n g  mas s s p e c t rome t e r .  Th�  

mo l e c u l a r  s e parator  was a Brunnee ( 1 9 6 9  ) type 

s e p ar a t o r  w i th var i ab l e - conductance e f fus i o n  p at h . A gas 

chroma t o g r aph i c  co l umn of 1 . 2  mm i . d . was u s e d  wh i ch 

was o th e rw i s e  i den t i c a l  t o  the c o l umn ment i o n e d  ab ove . 

He l i um f l ow rate was 6 m l / m i n  and the temp e r ature was 

programmed from 2 0 0 - 2 7 0 ° C at 2 ° C/mi n .  The t empe r ature o f  

b o t h  the s eparator  and the i on s ource was 2 6 0 ° C .  E l e c t ron 

ene rgy was 70  e V , and the mas s spectra were  t aken near to 

the top of the gas ch romato graph i c  peaks at a s c an s pe e d  

o f  1 0 0 a . m . u . / s e c  ( l i n e a r  s c an fun c t i o n ) .  

Bes i d e s  the u r i nary s amp l e s  s t andard m i x t u r e s  

cont a i n i n g  the MO -TMS e t h e r s  o f  cort i s o l , t e t rahyd ro -
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co r t i s one , t e t rahydroco r t i s o l , 6 S - hyd roxy- cort i s one , 

6 S -hydroxy - co rt i s o l , a- and S - co r t o l one and a- and S 

co rto l we re a l s o  chromatog raphed s ep a rate l y .  

3 . 3 Re s u l t s . 

T he M . U .  values  o f  the de f i n i t e l y  iden t i f i e d  s t e r o i d  

MO-TMS e th e r s  are l i s t ed i n  t ab l e  3 . 1 .  The g a s  ch romato 

grams as they we re  r e co r ded from the d i ffe rent fractions  

are d e p i cted in  the  figu re s 3 . 1 ,  3 . 2 and 3 . 3 .  

I n  the unco n j ugated frac t ion ( t h i n  l aye r chromat o 

graph i c  z one A ) three main compounds we re p r e s e n t  

wh i ch we re e a s i ly i dent i fi e d  as the MO -TMS e t h e r s  o f  

t e t rahydro co rt i s one ( M . U .  2 9 . 6 6 ) , t e t r ahydroco rt i s o l  

( M . U .  3 0 . 2 7 ) and cort i s o l  ( M . U .  3 2 . 6 2 ) on the b a s i s  

o f  t h e s e  retent i on d a t a  and the mas s s p e c t ra re corded 

from these compounds . The mas s spect rome t r i c  data o f  

the s e  compound s are l i s t ed i n  t ab l e  3 . 2 ( s e e  a l s o  

Thomp s o n , Yung , Harten , S p r i n ge r ,  Vi kho & S we e l e y , 

1 9 7 3  ) .  A numb e r  o f  re l at i ve l y sma l l  peaks  co u l d  b e  

ob s e rved i n  t h e  chromato gram ( f i g .  3 . 1 ) ,  b u t  the s e  

peaks  we re no t ident i fi ed . The s ame compounds as 

ment i oned above we re p re s ent  in the g l ucuro n i de fra c t i on 

( t h i n  l ay e r  ch roma t o gr aph i c  z o ne A). I n  t h i s  fra c t i on 

t e t rahydroco r t i s one was the ma i n  compo und i n  cont ras t to 

the co rre spond i n g  unco n j u gated fract i on in  wh i ch cort i s o l  

was t h e  p redominant compound . 

The t h i n  l aye r chromatog raph i c  z o ne B o f  the 

unconj ugated frac t i o n  s h o wed a great numb e r  of gas 

chromato graph i c  pe aks . The compounds at M . U .  va l ues  3 2 . 8 8 

and 3 3 . 1 4  we re i dent i fied as the 3 - me t h y l ox i me syn- and 

anti i s ome rs o f  6 S - hydroxy - co r t i s o l  MO -TMS e t h e r , and t h e  

mas s s p e ct ra o f  t h e s e  p e ak s  ( fi g .  3 . 4  ) we re i d en t i ca l  

t o  t h e  mas s  s p e c t r a  r e co rded from t h e  authe n t i c  compound . 

6 - hydroxy l at e d  3 - k e t o  s t e r o i ds us ua l ly exh i b i t  t wo gas 

chroma t o g r ap h i c  pe aks b e c ause the syn- and anti  i s ome rs 
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wh i ch are formed when the  3 - k e to g roup i s  me thy l ox i mated , 

are s ep ar ated on t h e  gas ch romat o graph i c  c o l umn . The 

p e ak at M . U .  3 0 . 2 6 was  i dent i fi e d  as t e t rahydroco rt i s o l  

MO-TMS e t h e r, b u t  t h e  mas s s p e c t rum o f  t h i s  compo und 

s howed that  t r aces o f  o t h e r  compounds w e re p r e s e n t  in the  

p e ak . The p e ak at M . U .  3 0 . 5 3 s howed intens ive i ons at 

m/ e 6 9 7  ( M
+ 

) , 6 6 6  ( M- 3 1  ) , 594 ( M- 1 0 3  ) , 5 7 6  ( M- 3 1 -

9 0  ) , 4 8 6 ( M- 3 1 - 2 x9 0 ) and 3 9 6  ( M- 3 1 - 3x 9 0  ) .  

Theo re t i ca l l y  such a mas s s p e c t rum wo u l d  b e  exp e c t e d  

fo r the  MO-TMS e th e r  o f  a n  1 1 - k e t o -pregnan e - t e t r o l one 

( mo l e cu l ar w e i gh t  6 9 7  ) .  The M- 3 1  ion  o r i g in at e s  from 

the  l o s s  of the methoxy ( CH 3 -o ) group f rom a me t h y l �  

ox i me func t i on , and the  M- 1 0 3 i o n  i s  frequent ly s e en 

in the mas s spe c t r a  of C - 2 1  hydroxy- s t e ro i d  MO-T MS 

e t h e r s . Th i s  i o n  o r i g i n a t e s  from c l e avage o f  the  C- 2 0  -

C- 2 1  b ond and the l o s s  o f  a ( C H
3

) 3 S i - 0 - C H 2 fr agmen t . The 

cons e c u t i ve l o s s  of fragme n t s  of 90  a . m . u .  re s u l t s  from 

the  c l e avage o f  t r i me t hy l s i l o xy l  ( ( CH 3 ) 3 S i - O H ) groups 

from the  s t e r o i d  nucleus  and gives r i s e  to  the  i ons at 

m/e 5 7 6 , 4 8 6 and 3 9 6 . This fragme n t a t i o n  b e h av io u r  is 

an a l o gous to  the  b e h aviour of t e t rahydroco r t i s one MO -TMS 

e t h e r  ( Thompson e t  a l , 1 9 7 3  ) .  

The p e ak at M . U .  3 0 . 6 7 showed a l s o  the s e  i o ns , b u t  an 

i mp o r t ant  d i ffe rence w as the  re l a t i ve ly h i gh i n tens i ty 

o f  the  M- 9 0  i o n  ( m/e 6 0 7  ) in the  mas s s p e c t rum o f  t h i s  

p e ak . T h i s  fragment i o n  i s  n o t  frequent ly s e en a s  a 

p re dominant ion i n  the  mas s s p e c t ra o f  t h e  MO -TMS e t h e r s  

o f  common c o r t i co s t e ro i d s  ( c f .  Thomp s on e t  a l , 1 9 7 3  ) .  

I n  the  lower p ar t  o f  t h i s  mas s s p e ct rum very i n t ens i ve 

i ons at m/e 1 9 6  and 2 7 1  were  p r e s ent , and the s e  i ons were 

of far l e s s  imp o r t ance in the mas s s p e c t rum of t h e  p e ak 

at M . U .  3 0 . 5 3 .  T h i s  i nd i c at e s  t h a t  t h i s  compound h as 

a t r imethy l s i l o xy - group wh i ch i s  very e as i l y  l o s t  i n  

ma s s  s p e c t rome try and has a s t ructu re wh i ch i s  

cons i d e r ab ly d i fferent from t h e  s t ru c t ure o f  t h e  1 1 - k e t o 

p re gnane - t e t ro lone de s cr ib e d  above . Shack l e ton 
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Table J. l M. � values of the definitely identified urinary 
s teroid MO-TMS ethers compared to authentic compounds . 

STERO I D  M . U .  VALUES 

u r in ary s tandard 

t e t rahydro cort i s one 2 9 . 6 6 2 9 . 6 9 

t e t rahydro c o rt i s o l  3 0 . 2 7 3 0 . 3 1 

c o r t i s o l  3 2 . 6 2 3 2 . 6 4 

6 S -hydroxy- cort i s o l  3 2 . 8 8 3 2 . 8 4 
3 3 .  1 4  3 3 .  1 2  

a - c o rto lone 3 0 . 5 4  3 0 . 5 6 

S - c o r t o l one 3 0 . 8 4  3 0 . 8 9 

a - c o r t o l  3 1 . 2 6  3 1 . 2 8  

S - c o r t o l  3 0 . 8 4 3 0 . 8 9  

and Snodg ras s ( 1 9 7 4  ) reported the  i d en t i fi cat i on o f  

1 S - hydroxy - t e t rahyd roco r t i s one i n  the  u r i n e  o f  an i n fant , 

and al though th e s e  authors u s e d  a d i fferent  d e rivat i ve , 

the r e s e mb l ance b e t ween the mas s  s p e c t r a  o f  t h i s  

comp ound and o f  the  p e ak at M . U .  3 0 . 6 7 i s  s t ri k i n g  s ee 

f i g .  3 . 4 and ref . Shack l e ton & Snodgras s , 1 9 74 ) . 

Th e re fore , t h i s  compound was t e n t a t i ve l y  i d en t i f i e d  as 

1 S -hyd roxy - t e t rahyd r o c o r t i s one MO-TMS e t h e r . 

The peak a t  M . U .  3 0 . 8 8 was a rather comp l ex m i x t ure 

of s e ve ra l compounds , but the peak at M . U .  3 0 . 9 7 s h o wed 

c l e a r ly the i ons comp a t i b l e  wi th  t h e  s t ruc ture p re gnane

pento l o ne MO -TMS e t h e r  ( mo l e cu l ar we i gh t  7 7 1  ) .  Again 

the mo l e c u l a r  i on ( m/ e 7 7 1  ) , the  M- 3 1  i o n  ( m/ e 7 4 0  

and the  i ons  re s u l t i n g  from the cons ecut ive l o s s  o f  

t r i me thy l s i loxy l  fragmen t s  ( m/e 6 5 0 , 5 6 0 , 4 7 0 and 3 8 0  ) 

we re ob s e rved ( s e e  fi g .  3 . 4  ) . T h i s  fragmen t at i on 

b ehaviour i s  analogous t o  that  o f  t e t rahydrocort i s o l  

MO -TMS e th e r .  

I n  the t h i n  l ay e r  ch roma t o g raph i c  z one B o f  the  

g l ucuro n i de fra ct ion the f o l l o wi n g  compounds we re found 

by gas ch roma t o graphy -mass s p e c t rome t ry ( see fig . 3 . 2 ) .  

The peak at M . U .  3 0 . 2 9 was i dent i ca l  to  t e t r ahydro-
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Tab Ze 3 . 2 Mass spectrometric data of the defi ni te ly and partZy 
i dentifi ed s teroid MO-TMS e thers . 

ST ERO I D  

t e t rahydroco r t i s one 

t e t rahy d roco rt i s o l  

cort i s o l  

6 S -hydroxy - co rt i s o l  

a- cort o l one 

S - co rt o l one 

a - co r t o l  

S - co r t o l  

1 S -hyd roxy-

I NTEN S I VE F RAGMENT I ONS 

6 0 9  5 7 8 , 5 0 6 , 4 8 8 , 3 9 8 , 2 7 6 , 2 5 8 , 2 4 6  

6 8 3  6 5 2 , 5 6 2 , 4 7 2 , 3 8 2 , 2 7 6 , 2 4 6  

6 36 6 0 5 , 5 1 5 , 4 2 5 , 2 7 6 , 2 4 6  

s e e fi g .  3 . 4  

6 5 4 5 5 1 , 4 4 9 , 3 5 9 , 2 6 9 , 2 4 3  

6 5 4  5 5 1 , 4 4 9 , 3 5 9 , 2 6 9 , 2 4 3  

7 2 8  6 3 8 , 5 4 8 , 5 3 5 , 5 2 3 , 4 4 5 , 4 3 3 , 34 3  
2 5 3 , 2 4 3 , 2 1 7  

7 2 8  6 3 8 , 6 2 5 , 5 4 8 , 5 3 5 , 5 2 3 , 4 4 5 , 4 3 3 
34 3 , 2 5 3 , 2 4 3  

t e t rahydro co r t i s one see f i g .  3 . 4  

1 1 - k e t o -pre gnan e -
t e t ro l one ( M . U .  3 0 . 5 3 ) s e e f i g .  3 . 4  

pre gn ane - p e n  to  lone 
( M . U .  3 0 . 9 7 ,  3 1 . 1 0 ) see fi g .  3 . 4  

1 1 - ke to - p re gn an e -pen t o l  
( M . U .  3 1 . 3 5 ) 

1 1 - ke t o - pre gnane -p e n t o l 
( M . U . 3 1 . 6 2 ) 

1 S - hy droxy- 2 0 S - co r t o l one 

pre gnane -hexol  
( M . U .  3 2 . 0 0 ) 

7 4 2 6 3 9 , 5 3 7 , 44 7 , 3 5 7 , 2 6 7 , 2 4 3 , 1 9 1  

7 4 2  6 3 9 , 5 3 7 , 4 4 7 , 3 5 7 , 2 7 9 , 2 6 7 , 2 4 3  
1 9 1 

7 4 2 6 5 2 , 5 3 7 , 4 4 7 , 3 6 9 , 3 5 7 , 2 9 7 , 2 8 4  
2 7 1 , 2 2 1 , 2 1 7 , 2 0 9 , 2 0 5 , 1 9 6 , 1 8 1 

s e e  f i g . 3 . 4  

cort i s o l  MO -TMS e t h e r  and the  p e ak at M . U .  3 0 . 5 4  s h owed 

very inte n s i ve ly the ions  of  an  1 1 - k e t o - p r e gnane

t e t rol one MO- TMS ether ( fi g .  3 . 4  ) wh i ch was i dent i ca l  

to  t h e  compound f o und in  t h e  s ame t h i n  l ay e r  chroma t o 

graph i c  z o n e  o f  t h e  unco n j uga t e d  frac t i on . I n  add i t i on , 

th i s  peak showed a l s o  the i ons ch arac t e r i s t i c  fo r 

a - co r t o l on e  TMS e t h e r  wh i ch e l u t e s  at appro x i mat e ly t h e  

s ame re t en t i on t i me ( t ab l e 3 . 1 ) .  T h e  p e ak at M . U .  

3 0 . 8 4  was i den t i fi e d  as S - co r t o l on e  TMS e t he r ,  b ut s o me 

S - c o rt o l  TMS e t h e r  was p r e s e n t  i n  t h i s  peak . Furth e rmore , 
the  ions  o f  an 1 1 - k e to - p r e gn ane - t e t ro l on e  MO -TMS e t h e r  
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were , a l tho ugh w e ak l y , p r e s en t . The s m a l l  p e a k  a t  M . U .  

3 1 . 2 6 was i dent i fi e d  as a - c o r t o l  TMS e t h e r . 

The unconj u g a t e d  frac t ion ( t h i n  l ay e r  chroma t o 

graph i c  z o ne C ) con t a ined s e ve r a l  p e a k s  a n d  the  two 

predominan t  p e a k s  h ad M . U .  values  3 1 . 0 9 and 3 1 . 6 2 .  The 

p e a k  at M . U .  3 1 . 0 9 s howed v e ry intens i v e l y  the  ions  

of  a p r e gn an e - p e n t o l one MO -TMS e t h e r  ( f i g .  3 . 4  ) .  The 

maj o r  i ons  of the p e ak a t  M . U .  3 1 . 6 2 and a l s o  o f  the  

p e ak at M . U .  3 1 . 3 5 w e r e  the i on s  theo re t i c a l ly exp e c t e d  

fo r a n  1 1 - k e t o - p r e gnane -pent o l  TMS e t h e r  ( mo l e cu l a r  

we i gh t  7 4 2 ) .  The mo l e c u l a r  ion a t  m/e 7 4 2 w as w e ak b u t  

v i s i b l e . The mo s t  p r o m i n e n t  i on s  w e re a t  m/ e 6 3 9 

( M- 1 0 3 ) and 5 3 7 ( M- 2 0 5  ) .  The l o s s  o f  a 2 0 5  a . m . u .  

fragmen t re s u l t s  from c l e avage o f  t h e  C- 1 7  - C - 2 0  b ond , 

and th i s  i o n  i s  us u a l ly ve ry i n t e ns i ve i n  the  ma s s  

s p e c t r a  o f  s t e r o i d  TMS e t h e r s  having a g lyce r o l  s i de  

chain a s ,  for  examp l e,  the  co r t o l on e s  i n  wh i c h  the  M- 2 0 5  

ion  ( m/e 4 4 9  ) i s  the mo s t  ab undant ion over m/ e 1 0 0 .  

The ions a t  m/ e 4 4 7 ,  3 5 7  and 2 6 7  re s u l t  from the  l o s s o f  

the o t h e r  t r i me thy l s i loxy g roups p re s en t  i n  the mo l e cu l e . 

The p e ak at M . U .  3 1 . 8 2 s howed a l s o  the ions  o f  an 1 1 - k e t o  

- p r e gnan e -pent o l  TMS e the r , b ut i n  th i s  ma s s  s p e c t rum t h e  

M- 9 0  i o n  ( m / e  6 5 2  ) w a s  re l a t i ve ly i n tens i v e . O th e r  

imp o r t ant  i ons  w e r e  o b s e rv e d  at m/e 2 7 1 , 2 0 9 , 2 0 5  and 

1 9 6 .  The d i fferences b e tween the mas s s p e c t ra o f  the 1 1 -

k e t o -pre gnan e - p e n t o l  TMS e th e r s  at M . U .  3 1 . 6 2 an d 3 1 . 8 2 

were  o f  a s i mi l ar nat ure as tho s e  b e tween the s p e c t r a  o f  

the 1 1 - k e t o - p re gnane - t e t ro l one MO -TMS e t h e r s  a t  M . U .  

3 0 . 5 3 and 3 0 . 6 7 ( unconj ugated f r ac t ion , t h i n  l ay e r  

ch roma t o g raph i c  z one B ) . Again a remark ab l e  r e s e mb l ance 

is  o b s e rved b e tween the  mas s s p e c t r a  of the  1 1 - k e t o 

p r e gn ane -pen t o l  TMS e t h e r  at M . U .  3 1 . 8 2 a n d  o f  t h e  

comp o und i dent i fi e d  b y  Shack l e t o n  & Sno dgras s ( 1 9 7 4 ) a s  

1 S -hy droxy- 2 0 S - c o rto lone TMS eth e r .  T h e  ma s s  s p e c t rum o f  

t h i s  compound w i l  b e  d i s cus s e d  a g a i n  i n  chap t e r  5 .  

The peak at M . U .  3 2 . 0 0 exh i b i te d  a l l  i ons  exp e c t e d  
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fo r a p r e gnane- hexo l TMS e t h e r  ( mo l e c u l a r  we i gh t  8 1 6  ) .  

The mo l e cu l a r  i o n  at m/ e 8 1 6  was c l e arly v i s ib l e , an d the  

M- 1 0 3 ion  ( m/ e 7 1 3 ) and the  M- 2 0 5  ion  ( m/e 6 1 1 ) were 

p r e s ent . B e s i d e s  the i ons  res u l t i ng from t h e  cons ecutive  

loss  of  t r i me t hy l s i loxy l  fragmen t s  from the m/ e 6 1 1 ion  

( ions  a t  m/ e 5 2 1 ,  4 3 1 , 34 1 and 2 5 1  ) , ions  wh i c h  

o r i g i n a t e d  from the  l o s s o f  s i mi l ar fragme n t s  from t h e  

m / e  7 1 3 ion  ( i o n s  a t  6 2 3 ,  5 3 3 ,  4 4 3  and 3 5 3  ) w e r e  a l s o  

v i s i b l e . A s i mi l ar fragmen t a t i o n  b ehaviour i s  o b s e rved i n  

t h e  s p e c t ra o f  t h e  c o rto l TMS e th e r s  ( c f .  Thomp s o n  e t  a l  

1 9 7 3  ) .  T h e  ions  o f  a p r e gnane - hexo l TMS e th e r  were  a l s o  

we ak ly p r e s en t  in t h e  p e ak at M . U .  3 1 . 6 2 .  

I n  the  g l ucuro n i d e  fract i on ( t h i n  l ay e r  chromat o 

g r aph i c  z one C ) the  p r e gn ane - pe n t o l one MO -TMS e t h e r  a t  

M . U .  3 1 . 1 0 w a s  t h e  p redominant compound . T h e  p e ak a t  

M . U .  3 0 . 5 1 w a s  a n  1 1 - k e t o - p re gnane - te t ro l one MO -TMS 

e t h e r  having the  s ame mas s s p e c t rome t r i c  app e a r ance 

as the comp o unds found in o t h e r  fract ions  at t h i s  M . U .  

v a l ue . T h e  1 1 - k e t o - p re gnane - pe n t o l  TMS e t h e r  at M . U .  

3 1 . 3 5 was i den t i c a l  t o  the  corresponding compound 

fo und in the  unconj ugated f r a c t i o n  and in the s ame t h i n  

l ay e r  ch roma t o g raph i c  z one . The p e a k s  at M . U .  3 1 . 6 1  and 

3 1 . 8 3 were  mixtures , b u t  con t a ined p r e dominan t l y  the  

compoun d s  found a l s o  in the un conj ugated fra c t i o n  a t  

t h e s e  M . U .  val ue s . T h e  mas s s p e c t rum o f  t h e  p r e gnane

hexo l TMS ether  at M . U .  3 2 . 0 0  i s  shown i n  fi g .  3 . 4 . 

3 . 4  D i s cus s ion . 

The re s u l t s  o b t a i ned i n  t h i s  s t udy prove t h at 

s ub s t an t i a l  amo un t s  o f  r i n g  A reduced co rt i co s t e ro i d s  

h aving s i x o xygen funct i ons  were  p r e s e n t  i n  the  urine 

of  an i n fant rece i vi n g  a h i gh dos e of  c o rt i s o l .  I n  fact  

a comp l e t e  s e r i e s  of  compo unds h av i n g  one a dd i t i o n a l  

hydroxy group w h e n  compared to  the  we l l  known cort i s o l  

me t ab o l i t e s  t e t r ahydroco rt i s one , t e t r ahydroco r t i s o l , 
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co r t o l one and corto l w e re found i n  t h i s  u r i ne . A l s o  

6 S - hy droxy- co r t i s o l w a s  fo und in a s ub s t ant i a l  amo unt , 

con f i rming the re s u l t s  repo r t e d  previous l y  ( U l s t rom e t  

a l , 1 9 6 0 ; Ducha rme , L e b o e u f  & Sando r ,  1 9 7 0 ; Dan i i l e s cu

Go l d i nb e r g  & G i ro u d , 1 9 7 4  ) .  An imp o r t an t  part of the 

s t e r o i ds de s c r i b e d  h e re w as fo und i n  the unconj u g a t e d  

fract i on ,  w h i c h  i s  i n  agre ement w i th the r e s u l t s  

de s c r i b e d  i n  chap t e r  2 .  

I t  i s  very l i k e l y  that  the me t ab o l i c  p ro ducts o f  

co r t i s o l  p re s ent i n  the urine  o f  no rma l newb o rn in fants  

are of  a s i mi l a r  nature as the s t e ro i ds de s cr i b e d  h e re . 

The r e s u l t s  o b t ained p r e v i o us l y  by s e veral  autho rs 

( Ul s t rom et a l , 1 9 6 0 ; Dan i i l e s c u - G o l d i nb e rg & G i roud , 

1 9 7 4 ) s upport t h i s . The finding o f  a cons i de rab l e  

amo unt o f  te t r ahydroco r t i s o l , a metabo l i t e s c a r c e l y  

p re s en t  i n  the u r i ne o f  normal newbo rn in fants 

( Dan i i l e s cu - G o l d i nb e r g  & G i roud , 1 9 7 4 ; Shack l eton , 

Hono ur & T ay l o r , 1 9 7 5  ) , ind i cates t h at the m e t ab o l i s m  

o f  c o rt i s o l  w a s  al tered quan t i t at i ve ly to a g r e at extent 

b y  the l arge dose  o f  cort i s o l  admi n i s tered t o  the s t ud i e d  

i n fant . 

Two compo unds were  p re s ent the MO-TMS e t h ers o f  

w h i ch s howe d  a s t r i k i n g  r e s e mb l ance t o  the MO- TMS e th e rs 

o f  1 S - hydro xy - t e t r ahydro cort i s one and 1 S - hydroxy - 2 0 S 

c o rt o l one i dent i fi e d  b e fo re i n  the urine o f  an i n fant 

s u ffe r i n g  from ren a l  un respons ivene s s  t o  a l do s t e rone . 

