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cont r ibu ted  only 0.9 ppb iodine to the  diet.  Increas ing the  
d ie ta ry  I~L-methionine level  to 2.8 % decreased the  growth 
ra te  by  50%. 

The addi t ion of cystine to the  diet  levels of sulfur 
equ iva len t  to t ha t  provided  by  2.8% meth ionine  did no t  
a l ter  growth ra te  of thyro id  ac t iv i ty  when compared  to 
control  rats.  Therefore,  the  conversion of meth ionine  to 
cystine, or the  amoun t  of sulfur t h a t  meth ionine  added 
to the  diet  was not  the  cause by  which meth ionine  
decreased thyro id  act ivi ty .  

I t  appears  t h a t  meth ionine  first  decreased growth  
th rough  reduct ion  of food consumpt ion  and this  lack of 
growth in tu rn  m a y  have  resulted in lower thyro id  act ivi ty .  
A growth ra te  of only 19 ~= 2 g/week (p < 0.005) was 
obta ined in rats  fed an 85 ppb iodine diet  supplemented  
wi th  meth ionine  at  a 2.1% level  (not shown in Table  I I ) ;  
no reduct ion  in thyro id  ac t iv i ty  was observed for rats  fed 
this  diet. Moreover,  control  rats  pair  fed (no addi t ional  
methionine)  to those given 2.8% meth ionine  (85 ppb 
iodine in bo th  cases) showed the  same decrease in growth  
ra te  and in thyro id  ac t iv i ty  (Table II) .  

Conclusion. Increasing the  methionine  level of the  diet  
to 2.8% reduced the  growth rate  and thyro id  ac t iv i ty  of 
the  rat.  Res t r ic t ion  of the  feed in take  of normal  rats  to 
t h a t  consumed by rats fed a diet  w i th  2.8% meth ionine  
produced about  the  same reduct ion  in growth  ra te  and 
thyro id  ac t iv i ty  tha t  occurred by  feeding 2.8 % methionine  
in the  diet. Increasing the  d ie tary  cyst ine level  to provide  
the  same amoun t  of sulfur as t ha t  in the  2.8% methionine  
diet  did not  a l ter  s ignif icant ly growth ra te  or thyro id  

act ivi ty .  I t  was concluded tha t  the  reduct ion  in thyro id  
ac t iv i ty  caused by  feeding excess methionine  was related 
to the  reduct ion  in growth rate  t ha t  was due to poor food 
consumption.  

Rdsumd. Une di6te con tenan t  2.8% de m6thionine  a 
r6duit  la croissance et l ' ac t iv i t6  thyroid ienne  du rat.  La  
restr ict ion de nourr i ture  appliqu6e s des rats  no rmaux  a 
donn6 des r6sultats  comparable .  L ' a u g m e n t a t i o n  de la 
cyst ine dans cet te  di6te pour  obtenir  le m4me t a u x  de 
soufre n ' a  pas alt6r6 la croissance ou l ' ac t iv i t6  thyroi-  
dienne compar6e ~ celle des ra ts  normaux.  En  conclusion, 
la r6duct ion de l ' ac t iv i t6  thyro id ienne  des ra ts  recevan t  
un exc6s de m6thionine  est due ~ une insuffisance de nu- 
t r i t ion .  
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In vivo Perfusion of Human Thyroid Tissue with 
droepiandrosterone Sulfate. Metabolism of Steroid 

As it  appears  today,  most  human  tissues m a y  possess a 
cer ta in  capac i ty  to metabol ize  steroids or steroid con- 
jugates.  In  the  course of such invest igat ions  the  in v ivo  
perfusion of human  thyro id  tissue was a t t empted .  

In  a 41-year-old, eu thyro id  female pat ient ,  undergoing 
opera t ion  due to a large colloidal s t ruma,  one half  of the  
s t ruma tissue was r emoved  and the  second half  perfused 
wi th  2.82 tag 4-14C-dehydroepiandrosterone (DHEA) 
(495,000 cpm 14C) and 0.07 ~g 7m-3H-DHEA sulfate 
(2,810,000 cpm 3H) in 1.0 ml  saline v ia  the  ar ter ia  inferior. 
F r o m  one of the  l igated veins  blood samples  were wi th-  
d rawn by  an inserted cannula.  The t ime  of collect ion and 
the  vo lume  of hepar inized plasma, obta ined  f rom the  
var ious  blood samples (T-1 to T-5) are indicated in Table  
I. In  addi t ion also a sample  of per ipheral  blood (PB) was 
collected. For  isolat ion of 14C- and 3I-I-labelled free and 
conjugated  steroids, s tandard  procedures were employed  1, 
depending on the  separat ion of steroid conjugates,  solvo- 
lysis or enzymat ic  hydrolysis,  and mul t ip le  th in  layer  
ch romatography  of free steroids as well  as sui table deri- 
vat ives .  By  de te rmina t ion  of the specific ac t iv i ty  in the 
course of subsequent  th in  layer chromatography ,  even- 
tua l ly  after  reverse isotope dilution, the  iden t i ty  of 
numerous  isolated compounds  could be verified. 