1 S -hydro xy - 2 0 S - co rto l o ne w as a l s o  i dent i fi e d  i n  the 

urine o f  normal i n fan t s  ( Shac k l e t o n  e t  a l , 1 9 7 5  ) .  

Howeve r , t h e s e  s t e r o i d s  s howed a remarkab l y  d i fferent 

fragme n t a t i o n  p at t e rn when comp a red t o  the MO -TMS e thers  

of  o t h e r  1 1 - k e t o - p r e gnane - t e t ro l o nes  and 1 1 - k e t o 

p r e gn ane -pento l s  fo und i n  t h e  u r i ne o f  the i n fant s tud i e d  

h e r e . Furth e rmo re , t h e s e  1 S -hydroxy l ated compounds w e r e  

o f  m i n o r  quant i t a t i ve imp o r t ance ( fi gure s 3 . 2 and 3 . 3 ) , 

and i t  can b e  concl ude d that  hydroxy l a t ions at  pos i t i ons 

other than C - 1  p l ay a q u ant i t at i v e l y  mo re i mpo rtant ro l e  
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i n  the ne onat a l  cort i s o l  me t ab o l i s m .  

6 - hydroxy l a t i o n  i n  6 - 4 , 3 - ke tones i s  a we l l  do cume n t e d  

pheno menon i n  b o th neonat a l  ( Ul s t rom e t  a l , 1 9 6 0 ; 

Reyn o l ds e t  a l , 1 9 6 2 ; Ducharme e t  a l , 1 9 7 0 ; Dan i i l e s cu

Go l d i nb e rg & G i roud , 1 9 7 4 ; Shack l e to n  et  a l , 1 9 7 5  ) and 

a d u l t  co rt i s o l  me t ab o l i s m  ( Frant z , Katz & J ai l e r ,  1 9 6 1 ; 

Ka t z , L i pman , F r an t z  & J ai l e r , 1 9 6 1 ;  L i pman , Ka t z  & 

J a i l e r , 1 9 6 2 ; L amb e rt & Penn i n gton , 1 9 6 5 ; Bur s t e in , 

K i mb a l l ,  K l a i b e r  & Gut , 1 9 6 7 ;  Dixon & Penn i n gton , 1 9 6 8  

and 1 9 6 9 ; Gho s h  & Pennington , 1 9 6 9 ; Thras h e r ,  We rk , 

Young Cho i ,  Sho l i t o n , Meye r & O l inge r , 1 9 6 9 ; Fukus h i ma ,  

B ra d l ow & H e l l m an ,  1 9 7 1  ) .  

So far no r i n g  A re duced 6 - hydroxy l a t e d  co rt i co 

s te ro i ds have b e e n  de f in i te ly ident i f i ed i n  human 

neonat al urine , b u t  s everal  auth o rs ( Ul s t rom et a l , 

1 9 6 0 ; Dan i i les cu- Go l d i nb e r g  & G i roud , 1 9 7 4  ) h ave 

s ug ge s t e d  that s uch c ompounds m i ght be p r e s ent in 

neonat a l  urine . 
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C HAPTE R 4 

SYNTHE S I S  AN D GAS CHROMATOGRAPHY- MAS S SPECTROMETRY O F  R I N G  

A REDUCED 6 - HYDROXYLATED CORT I COSTE RO I DS .  

4 . 1 I n t rodu c t i o n . 

As po inted out b e fo r e  ( s e c t i o n  3 . 4  ) , cons i d e r ab l e  

evi dence was ava i l ab l e  from the l i t e r ature that 6 S 

hydroxy l at e d  a - 4 , 3 - ketones  p l ay an i mport ant ro l e  i n  the 

me t ab o l i s m  of cort i s o l  i n  the human newb o rn , and t o  a 

l e s s e r  ext ent i n  the adu l t . T h i s  j us t i fi e d  an 

inve s t i ga t i o n  into the p r e s ence o f  s a turated 6 -

hydroxy l ated co r t i co s t e ro id s  i n  t h e  u r i ne o f  the newb o rn 

i n f an t . As no d a t a  on s uch compounds could  b e  o b t ained 

fro m the  l i t e rature , i t  was d e c i d e d  to synth e s i s e  the 6 -

hydroxy l ated an a l o gs o f  ( a l l o ) t e t r ahyd roco r t i s o l  and 

( a l l o ) t e t rahydroco r t i s one , vi z . : 

3a , 6 a , 1 1 S , 1 7 a , 2 1 - p e n t ahydroxy - 5 a - p r e gnane - 2 0 - o ne , 

3a , 6 a , 1 1 S , 1 7 a , 2 1 -pent ahydroxy - 5 S - p r e gnane - 2 0 - one , 

3a , 6 S , 1 1 S , 1 7 a , 2 1 -pentahydroxy - 5 a - pre gnane - 2 0 - o ne , 

3 a , 6 S , 1 1 S , 1 7 a , 2 1 -pent ahydroxy - 5 S - p re gnane - 2 0 - one , 

3a , 6 a , 1 7 a , 2 1 - te t rahydroxy - 5 a-pre gnane - 1 1  , 2 0 - dione , 

3a , 6 a , 1 7a , 2 1 - te t rahydroxy - 5 S - p r e gnane - 1 1 , 2 0 - d i o ne , 

3 a , 6 S ,  1 7 a , 2 1 - t e t  rahydroxy - 5 a - p re gnane - 1 1 , 2 0 - dione , 

3 n , 6 S , 1 7 a , 2 1 - t e t r ahydroxy - 5 S -pre gnane - 1 1 , 2 0 - d i o ne . 

The de s i red compounds were prepared by catalyt i c  

hydro genation o f  the a - 4 doub l e  b ond o f  t h e  parent 6 a - and 

6 S - hyd roxy l ated a - 4 , 3 - k e t o ne s , and enz ymat i c  conve rs ion 

of  the 3 - k e to g roup i nt o  a 3a - hyd roxy g roup . 

A cons i de r ab l e  amo unt o f  data was avai lab l e  from the 

l i t e rature ab out the cata lyt i c  redu c t i o n  of the a - 4  

doub l e  bond i n  s t ructu r a l ly  re l at e d  a - 4 , 3 - k e t ones h aving 

no  hydroxy group at  C- 6 ( Lo ewent h a l , 1 9 5 9 ;  C as p i , 1 9 5 9 ; 

McQu i l l i n , Ord & S i mpson , 1 9 6 3 ;  Harn i k , 1 9 6 3 ;  Comb e , 

Henb e s t  & J acks on , 1 9 6 7  ) .  L arge var i at i ons in the 
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re l a t i ve amo unts o f  S a - and S S  e p i mers o b t a i n e d  were  

ob s e rve d .  The ratio  of  the S a - and S S  p roducts  depended 

s t ro n g l y  on s uch facto rs as t h e  n ature and po s i t i on o f  

s ub s t i tuents i n  the inve s t i gated comp o unds , t h e  nature 

an d amo unt of c a t a l y s t  u s e d , and t h e  nature of the 

s o l ven t . Howeve r , i n  s o l vents  of  me d i um to h i gh p o l a r i ty 

reasonab l e  amount s  o f  b o th e p imers were  u s u a l ly found . 

E n z yma t i c 3 a - hyd roxy l at i on was cho s en b e c aus e o f  

i t s  h i gh spe c i fi c i ty , thus avo i d i n g  the s ep a r a t i o n  o f  the 

d i f fe rent i s ome rs ob t ained i n  reduc t i o n  by me t a l  hydrides 

or Raney n i ck e l . 

The s t e re o ch e mi s t ry at  C - 5  o f  the c a t a l y t i c  

hydro genat i o n  products  was de te rmined b y  r e c o r d i n g  t h e  

op t i c al  r o t a t o ry d i s p e r s i o n  a n d  c i r c u l ar d i chro i s m  

s p e c t r a  o f  the s e  comp o unds . Further p ro o f  o f  s t ru ct u r e  

w a s  produced b y  us ing m i c rochem i c a l  r e a c t i o n s  and 

co mb i ned gas chroma to graphy - mas s s p e c t rome t ry . The 

G C -MS prope r t i e s  o f  the compounds ment i o n e d  above , are  

also  d e s c r ib e d  i n  this  chap te r . As the main goal o f  the 

work de s cr i b e d  i n  this  chap t e r  was to o b t a i n  qual i t at i ve 

data on t h e s e  co mpo unds , th e  quant i t at ive a s p e c t s  o f  the s e  

synth e s e s  were no t cons i de re d ,  except i n  one c as e . 

4 . 2  Mate r i a l s  and Me t h o ds . 

Apart from the mate r i a l s  a l r e ady ment ioned i n  

p r e c e d i n g  chapte r s , the fo l low i n g  mat e r i a l s  w e r e  us e d .  

S i l i ca ge l c o l umn s ( Me rck Fe rt i gs ali l e  A and B ) were  

purch a s e d  from Me rck , Darms t adt , G e rmany , and 1 0 % 

p a l l adium om charco a l  ( w/w ) from Koch L i ght , Co lnb rook , 

Bucks . ,  E n g l and . 3 a-hydroxy - s te r o i d  o x i d o r e d u c t a s e  was  

o b t a ined from Nyeg aard & Co . , Os l o , N o rw ay , and o th e r  

b i o chemi c a l s  f r o m  Boehringe r ,  Mannh e i m ,  Ge rmany . 
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T h i n  l ay e r  ahrom a t og raphy ( TL C ) .  

Sys tem I :  0 . 2 5 mm s i l i ca  ge l p l at e s  deve l o p e d  i n  

ch l o r o fo rm-me t h ano l -w a t e r  8 6 5  : 1 2 5 : 1 0  ( v/v/v ) . 

Sys tem I I : 0 . 2 5 mm k i e s e l guhr p l at e s  i mp r e gnated w i t h  

1 0 %  e th y l ene g lyco l i n  acetone ( v / v  ) and deve loped i n  

e thy l ace tate s aturated w i t h  e thylene g lyco l . 

H i g h  p e rfo rman a e  l i q u i d  ahromatog raphy ( HPL C ) .  

I n s t rume n t at ion : A Waters  As s o c i at e s  pump mo de l 6 0 0 0 , 

a mo d e l  U6 K inj e c t o r  and a mo de l 4 4 0  ab s o rb an ce mon i t o r  

operated a t  2 8 0 o r  2 5 4  n m  ( 2 5 4  n m  w a s  u s e d  o n l y  fo r the 

d e t e c t ion o f  � - 4 , 3 - ke tones ) .  

Co l umn : � - P o r as i l  3 0  x 0 . 4  em s i l i c a g e l . 

F l ow rate : 2 ml /min . 

Sys t ems : I :  3 . 5 %  me t h ano l and 0 . 3 5 %  w a t e r  in ch l o ro fo r m .  

I I : 7 . 5 % me than o l  and 0 . 7 % water  in chlo ro fo rm .  

Prepara t i ve ao l umn a h roma to graphy ( PCC ) .  

Co l umn type A :  2 0  x 1 em s i l i ca ge l ( Fe rt i gs ati l e  A 

o p e r at e d  at  a f low r at e  o f  1 0 0 m l / h r . The e luate  was 

co l l e cted i n  fra ct ions of 1 0  ml . 

Co l umn type B :  3 0  x 2 . 5 em s i l i ca  g e l  ( Fe rt i gs ati l e  B ) 

o p e r ated at  a flow rate o f  2 5 0  m l / h r . F ra c t i o n  s i z e  was 

2 5  ml . 

Sys t e ms : I :  2 %  me thano l in  ch l o r o fo rm .  

I I :  5 %  me t h ano l i n  ch l o ro fo rm .  

Comb i n e d  gas a h roma t og rap hy-ma s s  s p e a t rome t ry ( GC- MS ) . 

Pure gas ch romato graphy and comb ined gas chromato 

graphy - mas s s p e c t rome t ry were c a r r i e d  out as des c ri b e d  

in s e ct io n  3 . 2 .  T h e  f o l lowing g a s  chromato graph i c  

co l umns and o p e r a t i n g  cond i t i ons were us ed : 
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C o l umn A :  2 m x 2 mm ( i . d . ) g l as s  co l umn p acked w i th 

3 %  OV- 1 on Chromo s o rb W-HP , 8 0 - 1 0 0  me s h ; temp e rature 

p r o g r am f rom 2 1 0 - 2 7 0 ° C a t  1 ° C/min ; f low rate 1 8  m l / mi n . 

C o l umn B :  2 m x 2 mm ( i . d . ) g l a s s  c o l umn p acked w i t h  

3 %  S i l a r  1 0 C o n  G a s c h r om Q ,  1 0 0 - 1 2 0 me s h ; i s o th e rma l at  

2 2 0 ° C ;  f l ow r a te 1 0  m l / mi n . 

C i rc u l ar di chro i s m  a n d  op t i ca l ro t a to ry di s p e r s i o n  

s p e c tra 

The s e  s p e c t r a  were  r e c o rd e d  on a Vari an Cary 9 0  

ins t rume n t . 

Mi cro c h emi ca l re a c t i o n s . 

The s e  r e a c t i ons were  us ed to prove the s t ructures 

of the synth e s i s e d  comp ounds . 0 . 1 - 0 . 5  m g  of  the s t e ro id 

to b e  inve s t i ga t e d  was s ub j e c ted to one o r  mo re o f  the 

re a c t i ons d e s c r i b e d  b e l ow .  Us u a l ly one predominant 

p roduct  was o b t ained i n  h i gh y i e l d  ( 8 0 - 1 0 0 %  ) .  In the 

chromium t r i ox i d e  o x i d a t i o n  the n a ture and the amounts 

of p r od u c t s  fo rmed depended on the s t e re o chemi s t ry of 

the hydroxy g ro ups  to b e  o x i d i s ed , and the r e ac t i on t i me 

used ( c f .  Grimme r ,  1 9 6 0  ) .  

A c e tyl a t i on ( Bush , 1 9 6 1  ) .  The s amp l e  was d i s s o lved i n  

0 . 2  ml  o f  a mixture o f  ace t i c  anhydride an d p y r i d i n e  

( 1 : 2 ) ,  a n d  al lowed to r e a c t  for  1 0  min at  room 

tempe rature . The reagents w e re evaporated  under a s t re am 

o f  n i t r o gen . Unde r  the s e  con d i t i o ns p r imary hydroxy 

groups were  quant i t a t i ve ly a c e ty l a t e d .  Only ve ry s m a l l  

amount s  o f  s e cond ary a c e t a t e s  w e r e  formed . 

Deacetyl a t ion ( Mo d i f i c a t i o n  of  the method of  Dus z a ,  

J o s eph & B e rn s t e in , 1 9 6 2  ) .  The s amp l e  was d i s s o lved i n  

0 . 5  ml o f  a 0 . 5 % s o l u t i on ( w / v ) o f  s o dium me thoxide  i n  
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me thano l , and n i t ro gen was b ubb l e d  through t h i s  s o l u t i o n  

fo r 1 min .  T h e  r e a c t i o n  m i x t ure was al lowed to s t and fo r 

3 0  m i n  at room temp e r at ure . 2 0  �1 o f  ace t i c  ac i d  w e r e  

ad ded , a n d  t h e  s o l ven t s  w e re evapo rated unde r n i t ro gen . 

Ch romium t r i o x i de ox i da t i o n  ( Bush , 1 9 6 1  ) .  The s amp l e  

w a s  d i s s o lved i n  0 . 5  ml  o f  g l ac i a l  ace t i c  a c i d  and 0 . 3 5 

ml  o f  a 2 �  s o l u t i o n  ( w/v ) o f  ch rom i um t r i o x i de i n  

w a t e r  was added . T h e  mixture w as l e ft i n  the d a rk at 

room t e mpe rature fo r 2 0 - 6 0  mi n .  5 ml o f  d i s t i l l ed  

w at e r  were added , and the mixture was e x t r a c t e d  tw i ce 

w i t h  2 0  ml o f  me thylene ch l o r i de . The comb ined extracts  

were fi l te red o ve r  a w a t e r  rep e l l ent fi l t e r  and 

evapo rated in vacuo . 

S o d i um b i s muthate o x i d a t i o n  ( B ush , 1 9 6 1  ) .  The s amp le  

was d i s s o l ved in 1 ml o f  a mixt ure o f  acet i c  ac i d  and 

w a t e r  ( 1 : 1 ) , and SO mg o f  s o d i um b i s muthate were 

added . The suspens i o n  w as s h aken vi go rously  for 2 h ours 

at room tempe rature . 5 ml o f  water were added , and the 

mixture w as extracted twi ce w i th 2 0  ml of methy l ene 

ch l o r i de . The comb i ned ext racts were fi l t e re d  over a 

w a t e r  repe l l ent fi l t e r  and taken to dryne s s  i n  vacuo . 

Wo l ff - K i s hne r reduc t i on ( Van denhe uve l ,  1 9 74 ) .  The 

s amp l e  was d i s s o l ved i n  0 . 4  ml of a 1 5 % s o l u t i o n  ( w/w ) 

o f  s o d i um e thox i de in e t h ano l , and 0 . 2 4 ml o f  a 5 %  

s o l ut ion ( v/v ) o f  hyd r a z ine hydrate ( 9 9 - 1 0 0 %  ) i n  

e t h ano l was added . T h e  v i a l  con t a ining t h e  react i on 

mixture was p l a ced in a s t a i n l e s s  s t e e l  p res s ure ve s s e l  

a s  de s cr ibed b y  Vandenheuve l ( 1 9 7 4 ) .  1 0  ml  o f  e t h ano l 

we re p l aced on the b o t t o m  o f  the p r e s s ure ves s e l  to 

ma i n t a i n  a s o l vent s at urated atmo s phere ins ide the 

r e a c t i o n  ve s s e l .  The ve s s e l  was s e a l e d , h e a t e d  at 1 9 0 °C 

for 5 hours , and a l lowed to co o l  to room tempe rature . 

The re a c t i on mixture was d i l uted w i th 5 ml o f  d i s t i l l e d  
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w a t e r  and neutral i s e d  w i t h  acet i c  ac i d .  The m i x t ure was 

e x t r a c t e d  w i th 2 x 20  ml  of me thy l e ne ch l o r i de , and the 

co mb in e d  extracts were  f i l te r e d  over a wat e r  rep e l l en t  

f i l t e r  a n d  evap o r a t e d  i n  vacuo . 

4 . 3  Expe r i ment a l . 

The synthe t i c  p athways an d the n umb e rs as s i gned to 

the d i fferent s t e ro i d  s t ructures are p r e s e n t e d  i n  f i g . 

4 .  1 .  

Th e prepara t i on o f  t h e  2 7 - a ce t a t e s  o f  6a-hy droxy - co r t i s o Z � 

6 S -hy droxy - co r t i s o Z �  6a-hy droxy - c o r t i s o n e  and 6 S -hy droxy

co r t i s o n e  ( Ia�  Ib� Ic and I d  ) .  

I a ,  I b , I c  and I d  w e re prepared a c c o r d i n g  t o  the 

me thod o f  Gardi & Lus i gnani ( 1 9 6 7  ) from co rt i s o l - and 

co r t i s one - 2 1 - ac e t at e s , respe c t i ve ly , v i a  the 3 - e t hy l 

d i eno l e th e rs ( S e r i n i  & K os t e r , 1 9 3 8 ) . I n  t h i s  

preparat i o n  cort i s o l - 2 1 - ac e t a t e  y i e l ded I b  a s  t h e  main 

p roduct , ac companied b y  ab out 2 5 %  I a ,  as was e s t i ma t e d  

f r o m  TLC an alys i s  ( sys tem I ,  d e t e c t ion by U V  ab s o rp t i o n  

a t  2 5 4  n m  ) .  T h e  y i e lds  from co r t i s one - 2 1 - ac e t a t e  were 

8 5 %  fo r I d  and 1 5 % fo r I c .  Ia  and I b  as w e l l  as Ic  and I d  

c o u l d  b e  s ep arated preparat i ve ly b y  PCC co l umn type B ,  

sys tem I .  

To c o n fi rm the i dent i ty o f  the products  I a ,  I b , I c  

and I d , appro x ima te ly 1 0 0 � g  o f  e a ch o f  the s e  compo unds 

were deace ty l ated and conve rted i n t o  MO -TMS e t h e r s  ( s e e  

s e c t i o n  3 . 2 ) .  GC -MS an alys i s  ( co l umn A )  s howed t h a t  

I b 1 and I d 1 w e r e  i den t i ca l  to authent i c  s amp l e s  

( S t e ra l o i ds ) , b o th compo unds e xh i b i t in g  two gas 

chromato graph i c  peaks ( syn- and ant i  i s ome rs caus e d  by 

methy lox imat ion of the 3 - ke t o  group ) ,  w i t h  M . U .  values  

3 2 . 8 4 / 3 3 . 1 2  and  3 2 . 4 5 / 3 2 . 7 2 ,  r e s p e c t i ve ly .  The  mas s 

s p e c t r a  o f  the MO -TMS e th e r s  o f  I a
1 

and I c 1 were  a l mo s t  
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i dent i c a l  to the s p e c t r a  o f  I b 1 and I d
1 

MO -TMS ethers , 

respe c t i ve ly .  The M . U .  v a l ue s  were  3 3 . 2 4 / 3 3 . 6 3  fo r I a 1 
and 3 2 . 5 8 / 3 3 . 0 0  for I c 1 . 

As further p r o o f  fo r the i den t i ty o f  I a  and I c ,  1 0 0 

� g  o f  I a ,  I b , I c  and I d  were o x i d i s ed w i t h  chro m i um 

t r i o x i de fo r 6 0  min . The p roducts ob t a ined were  a l l  

i dent i ca l  b y  H P L C , s y s t e m  I ( r e t e n t i o n  t ime 1 1 0  s e c , 

d e t e c t ion at  2 5 4  nm , s e e  a l s o  fi g .  4 . 2  ) . 

� � 0 2 � � u u 
u 0 � 
0 ' � 
' N e N ' � 
' � c � c 0 c 0 0 � a � -

v � 
0 X 0 

u � u 0 
' � ' 
� 0 � 
X � X 
0 � 0 
� c c � c 
� � 0 � � 7 � � c u ' v c � � 0 � � X c � ? 0 

m t n  0 3 0 

E 
c 

� 
� N 

� 
� 
� 
< 

� 
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Fig. 4 . 2 HPLC analysis of the chromium trioxide oxidation products 
of the 2 7-acetates of 6a-hydroxy-cortisone and 6S-hydroxy
cortisone . 
Reaction time was 60 min . The amount of product formed from the 68-

hydroxy compound ( left ) was appreciably less than the amount 

formed from the 6a-epimer. The reason for this is that3 in contrast 

to saturated 6-hydroxy lated s teroids3 the oxidation rate of a 68-

hydroxy �roup in 6-43 3-ketones is lower than that of a 6a-hydroxy 

group ( oxidation rates 68  : 6a = 7 : 3 . 33 Grimmer3 7 960 ) .  
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T h e  s y n t h e s i s  o f  6 B -hydroxy - t e t rahy dro c o r t i s o l ( I Vb ) 

and 6 B -hydroxy - a l l o t e t rahy droco r ti s o l  ( Vb ) .  

1 0 0 mg o f  6 S - hydroxy - co r t i s o l - 2 1 - ac e t a t e  ( I b  ) w e re 

d i s s o lved i n  1 0  ml  o f  d i oxane ( fre s h ly d i s t i l l e d  from 

s o d i um w i re ) and 2 0 0  mg  of 1 0 \ p a l l ad i um on c h a r c o a l  

( w/w ) were  added . Hyd r o genat i on w a s  c a r r i e d  out  a t  room 

temp e r ature b y  p as s i n g  a gent l e  s t re am o f  hydrogen 

th rough t h e  s o lu t ion , un t i l  T LC ( sys t em I ,  d e t ec t i on 

a t  2 5 4  nm ) reve a l ed t h a t  I b  was n o  l o n g e r  p r e s e n t  i n  the 

rea c t i on m i x ture . Ana lys i s  of the  r e a c t i on mixture by TLC  

s y s t e m  I I  ( de t e c t i on w i th b l ue t e t r a z o l i um ,  N e h e r , 

1 9 6 4  ) reve a l e d  two s p o t s  ( R
F 

0 . 3 6 and RF 0 . 4 0 ) 

s l i gh t ly l e s s  p o l a r  than I b  ( RF 0 . 3 5 ) , and one s t rong 

ap o l a r  s p o t  ( RF 0 . 7 2 ) ,  p r e s umab ly a hydro geno lys i s  

produ ct . The react ion mixt ure was f i l t e red ove r a C e l i t e 

p ad , e vapo rat ed in vacuo and red i s s o l v e d  in 2 ml  o f  

methano l - ch l o ro form 2 : 9 8  ( v / v  ) .  Th i s  s o l u t i on w a s  

app l i ed to a P C C  co l umn type A a n d  e l uted wi th th e s ame 

s o lvent ( PCC sys tem I ) .  The e l uate was moni t o red by 

an alys ing a l iquots  o f  e ach fract i on o f  1 0  ml  b y  T L C  

sys tem I ( d e t e ct i on w i th b l ue t e t r a zo l i um ) .  The 

p roducts  s l i gh t l y  l e s s  p o l ar than I b  were  c o l l e ct e d  in 

fra c t i ons 1 9 - 2 1  and 2 7 - 3 4 , r e s p e c t i ve ly .  F r ac t i ons 2 2 - 2 6 

conta ined a mi xture o f  b o th products  and the s e  fract i ons 

w e re poo l ed an d chroma t o g r ap h e d  again to  ob t a i n  

add i t ional  amount s  o f  t h e  produc t s . 

App roxima t e l y  1 0 0 � g  o f  b o th compounds were  

deace ty l a ted an d conve r t e d  i n t o  MO-TMS e thers . GC -MS 

an a lys i s  ( co l umn A ) s howed fo r e a ch comp ound two gas 

ch romatograph i c  pe aks . The ap o l ar  compound h ad M . U .  

values 3 3 . 1 1 / 3 3 . 4 7  an d the more po l a r one 3 2 . 1 0 / 3 2 . 3 1 .  

Both compounds gave mas s s p e c t r a  c on s i s t e n t  w i th t h e  

s t ructure 6 S , 1 1 S , 1 7 a , 2 1 - t e tr ahydroxy - 5 a / S - p r e gnane- 3 , 2 0 -

dione  MO -TMS e th e r  ( s ee  t ab l e  4 . 1 compound s  I I b
1 

and  
I I I b 1 ) .  
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Fig. 4 . 7 Synthetic pathways . 
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Recrys t a l l i s at i on o f  the two p roduc t s  from ch l o r o fo rm 

- he p t ane y i e l de d  4 1  mg o f  the more po l ar and 1 2  mg o f  the 

l e s s  p o l ar comp ound .  

Ci rcu l ar di chro i s m  a n d  o p t i ca l ro t a t o ry di s p e rs i on . 

B o t h  hy dro genat i on p ro ducts  w e r e  d i s s o l ved in  

app r op r i at e  vo l umes of  methano l and c i r c u l a r  d i chro i s m  

a n d  o p t i c a l  r o t a t o ry d i s p e r s i o n  s p e c t r a  w e r e  r e c o rded . 

I n  f i g . 4 . 3  the s e  s p e c t r a  and a l s o  the co rrespon d i n g  

o ct an t  d i agrams ( c f .  Ve l lu z , Le g rand & Gro s j e an , 1 9 6 5  ) 

are s hown . I n  t h i s  f i gure the C - 2 1  al coho l s  are 

dep i c t e d  i n s t e a d  of the C - 2 1  ace tat e s , an d t h e  o c t ant  

d i a g rams re fe r  t o  the 3 - k e t o  g roup ( s hown i n  b l ac k ) .  

The o ct a n t  d i agrams s h ow that  the atoms o f  t h e  S a - e p i me r  

l i e  predomi n an t l y  in  t h e  upp e r  pos i t ive o c t ant . Acc o r d i n g  

to the Oc tant Ru l e  ( Mo f f i t , Wo odward , Mo s cow i t z , K lyne & 

Dj e ra s s i ,  1 9 6 1  ) t h i s  resu l t s  i n  a po s i t i ve C o t ton 

e f fect  ( s e e  also  Ve l l u z  e t  a l , 1 9 6 5  ) .  For t h e  5 8 - e p i me r  

the s i tuat i o n  i s  s omewh at l e s s  p r o n o un c e d , b u t  the atoms 

wh i ch are c l o s e  t o  C - 3  i n  the mo l e cul e l i e p re domi nant ly 

i n  the upper n e gat ive octant , res u l t i n g  in a n e g at i ve 

Co t to n  e ff e c t . As the c o n t r ib u t i o n  o f  the 2 0 - ke t o  group 

i s  pos i t i ve and i d e n t i c a l  fo r b o t h  the S a - and the 5 S 

epimer , t h e  n e t  r e s u l t  i s  a l arger  pos i t i ve C o t t o n  

e ffect  fo r the S a - ep i me r wh en comp a red to the 5 8 - e p i me r .  

The c i r c u l a r  d i ch ro i sm and  o p t i c a l  rotato ry d i s p e r s i o n  

s p e c t ra ( f i g .  4 . 3  ) s h o w  t h a t  the l e s s  po l a r  compound 

exh i b i t e d  an app r e c i ab l y  l a rger  Cot ton e ffect t h an the 

mo re p o l a r  ep i me r .  On t h i s  b as i s  the l e s s  p o l a r  ep ime r 

was i de n t i f i e d  as 2 1 - ace toxy- 6 8 , 1 1 8 , 1 7 a - t r ihydroxy- 5 a 

p r egnan e - 3 , 2 0 - d i o n e  ( I I I b ) a n d  the mo re p o l a r epimer  as 

2 1 - ac e t oxy - 6 8 , 1 1 8 , 1 7 a - t rihydroxy- 5 8 - p r e gnane - 3 , 2 0 - d i o n e  

( l i b ) .  Th i s  i s  a l s o  i n  agre ement w i t h  the exp e r i ment a l  

r e s u l t s  o b t a i n e d  b y  Ve l l uz e t  a l  ( 1 9 6 5  ) for c l o s e ly 
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dispersion of the catalytic hydrogenation products 
of 6S-hydroxy-cortiso l-2 7-acetate . 
Left: The CD/ORD spectra of these compounds . 
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These diagrams refer to the 3-keto group; the C-2 7  
a lcoho ls are depicted instead o f  the C-27 acetates . 
The U V  spectrum of these compounds showed a maximum 
at 290 nm. For further explanation see text. 



re l at e d  s te ro i ds . 

E n z y ma t i c  3a-hy droxy L a t i o n . 

1 0  mg o f  I I b as we l l  as o f  I I Ib were  de ace ty l ated 

and conve rted into  the 3 a - hydro xy comp o unds by incub a t i o n  

w i th 1 . 7 5  U o f  3a-hydroxy - s te r o i d  o x i d o r e d u c t a s e  ( 3a 

STDH , E . C .  1 . 1 . 1 . 5 0 ) and 5 0  mg o f  NADH i n  2 0  ml o f  0 . 1 M 

acet ate b u ffer o f  pH 6 . 0  accord i n g  t o  the equat i on : 

3 - k e t o - s t e ro i d  + NA DH + H + � 3 a - h y droxy - s t e r o i d  + NA D
+ 

O n l y  i f  NAD
+ 

w as remo ve d  from the r e a c t i o n  mixture cou l d  

accep tab l e  amo unt s  o f  the 3 a - hyd roxy - s t e r o i d  b e  

o b t ained ( 5 0 - 7 0 �  conve r s i o n ) .  T h i s  was ach i e ved by 

add i n g  a s o l ut i on of 85  mg s o d i um - 1 - m a l a t e  i n  5 m l  o f  

w at e r  adj us ted a t  p H  6 . 0  and 1 1 0 0  U o f  mal at e  d e hydro 

genase ( MDH , E . C .  1 . 1 . 1 . 3 7 ) t o  the r e a c t i o n  mixt ure . 

NAD
+ 

was e ffe c t i ve ly removed from the  react i o n  mixture 

acco rd i n g  to the equat i on : 

L-ma L a t e  + NAD+ � oxa L o ac e t a t e  + NA DH + H + 

i n  wh i ch the e q u i l i b ri um l i e s  far to the r i gh t . 

After  2 4  hours o f  i n c ub at i o n  at 3 7 ° C the r e a c t i o n  

m i x t u r e s  we re ext racted  three  t imes w i th 5 vo l ume s o f  

e thy l ace t ate , the e x t r a c t s  were  comb ined , d r i e d  over 

anhydrous s o d i um s u lphate and taken t o  dryne s s .  T L C , 

s y s t e m  I ( de t e c t i o n  w i th b l ue t e t r az o l i um ) , showed 

that the s t ar t i n g  comp o unds were fo r 5 0 - 7 0 %  conve r t e d  

i n t o  t h e  p r o d u c t s  I Vb and Vb . The c rude produc t s  w e r e  

pur i fi e d  b y  P C C  co l umn type A ,  s y s t e m  I I .  The y i e ld w a s  

3 . 6  mg o f  I Vb and 2 . 9  mg o f  Vb . B o t h  comp o unds w e r e  pure 

as w as s h O\vn by TLC s y s t e m  I .  1 0 0 ]J g  of I Vb and Vb were 

conve r t e d  into MO -TMS e thers  and ana l y s e d  b y  G C - MS 

( co l umn A ) . The mas s s p e c t r a  ( f i g .  4 . 4  and 4 . 5  ) w e re 

con s i s t e n t  w i t h  the s t ructure 3a , 6 S , 1 1 S , l 7 a , 2 1 - p e n t a 

hyd roxy - S a / S - p r e gn ane - 2 0 - one MO-TMS e t h e r , s howin g t h e  

mo l e c u l ar i o n  ( m/e 7 7 1  ) , t h e  M- 3 1  i o n  ( m/e 7 4 0  ) a n d  

the ions  re s u l t i n g  f r o m  the l o s s  o f  t ri me t hy l s i l o xy l 
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Table 4 . 7 Gas chromatographic data of the different steroids 

( analysed as MO-TMS ethers ) .  

STEROID COMPOUNDS0 TRIVIAL RETENTION DATA 

NUMBER 
a HYDROXY GROUPS KETONES NAME OV- 1 SILAR 

1 0C 

I Ib 1 
613 ' 1 1 13 ,  1 7a. , 2 1  -s13-P- 3 , 20 32 . 1 0 

32 . 31 

I I Ib 1 
613 , 1 1(3 , 1 7a. , 2 1  -sa.-P-3 , 20 33 . 1 1  

33 . 47  

I I d
1 

6(3 ,  1 7a. , 2 1  -S137P-3 ,  1 1 , 20 31 . 67 
31 . 8 1 

I I Id
1 

613 ,  1 7a. , 2 1  -sa.-P- 3 ,  1 1  , 2o 32 . 89 
33 . 33 

IVb 3a. , 6(3 , 1 1 13 , 1 7a. , 21 -S13-P-20 613-0H-THF 30 . 96 

Vb 3a. , 613 , 1 1 13 , 1 7a. , 2 1 -Sa.-P-20 613-0H-ATHF 31 . 04 

IVa 3a. , 6a. , 1 1 13 , 1 7a. , 2 1 -S(3-P-20 6a.-0H-THF 31 . 1 2  

Va 3a. , 6a.,  1 1 13 , 1 7a. , 2 1 -Sa.-P- 20 6a.-0H-ATHF 31 . 39 

IVd 3a. , 613 ,  1 7a. , 2 1  -s13-P- 1 1 , 2o 613-0H-THE 30 . 80 

Vd 3a. , 6 13 ,  1 7a. , 2 1  -Sa.-P- 1 1  , 20 613-0H-ATHE 31 . 4 2  

IVc 3a. , 6a. ,  1 7a. , 2 1  -S13-P- 1 1 , 20 6a.-OH-THE 30 . SS 

Vc 3a. , 6a. ,  1 7a. , 2 1  -sa.-P- 1 1  , 2 o  6a.-OH-ATHE 31 . 30 

XIV 3a. , 1 7a. , 21 -S13-P-6 , 1 1  , 20 30 . 99 

VI I I  3a. -SI3-A-6 , 1 1 , 1 7  1 . 36c 2 .  1 4c 

2 . 2 1
c 

IX 3a. -sa.-A-6 , 1 1 , 1 7 1 . 40
c 

1 .  72c 

X 3a. , 1 1 13  -SI3-A 24 . 9 1 

XI 3a. ' 1 1 13  -Sa-A 24 . 68 

a: See fig.  4 . 7 .  

b :  Steroids of the pregnane series are abbreviated to P� and 
those of the androstane series to A .  

a: Retention data are given as M. U. values� except the numbers 
marked with "a" which are relative re tention times ( relative 
to 3a-hydroxy-5a-androstane- 7 7� 7 7-dione MO-TMS ether ) .  
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Table 4 . 2 Mass spectrometric data of intermediate compounds and 
s teroids used in the confirmation of s tructures ( analysed as 
MO-TMS ethers ) .  

STEROID CHARACI'ERISTIC IONS AND THEI R  RELATIVE INTENSITIESb 

NUMBER a M
+ 

FRAGMENT IONS 

726 69 5 605 5 1 5 425 276 246 244 202 1 72 1 68 1 43 1 1 4 1 03 

I Ib1 5 54 3 7  28 22 37 63 40 39 4 5  
3 35 23 28 25 37 60 40 39 44 

I I Ib 1 
6 83 4 7  30 23 38 79 44 34 48 
3 4 6  26 20 7 6  27 7 0  36 37 42 

652 62 1  531 441  2 88 280 2 76 2 5 8  246 1 98 

I Id1 7 4  7 5  57 4 7  7 3  7 5  7 4  27 27 57  
7 4 7  38 32 72 72  74  24  25  46 

I I Id1 7 2  69 6 5  34 7 3  7 9  7 7  22 27 50 
7 5  85  73  33  74  7 2  72  25  24 49 

652 6 2 1  531 4 4 1  2 88 276 258 246 1 9 8 1 68 

XIV 7 5  9 3  4 5  25 7 8  20 23 25 

448 4 33 4 1 7 358 343 327  297 

VI I I  94 74 39 47 7 00 79  

IX 39 5 5 7 5  7 00 27 

4 36 4 2 1  346 339 331  320 

X 4 4 37 0 . 5 9 3 

XI 1 8  6 54 24 40 20 

a: See tab le 4 . 7 and fig. 4. 7 .  

4 5  

7 7 

256 24 1 

7 00 60 

7 00 98 

60 80 

1 97 1 84 

27 27 

88 1 00 

52 55 82 7 00 
52 57 7 5  7 00 

48 34 98 7 00 
4 7  30 79 7 00 

1 6 8  1 4 3  1 1 4 1 0 3  

84 5 7  5 7  7 0 0  
7 4  49 72 700  

68  50  5 7  7 00 
76  48 4 6  7 00 

1 4 3  1 29 1 1 4  1 03 

40 48 58 1 00 

1 69 1 56 1 07 

20 28 7 9  

64 7 00 67 

b: Only characteristic ions over m/e 7 00 are shown. The relative 
intensities ( in i ta lics ) are given as percentage of the most 
abundant ion. 
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fragmen t s  ( m/e 6 S O , S 6 0 , 4 7 0  and 3 8 0  ) .  T h e  i o n s  m/e 

2 4 4 , 2 4 6  and 2 7 6  are also o b s e rved i n  the mass  s p e c t rum 

of t e t rahydro co r t i s o l  MO -TMS e t h e r  ( c f .  Thomp s o n  et a l , 

1 9 7 3  ) .  

The con f i gur a t i o n  o f  the 3a-hydroxy gro up was 

con f i rme d by the  conve rs i o n  of 2 0 0  � g o f  I Vb and Vb i n t o  

the i r  1 7 -k e to ana l o gs by  s o d i um b i smuthate o x i dat i o n . 

These  comp o unds ( V I b  an d V I  I b  ) were s ub j e c t e d  to  

chromium t r i o x i d e  o x i d at i on fo r 20  m i n  t o  y i e l d  V I I I  and 

I X ,  r e s p e c t i ve ly ,  and the 6- and 1 7 - k e t o  g roups were  

s ub s equent ly remove d by Wo l f f- K i s hner r e du c t i o n . B o t h  

V I I I  and I X  y i e l d e d  a S O / S O  m i xture o f  X and X I  as w a s  

s hown by GC-MS . T h e  l at t e r  compounds were a l s o  ob t ai n e d  

by Wo l f f - K i s hn e r  reduc t i on o f  authe n t i c  3a -hyd roxy- S 8 -

andro s t ane - 1 1  , 1 7 -d i o ne and 3 a - hydroxy - S a - and ro s t an e -

1 1  , 1 7 - d i one , respect i ve ly .  G C - MS d a t a  o f  compounds V I I I 

X I  are g i ve n  i n  t ab l e s  4 . 1  and 4 . 2 .  

I n  the  react i o ns d e s c r i b e d  abo ve the  6 8 - hyd roxy group 

i s  v i r t u a l l y  as e as i ly o x i d i s e d  as the  1 1 8 -hyd roxy g ro up 

( Schre i b e r  & E s chenmo s e r , 1 9 S S ; G r i mme r , 1 9 6 0  ) .  The 

i s o me ri s at i o n  of the A - B  ring j unct ion at C-S  i s  a known 

" r i s k "  o f  the Wo l ff - K i s h n e r  reduct i o n  ( Ho us e , 1 9 7 2  ) as 

we l l  as the s i de  r e act i on l e a d i n g  to an 1 1 8 -hydroxy g roup 

( Vandenheuve l ,  1 9 7 4  ) .  

Comp ounds V I I I  and I X  were  ana lys e d  o n  b o th an OV- 1 

co l umn and on  a S i l ar 1 0 C co l umn . An i n t e re s t i n g  

phenomenon w a s  that  V I I I ,  i n  cont r a s t  to  I X ,  gave r i s e  to 

two gas chromato graph i c  pe aks on S i l ar 1 0 C .  

The s y n t h e s i s  o f  6 8 - h y droxy - t e trahydro c o r t i s o n e ( I Vd ) 

and 6 8 -hy droxy - a l l o te t rahydroco r t i s o n e  ( Vd ) .  

I Vd and Vd w e re prepared from 6 8 -hydroxy - co r t i s on e -

2 1 - ac e t at e  ( I d ) i n  exact l y  the  s ame w a y  as I Vb a n d  Vb 

were  prepared from l b . C a t a l y t i c  hydro genat i o n  o f  I d  

y i e l ded app ro x i mat e ly 7 S %  l i d and 2 S %  I I I d ,  e as i ly 
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s e p arab l e  by  P C C  co l umn A ,  sys tem I .  

The conve rs i o n  factor fo r the enz ymat i c  3a 

hydroxy l at i on was again 5 0 - 7 0 \ , b e i n g  s omewh at be t t e r  fo r 

I Vd when comp ared to Vd . The G C - MS d a t a  o f  the MO -TMS 

e thers  o f  I Vd and Vd are p re s e nt e d  in t ab l e  4 . 1  and fi g .  

4 . 5 .  Again thes e mas s s p e c t r a  show the mo l e cu l ar i o n  

( m/e 6 9 7  ) ,  the M- 3 1  i o n  ( m/ e 6 6 6 ) a n d  the  ions  

re s ul t i n g  from the loss  of  t r ime thy l s i loxy l  fragments 

( m/ e 5 7 6 , 4 8 6 and 396  ) .  Also the ion re s u l t i n g  from 

the l o s s  o f  the p r i mary t r i me thy l s i l oxy group at C - 2 1  

( m/e 5 9 4  ) can b e  o b s e r ved . I n  the  lowe r p art  o f  the  

spectra many p e aks  a l s o  ob s e rved in  the spectra of  the 

MO -TMS e t hers of I Vb and Vb are p r e s en t .  

P roo f o f  s t ruct ure was accomp l i s h e d  by co nve r t i n g  

I Vd and V d  i n t o  th e i r  1 7 - k e t o  an a l o gs ( V l d  a n d  V I I d ,  

respe ct i ve ly ) and sub j e c t i n g  th e s e  compo unds to ch romi um 

t r i ox i de o x i da t i o n  for 2 0  min  t o  g i ve V I I I  and I X ,  

r e s p e c t i ve ly , iden t i cal  by GC-MS t o  the comp o unds 

o b t a i n e d  from I Vb and Vb previous ly . 

T h e  s y n t h e s i s  o f  6a-hy droxy - t e t rahy dro c o r t i s o l  ( I Va ) 

and 6 a - h y droxy - a l l o t e t ra h y dro c o rt i s o l  ( Va ) .  

The s ame synth e t i c  p ro cedure as d e s c r i b e d  above was 

app l i ed to  6 a -hydroxy - co r t i s o l - 2 1 - ac e t a t e  ( Ia ) .  I t  was , 

howe ve r , no t po s s ib l e  to  s e p a rate the i n t e rmed i at e s  I I a 

and I l i a  preparat i ve ly .  There fore , the mixture o f  th e s e  

comp o unds w a s  converted i n t o  t h e  3 a - hyd roxy - s t e ro i ds 

I Va and Va . The l a t t e r  compounds were e a s i ly s e p arated by 

HPLC s y s t e m  I I .  The r e t en t i o n  t i mes w e re 8 1 8  and 7 2 1  s e c ,  

r e s p e c t i ve ly .  The concen t r a t i o n  o f  I Va i n  the mixture was 

about three t imes as h i gh as the con cen t r a t i o n  o f  Va . 

G C - MS d a t a  o f  the MO-TMS e t h e r s  o f  I Va and Va are 

p r e s e n ted i n  tab l e  4 . 1 and fi g .  4 . 5 .  

Va could  no t b e  pur i f i e d  comp l e t e l y  by HPLC  f rom an 

impur i ty h aving a s l i gh t ly h i ghe r r e t ent ion t i me on OV- 1 

54  



100 

1 1 1, 6n - h y d r o xy -AT H F  M O - TM S 
5 6  

0 
1 00 200 J 00 W O  500 

100 
� J  
11 1. 6 a - hy d r o x y -T H F  M O -T M S  

0 

100 

......... 
� 0 

0 >. 
....... 

lll 
c 
<IJ 

....... 
c 

<IJ 
> 
:.;:; a  
0 
QJOO 
..... 

11.J 
1 6 8  

1 00 

OJ 

1 11. 11.J 
1 9 1 156 

1 1 68 

100 

1 1 1. 
1 6 8  

11.J 

1 0 0  

O J  
1 11.  

1 9 5  
2� 6 2 7 5 

200 JOO 1.00 500 

6 a - h y d r o xy- ATHF M O -TM S 

2 00 J JG 1. 00 �OQ 

6n-h yd r o xy - T H E  MO -TMS 

J 9 6  
1. 8 6  

200 J OO 1. 00 sao 
sn-hyd r o x y - A T H E  M O - T M S 

168 1 9 5  J96 486 1 2 9  

0 

1 0 0  

1 00 
O J  
H 

11.J 
129 168 

1ltrr 1 
200 3 G 0  1. 00 sao 

6 a -hyd r oxy - A T H E  MO - T M S  
1 9 5  

w 
171 

600 700 

7 1. 0  

M• 
771 

600 700 

M 
771 

6' 0 700 

666 

576 

5 9  A 

600 7 0 0  

5 76 666 

M' 

r 697 

I 
600 700 

5 7 6  
5 6 6  

Fig. 4. 5 Mass spectra of the synthesisPd s teroids . Only the most 
abundant ions are shown and isotope ions are not depicted. 

5 5  



and a mas s s p e c t rum ind i c a t i n g  a p r e gn an e - p en t o l one 

MO -TMS e the r .  As only a minimal  amo unt of Va was 

avai l ab l e , th i s  compound was no t inve s t i ga t e d  furth e r .  

T o  con f i rm the s t ruct ure o f  I Va , ZOO � g  o f  th i s  

compound were  ace t y l at e d . The ace t at e  X I I a  w as p ur i fi e d  

b y  H P L C  s y s t e m  I I  ( ret ent ion t ime 3 4 1 s e c  ) and 

s ub j e c t e d  to ch rom i um t r i o x i de o x i d a t i o n  fo r 30 min . The 

product ( X I I I  ) was p u r i f i e d  by  HPLC sys t em I I  

( r e t e n t i o n  t ime 7 8  s e c · ) ,  deace ty l at e d , and a p ar t  o f  

i t  w a s  conve rted into  i t s  MO -TMS e t he r .  T h i s  compound 

( X I V  MO -TMS e t h e r ) was ident i c a l  by GC - MS ( t ab l e s 4 . 1 

and 4 . 2  ) t o  the product ob t a i ned by the  s ame procedure 

from I Vb .  The remai nde r of XIV was conve rted into i t s  

1 7 - k e t o  an a l o g  b y  s o di um b i s muthate oxi dat ion and the 

product was ident i c a l  to  V I I I  ( t ab l e s  4 . 1  and 4 . 2  ) .  

The H P L C  p u r i f i c a t i o n  o f  X I I I  s howed a l s o  t h at a 

cons i d e r ab l e  amo unt o f  the 2 1 - ac e t a t e  o f  I Vc ( s e e  

b e l ow ) w a s  p re s ent  in the  react i o n  mixt ure . Th i s  

undo ub t e d l y  i s  due t o  t h e  l ow e r  o x i dat i on rate  o f  a 6 a 

hydroxy group when comp a r e d  t o  6 S - and 1 1 S - hyd ro xy 

g roups ( G r i mme r ,  1 9 6 0  ) . 

Th e s y n t h e s i s  o f  6 a-hydroxy - t e t rahydroao r t i s o n e  ( I Va ) 

a n d  6 a -hy droxy-a l l o te t rahydroao r t i s o n e  ( Va ) .  

I Vc and Vc we re prep ared from 6 a - hy droxy - co r t i s o n e -

2 1 - ace t at e  ( I c  ) a s  o u t l ined fo r IVa  and Va  f r o m  I a .  The 

mixture of l i e  and I I I c  was conve rt e d  into  I Vc and Vc 

wh i ch were  fo rme d in a r at i o  o f  3 : 1 ,  as e s t imated by 

HPLC  s y s t e m  I I  ( r e t e n t i o n  t i mes 5 7 9  and 4 9 2  s e c , 

r e sp e c t i ve ly ) .  1 0 0 � g  o f  I Vc and Vc were  conve r t e d  into 

the i r  MO -TMS e th e rs and s ub j e c t e d  to  GC-MS analys i s  

( t ab l e  4 . 1  and f i gures 4 . 4  and 4 . 5  ) .  