F r o m  Table  I i t  becomes ev ident  t h a t  56.0 ml  of venous 
eff luent  f rom s t ruma tissue Contained a to ta l  of 26.35% 
of infused 3H-act iv i ty  and 27.55% of 14C-activity. Such 
figures suggest an appreciable  loss of ac t iv i ty  which m a y  
be a t t r ibu ted  to a drainage of t issue by smaller  blood 
vessels and a re tent ion  of labelled compounds  wi th in  the 
tissue. The escape of substra te  or metabol i tes  into the 
general  c irculat ion is demons t ra ted  by signif icant  14C- 

4-14C-Dehydroepiandrosterone and 7a-3H-Dehy- 
Conjugates. X 

and 8H-act iv i ty  in the  sample of per ipheral  plasma. F r o m  
a delayed appearance  of 14C-activity in the  venous effluent 
of perfused tissue, as compared  to t h a t  of 3H-labelled com- 
pounds, a cer ta in  re tent ion  of free steroids cannot  be 
excluded. Whereas  in the  first  sample (T-I) roughly  14% 
of injected 14C-activity and 19% of 3H-act iv i ty  were 
de tec ted  wi th  an isotope rat io  of 7.8, the  last  sample 
(T-5) y ie lded only 1.9% of 1~C- and 0.8% of 3H-act ivi ty  
wi th  an isotope ra t io  of 2.3. Appreciable  ~H-act ivi ty  in the  
f ract ion of free steroids reveals the  presence of steroid 
sulfatase in s t ruma tissue. On the  o ther  hand, the  fract ion 
of sulfoconjugated steorids did not  exhibi t  s ignificant  
14C-activity, thus  demons t ra t ing  the  absence of steroid 
sulfokinase. At  the  same time, the  conversion of steroid 
sulfate to steroid sulfat ide - p resumably  by a diglyceride 
transferase ~ -  was found to be negligible. Likewise, no 
glucuronosyl  t ransferase seems to occur in h u m a n  thyroid  
tissue. 

Concerning the  metabo l i sm of D H E A  and D H E A  
sulfate in s t ruma tissue, the  figures in Table  I I  indicate 
t h a t  30% of 14C- and 31% of 3H-labelled, isolated free 
steroids were represented by  metabol i tes  of D H E A .  In  
contras t  hereto,  only 14% of ~H-labelled steroid sulfates 
consisted of metabol i tes ,  suggesting a preferred metabol i sm 
of the  free compound.  In  v iew of the  absence of sulfokinase: 
ac t iv i ty ,  i t  m a y  be assumed tha t  the  var ious  metabol i tes  
in the  f ract ion of sulfoconjugates  arose by direct  conver-  
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Table I. Free and con] ugated steroids in thyroid venous and peripheral plasma 
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Sample Time ml cpm taH/z4C)/10 ml 
(rain) 

Free steroids Sulfates Sulfatides Glucuronosides 

R R R R 

T-1 0-10 10.0 28100 0.41 504000 >100  1670 >100  651 26 
68 000 63 0 25 

T-2 10-15 10.0 7850 0.26 87500 >100 584 >100  177 4.4 
29 900 20 0 40 

3810 0.25 40 900 >100  423 14 0.9 
T-3 15-20 10.0 15500 31 2 >100  16 
T-4 20 25 10.0 2340 0.24 28600 >100  271 >100  47 0.6 

9 910 22 0 81 
T-5 25-30 16.0 1519 0.19 19200 >100  384 96 46 0.6 

7880 13 4 74 
PB 9-14 8.8 144 0.96 102 3.9 625 4.8 92 1.0 

160 26 130 94 

R = (cpm aH/cpm 1~C) 

Table II. C19-and Clo-steroids in the fractions of free and sulfoconjugated steroids 