The s t ructure o f  I Vc was confi rme d by  conve r t i n g  

2 0 0  � g  o f  t h i s  compo un d i n t o  X I V  according  to  t h e  

p ro c e dure de s c r i b ed fo r the  conve r s i o n  o f  I Va i n t o  X I V ,  
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and t h e  f i n a l  p roduct was found to  b e  i dent i c a l  to the  

product o b t a i n e d  from I Va b y  G C - MS .  Also  t h e  1 7 - ke t o  

ana l o g  o f  th i s  pro duct was  ident i ca l  t o  VI I I .  

4 . 4  D i s c us s i o n . 

F i gures 4 . 4  and 4 . 5  s how t h a t  the mas s s p e c t r a  o f  the 

d i fferent 6 - hy d ro xy l a t e d  pre gnane -pento lone MO -TMS e th e r s  

a r e  v e r y  s imi l a r .  O n l y  mino r vari a t i ons i n  re l a t ive i o n  

i nt ens i t i e s  are o b s e rve d .  The s ame i s  t rue fo r the  mas s 

s p e c t r a  o f  the  MO -TMS e th e r s  o f  the  d i fferent 6 -

hydroxy l a te d  1 1 - k e t o - p re gnane - t e t ro l o ne s . I t  i s  

q ue s t i o n ab l e  whe th e r  s uch m i n o r  d i f fe rences co u l d  p ro v i d e  

a re l i ab l e  c r i t e r i o n  to  d i s c r i m i n a t e  b e tween the  

d i f fe re n t  i s ome rs of  e ach g ro up of  compo unds . 

On the  b as i s  o f  re t e n t i o n  t imes a d i s c r i m i n a t i o n  

b e tween the  d i f fe rent 6 - hyd roxy l at ed 1 1 - k e t o - p r e gnan e 

t e t ro lone MO -TMS e th e r s  i s  ve ry we l l  po s � ib l e .  Howeve r , 

the  s m a l l d i f fe rences b e tween the r e t e nt ion t i mes o f  the  

MO -TMS e t h e r s  of  the  d i f fe rent  6 - hydroxy l a t e d  p r e gnane 

pento lones ( except 6 a - hydroxy - a l l o t e t r ahydro co r t i s o l  

MO -TMS e t h e r  ) d o  n o t  al low an adequate i d e n t i fi c a t i o n  

o n  the  b a s i s  o f  r e t e n t i o n  t i me s . I n  t h i s  c a s e  h i gh 

res o lu t i o n  gas chromat o gr aphy on open - t ub u l a r  c ap i l l ary 

co l umns m i gh t  p ro v i de the s o l ut i b n . 

Ano t h e r  p o s s i b i l i ty i s  t o  comb ine t h e  s ep a r a t i o n  

pow e r  o f  d i fferent chromato g r aph i c  t e chnique s , s uch a s  

gas chromato g raphy a n d  t h in l aye r chroma t o g raphy . 

Un fo r t unate l y  even T L C  s y s t e m  I I , wh i ch u s ua l ly gave very 

good s ep arat i ons , co u l d  n o t  s ep a r a t e  6 a - hydroxy - t e t r a

hy dro co r t i s o l  from 6 S - hydroxy - t e t rahydro co r t i s o l  

comp l e t e l y . A s  t h e s e  compounds a l s o  co u l d  n o t  b e  

s ep ar a t e d  b y  g as chromato graphy, the  comb in at ion o f  

t h i n  l ay e r  chromato graphy and gas chromato graphy w as 

ab andoned . 

Eventual ly , h i gh p e r fo rmance l i q u i d  chro mat o gr aphy 
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i n  comb in a t i o n  w i th gas chroma t o g r aphy p r o v i d e d  

s u f f i c i ent s eparat i o n  pow e r  to  d i s c riminate  b e tween the  

d i ffe re n t  6 - hy droxy l at e d  co rt i co s t e ro i ds . Th i s  t e chn i que 

w i l l  be d i s cus s e d  i n  de t a i l  i n  chap t e r  S .  

Re cent l y  S e t che l l , Gont s ch a row , Axe l s o n  & Sj ova l l  

( 1 9 7 6  ) repo r t e d  t h e  ident i fi ca t i o n  o f  6 S - hydro xy 

t e t r ahyd ro co r t i s o l  i n  the u r i n e  o f  the  b ab o o n . A l s o  

s e ve r a l  o t h e r  s at ur a t e d  co r t i co s t e ro i ds h av i n g  6 o xygen 

fun c t ions were  found . Howeve r , de f i n i t e  e v i dence for the  

con fi gu r a t i o n  of  the  6 - hy droxy group co u l d  not b e  

p r o v i d e d  b e cause re fe rence s t e ro id s  were  n o t  avai l ab l e .  

A comp a r i s on b e tween t h e  mas s s p e c t r a  i n  f i gures 4 . 4  and 

4 . 5  and the mas s s p e c t r a  g i ven by  S e t che l l  et al s hows 

t h at , except fo r var i a t i o ns in re l a t i ve ion i n t e ns i t i es , 

there i s  good agreeme n t  b e tween the s e  s p e c t r a . 

The s ame i s  t rue fo r the mas s s p e c t r a  s hown i n  

chap t e r  3 and t he s e  s p e c t ra w i l l  b e  d i s cus s e d  a g a i n  i n  

chap t e r  5 .  
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C HAPTER 5 

THE I DENT I F I CAT ION OF SOME POLAR 6 - HYDROXYLATED 

CORT I COSTERO I DS IN  THE URI NE O F  A HEALTHY FULLTERM I N FANT . 

5 . 1  I n t roduct i on . 

The mas s s p e c t ra o f  the  u r i nary 1 1 - ke t o - p r e gnane 

t e t ro l one and p r e gn ane - p e n t o l one MO -TMS e th e rs ( chap t e r  

3 ) when comp a r e d  to  t h e  s p e c t ra o f  t h e  c o r responding 

synth e t i c  compounds men t i on e d  in  chap t e r  4 ,  s t rongly 

i n d i c a t e  that  the  u r i n ary comp ounds a re 6 - hydroxy l a t e d  

c o r t i c o s t e r o i d s . A l l  maj o r  i ons p r e s ent i n  the  mas s 

spe c t ra o f  the s ynthe t i c  s t e r o i d  MO -TMS e thers  are a l s o  

p r e s e n t  in  the  s p e c t r a  o f  the  u r i n a ry compounds . T h e  

d i fferences in  r e l at i ve i on i n t ens i t i e s  wh ich c a n  b e  

o b s e rved , a re mainly due to  vary i n g  i nt ens i t i e s  o f  the  

i ons b e tween m/e 1 0 0 and Z O O , and s uch var i at i ons  can be  

a t t r i b u t e d  t o  minor var i a t i ons in the  ope r a t i n g  

cond i t i ons o f  t h e  g a s  chroma t o g rap h - mas s s p e c t rome t e r .  

A s  men t i oned i n  s e c t i o n  4 . 4 , i t  i s  i mpo s s i b l e  t o  

as s i gn a d e f i n i t e  s t ructure t o  t h e  u r i n a ry p re gnan e 

p en t o l one ( s e c t i on 3 . 3 ) on t h e  b a s i s  o f  the  gas 

ch romato graph i c - ma s s  s p e c t rome t r i c  d a t a  o f  the  MO -TMS 

e t h e r  of th i s  compound, when comp a r e d  to tho s e  o f  the  

syn the t i c  6 - hyd roxy l a ted p re gn an e - p en t o l one MO- TMS 

e th e r s . Howeve r ,  on t h e  b as i s  o f  s i mi l a r  ma s s  s p e c t r a  

( s e e  s e c t i o ns 3 . 3 a n d  4 . 3  ) comb i n e d  w i th s i mi l a r 

r e t e n t i o n d a t a  the u r i n ary 1 1 - k e to - p r e gn ane- t e t r o lone 

MO - TMS e th e r  a t  M . U .  3 0 . 5 4  ( s e ct i on 3 . 3 ) can b e  

i d en t i f i e d  a s  6 a - hydroxy- t e t r ahydro co r t i sone MO -TMS 

e th e r .  

I n  t h i s  chap t e r  t h e  i den t i f i c a t i o n  o f  6 a - hy droxy

t e t rahydro cort i s one in the  u r i ne of a h e a l thy ful l t e rm 

i n fant i s  d e s c r ib e d . 6 a-hydroxy - 2 0 a - co r t o l one and 

6 a - hyd roxy- 2 0 B - co rto l on e  w e r e  a l s o  iden t i fi e d . 
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Add i t i ona l evi dence f o r  the  i dent i ty o f  t h e s e  t h r e e  

compounds w as o b t ained b y  ana lys ing the s o d i um b i s mu t h a t e  

d e g r ad a t i o n  products o f  thes e s te ro i ds by  comb ine d 

gas ch romato g raphy - ma s s  s p e c t rome t ry and mas s 

fragme n t o graphy . The urine  w as s y s t emat i c a l l y  

inve s t i gated f o r  the o t h e r  6 - hydroxy l a t e d  co r t i c o 

s t e ro id s  d e s c r i b e d  i n  s e c t ion 4 . 3 . B y  us ing a comb inat ion 

of h i gh p e r fo rmance l iq u i d  chroma t o g r aphy and gas 

ch roma t o g raphy it was  po s s ib l e  to  d i s c r i mi n a t e  b e tween 

the  d i fferent 6 - hydroxy l ated p r e gnane - p e n t o l o ne s . 

5 . 2  M a te r i a l s  and Me thods . 

Bes i d e s  the  mat e r i a l s  a l r e ady ment ioned in the  

preceding ch ap t e r s  2 0 8 -hydroxy - s t e r o i d  o x i do r e du c t a s e  

( E . C . 1 . 1 . 1 . 5 3 ) ,  pu rch a s e d  f rom Bo e h r i n ge r , Mannh e i m ,  

Ge rmany , was us ed . 

Uri n e  co l l e c t i o n .  

A 2 4  hours urine  s amp l e  was c o l l e c t e d  during the  

s e c ond day of  l i fe from a h e a l thy ful l t e rm i n fant ( b i r th 

w e i gh t  3 5 5 0 g ) . When the  b aby vo i ded the urine was 

immed i at e l y  p l a c e d  in the 2 4  ho urs u r i ne co l l e c t ion 

bo t t l e  at - 2 0
° C .  

Uri n e  proc e s s i ng . 

A f t e r  m i x i n g  the 2 4  hours co l l e c t i o n  we l l , a 2 0  ml  

a l i quo t was s ub j e c t e d  t o  DEAE - Sephadex chromat o graphy 

as d e s cribed  in s e c t i on 2 . 2 , an d  the unconj u g a t e d  and 

g lucuron i d e  frac t ions were  c o l l e c t e d .  9 . 5  � g  of 68 -

hydroxy - a l lo t e t rahydroco r t i s one were  added to  b o t h  

frac t i ons as  a recove ry s t andard . I n  a p i l o t  s t udy t h i s  

s te r o i d  c o u l d  n o t  b e  d e t e c t e d  i n  t h i s  u r i ne s amp l e . The 

un conj ugated  and g lucuro n i d e  conj ugated  s t e r o i d s  were  
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i s o l at e d  b y  Amb e r l i t e  XAD- 2 and the g lucuro n i d e s  w e r e  

hydro lys e d  by incub a t ion w i th K e t o d a s e  ( s e c t i on 2 . 2  ) .  

The free s t e ro id s  were  again i s o l at e d  by Amb e r l i te XAD- 2 .  

The e t h ano l e l ua t e s  o f  b o t h  fract ions cont a i n i n g  the 

unconj ugated s t e r o i d s  and t h e  hydro l y s e d  g l ucuron i d e s  

were  f i l t e red and evapo r a t e d  i n  vacuo . T h e  d ry res i dues  

were  t r ans ferred to  s ma l l  t ub e s  w i th me thano l , t aken t o  

d ryne s s  unde r  n i t r o gen and d i s s o l ved i n  1 . 5 ml  o f  

methano l -methy l e ne c h l o r i de 3 : 7 ( v / v  ) .  T h e  c l o udy 

s o l u t i ons were f i l t e r e d  o ve r  0 . 4  x 4 em s i l i c a  g e l  

c o l umns prepared i n  Pas teurs p ip e t t e s . T h e  co l umns w e re 

r i n s e d  w i th 5 m l  o f  the s ame s o l vent  and the  e l ua t e s  w e re 

evap o r a t e d  un d e r  n i t ro gen . The d ry re s i dues  were  

re d i s s o l ve d  i n  a sma l l  vo l ume of  me t h an o l  and app l i e d  on 

a 0 . 2 5 mm s i l i c a  gel thin l ay e r  ch romat o g raphy p l at e  by 

me ans of a Shandon s amp l e  s t re ake r .  T e t rahydro co r t i s one 

was app l i e d  a l ongs ide the  extracts  and the  p l at e  was 

deve loped in the s y s t e m  w a t e r - me t h ano l - ch l o ro form 1 0  : 

1 2 5 : 8 6 5 . Aft e r  the s o lvent had t rave l l e d  ove r a 

d i s t ance o f  1 0  cm , the  deve lopment was s topped and t h e  

l ane s i n  wh i ch t h e  t e t r ahydro c o r t i s o ne w as run w e r e  

sp ray e d  w i th b l ue t e t r a z o l i um r e a gent . The l anes 

cont a i n i n g  the e x t r a c t s  were s c raped o ff from the 

s t ar t i n g  l ine  t o  j us t  beyond the  po s i t ion of t e t rahydro 

co r t i s o ne . The ads o rb e n t  w as e l u t e d  w i th 6 ml  o f  

me thano l -me thy l ene ch l o r i d e  3 : 7 and t h e  e l uates  were 

e vapo ra ted . The dry re s id ues were t r ans fe r re d  to  App l i e d  

S ci ence M i n iAk t o r  v i a l s  w i th me th ano l a n d  t aken t o  

d ryne s s . 1 0 0 � 1 o f  me th ano l - ch l o r o fo rm 7 : 9 3  ( v / v  ) 

were  added and t h e  re s i dues d i s s o l ved . 

Even a ft e r  t h i s  extens i ve prepuri fi c a t i o n  o f  the  two 

extracts  the s o l u t i ons w e r e  con t aminat ed w i th s o l i d  

mat e r i a l  wh i ch w as p r e c i p i t at e d  b y  cent r i fu g i n g  a t  3 0 0 0  

r/ min fo r 1 5  mi n .  Di s t urb i n g  the s o l i d  mat e r i al a s  l i t t l e  

a s  pos s i b l e t h e  s o l u t i ons were  removed from t h e  MiniAk t o r  

v i a l s  and s ub j e ct e d  t o  H P L C  s eparat i o n . 
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H i g h  p e Pfo Pman c e  l i q u i d  ch Poma t o gPaphy ( HPL C ) .  

The i n s t rument de s c r i b e d  i n  s e c t i o n 4 . 2  was us e d . The 

c o l umn was a � - Po ras i l  0 . 4  x 3 0  em s i l i ca  g e l  c o l umn 

operated at a f l ow rate  o f  2 m l / min in the  s y s t e m  water

me t h ano l- ch l o ro form 7 : 7 0  9 2 3  ( v/v/v ) .  Before  e ach 

of the two extracts  w e re i n j e ct e d  i n t o  the l iq u i d  

chroma t o g raph , a s t andard mixture c o n t a i n i n g  the  e i ght 

synthe t i c  6 - hydroxy l at e d  c o rt i co s t e ro i ds ( s e e  f i g .  5 . 1 

was run to  d e t e rmine the r e t e n t i o n  t imes o f  the  var i o us 

fractions  t o  b e  co l l e c t e d . The prepu r i f i e d u r in ary 

extracts  were t h e n  i n j e ct e d  and a f t e r  5 fract i ons had 

been c o l l e c t e d  acco r d i n g  to  the t i me s che dul e d e t e rmi ned 

in the  s t andard run , t h e  c o l umn e f fluent was s w i t c h e d  to 

the  compos i t i o n  w a t e r -methano l - ch l o r o fo rm 3 : 3 0  : 6 7  

( v/ v/v ) .  The e l uate w as co l l e c t e d  fo r ano t h e r  1 5  m i n  

a n d  t h i s  frac t i o n  i s  r e f e r r e d  t o  as frac t i on No . 6 .  
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A l l f r ac t i o n s  o f  b o th t h e  unconj ugated  ( deno t e d  by 

U- 7 ,  U-2,  . . .  , U- 6 ) and the  g l ucuro n i d e  ( deno t e d  by G- 7 , 

G - 2 ,  • . .  , G-6 ) ex t r ac t s  w e re t aken to  dryn e s s  and 

d i s s o l ved in 1 m l  of meth ano l .  2 . 5  � g o f  me thy l deoxy

cho l a t e  w e re added as an i n t e rn a l  s t andard t o  a l l  

fract i ons , except U- 6 and G-6 . For U-6 an d G-6 5 . 4  � g  o f  

6 S -hydroxy - t e t r ahyd roco rt i s one were  u s e d  as i n t e rn a l  

s t an dard , b e cause me thyl  de oxych o l ate i n t e r fe red w i t h  

the  s te ro i d s  p r e s e n t  in t h e s e  fract ions . 

Comb i n e d  g a s  ch roma t og rap hy -ma s s  s p e c t rome t ry ( G C-MS ) .  

0 . 5  m l  o f  e ach o f  t h e  HPLC  fractions  we re t r ans ferred 

t o  M i n iAk t o r  vi a l s , t aken t o  d ryn e s s  unde r n i t ro gen and 

conve r t e d  i n t o  MO -TMS e th e rs as de s c r i b e d  in s e c t ion 3 . 2 .  

From e ach frac t i o n 3 � 1  w e re s ub j e c t e d  t o  gas chrom a t o 

graphy and ano t h e r  3 � 1  to  comb i n e d  gas ch romato graphy

mas s s p e c t rome t ry . Pure gas ch romatog raphy and GC -MS 

w e re c ar r i e d  out  as d e s c r i b e d  b e fo re ( s e c t i o n 3 . 2  ) . 

The MO-TMS e t hers  o f  the i n t a c t  s t e ro i ds were  ch romat e 

g r ap h e d  i s o th e rmal ly a t  2 4 5
°

C o n  an OV- 1 c o l umn ( fo r 

d e t a i l s  s e e  s e c t i o n  4 . 2 ) .  The t r imethy l s i ly l  e thers  

of  the s o d ium b i s muth ate d e g r ada t i on produc ts  of  the 

co r t i c o s t e r o i ds ( s e e  b e low ) were chromato g raph ed 

at 2 2 0 °C on  a S i l ar 1 0 C c o l umn . 

Mas s fragme n to g raphy was c a r r i e d  out  us i n g  the  

magn e t i c  fi e l d  swi t ch i ng mo de . U s ua l ly an  i n t e gra t i o n  

t ime o f  0 . 3  s e c  pe r ch anne l was  u s e d , b ut when the  gas 

chroma t o g raph i c  p e aks  w e re t o o  n ar row to  o b t a i n  

s u ff i c i en t  d a t a  p o i n t s  p e r  p e a k  s h o r t e r  i n t e grat ion t imes 

were us e d .  The s i gn a l s  of e ach channe l w e re re co rded 

independen t l y  on  a mu l t i c hanne l po t e n t i o me t r i c  r e c o r de r .  

Re t e n t i o n da t a .  

Re l at i ve re t e n t i o n  t i me s were  c a l c u l a t e d  u s i n g  
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me thyl de oxycho late  o r  6 S - hydroxy - t e t r ahydro cort i s one 

( fo r fract ions U-6 and G-6 ) as re fe rence comp o unds . 

The re l a t i ve reten t ion t i mes  o f  s t andard s te r o i d  MO-TMS 

e thers  are p r e s e n t e d  in t ab l e  5 . 1 .  F rom the re l at i ve 

retent ion t ime s ( r e l at i ve to  me thyl deoxycho l at e  ) the  

correspon d i n g  M . U .  values ( s e e  chap t e rs 3 and 4 ) can 

b e  c a l cu la ted us ing the expres s i on : 

M. U .  = 4 . ? 8 5  x t
R MDC 

+ 2 ? . 0 5 ?  
, 

in wh i ch t
R, MDC 

deno t e s  the r e t e n t i o n  t ime re l a t i ve to 

me thyl deoxy cho late . 

T h i s  exp re s s ion was c a l c u l a t e d  b y  l in e a r  r e g re s s ion 

of  the  M . U .  values of  twe l ve s t e r o i d  MO-TMS e thers  ( the  

e i ght 6 - hydroxy l at e d  co r t i c o s t e r o i ds , the c o r t o lones 

and co rto l s  ) to  the  corresponding re l a t ive r e t e n t i o n  

t i me s , and i s  only val id fo r M . U .  v a l u e s  b e tween 3 0 . 0 0 

and 3 2 . 0 0 .  

Tab le 5 .  7 Relative retention times of the MO-TMS ethers of 6-
hydroxylated s tandard steroids ( OV- 7, 24 5°C ) . 

STEROID 
RELATIVE RETENTION TIME 
MOC Lll 68-0H-TI-IE (2l 

6a-hydroxy-allotetrahydrocortisol 0 . 9 1 2  

6a-hydroxy-tetrahydrocortisol 0 . 829 

68-hydroxy-allotetrahydrocortisol 0 . 82 7 

68-hydroxy-tetrahydrocortisol 0 . 81 0  

6a-hydroxy-allotetrahydrocortisone 0 . 89 1  

6a-hydroxy-tetrahydrocortisone o. 722  

68-hydroxy-allotetrahydrocortisone 0 . 9 1 2  

6s-hydroxy-tetrahydrocortisone o. 778  

6a-hydroxy-20a-cortolone 0 . 902  1 . 1 60 

6a-hydroxy-208-cortolone 0 . 967 1 .  243 

( 7) Re lative to methyl deoxycholate TMS ether. 
(2) Re lative to 68-hydroxy-tetrahydrocortisone MO-TMS ether. 
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Sodi um b i smu t h a t e  o x i d a t i o n .  

F rom s ome HPLC  fracti ons 0 . 2 5  m l  a l i qu o t s  w e r e  t ak e n  

and s ub j e c t e d  t o  s o d i um b i s muth a t e  o x i da t i o n  as  d e s c r ib e d  

i n  s e c t i o n  4 . 2 .  The r e a c t i on p roducts w e r e  t rans fe r r e d  

to  M i n iAk t o r  v i a l s  a n d  s i l y l a t e d  w i th a m i x t u r e  o f  

p y r i d i n e , b i s ( t rime thy l s i ly l ) ace tamide a n d  t r i ch l o ro

e th ane 5 : 4 : 1 ( v/v/v ) a t  4 0
°

C for 60  min . By t h i s  

p r o cedure o n l y  t h e  re l a t i ve ly unh inde r e d  hydroxy g ro ups  

( i n c l u d i n g  6 S -hyd roxy ) were  s i ly la t e d  and t h e s e  

d e r i va t i ve s  w i l l  b e  r e fe rr e d  to  a s  uTMS e th e r s . 

5 . 3  The prepa r a t i o n  o f  r e fe rence compounds 6 a - hydroxy-

2 0 a - c o r t o l one and 6 a - hyd roxy- 2 0 S - corto lone . 

3 0 0  � g  o f  6 a - hydroxy - t e t r ahyd roco r t i s one w e r e  

d i s s o lved i n  0 . 5  ml  o f  m e t h a n o l  a n d  coo l ed in  an i c e  

b a th . 2 0  mg o f  s o d i um b o rohy d r i de were  a d d e d  a n d  t h e  

s uspens i o n  was s t i rred a t  0 °C for  3 0  min ( App l eb y  & 

No rymb e rs k i , 1 9 5 5  ) .  The exce s s  o f  s o d i um b o r ohydride 

was des t royed by the  add i t i on o f  5 ml of  0 . 2 5 M ace t i c  

a c i d  i n  w a te r , an d the s o l u t ion was extracted  w i th 2 5  

m l  o f  e thyl  a c e t a t e  t h r e e  t i mes . The comb i n e d  e x t racts  

w e re d r i e d , f i l t e red and evapo rated in vacuo ( p roduct 

A ) • 

Al s o , 3 0 0  � g  o f  6 a -hydroxy - t e t r ahydroco rt i s one  were  

d i s s o l ved i n  1 ml  of  0 . 1 M phosphate  b u ffe r pH  7 . 4  and 

5 mg of NADH and 2 5  �1  of 2 0 S -hydroxy - s t e r o i d  o x i do 

reduc t a s e  ( E . C .  1 . 1 . 1 . 5 3 ,  1 8  U/ml ) w e re added ( D i xon & 

Penn i n g t on , 1 9 6 8  ) .  The s o l u t i on was in cub ated ove rn i gh t  

a t  3 7 ° C and e x t r a c t e d  t h r e e  t imes w i th 5 m l  o f  e thyl 

a c e t at e . The extracts were  comb i ned , dried and evap o r a t e d  

in vacuo ( p roduct B ) . 
Product A was p u r i f i e d  by H P L C , s y s t e m  w a t e r - me th ano l 

c h l o r o fo rm 1 : 1 0  : 8 9 , and the p redominant p e ak a t  

r e t e n t ion t i me 6 34 s e c  was c o l l e c t e d . The e lu a t e  was t aken 
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to  dryn e s s  and the res i due w as d i s s o l ved i n  1 0  m l  o f  

meth ano l ( s o l u t i on A ) . The s ame pro cedure w a s  app l i ed 

t o  p roduct B and the s ame frac t i on was co l l e c t e d . A f t e r  

e vap o r a t i o n  o f  t h e  s o l ven t the  res i due w a s  d i s s o l ved i n  

1 0  ml o f  me th ano l ( s o l u t i o n  B ) . 

From b o th s o l ut ions  A and B 1 0 0 � 1  were t ak e n , 

evap o r a t e d  and co nve r t e d  i n t o  MO -TMS e th e rs . Gas chromato 

graph i c  ana lys i s  s howed fo r A two p e aks  w i th area r a t i o  

1 : 4 .  T h e  s ma l l e r  p e ak ( A - 7  ) h a d  a re l at i ve reten t i on 

t i me ( re l at i ve to 6 S - hydroxy - te t rahydro co r t i s one MO -TMS 

e th e r ) o f  1 . 1 6 0 and the  r e l a t i ve r e t e n t i o n  t i me o f  the  

b i gger  p e ak ( A - 2 ) was 1 . 2 4 2 .  P r oduct B gave o n l y  one  

p e ak a t  r e l at i ve r e t e n t i on t i me 1 . 2 4 3  ( B- 7 ) .  GC-MS 

analy s i s  s howed t h a t  B - 7 and A - 2  h ad i dent i c a l  ma s s  

s p e c t r a  cons i s t e n t  w i th t h e  s t ructure o f  a 6 a - hydro xy 

corto l o n e - TMS e t h e r  ( s e e  f i g . 5 . 4  ) .  The mas s s p e c t rum o f  

A - 7  ( f i g . 5 . 4  ) d i f fe red o n l y  from tho s e  o f  A - 2  and B - 7  

i n  the r e l a t i ve intens i t i es  o f  the ions . 

5 0 0  � 1  o f  b o th s o l u t ions  A and B and a l s o  2 5  � g  o f  

6 a - hydroxy - te t r ahydroco rt i s one were s ub j e c t e d  t o  s o d ium 

b i s muthate oxidat ion , and a f t e r  s i ly l a t ion the  t h r e e  

s amp l e s  w h e n  s ub j e c t e d  to  G C -MS on  S i l a r  1 0 C gave o n l y  

one p e ak e ach, a l l  having i d en t i ca l  reten t i on t i mes and 

i den t i c a l  mas s s p e c t r a  ( fi g .  5 . 2 ,  top ) .  

The d a t a  p r e s e n t e d  ab ove are conv i n c i n g  evidence fo r 

the i d e n t i f i c at i on o f  A - 2  and B - 7 as 6 a -hy droxy- 2 0 S 

c o r t o lone and A - 7 as 6 a - hyd roxy- 2 0 a - co rto l one ( c f .  

Van denh euve l ,  1 9 7 5  ) .  

5 . 4  Re s u l ts . 

Re c o v e ry o f  s tandard 6 S - h y droxy - a l lo t e t rahydroco r t i s o n e . 

The p e ak areas o f  the  MO -TMS e t h e r  o f  6 B - hydroxy

a l l o t e t rahyd r o c o r t i s one wh i ch was add e d  to b o th the 

unconj ugated and g l ucuro n i de frac t i o n  as a recovery 
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s t andard and was  co l l e ct e d  i n  frac t i ons  U- 7 and G- 7 

( s e e  fi g .  5 . 1  ) , were  us ed t o  de t e rm i ne the  amount o f  

t h i s  compound re covered from the  u r i n e  extracts  U and G .  

T h e s e  p e ak areas were  comp ared t o  the p e ak area o f  a 

known amo unt o f  6 S - hy d r oxy - a l l o t e t rahy d r o co r t i s on e  MO- TMS 

e th e r  wh i ch was ch romato graph e d  s ep a r at e ly . C o r r e c t i o n s  

fo r i n j e c t io n  e rrors w e r e  m a d e  on  the  b as i s o f  t h e  

i n t e rn a l  s t andard ( me t h y l  d e o xycho l at e ) .  

The recove r i e s  w e r e  ca l cu l a t e d  as 6 5 . 3 % fo r t h e  

unconj ugated- a n d  5 8 . 4 %  f o r  the  g lucuronide fract i o n , 

expre s s e d  as a p e rcentage o f  the  amo unt o f  6 S -hydroxy

a l l o t e t rahydr o co r t i s one added t o  t h e s e  fract i ons . 

Ide n t i fi ca t i o n o f  6a-hydroxy- t e t rahydr o c o rt i s o n e .  

GC -MS o n  an OV- 1 c o l umn o f  the MO-TMS products o f  

fractions  U- 3 and G - 3  showed that  b o t h  fract ions  con t a i n e d  

o n e  p redominant p e ak a t  re l at i ve retent i on t i mes  0 . 7 2 3  

and 0 . 7 2 6  ( r e l at ive t o  methyl deoxycho l a t e ) ,  

r e s p e c t i ve l y . The r e l a t i ve r e t e n t ion t i me o f  s t andard 6a 

hydroxy - t e t rahydr oco r t i s o ne was 0 . 7 2 2 .  The mass  s p e c t r a  o f  

the  pe aks i n  frac t i ons  U-3 and G - 3  w e re i d ent i c al  t o  t h e  

mas s s p e c t rum o f  s t andard 6 a - hydroxy- t e t r ahydro co r t i s o ne 

MO -TMS e t h e r  ( f i g .  5 . 3  ) .  

0 . 2 5 ml  p o r t ions  o f  b o t h  U- 3 and G - 3  were s ub j e c t e d  

to  s o d i um b i s mu t h a t e  o x id a t i o n . A n  al iquot o f  a mixture 

of  s t andard 6 a - hy droxy - t e trahydro co r t i s one , 6 S - hy droxy

t e t r ahydro cor t i s one and 6 S - hydroxy - a l lo t e t rahy d ro c o r t i 

s one was t re at e d  s i mi l arly . The products  o f  U- 3 ,  G - 3  and 

the  s t andard mixt ure were an alys e d  as the i r  uTMS e th e r s  

by  G C - MS , on  a S i l ar 1 0 C co lumn . I de n t i cal  mas s s p e c t ra 

fo r the  oxi dat i o n  p roducts o f  U- 3 and G- 3 ,  and fo r 3a , 6 a 

d i hydroxy- 5 S - andros t ane - 1 1 , 1 7 - d ione uTMS w e re ob t a i n e d  

( f i g .  5 . 2 ) .  I n  fi g .  5 . 7  t h e  mas s fragmento grams o f  i o n s  

m/ e 3 5 9 , 3 7 4  a n d  4 6 4  r e c o rded from t h e  s o d i um b i s mu t h a t e  

o x i da t i o n  p r o d u c t s  o f  frac t i o n  U- 3 and t h e  s t an dard 
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Fig. 5 . 2  Mass spectra o f  s tandard ( top ) and urinary ( fraction 
U-3 ) 3a, 6a-dihydroxy-5B-androstane-7 7, 7 7-dione uTMS ether. 

mixture , are shown . The s e  fragmento g r ams s how that the 

intens i ty rat i os of t h e  three  ions d i ffe r vas t l y  fo r t h e  

t h re e  cons t i tuents o f  the s t andard mixture , in s p i t e o f  

the i r  c l o s e  s t ructural r e l a t i ons h ip . Howeve r ,  the i o n  

intens i ty ra t i o s  fo r s t andard 3a , 6a - d ihydroxy - S S 

andros t ane- 1 1 , 1 7 - d ione uTMS e th e r  and the compo und i n  U - 3  

a r e  i d e n t i c a l . I n  add i t ion t h e  r e t e n t i o n  t imes correspond 

ve ry we l l  w i t h  e ach o th e r .  Mas s fra gme n t o g r aphy o f  

fract i o n  G- 3 g ave i d en t i ca l  re s u l t s . 

Iden t i fi ca t i o n  o f  6a-hydroxy- 2 0 a - c o r t o l o n e  a n d  6 a 

hydroxy- 2 0 B - c o r t o l o n e . 

Gas chroma t o graphy o f  the MO -TMS e th e rs p repared from 

fract i o n  U- 6 on OV- 1 s howed three i n t e re s t i n g  p e aks  ( s e e  
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Fi�.  5 . 3 Mass spectra of s tandard and urinary 6a-hydroxy
tetrahydrocortisone MO-TMS ether. 

fi g .  5 . 6A ) . P e aks  1 and 2 h ad re l at i ve r e t e n t i o n  t i mes 

( re l a t i ve t o  6 S -hydroxy - t e t rahydroco r t i s one MO-TMS 

e t h e r ) 1 . 1 6 3 an d 1 . 2 4 9 , respect ive ly , corresponding t o  

t h e  re l a t i ve retent i on t imes o f  t h e  TMS e thers  o f  6a 

hydroxy - 2 0 a - c o r t o l one and 6 a - hydro xy- 2 0 S - co r to l one 

( 1 . 1 6 0 and 1 . 2 4 3 ,  resp ect i ve l y ) .  GC-MS showed that the 

mas s s pe c t r a  of p e aks  1 and 2 were very s imi l ar to t h e  

mas s s p e c t r a  o f  6 a - hydroxy - 2 0 a - co rt o lone and 6a-hydroxy-

2 0 S - corto l o ne TMS e t h e r s , respe c t ive l y  ( s e e  fi g .  5 . 4  ) .  

The mass  s p e c t rum o f  p e ak No . 3 ( r e l a t i ve r e t en t i on t i me 

1 . 3 1 6 ) was q u i t e  d i ffe rent from the mas s s p e c t r a  o f  

pe aks and 2 ,  and th i s  mas s s p e c t rum was i dent i c a l  t o  

t h e  s p e c t rum o f  the compo und at M . U .  3 1 . 8 2 fo und in t h e  

u r i n e  o f  a n  in fant r e ce i ving cort i s o l the rapy ( s e c t ion 

3 . 3  ) . As ment i oned i n  this  s e c t i on this  s p e c t rum showed 

a s t r i k in g  res emb l an ce t o  the mas s s p e c t rum of  1 S 

hydroxy - 2 0 S - corto l one TMS e t h e r  de s c r i b e d  by  Shack l e ton 

6 9  



700 m / e  

1 00 
6 a - O H - 2 0 a- c o r t  a l o n e  TM S 1:'--. ("') L.{) 

1:'--. 
L.{) 1:'--. 
("') -...t -...t 

N -...t 1:'--. 

700 m / e  

1 00 
("') st a n d a r d  
-...t 

6 a - OH -2 0n - c o rt a l o n e  T M S  

'::!?. N 
0 1:'--. ..- 1.0 1:'--. 1:'--. 
� 0'1 N L.{) ("') 
z ("') 1:'--. L.{) 

-...t -...t 
N 
-...t 1:'--. 

700 m / e  

1 00 
("') u r i n a r y  6 a-OH-2 0 n - cort o l o n e  T M S  

'::!?. -..3' N 0 
1:'--. 

..- 1:'--. 1:'--. ("') 
1- 0'1 ID L.{) L.{) 0'1 N ("') 1:'--. 0'1 z N -...t ("') ..-("') 0'1 -...t 1.0 

-..3' 1.£) 
..- ..-

Fig. 5. 4 Mass spectra of standard and urinary 6a-hydroxy-20a
corto lone and 6a-hydroxy-20S-corto lone TMS ethers . 
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and Sno dg r a s s  ( 1 9 7 4  ) .  The  mas s s p e c t rum o f  th i s  com

poun d  is s h own i n  f i g . 5 . 5 . The h i gh mas s p art of t h i s  

s p e c t rum c an n o t  b e  c omp a r e d  t o  t h e  s ame p a r t  o f  the 

mas s s p e c t rum g i ven by Sh ack l e ton & Sno dgras s ,  as t h e s e  

autho rs us e d  a d i fferent s i l y l a t i n g  p ro cedure l e av i n g  

t h e  1 7 a-hydroxy group uns i ly l ated . 

1 00�----��--�--------�------------------� 
f ra ct i o n U - 6 ,  p e a k  3 

Fig. 5 . 5 Mass spectrum of fraction U-63 peak No . 3 .  

F r a c t i o n  G- 6  showed the  s ame pe aks 1 ,  2 and 3 ,  but 

i n  much lower con centrat i ons ( r e l a t ive r e t e n t i o n  t i me s  

1 . 1 6 3 ,  1 . 2 4 0  and 1 . 3 1 2  ) .  The i r  m a s s  s p e ct r a  w e r e  

ident i ca l  t o  t h e  m a s s  s p e c t r a  o f  t h e  c o r r e s p on d i n g  peaks  

of  f ra c t i o n  U - 6 . 

By mas s fra gment o g raphy the i o ns m/e 7 4 2  ( M
+ 

) , 6 3 9  

( M- 1 0 3 ) and 5 3 7  ( M- 2 0 5  ) were mo n i t o re d  for b o th U- 6 

and G - 6  and a l s o  for s t andard 6 a - hydroxy - 2 0 a - co r t o l one 

and 6a -hydroxy- 2 0 S - co r t o lone TMS e th e r s . The i on inten

s i ty r a t i o s  fo r the i ons m/e 7 4 2 ,  6 3 9 and  5 3 7 w e r e  

c a l cu l a t e d  a n d  are p r e s en t ed i n  t ab l e  5 . 2 .  One mas s 

fr agmen t o g r am o f  fract i on U- 6 was r e co rded at  v e ry h i gh 

s ens i t i vi ty ( f i g .  5 . 6 B ) and th i s  mas s  fragment o g r am 

s h ows  ( ar rows ) that s ma l l  amo un t s  o f  compounds 

exh i b i t i n g  t h e s e  i ons , apart from the compo unds men t i o n e d  

abo ve , are p r e s ent . Th i s  co u l d  s ug g e s t  t h a t  o ther 1 1 -

k e t o - p r e gnane - p ento l s  are  p r e s ent i n  t h i s  fract i on ,  

a l though i n  l ow concent rat i ons . 

0 . 2 5 m l  port i ons o f  b o t h  U- 6 and G - 6  w e r e  s ub j e c t e d  
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Table 5 . 2 Ion intensity �atios
a 

aalaulated f�m the mass 
f�agmentog�ams of stand�d and urinary 7 7-keto-p�egnane-
vento l h TMS et e�s . 

COMPOUNDS ION ( m/ e ) 
5 3 7  

6 a - hydroxy - 2 0 a - corto lone 1 

6 a -hydroxy - 2 0 S - co rto lone 1 

fract i on U- 6 p e ak No . 1 1 

frac t i on U- 6 p e a k  N o . 2 1 

fract i on G - 6  p e ak No . 1 1 

fra c t i on G-6 p e ak No . 2 1 

frac t i on G - 6  p e ak No . 3b 
1 

a: �elative to the intensity of ion m/e 537 

6 3 9  
0 . 2 0 

0 . 4 4 

0 .  1 8  

0 . 4 3 

0 .  1 9  

0 . 4 0  

0 . 1 6  

7 4 2  
0 . 0 4 

0 . 0 8 

0 . 0 3 

0 . 0 7 

0 . 0 3 

0 . 0 8 

0 . 3 7 

b:  f�aation U-63 peak No. J aould not be measu�ed due to the muah 
highe� intensities of the monito�ed ions of peak No . 2 whiah 
was on ly pa�tly sep�ated f�om peak No. 3 .  

A 

? ? 
mle 742 

mle 537 

m /e 639 

10 20 

Fig.  5 . 6 A .  Gas ah�omatog�am o f  the TMS ethe�s of f�aation U-6 .  
B .  Mass f�agmentog�am of ions m/e 7423 639 and 537 of 

f�aation U-6 TMS ethe�s; sensitivi ty was set at suah a high leve l 
that mino� amounts of 1 7-keto-p�egnane-pentol TMS ethe�s we�e 
visib le; A and B we�e �eao�ded unde� diffe�ent aonditions �esulting 
in diffe�ent �etention times . 
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t o  s o d i um b i s muthate  o x i da t i on and analy s e d  as t h e i r  

uTMS e th e r s  b y  mas s fragmento g raphy on a S i l ar 1 0 C 
+ 

c o l umn . I ons m/e 4 6 4  ( M ) , 3 7 4  ( M- 9 0  ) and 3 5 9  ( M-

1 5 - 9 0  ) were mon i t o re d . The mas s f ragme n t o grams ( f i g .  

5 . 7 ) showed t h at 3a , 6a - di hydroxy - 5 s - andro s t an e - 1 1 , 1 7 -

d i o ne uTMS e th e r  was  the main cons t i tuent o f  the  s o d i um 

b i s muthate  t r e a t e d  fract i o n  U- 6 .  I n  G - 6  t h i s  p e ak was  

exp e c t e d l y  much smal l e r  comp ar e d  t o  3a , 6 S - di hy droxy - 5 S 

andros t ane - 1 1 , 1 7 - d ione uTMS e th e r  ( the  o x i da t i on product 

of the i n t e rn a l  s t andard u s e d  in both U- 6 an d G-6 ) .  

The p e ak No . 3 mus t  b e  the o x i d a t ion p roduct o f  p e ak No . 

3 i n  the  gas ch romato g r am 5 . 6A ( s e e a l s o  s e c t i on 5 . 5  ) .  

O t h e r  6 - h y droxy l a t e d  cor t i co s t e ro i ds . 

Fract ions U - 2 , U- 4 , U- 5 ,  G - 2 , G - 4  and G - 5  d i d  n o t  

co nt ain 6 - hydroxy l at e d  c o r t i co s t e ro i ds o r  any o t h e r  

s t e r o i d s  d e t e c t ab l e  by  G C - MS o f  t h e  MO- TMS e th e rs . 

There fo re , t h e s e  fract ions were  inve s t i ga t e d  by mas s  

fr agmen t o g r aphy a t  t h e  ions m/ e 7 4 0  and 7 7 1  ( f o r  

p r e gnan e - p ento lone MO-TMS e t h e rs ) and t h e  i o ns m/ e 

6 6 6  an d 6 9 7 ( fo r 1 1 - k e t o - p re gnan e - t e t ro lone MO -TMS 

e th e r s ) .  6a-hydro xy- a l l o t e t rahydro cort i s o 1  was added to  

these  fract i ons as  an  i n t e rn a l  s t andard , a f t e r  i t  was 

shown in a p i l o t  s tudy not to int e r fe r e  w i th s t e ro i ds 

p r e s ent  in the s e  frac t i ons . A l l  r e l a t i ve ret ent i on 

t ime s men t i o n e d  b e low are r e l a t i ve t o  t h e  re tent ion time 

o f  th i s  i n t e rn a l  s t andard . 

F r a c t i o n  U- 2 s howed two pe aks i n  t h e  m / e  6 6 6  and 6 9 7 

fragme n t o g rams w i th re l a t i ve r e t e n t i o n  t i mes 0 . 7 5 9  and 

0 . 8 4 7 ,  the l a t t e r  p e ak b e in g  appro xi mat e ly e i gh t  t i mes 

h i gh e r  t h an the  fi r s t  one . A l s o , two peaks in the m/ e 

7 4 0  an d 7 7 1  fragmento grams w e r e  o b s e rved w i th r e l at ive 

r e t e nt i o n  t i mes  0 . 8 7 0  and 0 . 9 0 0 . The s e  pe aks were o f  

equal p e akhe i gh t . The s ame peaks as me n t i o n e d  ab o ve 

were  b ar e l y  vi s ib l e  in the fragmento grams o f  fract i on 
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Fig.  5 . 7 Mass fragmentograms at ions m/e 359, 374 and 464 of the 
sodium bismuthate oxidation products of a standard mixture and severa l 
urinaPy fractions . 7 = 3a, 6a-dihydroxy-5B-androstane-7 7, 7 7-dione uTMS; 
2 = internal standard = 3a, 6B-dihydroxy-5B-androstane- 7 7, 7 7-dione uTMS; 
3 = probab ly 7 B, 3a-dihydroxy-5B-androstane- 7 7, 7 7-dione uTMS; 
4 = 3a, 6B-dihydroxy-5a-andros tane- 7 7, 1 7-dione uTMS . 
The numbers preceded by "x" refer to the sensitivity leve ls used. 



G- 2 .  The mas s fragment o gr ams o f  fract i o ns U - 4  and G - 4  

were devo i d  of  p e ak s , b u t  fract ions U- 5 and G - 5  showed 

o n e  peak i n  the  m/ e 7 4 0  and 7 7 1  fr agment o g r ams w i th 

r e l at i ve r e t e n t i o n  t i me 0 . 9 2 3 .  

The m/ e 6 6 6 / 6 9 7 p e ak at  re l at i ve reten t i o n  t ime 0 . 8 4 7  

and the m/ e 7 4 0 / 7 7 1  p e ak at re l a t ive r e t e n t i o n  t ime 0 . 9 2 3  

c o u l d  b e  d ue t o  6 6 - hydroxy - te t r ahydro c o rt i sone and 6 a 

hyd roxy - t e t r ahydro cort i s o l  MO-TMS e thers , r e sp e c t i ve ly .  

The re l at i ve r e t en t i on t imes o f  the c o r r e s po nd i n g  

s t andard s t e ro i ds w e r e  0 . 8 4 5  a n d  0 . 9 1 6 ,  r e s p e c t i ve ly . 

To o b t a in add i t i o n a l  e v idence for t h i s , 0 . 2 5 ml o f  

fra c t i ons U- 2 and U- 5 w e r e  oxid i s ed b y  s o d i um b i smuthat e . 

The l at t e r  r e a gent w as t aken from a · b a t ch known t o  

o xi d i s e  1 1 6 - hy droxy groups ( c f .  B ush , 1 9 6 1 ; B e al e , C r o f t  

& T ay lo r ,  1 9 6 7  ) .  Mas s fr a gme n t o g r aphy o f  the uTMS 

e th e rs o f  the o x i dat i o n  products o b t a i n e d  from th e s e  

fractions  at  i ons m/ e 4 6 4 , 3 74 and 3 5 9  showed that 

compounds exh i b i t in g  these ions were  p r e s en t  i n  b o t h  U- 2 

and U - 5  ( f i g .  5 . 7 ) .  Howeve r , none o f  the s e  c o mpo unds 

cou l d  b e  i d en t i fi e d  po s i t i ve ly as the  o x i d a t i o n  product 

of  one of  the 6 - hy droxy l ated s t e ro ids  ment i on e d  b e fo r e . 

F rom the s e  d a t a  the conc l u s i o n  was  drawn t h a t  minor 

amo unts ( 1 0 - 1 0 0 t ime s l e s s  than the amo unt of  6 a 

hydroxy - t e t rahyd ro co r t i s o ne ) o f  1 1 - k e t o - p r e gnan e 

t e t ro lones  a n d  p r e gn ane -pento l o n e s  w e re p r e s ent i n  th i s  

neonatal  urine , and that none o f  t h e s e  s t e ro i ds was  

i dent i c a l  to a 6 - hydroxy l at e d  co r t i co s t e ro i d .  

5 . 5  D i s cus s i o n .  

Th i s  i s  the f i r s t  t ime that 6 a - hydroxy - t e t r ahydro 

cort i s one and the 6 a - hy d ro xy - co rt o l o n e s  h ave b e e n  i dent i 

f i e d  i n  h uman neonat a l  urine . Lewb a r t  & S chne i de r  ( 1 9 6 6 )  

p r o duced e v i dence  fo r the p r e s ence o f  6 a - hy droxy - 2 0 6 -

corto lone and 6 6 - hydro xy - 2 0 6 - co rto l o n e  i n  the u r i n e  o f  a 

human adul t ,  a ft e r  i n g e s t io n  o f  a mas s ive do s e  o f  2 0 6 -
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c o r t o lone . 6 a - hydroxy - 2 0 S - co rto lone was i den t i fi e d  by  

s ub j e c t i n g  the  compound to  Wo l f f- K i s hn e r - Barton reduct i o n  

a n d  comp a r i ng t h e  product w i t h  authent i c  3a , 6 a , 1 7 a , 2 0 S , 

2 1 - p e n t ahydroxy - 5 S - p r e gn ane by p ap e r  chromato graphy and 

me l t in g  p o i n t  de t e rm i n at ion . 

The t h r e e  6 a - hydroxy l at e d  co r t i co s t e ro i ds  i dent i fi e d  

i n  t h i s  neonat a l  u r i n e  w e re ident i c al  to  the  compo unds 

found e ar l i e r  i n  the u r i ne o f  an i n fan t rece i vi n g  

cort i s o l  the rapy ( s e c t i o n  3 . 3 ) at M . U .  va l ue s  3 0 . 5 4 ,  

3 1 . 3 5 and 3 1 . 6 2 ( for 6 a - hy droxy- t e t rahydroco r t i s on e , 

6 a - hydro xy- 2 0a - co rto lone and 6 a - hy droxy- 2 0 S - co rt o l one , 

re s p e c t i ve ly ) .  I n  the l a t t e r  u r i n e  the 6a -hydroxy l at e d  

s t e ro id s  were  a l s o  o f  maj o r  quant i t at i ve imp o r t an ce 

( s e e  fi gures 3 . 1 - 3 . 3 ) .  