Steroid free Sulfate 
epm (3Hi t4C) R cpm (3H[14C) R 

Dehydroepiandrosterone 26 400 0.32 428 000 > 100 
81 700 33 

Androstenediol 3 160 0.36 24 400 > 100 
8 860 9 

16-OH-Dehydroepiandrosterone 1840 0.35 4170 > 100 
5 270 0 

Androstenetriol 1920 0.32 8 680 > 100 
6 090 4 

Androstenedione 2 610 0.30 18 200 > 100 
8 780 31 

Testosterone 468 0.33 3 050 > 100 
1410 14 

Androsterone 1 350 0.45 6 550 > 100 
2 99O 24 

Etiocholanolone 470 0.38 2 760 > 100 
1230 19 

Estrone 149 0.42 505 > 100 
351 0 

Estradiol 30 0.40 403 40 
75 10 

Estriol 170 0.35 308 > 100 
485 2 

R = (cpm aH/cpm 14C) 

s i o n  of  D H A E  s u l f a t e ,  e .g.  w i t h o u t  c l e a v a g e  of t h e  s u l f u r i c  
a c id  e s t e r  b o n d .  A m o n g  t h e  d i f f e r e n t  m e t a b o l i t e s ,  i s o l a t e d  
f r o m  t h e  f r a c t i o n s  of  f ree  a n d  s u l f o c o n j u g a t e d  s t e r o i d s ,  
a n d r o s t e n e d i o l  ( 5 - a n d r o s t e n e - 3 f l ,  17fl-diol) t u r n e d  o u t  to  
be  t h e  p r e d o m i n a n t  C w-s t e ro i d ,  f o l l o w e d  b y  a n d r o s t e n e -  
d i o n e  ( 4 - a n d r o s t e n e - 3 , 1 7 - d i o n e )  a n d  a n d r o s t e n e t r i o l  (5- 
a n d r o s t e n e - 3 f l ,  16~, 17fl-tr iol) .  A n d r o s t e r o n e  (3c~-hydroxy-  
5 ~ - a n d r o s t a n - 1 7 - o n e )  a n d  e t i o c h o l a n o l o n e  ( 3 a - h y d r o x y -  
5 f l - andros ta ix -17-one) ,  t h e  m a j o r  m e t a b o l i t e s  of  i .v.  
a d m i n i s t e r e d  D H E A  in  u r i ne ,  e x h i b i t e d  c o n s i d e r a b l y  less  
r a d i o a c t i v i t y . F u r t h e r m o r e ,  i t  s e e m s  t o  be  of i n t e r e s t  t h a t  
a l so  t h e  f r a c t i o n  of  e s t r o g e n s  c o n t a i n e d  s i g n i f i c a n t  14C- 
a n d  ~ H - a c t i v i t y .  D u e  t o  l i m i t e d  c o u n t i n g  r a t e s ;  h o w e v e r ,  
t h e i r  i d e n t i f i c a t i o n  re l i ed  o n l y  o n  a t w o f o l d  t h i n  l a y e r  
c h r o m a t o g r a p h y  of  f ree  e s t r o n e  ( 3 - h y d r o x y - l , 3 , 5 - e s t r a -  
t r i e n - 1 7 - o n e ) ,  e s t r a d i o l  (1, 3 , 5 - e s t r a t r i e n e - 3 ,  17fl-diol),  a n d  
e s t r i o l  (1, 3 , 5 - e s t r a t r i e n e - 3 , 1 6 e ,  17fl-tr iol)  a s  wel l  a s  t h e i r  
a c e t a t e s .  I t  t h e r e f o r e  r e m a i n s  for  f u r t h e r  e x p e r i m e n t s  t o  
e s t a b l i s h  t h e  p r e s e n c e  of  s t e r o i d  a r o m a t a s e  a c t i v i t y  in  
h u m a n  t h y r o i d  t i s s u e  b e y o n d  a n y  d o u b t .  

Zusammen/assung. ]3ei d e r  I n  v i v o - P e r f u s i o n  m e n s c h -  
l i c h e n  S c h i l d d r f i s e n - S t r u m a g e w e b e s  m i t  4 A 4 C - D H E A  u n d  
7 c ~ - 3 H - D H E A - S u l f a t  ze ig t e  es s ich ,  d a s s  u n t e r  p h y s i o -  
l o g i s c h e n  ] 3 e d i n g u n g e n  e ine  b e a c h t l i c h e  H y d r o l y s e  v o n  
S t e r o i d - S u l f a t  e i n t r a t .  D e m g e g e n t i b e r  l i e ss  s i ch  k e i n e  
S t e r o i d - S u l f o k i n a s e  o d e r  S t e r o i d - G l u c u r o n o s y l - T r a n s -  
f e r a s e  n a c h w e i s e n .  D e r  A n t e i l  d e r  M e t a b o l i t e n  e r r e i c h t e  in  
d e r  F r a k t i o n  d e r  f r e i en  S t e r o i d e  u n g e f g h r  30% i s o l i e r t e r  
V e r b i n d u n g e n ,  in  d e r  F r a k t i o n  d e r  S t e r o i d - S u l f a t e  j e d o c h  
n u r  e t w a  1 4 % .  A n d r o s t e n d i o l  e rw ie s  s i c h  a l s  w i c h t i g s t e r  
M e t a b o l i t ,  g e f o l g t  v o n  A n d r o s t e n d i o n  u n d  A n d r o s t e n t r i o l .  
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