The urine  o f  the heal thy newb o rn in fant w a s  

sys t ema t i c a l ly inve s t i g ated fo r o t h e r  r i n g  A reduced 

6 - hydroxy l ated an a l o gs of cort i s o l  and co r t i s on e , b ut 

except for  6 a - hydroxy - t e t rahydroco rt i s on e  no s uch 

s t e ro ids  c o u l d  b e  d e t e c t e d . There h as b e en s ome 

s p e c u l a t i o n  in  e a r l i e r  repo r t s  ( U l s t rom et a l , 1 9 6 0 ; 

Dan i i l e s cu - Go l dinb e r g  & G i raud , 1 9 7 4  ) about the  

pres ence o f  s uch co rt i co s t e ro i ds , fo l l ow i n g  t h e  

d i s cove ry o f  imp o r t ant quant i t i e s  o f  6 S - hy droxy - co r t i s o l  

in  neonata l urine ( Ul s t rom e t  al , 1 9 6 0  ) .  

Traces o f  o th e r  p r e gnane -pento l ones  and 1 1 - ke t o 

p r e gnane - t e t ro lones  and a l s o  a compoun d  h av i n g  a m a s s  

s p e c t r um v e r y  s im i l a r  to  t h a t  o f  1 S -hydroxy - 2 0 S - co r t o l o ne 

( Shackl e ton & Snodgras s ,  1 9 7 4 ) were found . 1 S -hydroxy

t e t r ahydro co r t i sone was n o t  found i n  amo unt s  d e t e c t ab l e  

b y  G C - MS , b ut t h e  compound a t  re l at i ve r e t e n t i o n  t ime 

0 . 8 4 7  ( re l at i ve to 6 a - hy droxy - al l o t e t rahydroco r t i s o l  

MO -TMS e th e r  ) wh i ch w a s  d e t e c t e d  b y  mas s fragmento 

gr aphy at ions  m/ e 6 6 6 / 6 9 7  in  fra c t i on U-2 , m i gh t  b e  

i dent i c a l  to  1 S - hydroxy - t e t rahydro co r t i s one MO -TMS e th e r .  

The corresponding M . U .  v a l ue c a l c u l a t e d  fo r t h i s  compound 
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( s e e  s e c t i on 5 . 2  ) i s  3 0 . 7 5 wh i ch c o r re s ponds r a t h e r  

we l l  t o  t h e  M . U .  v a l u e  o f  t h e  comp o und t en t at i ve l y  

i de n t i f i e d  as 1 $ - hy droxy- t e t rahydroco r t i s on e  MO- TMS 

ether  ( M . U .  3 0 . 6 7 ,  see  s e c t io n  3 . 3 ) .  

Add i t i o n a l  evi dence fo r t h i s  i s  p r o v i d e d  b y  fi g .  

5 . 7 .  As  ment ioned b e fo re , p e ak No . 3 i n  t h e  mas s 

f r a gmento gram r e co rded from t h e  s o d i um b i smuth a t e  

o x i d a t i o n  products  o f  fract i o n  U - 6  mus t b e  t h e  1 7 - ke t o  

a n a l o g  o f  1 8 - hy d roxy - 2 0 8 - co r t o lone ( s e c t i o n  5 . 4  ) .  

I n  the mas s fr agmento gr am r e co rd e d  from t h e  o x i d a t i o n  

p ro du c t s  o f  fract i o n  U- 2 a p e ak i s  o b s e rved wh i ch h a s  

the  s ame r e tent i o n  t ime a n d  s im i l ar re l a t ive i o n  

intens i t i e s  as  t h e  p e a k  No . 3 in  the  fragmen t o g r am 

o f  fra c t i o n  U - 6 . As s o d i um b i s mu t h at e  de grada t i o n  o f  

b o th 1 $ - hydroxy - 2 0 $ - co r t o l one an d 1 $ - hydroxy - t e t ra hy d r o 

co r t i s one y i e lds  the  s ame product ( 1 8 , 3a - d i hy d ro xy - 5 8 -

andro s t an e - 1 1 , 1 7 - d ione ) ,  i t  i s  l ik e l y  t h at frac t i on U- 2 

cont ain e d  1 8 -hydroxy - te t r ahydro co rt i s one , a l though i n  

a very l ow concent r at i on . 

I n  cont ras t to  the  u r i n e  o f  the  i n fant re c e i vi n g  

co r t i s o l  t h e r apy ( c h ap t e r  3 ) 6 - hydroxy l at e d  p r e gnane

p e n t o l o n e s  were  no t found in  t h e  u r ine of the  h e a l thy 

newb o rn i n f an t .  The p r e s ence of a l arge amount of s uch a 

comp ound i n  t h e  urine o f  t h e  i n fant r e c e i v i n g  l arge 

amo unt s  of co r t i s o l  mus t b e  due to  changes  i n  the  

me t ab o l i s m  of  co rt i s o l  induced by  the  admin i s t ra t i o n  

o f  s uch a l arge do s e  o f  t h i s  s t e ro i d .  Unfo rtuna t e l y , 

no mo re ur ine o f  t h i s  i n fant was avai l ab l e  fo r t h e  

d e fi n i t e  i d en t i f i c a t i o n  o f  the  p r e gn ane -pento l o n e s  

p r e s en t  i n  t h i s  urine . On the b as i s  o f  the  r e s u l t s  

des cribed i n  t h i s  chap t e r ,  i t  s e e ms l ik e ly t h a t  t h e  

p rominent p r e gn ane - p ento lone MO-TMS e t h e r  at M . U .  3 1 . 1 0 

i s  i d e nt i c al t o  6 a - hydroxy- t e t r ahydro co r t i s o l  MO-TMS 

e t he r .  
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CHAPTER 6 

THE QUANT ITAT I ON OF SOME POLAR CORT I CO ST E RO I DS I N  H UMAN 

NEONATAL UR I NE .  

6 . 1 I nt ro duct i o n .  

T h e  a i m  o f  t h e  s t udy de s c ri b e d  i n  t h i s  chap t e r  

w a s  to  inve s t i gate t h e  quant i t at i ve impo r t ance o f  the 

new ly i den t i fied 6a -hydroxy l ated co rt i co s t e ro i ds i n  

re lat ion t o  a numb e r  o f  co rt i co s t e ro i ds a l re ady known 

to b e  present  in neonat a l  u r ine . I n  addi t i on t o  the three 

6 a - hydroxyl a t ed co r t i co s t e ro id s  the fo l l ow i n g  compo unds 

were de t e rmined in the urine  o f  s ix he al thy newb o rn 

i n f an t s : t e t rahydro c o r t i s one , t e t rahyd ro co r t i s o l , 6 S 

hydroxy - co r t i sone , 6 8 - hy droxy- co r t i s o l ,  a - corto lone , 8 -

corto l o ne and 1 8 -hydroxy- 2 0 8 - co r tolone  ( c f .  Shack l e ton & 

Sno d gras s ,  1 9 7 4  ) .  Unconj ugated  and g l ucuro n i d e  

con j ug a t e d  s t e ro i ds were  quant i t a t e d  s e p arate ly . T h e  

co rt i co s t e ro i ds w e re d e t e rmined us ing h i gh p e r fo rmance 

l i q u i d  ch roma to g raphy , comb ined gas chromato g raphy - mas s 

s p e c t rome t ry and mas s fragmento graphy . 

6 . 2  Mat e r i a l s  and Me thods . 

The mat e r i a l s  d e s c r i b e d  in the p r e c e d i n g  chap t e r s  

we re us e d .  6 S , l 7a , 2 0 S , 2 1 - t e t rahydroxy - p re gn - 4 - ene - 3 , 1 1 -

d i one was prepared by i n cub a t i o n  o f  6 B -hydroxy - c o r t i s one 

w i th 2 0 8 -hydroxy - s t e ro i d  o x i do reduc t as e .  

Sub j e c t s . 

Urine was c o l l e ct e d  fo r 2 4  hours from s i x h e a l thy 

male newbo rn i n fants during the i r  s e cond day of l i fe 

( i n fo rme d co nsent was o b t a i n e d  from the  p ar e n t s  ) .  The 

mo t h e rs did  not rece ive any me d i c a t i o n  a t  the  t i me o f  
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de l i ve ry .  When t h e  b ab i es  vo i de d  t h e  u r i ne was 

i mme d i ate ly p l ac e d  i n  t h e  24  hours urine  co l l e c t i o n  

b o t t l e s  at - 2 0° C .  T h e  b i rth w e i gh t s  o f  t h e  b ab i e s , t h e  2 4  

h o u r s  urine  vo l umes and the 2 4  h o u r s  c r e a t i n i n e  

excr e t i ons are l i s t e d  i n  t ab l e  6 . 1 .  

Tab le 6 .  7 Birth weights, 24 hours urine volumes and 24 hours 
creatinine excretions of the studied newborn infants . 

I N FANT No . B I RT H  WE I GHT 24 H R .  U R I N E  2 4  H R .  CREAT I N I NE 

( g ) VOL UME ( ml ) EXCRET ION ( mg ) 

3 3 3 0  s o  1 9 . 5 

2 3 5 6 0  2 9  1 4 . 8  

3 3 5 5 0  4 2  2 9 . 4  

4 4 1 3 0  2 6  2 0 . 0  

5 4 0 4 0  9 0  2 5 . 2  

6 4 0 9 0  3 7  1 4 . 0  

Uri n e  p ro ce s s i n g .  

2 0  m l  o f  u r i n e  from e ach o f  the b ab i e s  s tudi ed was  

p ro c e s s e d  as d e s c r i b e d  i n  chap t e r  S .  The HPLC  

frac t i on a t i o n  was  p e rforme d as d e s c r i b e d  except that in

s t e ad of  s i x ,  e l e ven fract i ons w e r e  co l l e c t e d  as 

dep i c t e d  in f i g .  6 . 1 .  Aft e r  ten fract i ons were co l l e c t e d  

t h e  s o lvent compo s i t i on was  chan g e d , a s  d e s c r i b e d  b e fo r e  

( s e c t i o n  5 . 2  ) ,  a n d  the e l ua t e  w a s  co l l ec t e d  fo r 1 5  m i n  

to g i ve frac t ion No . 1 1 .  T h e  HPLC f r a c t i ons co l l e ct e d  

from t h e  unconj ugated fract i on w i l l  b e  r e f e r r e d  t o  as 

U- 7 ,  V-2, • • .  , U- 7 7  and t ho s e  from the g l ucuron i de 

f ra c t ion as G- 7 ,  G - 2, • • •  , G - 7 1 .  

Comb i n e d  g a s  c h romatography -mas s  s p e c t rome t ry .  

0 . 2 5 m l  o f  each H P L C  f r a c t ion was t aken to dryne s s  

and conve r t e d  i n t o  MO-TMS e th e rs a s  de s cr i b e d  i n  s e ct i o n  

3 . 2 .  The MO -TMS e t h e r s  were  analys e d  by  b o t h  p u r e  g a s  
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Fig. 6 . 1 High performanae tiquid ahromatography of twe tve 
standard s teroids. a- and B-corto tone were not inatuded in the 
standard mixture but these s teroids e tute between 6B-hydroxy
cortisot and 6B-hydroxy-a ttotetrahydrocortisone . 

chromato g raphy ( fo r quant i t at i o n  ) and comb i ne d  gas 

chroma t o g raphy- mas s s p e c t rome t ry ( fo r i den t i f i c a t ion 

and de t e rmin a t i o n  of  pu r i ty of  the gas chromato graph i c  

p e aks ) .  

I n  a numb e r  o f  ins t ances i t  was nece s s ary t o  

quan t i t a t e  the  s t ud i e d  s t e ro i ds by m a s s  fragmentography , 

due to  i nt e r fe rence f rom ext raneo us mate r i a l  o r  

i n s u f f i c i e n t  s en s i t i v i t y  in gas chromatography . I n  t h e s e  

8 0  



i n s t ances  a s u i t ab l e  ( s e e s e ct i on 6 . 3 ) i n t e rn a l  

s t and a r d  was ad d e d  t o  the H P LC fract ions t o  b e  analy s e d ,  

and mas s fragme n t o g raphy was ca r r i e d  o u t  us i n g  t h e  

magne t i c  f i e l d  s w i t c h i n g  mo de . Us ual l y  t w o  characte r i s t i c  

ions fo r e ach comp o un d  t o  b e  d e t e rmined and one i on o f  

t h e  i n t e rn a l  s t andard were mo n i to r e d .  Fo r quant i t a t i o n  

the mo s t  int ens ive o f  t h e  two s amp l e  i ons was  u s e d . The 

i o ns mon i to re d  i n  e a ch i n s t ance are men t i o n e d  i n  s e c t i on 

6 . 3 . Oven temp e r atures i n  m a s s  fra gme n t o g r aphy ranged 

from 2 4 0 - 2 6 0
°

C .  

Q u a n t i t a t i o n .  

Fo r t h e  c a l cu l at ion o f  t h e  2 4  hours e x c re t i on the 

re cove ry of the u r i nary s t e ro id s  during the urine work 

up w as d e t e rmined by as s ay i n g  t h e  amo unt of 6 S - hyd roxy

a l lo t e t rahydroco r t i s one p r e s ent i n  HPLC fract i o n s  U- 6 

and G - 6  ( s e e  f i g .  6 . 1 ) , and comp a r i n g  t h i s  value w i th 

t h e  amo unt added t o  the unconj u g a t e d  and g l u curo n i d e  

f r a c t i ons . T h i s  s t e ro i d  w a s  cho s e n  a s  a recovery s t andard 

b e cause it  was  not  p r e s ent i n  neonat al u r i ne to any 

s i gn i f i cant ext ent . As no p a r t i t i o n i n g  s t eps w e re pres en t  

in t h e  u r i n e  w o r k  u p  t h e  re co v e ry o f  t h i s  s t e ro i d  was 

cons i de re d  a g o o d  me a s u re fo r the r e co ve ry of a l l  

s t e ro i ds s tu d i e d . No  c o r re c t i o n  w a s  made fo r l o s s e s  

o c curring du r i n g  DEAE - S ephadex chroma t o g raphy , b ut i n  

ear l i e r  exp e r iments ( s e e  s e c t i o n  2 . 3  ) t h e s e  l o s s e s  w e re 

p ro ven to b e  vi rtua l l y  ne g l i g ib l e .  

The o v e r  a l l  recovery fo r the s ix unconj ugated 

frac t io ns ave raged 5 1 . 9 % ± 1 0 . 3  ( S D ) and fo r the 

g l ucuroni d e  fract ions t h e  ave rage re covery was  4 9 . 6% 1 
5 . 0  ( S D  ) .  

To e ach s e r i e s  o f  u r i n ary HPLC fract i ons to b e  

analys e d  by  gas chromat o gr aphy fo ur s t andard mixtures  

( s e e  t ab l e  6 . 2  ) cont a i n i n g  known amount s  of  t h e  

s t e ro i ds to b e  as s ay e d  were add e d .  O f  the 6 -hyd roxy l a t e d  
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Table 6 . 2 Relative retention times of the MO-TMS ethers of 
s tandard steroids ( OV-1, 245°C ) .  

STEROID 

tetrahydrocortisone 

tetrahydrocortisol 

a-cortolone 

a-cortolone 

68-hydroxy-cortisone 

68-hydroxy-cortisol 

6a-hydroxy-tetrahydrocortisone 

68-hydroxy-tetrahydrocortisone 

6S-hydroxy-allotetrahydrocortisol 

6a-hydroxy-allotetrahydrocortisone 

68-hydroxy-tetrahydrocortisol 

6a-hydroxy-tetrahydrocortisol 

6a-hydroxy-allotetrahydrocortisol 

6S-hydroxy-allotetrahydrocortisone 

6a-hydroxy-20a-cortolone 

6a-hydroxy-20S-cortolone 

IN 
STANDARD 
MIXTURE 

1 

1 

2 

2 

2 

2 

3 

3 

3 

3 

4 

4 

IN 
HPLC 
FRACTION 

1 

3 

5 

5 

4 

8 

7 

8 

7 

9 

1 0  

9 

6 

1 1  

1 1  

t a 
R 

0 . 600 

0 . 68 7  

o .  744 

0 . 792  

1 . 1 89 
1 . 262  

1 .  34 3 
1 . 436 

o .  722  

0 . 778 

0 . 8 2 7  

o .  891 

0 . 8 1 0  

0 . 829 

0 . 9 1 2  

0 . 9 1 2  

0 . 902  

0 . 967  

a .  Relative retention time ( relative to methyl deoxycho late 
TMS ether ) . 

s te r o i d s  p r e s en t  in  the s e  s t andard mixtures  t h e  1 1 8 -

hydroxy- s t e ro i ds h a d  b e e n  s t andard i z e d  by gas ch romat o

g r aphy of  the MO- TMS e th e rs a g a ins t t e t rahydroco r t i s o l ,  

and the 1 1 - k e to - s t e ro i ds  agains t t e t rahydroco r t i s o ne , by  

comp a r i n g  t he i r  re s p e c t i ve p e ak are as . 

The u r inary s t e ro i d MO-TMS e th e rs were  quant i t a t e d  

by  comp a r i n g  the i r  re l at i ve p e akh e i gh t s  ( re l a t ive t o  

the int e rn a l  s t andard ) to the re l a t ive p e akhe i gh t s  o f  

the c o r r e s p on d i n g  MO-TMS e th e rs i n  the s t andard mixture s .  

Th e s e  s t andard mixtures contained the s ame amo unt o f  

i n t e rn a l  s t an dard a s  h a d  b e en added t o  the u r i n a ry HPLC 

fractions . The s ame p ro ce dure was us e d  in mas s fragmento-
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g r aphy except that d i fferent i n t e rna l s t andards were  

u s e d .  The s e  i n t e rn a l  s t andards are  ment i on e d  in s e c t i on 

6 .  3 .  

6 . 3  R e s u l t s . 

The amount s  o f  s t e ro i ds e x c r e t e d  i n  the u r i n e  by 

each n e on a t e  during the i r  s e cond day of l i fe are 

p re s en t e d  i n  tab l e s 6 . 3  and 6 . 4 , and are expre s s e d in 

� g/ 2 4  h r .  S t e r o i ds were  only quan t i t a t e d  by gas ch roma t o 

g raphy i f  comb i ne d  g a s  ch roma t o graphy - ma s s  s p e c t rome t ry 

s h owed no extraneous mate r i a l  t o  b e  p r e s e nt i n  t h e  

c o r r e s p onding p e aks . The i n s tances in wh i ch the u s e  o f  

mas s f ragmen t o g r aphy was n e c e s s ary are d i s cu s s e d  b e l ow .  

Te trahydro c o r t i s o n e  ( fra c t i on s  U- 1 a n d  G- 1 ) .  

The s ma l l  amount s  o f  t e t rahydro co r t i s one p r e s ent 

in the un conj ugated fract i ons were  d e t e rmined by  mas s 

fragmentography at i ons m/e 6 0 9  ( M
+ 

) and 5 7 8  ( M- 3 1  ) , 

wh i l e t e t rahyd roco r t i s o l  MO-TMS e t h e r  ( m/e 6 5 2  ) was 

us e d  as i n t e rnal  s t andard . A l th ough the g l ucuron i d e  

f rac t i ons  c o n t a i n e d  l arge amoun ts  o f  t e t rahydroco rt i s one , 

th e s e  f ract i ons w e r e  a l s o  an a l y s e d  by mas s fragmen t o 

g raphy b e cause GC-MS s h owed that  in s ome ins t an c e s  the 

peak of t e trahyd rocort i s one MO - TMS e t h e r  was con t aminated 

by unkn own materi a l .  

Te trahydr o c o r t i s o l  ( fra c t i o n s  U- 3 and G- 3  ) .  

The ve ry l ow amount s  of t e t rahy droco rt i s o l  p r e s e n t  i n  

b o th the un conj ugated a n d  g l ucuro n i de frac t i ons  were 

d e t e rmined by  mas s fragmen t o g raphy a t  i ons  m / e  6 8 3  ( M
+ 

) 

an d 6 5 2  ( M- 3 1  ) .  Te t rahydro c o r t i s one MO - TMS e t h e r  

( m / e  6 0 9  ) w a s  t h e  i n t e rnal  s t andard us e d .  

8 3  
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Table 6. 3 Urina� excretion of po lar unconjugated corticosteroids by six newborn infants 
( )lg/24 hr ) . 

STE RO I D  DETERMI N E D  I N FANT No . 

BY
a

: 1 2 3 4 5 6 

tet rahydro c o rt i s one MF 2 .  0 3 .  2 1 . 0  1 . 9  2 .  0 0 . 6  

t e t r ahydroco rt i s o l  MF 0 . 3  0 .  1 
b b 0 .  1 0 . 2  n . m . n . m . 

6 S -hy droxy- c o r t i s one GC 5 . 4  9 . 6  6 . 6  5 . 5  6 . 9  2 .  7 

6 8 -hy droxy- cort i s o l  MF 1 9 .  5 8 .  1 3 2 . 3 1 8 .  7 3 1 . 8  7 . 3  

6 a -hydroxy- t e t rahydro co r t i sone GC  2 7 .  1 7 .  3 3 9 . 2  1 3 .  0 2 2 . 6  8 . 5  

MF 2 5 . 5  6 . 0  3 9 . 5  c 2 0 . 5  9 . 4  n . m . 

6 a -hy dro xy - 2 0a - co rto l one GC 2 9 . 4 5 .  1 2 2 . 9  1 9 .  7 4 8 . 9 1 5 .  8 

6 a-hy droxy- 2 0 s - co r to l o ne GC 1 0 2 . 0  1 7 . 0  1 7 9 . 7  5 3 . 5 1 2 3 .  9 4 9 . 9  

1 S -hydroxy- 2 0 S - co r t o lone GC 3 8 . 7 7 . 0  5 5 .  2 2 0 . 5  4 2 . 7 1 4 .  0 

a .  MF deno t e s ma s s  fraym e n t o g raphy, GC de n o t e s  gas c h roma to graphy . The s t e ro i ds w e r e  
de t e rmi n e d  b y  MF w h e n  G C  g a v e  unre l i ab l e  re s u l t s  ( s e e  t e x t ) .  

b .  N o t  me a s ure d .  

c .  N o t  meas ure d b y  MF; m a s s  s p e c t rum i n di ca t e d  t h a t  t h e  comp o u n d  was n o t  con tami n a t e d .  
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Tab le 6. 4 Urinary excretion of polar glucuronide conjugated corticosteroids by six newborn infants 
( �g/24 hr ) . 

STERO I D  DETERM I N E D  I NFANT No . 

BY
a : 1 2 3 4 5 6 

t e t rahydro c o r t i s o ne GC 1 5 7 . 4  7 3 . 4  5 6 . 1 2 0 6 . 6  1 6 3 . 6 8 9 . 2 

MF 1 4  7 .  7 4 1 . 0  6 0 . 3  1 6 9 . 4  1 7 8 . 5 8 7 . 5 

t e t r ahydro co rt i s o l  MF 3 . 0  0 . 8  n . m .  b n . m . b 2 .  5 2 . 6  

a - co rto lone GC 1 7 . 8  t race t race 1 3 .  8 1 4 .  5 t race 

13 - co rt o l one GC 1 5 .  7 trace t race 3 1 . 7 2 0 . 4  1 5 .  2 

6 a - hydroxy - t e t rahydroco rt i s one GC 7 3 .  1 4 0 . 7 5 2 .  7 7 0 . 9  1 2 4 .  1 6 2 . 0  

MF 6 9 . 9  2 0 . 3  2 5 . 4  n . m . c 1 1 6 . 9  3 5 . 6  

6 a - hydroxy - 2 0 a - c orto l one GC 7 .  0 2 .  5 3 .  1 1 6 . 6  3 0 . 1 9 . 0  

6 a - hydroxy - 2 0 13 - c o rto lone GC 4 . 0  1 . 0  5 .  7 6 . 4  9 . 8  5 .  5 

1 13 - h yd roxy - 2 0 13 - co rt o l one GC 1 6 .  5 4 .  5 2 0 . 9  2 7 . 3  2 7 . 9  1 6 .  8 

a .  MF denotes mass fraymentography3 GC denotes gas chromatography. The steroids were determined by MF 
when GC gave unre liable results ( see text ) .  

b .  Not measured. 
c. Not measured by MF; mass spectrum indicated that the compound was not contaminated. 



a-c o r to l a n d  � - c o r t o l ( fra c t i on s  U- 7 and G- 7 ) . 

T h e s e  compounds w e re not d e t e c t e d  by  normal G C - MS 

and w e re not  inve s t i gated by  mass  fragmen t o g raphy . 

6 S - h y droxy -co rt i s o l ( frac t i o n s  U-4 a n d  G- 4 ) .  

6 � - hy droxy- cort i s o l  was found in  a l l  un conj ugated 

fract i ons , b ut the gas ch romato graph i c  p e ak o f  its  MO-TMS 

e th e r  was s e vere ly con t aminated by a c l u s t e r  o f  othe r 

p e aks  ( s e e  f i g . 6 . 3 ) .  The refo re , t h i s  compound was 

me as ured by  mass  f ragmen t o g raphy at i ons m/e  7 2 4  ( M
+ 

) 

an d 6 9 3  ( M- 3 1  ) ,  wh i l e co r t i s o l  ( m/ e 6 0 5  ) was us ed 

as the i n t e rnal s t andard . A mass  s p e c t rum o f  the peaks 

i n t e r f e r i n g  w i th the peaks o f  6 S -hydroxy - c o rt i s o l  MO 

TMS e t h e r  was very s im i l a r  to the mas s s p e c t rum o f  

6 � , 1 7 a , 2 0 S , 2 1 - t e t rahydroxy - p re gn - 4 - ene - 3 , 1 1 - di one MO 
TMS eth e r  ( fi g .  6 . 2  ) .  Mas s fragmen t o graphy ( f i g . 6 . 3  

o f  fractions  U-4 at i ons m/e 6 9 5  ( M
+ 

) an d 4 9 0  ( M- 2 0 5  

reve a l e d  s e vera l p e aks exh i b i t ing t h e s e  i ons , but none 

of t h e s e  p e aks had a reten t i on t i me equal to the 

re ten t i on t i mes o f  6 S , 1 7a , 2 0 � , 2 1 - te t rahyd roxy - p r e gn - 4 -

ene - 3 , 1 1 - di one MO- TMS eth e r .  

N o  6 � -hydroxy - c o rt i s o l  could  b e  d e t e c t e d  b y  mass 

fragmento graphy in the g l ucuron i de fract ions . 

6 a-hy droxy - t e trahy dr o c o r t i s o n e  ( fra c t i o n s  U-8 and G - 8  ) .  

GC -MS o f  fract ions U-8 an d G-8 showed that the peak 

o f  6 a - hydroxy - t e t rahyd roco r t i s one MO - TMS ether was pure 

in the unconj ugated frac t i o ns,  but  in s ome g l ucuron ide  

fra c t ions t h e re was  cons i de rab l e  interfe rence from 

unknown mat e r i a l . Both the un conj ugated an d g l u curon i de 

frac t i ons w e re an a lysed by mass  fragmen tog raphy at i ons 

m/e 6 9 7 ( M
+ 

) and 6 6 6  ( �1- 3 1  ) w i t h 6a -hydroxy - t e t ra 

hydroco r t i s o l ( m/ e 7 4 0  ) s e rving a s  i n t e rn a l  s t andard . 

8 6  
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Fig.  6 . 2 Mass spectrum of s tandard 6B3 7 7a3 20B3 2 7-tetrahydroxy
pregn-4-ene-33 7 7 -dione MO-TMS ether. Only the mos t  abundant ions 
are shown and isotope clusters are not depicted. 

The re s u l t s  o f  gas chroma t o g raphy and mas s fragmento 

g r aphy agreed very we l l  fo r the uncon j u g a t e d  fra c t i ons , 

but fo r the g l ucuronide fract ions o f  urines No . 2 ,  3 and 

6 ma s s  fragmen t o g r aphy gave app rec iab ly l ow e r  v a l ues . 

7 S - hy droxy - 2 0 S - c o r t o l o n e  ( fra c t i on s  U- 7 7  a n d  G- 7 7 ) .  

F o r  t h i s  s t e r o i d  no r e fe rence mat e r i a l  was ava i l ab l e .  

T h e re fore , t h i s  compound was quan t i t a t e d  b y  gas chroma t o 

g r aphy by comp ar i n g  i ts p e ak area to  t h a t  o f  6 a - hy droxy-

2 0 S - co r to l one TMS e the r .  

O t h e r  7 7 - ke t o -p r e g n an e - t e t ro l o n e s  a n d  p r e g n a n e -p e n t o l o n e s  

( fra c t i o n s  U- 7 3  G - 7 3  U- 7 0  a n d  G- 7 0  ) .  

As was men t i oned i n  s e ct ion 5 . 4  t r aces o f  1 1 - k e t o 

p r e gnane - te t ro lones and p r e gn an e - pent o l ones w e r e  p re s ent  

i n  fracti ons U- 7 3  G - 7 3 U- 7 0  and G- 7 0 ,  and it  was s hown 

that none of t h e s e  compounds was i d ent i c a l  to  one o f  the  

6 - hydroxy l at e d  c o r t i c o s t e r o i ds men t i oned in chap te r  5 .  

The s ame H P LC fra ct ions o f  the urines  s t ud i e d  h e re were 

inve s t i gat e d  fo r t he s e  comp o und s by mass  fragme n t o g r aphy 

at i ons m/e 7 7 1 , 7 4 0 ,  6 9 7  and 6 6 6  ( s e e s e c t ion 5 . 4  ) . 

8 7  
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Fig .  6. 3 Gas chromatography and 
mass fragmentography of urine No. 
fraction U-4 .  
7 .  Mass fragmentography a t  ions m/e 
693 and 724 of urinary 6B-hydroxy
cortisol MO-TMS ethers . 
2 .  Mass fragmentography at ions m/e 
695 and 490 · of urine fraction 4 .  The 
first e luting peak in the m/e 695 
fragmentogram which is not present 
in the m/e 490 fragmentogram is due 
to interference from the M+2 isotope 
peak of the M-3 7  ion ( m/e 693 ) of 
6a-hydroxy-cortiso l MO-TMS ether. 
3. Mass fragmentography at ions m/e 
695 and 490 of synthetic 6B, 1 7a, 20B, 
2 1-tetrahydroxy-pregn-4-ene-3, 7 1 -
dione MO-TMS ether. 
4. Gas chromatography of U-4 .  
5 .  Gas chromatography of authentic 
6a-hydroxy-cortiso l MO-TMS ether. 



At the  r e t en t i o n  t i mes ment i oned i n  s e c t i o n  5 . 4  t races o f  

1 1 - k e t o - p r e gnane - t e t ro l one and p r e gnan e - pento lone MO -TMS 

e th e r s  were  again de t e c t e d , b u t  in none o f  the u r i n e s  

the s e  compounds were  quant i t a t i ve ly i mp o r t an t ; t h e i r  2 4  

hours exc re t i ons were  e s t imated  a t  a few � g/ 2 4  h r , o r  

l e s s . 

6 . 4  D i s cus s i on .  

The r e s u l t s  p r e s ented i n  th i s  chap t e r  c l e a r ly i n d i c a t e  

t h a t  the new l y  i den t i f i e d  6 a - hyd roxy l a t e d  c o r t i co s t e ro i ds 

cons t i tute  quant i t a t i ve ly a maj o r  p a r t  o f  the  c o r t i c o 

s t e r o i d s  p r e s e n t  i n  t h e  u r i n e  v o i d e d  by  two days o l d  

i n fants . T o ge th e r  w i th t h e  compound t en t at i ve l y  i den t i fi e d  

a s  1 8 - hy droxy- 2 0 8 - c o r t o lone , 6 a - hydroxy - t e t r ahydro

co r t i s one and t h e  6a -hydroxy - co r t o lones amount to  an 

ave rage o f  6 0 . 4 % o f  the s t e r o i ds found in the  unconj ugated 

an d g l ucuron i d e  frac t i ons . C o r t i s o l  and c o r t i s one were  

no t i nve s t i g a t e d  i n  this  s t udy ,  b u t  f rom t h e  l i t e rature i t  

s e ems un l ik e ly that  th e s e  s t e ro i ds are quan t i t a t i ve ly 

i mp o r t an t  in t h e s e  fract ions ( Dan i i l e s cu- Go l d i nb e rg & 

G i raud , 1 9 7 4 ; K l e i n  e t  a l , 1 9 6 9  ) .  

E v i dence fo r the  p r e s en ce o f  o t h e r  uns a t u r a t e d  

co r t i c o s t e r o i ds was p ro v i d e d  by the  de t e c t i on o f  t h e  

compo unds i n  frac t i ons U - 4  having mas s s p e c t r a  very 

s imi l ar t o  6 8 , 1 7 a , 2 0 8 , 2 1 - t e t rahydroxy - p r e gn - 4 -en e - 3 , 1 1 -

d i one MO-TMS e th e r . The quan t i ta t ive i mp o r t ance o f  t h e s e  

compounds w as comp arab l e  t o  t h a t  o f  6 8 -hydroxy - co r t i s o l .  

Ap a rt from 6 a - hy d roxy - t e t r ahydro co r t i s one o n l y  t r ac e s  

o f  o th e r  1 1 - k e t o -pre gnan e - t e t ro l ones  were  found . T h i s  i s  

s omewh a t  puz z l i n g , b e cause on the  b as i s  o f  t h e  p r e s ence o f  

a comp ound p r o b ab l y  b e in g  i dent i c a l  t o  1 8 -hydroxy - 2 0 8 -

corto lone ( s e c t ion 5 . 4  ) one wo u l d  a l s o  expe ct  t o  find 

the  2 0 - k e t o  an a l o g  o f  this  compound in neonatal  urine i n  

comp ar ab l e  amo un t s . As w a s  d i s cus s e d  in s e c t i o n  5 . 5  t races 

of  1 8 -hydroxy - t e t rahydro c o r t i s one are  p robab l y  p r e s en t  i n  

8 9  



125  

'
..c 

1 00  

75  

� 50 

2 5  

0 

LU 
:X: 

f-

UJ 
:X: 
0 

Cll 

u. c 

::I: 0 

0 0 I Cll 
c:: c 

-
L. 

ID 0 0 

0 c.J 
- I 
'- c:: 
0 
c.J 

Cll 
c 

� 
0 -
'-
0 
c.J 
I 

c:: 
0 
N 

I 
>. 
X 
0 
'-

"t:l 
>. 

..c 
I 

a 
ID 

LU 
:X: 
f-
:X: 
0 : I Cll 
c c 

ID 
0 

0 
-

L. 
0 
c.J 
I 

Cll 
c:: c 
0 0 
N 0 I 
:X: -

L. 
0 0 

I c.J 
c:: I 

c 
0 
N 

I 
>. 
X 
0 
L. 

"t:l 
>. 

..c 
I 

c 
ID 

Fig. 6 . 4 Average total 24 hours excretions of the investigated 
s teroids, as determined in the unconjugated and glucuronide 
fractions iso lated from the urine of six newborn infants . The 
hatched areas represent the amounts excreted in the glucuronide 
fraction. The s teroids are arranged in order of increasing 
chromatographic polarity ( from left to right ) .  
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neonat a l  urine . 

No co r t i co s t e r o i d s  c o u l d  b e  d e t e c t e d  i n  fra c t i on s  U- 2 ,  

G - 2 ,  U-9 and G-9 . 

From the l i t e rature only few quant i t at ive d a t a  are 

avai l ab l e  wh i c h  can b e  comp ar e d  t o  the re s u l t s  des c r ib e d  

i n  s e c t i o n  6 . 3 .  K l e in et  al  ( 1 9 6 9  ) de t e rmined the 

amount s o f  unconj ugated and g l ucuro n i de con j u g a t e d  t e t r a 

hydro co r t i s o ne a n d  t e t rahydroco r t i s o l  in the u r i n e  o f  

s i x two day s o l d  i n fan t s  by  doub l e  i s o tope d i lut i o n . The 

ave r age 24 hours excre t ions  o f  t h e  d i fferent s t e ro i ds 

found by t h e s e  authors  co rre spond ve ry we l l  t o  t h e  values  

men t i oned i n  s e c t i on 6 . 3 . T h e s e  authors  a l s o  de t e rmined 

the amo unt s  of  cort i s o l - an d cort i s on e - s ulphate  e x c r e t e d  

in t h e  u r i n e  o f  t h e s e  i n fant s , a n d  the i r  r e s u l t s  s h o w  

t h at the s um o f  the excre t i ons o f  t h e s e  t w o  compounds i s  

o f  a magn i t ude comp arab l e  to t h e  t e t r ahydroco r t i s one 

excre t ion . The s u lphate and pres ulphate fract i o ns were  

no t inve s t i gated in th i s  s tudy an d it  is  very w e l l  

po s s i b l e  that the s t e ro i d  excre t i on p at t e rn a s  p re s en t e d  

in fi g .  6 . 4  could b e  a l t e re d  by the s t e r o i d s  p r e s ent in 

these fract i ons to a cons ide rab l e  extent ( c f .  Dray e r  & 

G i raud , 1 9 6 5 a  ) .  

The vast maj o r i ty o f  the co r t i c o s t e ro i ds i d en t i fi e d  

s o  far i n  neonat a l  urine  ( Dan i i l e s cu - G o l dinb e r g  & 

G i raud , 1 9 7 4 ;  Shack l e t on , Gus t a ff s o n  & Mi t che l l , 1 9 7 3 ; 

Shack le ton & Sno dgras s ,  1 9 7 4 ) h ave the 1 1 - k e t o  

c o n fi gurat i o n  in common and t h i s  phenomenon p ro b ab l y  

re f l e c t s  t h e  re l a t i ve i mp o r t ance o f  co r t i s one c omp ared t o  

co r t i s o l  in h uman n e o n a t a l  b l ood ( Mi t che l l  & Shack l e ton , 

1 9 6 9 ; Buus , B ra - Rasmu s s en ,  T ro l l e  & Lundw al l , 1 9 6 6 ; 

K l e in , B aden & G i raud , 1 9 7 3  ) .  

I n  f i g . 6 . 4  the 2 4  hours excre t i ons o f  the s tu d i e d  

s t e ro id s  are p r e s en t e d .  The s t e r o i d s  a r e  ar ranged i n  o rd e r  

o f  i n c re as i n g  po l ar i ty f r o m  l e ft to r i gh t . Th i s  fi gure 

s hows c l e ar l y  that the frac t i on of e ach s t e ro i d  e x c r e t e d  

in the g l ucuronide f r ac t ion decreas e s  w i th increas i n g  

9 1  



po l a r i ty o f  the  s t e ro i d  mo i e ty . Exce p t i ons are 6 S - hy droxy

c o r t i s o ne and 6 S - hydroxy - co r t i s o l , but t h i s  prob ab ly i s  

due to  t h e  fact t h a t  g l u curono conj ugation t ak e s  p l ace 

a l mo s t  exc lus i ve ly at the  3 - hydroxy g roup w h i c h  is ab s en t  

i n  th e s e  s te ro i ds ( Ko rne l & Miyab o , 1 9 7 5  ) .  As i s  s hown 

in f i g . 6 . 4 , the  maj o r  part  o f  6 a - hydroxy - t e t rahydro

c o r t i sone i s  excre t e d  as a g l ucuro n i de , and as this  s t ero i d  

i s  appre c i ab l y  mo re p o l ar th an 6 S -hydroxy - co rt i s one and 

6 S - hydroxy - co r t i s o l , the l at t e r  s t e ro i ds woul d prob ab ly 

h ave been e x c r e t e d  as g l ucuron i des  if they h ad b e en good 

accep to rs fo r the  g l ucuronyl mo i e t y . T h i s  makes the 

theo ry t h at 6 S -hydroxy l at ion co u l d  s e rve as a compens a t o ry 

me chan i s m fo r the  dimin i s h e d  g l ucurono conj ugat ion 

cap ac i ty of  the neon a t a l  l i ve r ( Reyno l ds e t  a l , 1 9 6 2  

ve ry un l i k e l y . Furthe rmo re , 6 S -hydroxy l at i on i s  

quant i t at i ve ly not i mp o r t ant  eno ugh t o  comp e n s a t e  f o r  the  

d i m i n i s h ed g l ucuronoconj ugat i on , as was also  p o i n ted o u t  

by  Dan i i l e s cu - G o l d i nb e r g  & G i ro ud ( 1 9 7 4  ) .  
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CHAPT E R  7 

GEN E RAL D I S C US S I ON AND CONCLUS I ONS . 

As ment i on e d  i n  chap t e r  1 ,  i t  was known from t h e  

l i t e r at ure t h at when radio act ive cort i s o l  was g i ven to  

newbo rn i n fan ts , h a l f  of  the  r a d i o a c t i ve u r i n ary c o r t i s o l  

me t ab o l i t e s  c o u l d  n o t  b e  i s o l a t e d  from neonatal  ur ine . 

Cons equent ly t h e s e  me t ab o l i t e s  c o u l d  n o t  b e  i dent i fi e d .  

I n  s e ct io n  2 . 1  t h r e e  po s s ib i l i t i e s  w e r e  ment i o n e d  wh i ch 

c o u l d  b e  r e s p o ns i b l e  for  the  f a i l ure o f  convent i o n a l  

methods t o  e lu c i d a t e  cort i s o l  me t ab o l i s m  i n  the  newb o rn 

i n fant . The exp e r i men t a l  dat a p r e s e n t e d  i n  chapt e r s  2 - 6  

s howed t h a t  al l t h r e e  p o s s ib i l i t i e s  are a t  l e a s t  p a r t l y  

t ru e , a n d  t h i s  w i l l  b e  d i s cu s s e d  b e l ow .  

Unknown conjug a te s . 

DEAE - Sephadex chromato g r aphy o f  t h e  neonatal  c o r t i s o l  

m e t abo l i t e s  ( s e c t io n  2 . 3 ) provided e v i d ence t h a t  a s o  

f a r  unknown type o f  conj ugate  ( t h e  p r e s ulphate  

fract i o n  ) cons t i t ut e s  a quant i t at i ve ly i mpo r t ant  p ar t  

o f  t h e  neona t a l  cort i s o l  me t ab o l i t e s . The exp e r i me n t a l  

d a t a  ( s e e  a l s o  s e c t i o n  2 . 4 ) do n o t  e x c l ude the  

po s s ib i l i t y  t h a t  this  conj ugate  i s  a type of  s u lp h a t e  

wh i ch i s  n o t  l i ab l e  t o  enz yma t i c  hydro lys i s  ( c f .  

Bradlow , 1 9 7 0  ) .  Howeve r ,  i t  s e ems n o t  very l ik e l y  t h a t  

d i fferences in the  s i t e  o f  s ulphat i on w o u l d  i n f l uence 

the e l u t i o n  b eh av i o ur of s uch a conj ugate  i n  i o n  

exchange chromato graphy to  the  e x t e n t  ob s e rved fo r t h e  

p r e s u lp h a t e  fract i on ( s e e f i g .  2 . 2  ) .  F r o m  t h e  hydro

l yt i c  exp e r iments it  app e a rs a l s o  ve ry un l i k e ly that the 

p r e s u lp h a t e  fract ion cont ains  mixed conj ugates  or 

doub ly conj u g a t ed s t e ro i ds s uch as d i s u l p h at e s . 

The re fo r e , i t  mus t b e  a s s umed t h at t h e  p res u l p h a t e  

fract i o n  con t a i n s  a n  unknown t y p e  o f  conj u g a t e  t h e  n a t ure 

9 3  



o f  wh i ch remains t o  b e  e lu c i d at e d .  I n  the i r  tho rough 

repo rts  on t h e  conj ugat i o n  o f  cort i s o l  m e t abo l i t e s  

Ko rne l & S a i t o  ( 1 9 7 5  ) a n d  Korne l & Miy ab o  ( 1 9 7 5  ) 

men t i on e d  t h e  pres ence o f  cons i d e r ab l e  amo unts o f  

' 'nuc l e o s i de comp l exed po l a r  6 - and 2 0 - hydroxy l ated 

cort i s o l  m e t ab o l i t e s ' ' in adu l t  urine . Wh atever the 

t rue nature of th i s  mat e r i a l  may b e , i ts e l e ct ro 

pho re t i c  b ehaviour , as de s c r i b e d  b y  t h e s e  autho r s , i s  

d i f f i cul t t o  match w i t h  the e l ution b e h av i o ur o f  the 

p re s u lphate fra c t i on in ion exchan ge chroma t o g raphy . I n  

fact none o f  the s eve r a l  typ e s  o f  conj ugat e s  d e s c r i b ed 

by Kornel e t  a l  shows co r re s ponding  prope r t i e s  when 

compared to the neonatal p res ulphate fra c t i on . 

Unknown s t e ro i ds . 

The exp e r i ment a l  work d e s c r i b e d  in chap t e rs 3 - 6  was 

ent i r e ly concent rat e d  on the i den t i f i c at i on of p o l a r  

c o r t i co s tero i ds p r e s e n t  in t h e  free and g l ucuron i d e  

fract i ons o f  n e o n a t a l  uri ne . Three n e w  co r t i cos t e r o i d s  

( 6 a-hydroxy - te t r ahyd r o co r t i s one , 6 a-hydroxy - 2 0 a

corto lone and 6 a-hydroxy - 2 0 S- co rto lone ) w e re i dent i fi e d .  

I t  i s  ve ry l ik e ly that  t h e s e  newly ide n t i fied c o r t i c o 

s te r o i d s , t o g e t h e r  w i t h  t h e  tent a t i ve l y  iden t i f i e d  

1 8-hydroxy - 2 0 8 - c o rt o l one , a r e  t h e  unkn own p o l a r  co rt i s o l  

me t ab o l i tes  detected b y  s e ve r a l auth o rs ( U l s t rom et  al , 

1 9 6 0 ; Dan i i le s cu- Go l d i nb e r g  & G i ra ud , 1 9 7 4  ) in neonatal  

u r i ne . Mo reover , t h e s e  s t e ro i ds we re quant i t at i ve ly 

mo re i mp o r t ant t h an the neon a t a l  cort i s o l  m e t ab o l i t e s  

a l r e ady known , w i th the excep t i on o f  t e t rahydro c o r t i s one . 

I n s uffi ci e n t  i s o l a t i o n  e ffi ci e n cy o f  co n ve n t i o n a l  

me t ho ds . 

I n  chap t e r  2 i t  was ment ioned that the amo un t o f  

free cort i s o l  metab o l i t e s  i s o l a t e d  b y  the methods 
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de s cr i b e d  i n  t h i s  chap t e r  w as re l a t i ve l y  h i gh when 

comp ar e d  with the amo unt s  i s o l a t e d  by  o t h e r  aut h o rs 

( Mi geon , 1 9 5 9 ; A a r s k o g  e t  al , 1 9 6 4 ; Dan i i l e s cu

Go l d i nb e r g  et  a l , 1 9 7 3 ;  Dan i i l e s cu - Go l d inb e rg & G i raud , 

1 9 7 4  ) .  The newl y  i de n t i f i e d  co r t i co s t e ro i ds are 

ext reme ly po l a r, and it is vi rtual ly i mpo s s i b l e  to 

e x t r act s uch comp o unds quan t i ta t i ve ly w i th o r gan i c  

s o l ven t s  gene r a l l y  us e d  i n  s t e r o i d  an alys i s . The 

re l at i vely low amo unt s  o f  fre e co r t i s o l  me t ab o l i te s  found 

by the autho rs men t i o n e d  ab o ve can b e  e as i ly exp l a ined 

by  t h e  h i gh po l ar i ty of the s e  compound s . The amount 

o f  free co r t i s o l  me t abo l i t e s  in the neonatal  

u r i n e  d e s c r i b e d  i n  c h ap t e r  2 was of  a magn i tude 

comp arab l e  to the amo unt of g l ucuro n i d e  conj u g a t e d  

s t e ro ids , and th i s  o b s e rvat ion w a s  confi rme d by t h e  

re s ul t s  p r e s e n t e d  i n  chap t e r  6 ( s e e  fi g .  6 . 4  ) .  

From the d a t a  men t i oned above the conclus i o n  c an b e  

d r awn that  apart from t h e  me t ab o l i c  me ch an i s ms o p e r a t i ve 

i n  the adul t ,  the neonate h as at l e as t  three  addi t i o n a l  

quan t i t at i ve l y  i mp o r t an t  p athways o f  cort i s o l  me t ab o l i s m  

a t  h i s  d i s po s a l , i . e . : 

6 a - hydroxyl a t i on . 

1 S -hydroxyl a t i o n . 

Conj uga t i o n  o f  t h e  c o r t i s o l  me t ab o l i tes  to yi e l d  an 

unknown conj ugate . 

1 S - and 6 a -hydroxy l at i on r e s u l t  i n  p r o du c t s  wh i ch 

are po l a r  eno ugh to b e  e x c r e t e d  un conj ugate d .  

Seve r a l  autho rs ( Mi geon , 1 9 5 9 ; U l s t rom e t  a l , 1 9 6 0 ; 

Reyno l ds e t  al , 1 9 6 2  ) s ug g e s t e d  that  t h e  neonate u s e s  

a l t e rnat i ve p athways fo r t h e  d i spos i t io n  o f  co rt i s o l ,  

b e cause t h e re i s  a l ack o r  " i mmaturi ty" o f  l i v e r  enzymes 

catalys i n g  the s te ro i d  ring A reduc t i o n  and the 

g l ucuronoconj ugat ion in the new b o rn infan t . Reyno l d s  et 

al  ( 1 9 6 2  ) men t i o n e d  t h at the fas t d i s appearance rate o f  
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t e t r ahyd ro co r t i s one from neonat al  b l ood , as de s c r ib e d  by  

B o n g i o vanni e t  a l  ( 1 9 5 8  ) , i s  in con fl i ct w i t h  a lower 

g l ucurono conj ugat i o n  rate as de s c r i b e d  by  Mi geon ( 1 9 5 9 ) .  

As s um i n g  t h at 6 a - hydroxy l at i on takes p l ace a f t e r  r i n g  A 

reduct i o n , fo r wh i ch a cons i de rab l e  amo unt o f  evi dence i s  

provided b y  Se tche l l  ( 1 9 7 6  ) and Pepe & T own s l ey 

( 1 9 7 6 ) who s tu d i e d  the me t ab o l i s m  o f  co rt i s o l  i n  adu l t  

a n d  neonat a l  b aboons , t h e n  6 a - hydroxy l at i on c o u l d  

exce l le n t l y  accoun t  fo r the h i gh d i s appea rance r a t e  o f  

t e t rahydro co r t i s one from neonat a l  b l oo d .  

An i mpo r t ant o b j e c t i on a g a i n s t  the the o ry ab out 

d im i n i s h e d  A r i n g  re duct i o n  i n  t h e  neonatal  l i ver  i s  the 

h i gh excret ion of s aturated co r t i c o s t e ro id s  as s hown i n  

chap t e r  6 .  P e p e  & Towns l ey ( 1 9 7 6  ) s ug ge s t e d  t h at i n  

the newb o rn b aboon , i n  wh i ch s imi l ar d i ffe rences from 

adul t  co r t i s o l  me t ab o l i s m  e x j s t , hydro xy l a t io n  i s  a 

p r e ferent i a l  me t ab o l i c  mechan i s m , wh i l e r i n g  A r e duc t i on 

is not d i mi n i s he d .  The p ro longed h a l f l i ve s of c o rt i s o l  

i n  neonatal  b lo o d  o b s e rved b y  Mi geon ( 1 9 5 9  ) and 

Reyno lds et al ( 1 9 6 2  ) confl i c t  w i th t h i s  s ugges t ion , 

b u t  p o s s ib ly t h e s e  p ro longed h a l f l ives are due to 

caus es  o t h e r  t h an d i mi n i s hed A r i n g  reduc t i o n . 

The mo s t  i n t e re s t in g  q ue s t ion i s  why co r t i s o l  i s  

me t abo l i s e d b y  the newb o rn i n  a way s o  d i f ferent from 

adul t  cort i s o l  me t abo l i s m .  Dray e r  ( 1 9 6 5  ) reviewed 

s eve r a l  repo rts  de s c r i b i n g  the i nh ib i t in g  action of 

o e s t ro gens an d p ro ge s t agens on g l ucuronoconj ugat ion and 

A r i n g  reduc t i on .  As l ar ge amounts of o e s t ro gen and 

proges t e r one me tabo l i te s  are e x c r e t e d  by  the newb o rn 

dur i n g  the f i rs t 3 - 4  days o f  l i fe ,  t h i s  coul d b e  an 

exp l anat ion fo r the reduced g lucurono conj ugat ion and , 

i f  p r e s ent , d i m i n i s h e d  A r i n g  reduc t i o n . However , the 

d i fferences i n  neonat a l  cort i s o l  me t ab o l i s m  compared 

to that i n  the adult cont i nue b eyond the f i r s t  f i ve 

days o f  l i fe ( K l e in e t  a l , 1 9 6 9 ; Shack l e ton e t  a l , 

1 9 7 3  ) .  I n  the b aboon 6 S -hydroxy l at i on and d i m i n i s h e d  
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g l u curonoconj u g a t i o n  are p r e s ent e ven i n  adu l t  an ima l s  

( Se tche l l , Axe l s o n , S ima r i n a  & Gonts charow , 1 9 7 6  ) .  

Ano t h e r  r e a s o n  fo r t h e  co r t i s o l  m e t ab o l i s m  o f  the  

neonate b e i n g  s o  d i ffe rent from t h a t  of  the  adul t ,  c o u l d  

b e  t h a t  the  deve l o pmen t o f  enz yme s y s t ems invo lved i n  t h e  

m e t ab o l i s m  o f  cort i s o l  i s  a t  t h a t  s t age  s p e c i f i c a l ly 

s u i te d  fo r t h e  neona t a l  p e r io d .  I t  w o u l d  b e  i n t e re s t in g  

to  i n ve s t i g a t e  whe t h e r  po lyhydroxy l at e d  co r t i co s t e ro i ds 

p a s s  the p l ac e n t a l  b ar r i e r  mo re  e as i ly t h an s t e ro i d  

g l ucuron i d e s . I f  s o , t h e  neonat a l  co r t i s o l  metabo l i s m  

s ho ul d  b e  re garded a s  a t rans i t i o n  p h as e b e tween 

dependence on p l acent al - and renal  c l e a r i n g  of c o r t i s o l  

m e t ab o l i t e s  ( c f .  M i g eo n , B e rt r an d  & Gemz e l l , 1 9 6 1  ) .  

Ano t h e r  i n t e re s t i n g  po s s i b i l i ty w h i c h  d e s e rves 

further inve s t i g at i on , i s  t h at t h e  d e t e rm i n a t i o n  o f  

6 a -hydroxy l a t e d  co rt i co s t e ro i ds i n  m a t e rn a l  urine  co u l d  

p ro v i de i n fo rm a t i o n  on fo e t al adreno c o rt i c a l  fun c t i on 

d u r i n g  p r e gnan cy . I f  the  mo t h e r  h e rs e l f  do es  no t excrete  

s i gn i fi cant amounts of  these  s tero i ds , the  d e t e rmina t i on 

of 6 a - hydroxy l at e d  cort i co s t e ro i ds in mat e rn a l  u r i n e  

co u l d  b e  us ed as a valuab l e  d i agno s t i c  too l t o  

d i s c r i m i n a t e  b e tween fo e t a l - and mat e rn a l  adrenoco rt i ca l  

funct ion . 
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S UMMARY 

The aim o f  t h i s  s tudy was t o  e l ucidate  the me t ab o l i s m  

o f  c o r t i s o l  i n  the human newb o rn wh i ch d i f fe rs 

cons i d e r ab l y  from that in the adul t .  

F rom the  l i t e rature ( chap t e r  1 ) i t  was c l e ar t h a t  

the  t e chniqu e s  gen e r a l ly u s e d  in  s t er o i d  an aly s i s  fai l e d  

t o  i s o l at e  and i dent i fy a maj o r  p a r t  o f  t h e  neonata l 

cort i s o l  me t ab o l i t e s . I n  chap t e r  2 an analy t i ca l  pro cedure 

i s  p re s en t e d  wh i ch pe rmi t t e d  the  i s o l ation of ove r 9 0 %  o f  

the  c o rt i s o l  m e t ab o l i t e s  p re s en t  in neon a t a l  uri ne . A l s o  

eviden ce fo r t h e  pres ence o f  a h i t h e r t o  unknown s t e ro i d  

conj ugate i n  the urine o f  the newbo rn in fant i s  produced . 

Chap t e r  3 d e s c r i b e s  the  d i s cove ry o f  a numb e r  o f  

unknown c o r t i c o s t e r o i ds i n  t h e  u r ine o f  an i nfant 

r e c e i ving l a rge amoun t s  o f  co r t i s o l  the rap e u t i ca l l y . The 

i n t e rpre t a t ion o f  the re s u l t s  ob t a in e d  by comb ined gas 

chromato g raphy-mas s s p e c t rome t ry showed t h at t h e s e  

s te r o i d s  h ave s i x hydroxy - o r  k e t o  group s . O n  the  b as i s  

o f  the p revious l y  reported pres ence o f  uns aturated 6 S 

hydroxy l ated co r t i co s t e ro i d s  i n  neonatal  urine , t h e  

inve s t i ga t i ons we re concent rated on the i den t i fi cation  o f  

s aturated 6 - hydroxy l a te d  co r t i co s t e r o id s . 

I n  chap t e r  4 the synth e s i s  o f  e i gh t  6 - hydroxy l at e d  

de r i vat i ve s  o f  the known cort i s o l  me t ab o l i te s  t e t r ahydro

co rt i s o l  an d t e t rahy dro co rt i s one i s  de s c r i b e d . Th e s e  new 

s te ro i ds were u s ed as re ference compounds to  as c e r t a i n  

the i r  p r e s ence in the urine o f  the newb o rn in fant . 

One o f  t h e s e  synthe t i c  s te ro i ds i . e .  6 a - hy droxy

t e t rahyd ro c o r t i s one w as d e t e c t e d  as a maj o r  s t e ro i d  in the  

u r i ne of  a he a l thy new b o rn infant  ( c h ap t e r  5 ) . Large 

quant i t i e s  o f  the 2 0 a- and 2 0 S -hydro xy ana l o g s  o f  6 a 

hydroxy - t e t rahydroco rt i s o ne w e re a l s o  d e t e c t e d .  

C h ap t e r  6 de s c r i b e s  an inve s t i g a t i o n  into the amo un t s  

o f  t h e  new ly ident i fi e d  6 a-hydroxy l a t e d  cort i co s t e ro i ds  

and  of  the  known co rt i s o l  me t ab o l i t e s , s uch a s  t e t rahydro -
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c o rt i sone , excr e t e d  i n  the  u r i ne o f  e ach o f  s i x h e a l t hy 

ful l t e rm 2 d ays o l d  i n fant s .  I t  was found t h a t  t h e  newly 

ident i fi e d  6 a -hydroxy l a t ed co r t i co s t e ro id s  cons t i tute 

ab o u t  h a l f of  the  cor t i s o l  m e t ab o l i t e s  excre ted b y  

newbo rn i n fants as free an d g l ucuro n i de conj ugated  

s t e r o i ds . The re s u l t s  p rove th at these  6 a -hydroxy l at ed 

cort i co s t e ro i ds p l ay an i mpo r t an t  ro l e  in neonat a l  

cort i s o l  me tabo l i s m .  

I t  i s  ve ry l i k e l y  t h a t  t h e s e  s t e r o i d s  a r e  a l s o  t h e  

ma in co r t i s o l  me t ab o l i t e s  i n  t h e  fo e tus . I n  t h a t  cas e  

t h e  de t e rm i n at i on o f  t h e s e  s t e ro i ds i n  m a t e rn a l  u r i n e  

co u l d  pos s ib ly b e  o f  g r e a t  d i a gno s t i c  v a l ue fo r t h e  

a s s e s s ment o f  fo e t a l  adreno co r t i c al fun c t i o n  d u r i n g  

pregnan cy . 
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SAMEN VATT I N G  

H e t  do e l  van h e t  o nde r z o e k  b e s ch reven i n  d i t  p ro e f

s ch r i ft w as meer  i n z i ch t  te  ve rk r i j gen i n  h e t  cort i s o l  

metab o l i s me i n  d e  p as gebo rene , w aarvan b ekend i s  dat h e t  

s t erk a fw i j kt van dat i n  de  vo lwas s e n  men s . 

U i t  de l i t e r atuur ( hoo fds tuk 1 ) was h e t  d u i de l i j k ,  

dat me t b ehulp van de tot  nu  toe i n  de  s t e ro i d  ana l y s e  

geb ruike l i j ke t e chni eken h e t  n i e t  mo ge l i j k was h e t  me ren

dee l van d e  co r t i s o l  me t ab o l i e ten , d i e  doo r  de pas g e 

b o rene w o r den u i t ge s ch e iden i n  de urine , te i s o l e ren e n  te  

i dent i fi ce ren . 

I n  hoo fds tuk 2 wordt een an a lyt i s che p ro ce dure b e 

s ch r e ven , wa armee h e t  mo ge l i j k i s  me e r  dan 9 0 %  van d e  

co r t i s o l  met abo l i e t en u i t  d e  urine  van d e  p as g e b o rene t e  

i s o l e re n .  Tevens wordt i n  d i t  hoo fdstuk aange toond , dat 

een kwart van de z e  co rt i s o l  me t abo l i e t en wordt u i t ge 

s ch e i den i n  de  vo rm van e e n  t o t  n u  t o e  onb ekend conj ugaat . 

I n  h o o f d s t uk 3 wor d t  de i s o l at i e  van een aant a l  t o t  

nu toe onb e kende s t e ro i den u i t  de  u r i n e  van e en b aby , d i e  

om the rapeut i s che redenen een re l at i e f  gro t e  h o e ve e l 

h e i d  co r t i s o l  ontvi n g , b e s ch re ve n .  Me t b eh u l p  van gecom

b inee rde gas chromato grafie - mas s as p e c t rome tr i e  kon w o r den 

aangeto o nd , dat h e t  h i e r  g i n g  om s t e ro i den d i e geken

merkt worden do o r  de aanwe z i gh e i d  van 6 hydroxy- of ke to

groepen i n  het mo l e c u l e . 

Op grond van de i n  de l i t e r atuur b e s ch re ve n  aan

we z i gh e i d  van 6 S - hydroxy - co r t i s o l  en 6 S - hy droxy - c o rt i s on 

in b aby urine , w e rd b e s l o t e n  om te  onde r z o e k e n  o f  de 

gevonden onb ekende s t e ro i den i dent i e k  w aren me t 6 - gehy 

d r o xy l e e r de c o r t i co s te ro i den . 

Daartoe was het n o d i g  de z e  6 - gehydroxy l e erde s t e ro i den 

te synt h e t i s e ren en in hoo fds tuk 4 wordt de s ynt h e s e  van 

een ach t t a l  6 - gehyd ro xy l e e rde de r i vaten van de b e kende 

co rt i s o l  me t ab o l i e t en t e t rahydro co r t i s o l  en t e t rahy dr o 

c o r t i s on b e s ch re ven . 
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E e n  van de gesynthe t i s e e rde s te ro i den n l . 6 a 

hydroxy t e t rahydro co rt i s on b l e e k  i n  r e l a t i e f  g r o t e  ho e 

ve e lh e den voo r  t e  ko men i n  d e  urine  van e en ge z o nde 

pas gebo ren b ab y  ( h o o fd s t uk 5 ) . Tevens werden b e l an g 

r i j ke h o e ve e l h e den van d e  2 0 a - en 2 0 S -hydroxy d e r ivaten 

van 6 a-hy droxy t e t r ahyd ro co r t i s o n  gevond e n . 

I n  hoo fds tuk 6 i s  een kwan t i ta t i e f  onde r z o ek b e s ch re 

ven , w a a r i n  de h o e ve e lh e den van d e z e  n i e uw e  c o r t i s o l  

me t ab o l i e t en , u i t ge s ch e i d e n  i n  de  urine van z e s  g e z onde 

vo l dragen b ab i e s  op  hun twe ede l e vens d a g , we r den verge

l eken me t de  u i t s ch e i d i n g  van b e kende co r t i s o l  me t ab o 

l i e t e n  z o a l s  t e t r ahydroco rt i s o n .  Ongeve e r  d e  h e l ft van 

de co r t i s o l  me t ab o l i e t e n , u i t ge s ch e i de n  do o r  d e z e  b ab i es  

a l s  vr i j e  e n  g lucuro n i d e  geconj ugee rde s t e ro id e n , b l e e k  

t e  b e s t aan u i t  de b o ven ve rme lde 6 a - gehydroxy l e e rde 

s t ero i den . H i e rmee is  aange t oo nd dat  de z e  n i e uwe s t e 

r o Y den e e n  b e l an gr i j k e  ro l spe l e n  i n  h e t  cort i s o l  met a

b o l i s me van de  p as geborene . 

H e t  i s  z e e r  w aa r s c h i j n l i j k dat  d e z e  6 a - g e hy d roxy

l e e r de s t e ro 1 den e veneens de b e l an g r i j k s t e  c o r t i s o l 

me t ab o l i e t e n  van d e  fo e t us z i j n .  I n  d a t  geval i s  h e t  

denkb aar d a t  de  b e p a l i n g  van de z e  s te ro i den i n  mat e r n a l e  

urine van g ro o t  d i a gno s t i s c h  b e l ang k an z i j n  voo r  de b e 

oo rde l in g  van de b i j n i e rs ch o r s  fun c t i e  v a n  h e t  ongeb o ren 

k i n d .  

1 0 1 
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a l do s t e rone 
a l l o t e t r ahy droco rt i s o l 
b l ue t e t r az o l i urn 
cort i s o l  
c o r t i s o ne 
a - co rt o l  
[3 - c o r to l 
a - co r to l i c  aci d 
[3 - co rt o l i c  a c i d  
a - co r to lone 
[3 - co rt o l one 
a - co r t o l o n i c  a c i d  
[3 - c o r t o l o n i c  a c i d 
dehyd r o e p i andro s t e rone 
L'l - 4 , 3 - k e tones 
g l ucuronidE' 
6a -hyd roxy- a l lo t e t rahydro co r t i s o l  
6 [3 -hyd roxy- a l l o t e t r ahydro cort i s o l  
6 a - hy d ro xy- a l l o t e t r ahydroco r t i s one 
6 [3 -hydroxy- a l l o t e t r ahydroco r t i s one 
1 1 [3 -hy d roxy - andro s t e rone 
6a -hydro xy - co rt i so l 
6 [3 -hydroxy - co r t i s o l  
6a-hydroxy- c o r t i sone 
6 [3 -hyd roxy - co r t i s o n e  
1 [3 -hydroxy- 2 0 [3 - co rt o l one 
6 a -hydroxy - 2 0a - co r t o lone 
6 a-hydroxy- 2 0 [3 - co r t o l o ne 
6 [3 -hydroxy- 2 0 [3 - co r t o lone 
1 1 [3 -hydroxy - e t i o ch o l ano lone 
6 a -hydroxy- t e t r ahy d r o c o r t i s o l  
6 [3 -hydroxy - t e t r ahyd ro co r t i s o l  
1 [3 -hydroxy - t e t rahy d r o c o r t i sone 

T R I V I AL NAMES 

1 1 [3 , 2 1 - d ihydroxy - p r e gn - 4 - ene- 3 , 2 0 - di one - 1 8 - a l  
3a , 1 1 [3 , 1 7 a , 2 1 - t e t rahydroxy - 5a- pregnane- 2 0 - one 
3 , 3 ' - d i an i s o l e - 4 , 4 ' - ( 3 , 5 - d i pheny l ) t e t r a z o l iurn ch l o r i d e  
1 1 [3 , 1 7a , 2 1 - t r ihydroxy - p r e gn-4 - ene- 3 , 2 0 - d ione 
1 7a , 2 1 - d ihyd roxy - p re gn- 4 - ene - 3 , 1 1  , 2 0 - t r i one 
3a , 1 1 [3 , 1 7a , 2 0a , 2 1 -pentahydroxy- 5 [3 -pregnane 
3a , 1 1 [3 , 1 7a , 2 0 [3 , 2 1 -pentahyd roxy- 5 [3 - p regnane 
3a , 1 1 [3 , 1 7a , 2 0a - t e t rahydroxy - 5 [3 - p r e gnane - 2 1 - o i c  a c i d  
3a , 1 1 [3 , 1 7a , 2 0 [3 - te t r ahydroxy- 5 [3 - p r e gnane- 2 1 - o i c  a c i d  
3a , 1 7a , 2 0a , 2 1 - t e t r ahydroxy - 5 [3 - pre gnane - 1 1 - one 
3a , 1 7a , 2 0 [3 , 2 1 - t e t r ahydroxy - 5 f3 - p r e gnane - 1 1 - o ne 
3a , 1 7a , 2 0a - t r i hydroxy - 5 f3 - p re gnane- l l -one - 2 1 - o i c  a c i d  
3a , 1 7a , 2 0 [3 - t r i hyd roxy- 5 [3 - p re gnane� 1 1 -o n e - 2 1 -o i c  a c i d  
3 [3 -hydro xy - andros t - 5 - en e - 1 7 -one 
s t e ro i d s  having a 3 - k E> to g roup and a 4 - 5  d o ub l e bond 
[3 - D- g l ucopyrano s iduron i c  a c i d  conj ugat e 
3a , 6a , 1 1 [3 , 1 7a , 2 1 - pentahy d roxy - 5 a - p r e gnane - 2 0 - o ne 
3a , 6 [3 , 1 1 [3 , 1 7 a , 2 1 -pentahydroxy - 5 a - p re gnane - 2 0 - one 
3a , 6 a , 1 7a , 2 1 - t e t r ahydroxy - 5a - p r e gnan e- 1 1 , 2 0 - d i one 
3a , 6 [3 , 1 7a , 2 1 - t e t rahydroxy - 5 a - pr e gnan e - 1 1 , 2 0 - d i one 
3a , 1 1 [3 - d ihyd roxy- 5a - andro s t an e - 1 7 - one 
6a , 1 1 f3 , 1 7 a , 2 1 - t e t rahy d roxy -pregn-4 - ene- 3 , 2 0 - d i one 
6 [3 , 1 1 [3 , 1 7a , 2 1 - t e t r ahydroxy - p r e gn - 4 - ene- 3 , 2 0 - d i one 
6 a , 1 7 a , 2 1 - t ri hydroxy - p re gn- 4 - en e - 3 , 1 1 , 2 0 - trione 
6 f3 , 1 7a , 2 1 - t r i hydroxy-pre gn - 4 - ene - 3 , 1 1 , 2 0 - t r i one 
1 [3 , 3a , 1 7 a , 2 0 [3 , 2 1 -pentahyd roxy - 5 f3 -pregnane - 1 1 - one 
3a , 6 a , 1 7a , 2 0 a , 2 1 - pentahyd roxy - 5 f3 -pregnane - 1 1 - one 
3a , 6a , 1 7a , 2 0 [3 , 2 1 -pentahydroxy - 5 [3 -pregnane - 1 1 - one 
3a , 6 [3 , 1 7a , 2 0 [3 , 2 1 -pentahydroxy - 5 [3 -p r e gnane - 1 1 -one 
3a , 1 1 [3 - d i h y d roxy- 5 [3 - and ro s t ane - 1 7 - one 
3a , 6 a , 1 1 [3 , 1 7 a , 2 1 -pentahydroxy- 5 f3 -p r e gnane - 2 0 - one 
3a , 6 [3 , 1 1 [3 , 1 7a , 2 1 -pen t ahydroxy - 5 [3 -pregnane- 2 0 - one 
l f3 , 3a , 1 7 a , 2 1 - t e t rahydroxy - 5 [3 - p r e gnane- 1 1 , 2 0 - d i one 



0 
tN 

6 a - hydroxy- t e t rahydroc o r t i s one 
6 S - hyuroxy- t e t r ahydro cort i s one 
1 1 - k e t o - e t i o cho l ano lone 
1 1 - k e to - p r egnane -pent o l  
1 1 - ke t o- p r e gnane- t e t ro l one 
me t h y l  de oxy cho l a t e  
p r e gnane h e x o l  
p re gnane -pent o l one 
t e t r ahydrocort i s o l  
t e t r ahydro c o r t i s one 

a . m . u . 
CD 
Ci 
DEAE 
dpm 
E .  C .  
eV 

atomic mas s un i t  
c i rcular d i c h ro i sm 
cur i e  
d i e thy l amino e thyl 
des i n t e g rat i ons per minute 
enzyme cat a l oque 
e l e ct ron vol t 
gas chroma t o g raphy 

T R I V I AL NAME S ( cont inued ) 

3a , 6a , 1 7a , 2 1 - t e t rahydroxy- 5 S - pre gnane - 1 1 , 2 0 - d i one 
3a , 6 6 , 1 7a , 2 1 - t e t rahydroxy - 5 S - p r e gnan e - 1 1 , 2 0 - d i one 
3 a - hydroxy- 5 S - andr o s t ane - 1 1 , 1 7 - d i one 
p re gnane having an 1 1 - k e t o - and 5 hydroxy g roups  
p r e gnane w i th 4 hydroxy - and 2 k e t o  g roups ( one at 1 1 )  
3a , 1 2 a - d i hydroxy - 5 S - cho l an i c  acid methyl e s t e r  
p r e gnane h aving 6 hydroxy groups 
p r e gnane having 5 hydroxy- and 1 keto g roup 
3a , 1 1 S , 1 7 a , 2 1 - t e t rahydroxy - 5 S - p r e gnane - 2 0 - one 
3 a , 1 7a , 2 1 - t rihydroxy - 5 S -pre gnane- 1 1 , 2 0 - di o ne 

ABBREV IAT I ONS 

nm nanome t e r  ( 1 0 - 9 m ) 
ORD 
PCC 
Rp 

GC 
G C - MS comb ined gas chroma t o g r aphy 

mas s s p e c t rom e t ry 

SD 
3a - STDH 
2 0 S - STDH 
TLC 

op t i cal  ro t a t o ry d i sp ers i on 
preparat i ve c o l umn chroma t o g r aphy 
r e l at ive mob i l i ty ( i n  TLC ) 
s t andard devi a t i o n  
3 a-hydroxy - s t e ro i d  oxidoreductase 
z o e-hydroxy - s t e r o i d  ox i do reduc t a s e  
t h in l ay e r  chromat ography 
t r i me thy l s i ly l  H P L C  

M+ 

MDH 
m/ e 
MO- T MS 
m . p .  
M . U .  

h i gh per formance l i quid 
chroma t o graphy 
mo l e c u l ar i on 
m a l a t e  dehydrogenase 
mas s / charge r a t i o  
0-me thy loxime - t r imethy l s i ly l  
me l t i n g  p o i n t  
methyl ene un i t ( s )  

TMS 
u 
uTMS 

uv 

un i t  ( o f  enz yme act ivi ty ) 
t ri me t hy l s i ly l  e th e r  ( only re lat i ve ly 
unh inde r e d  hydroxy group s  s i lyl a t e d  ) 
u l t r a vi o l e t  
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