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Fig. 1. Variation in liver tryptophan pyrrolase activity from the 8th 
to 20th day of pregnancy. Values are expressed as the mean ~ S.E.M. 
The number of animals in each group is given in parenthesis. 
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Fig. 2. Variation in liver tryptophan pyrrolase activity in 18-day 
pregnant and non-pregnant rats after feeding of a single meal at 
15.00 h. Values are the mean ~2 S.E.M. of 14 rats in the case of the 
non-pregnant rats killed at 09.00 h and of 4 rats in the case of all 
other groups. 

(Figure 1 and  Table).  The level in n o n - p r e g n a n t  ra t s  was 
however  s ignif icant ly  lowered by  res t r ic t ing  the i r  food in- 
take  ( P  < 0.05), conf i rming  a previous  obse rva t ion  of 
FULLER 13. Ful ler  also showed t h a t  when  normal  ra t s  were 
fed wi th  single dai ly  meals,  t r y p t o p h a n  pyrrolase  ac t iv i ty  
increased dur ing  the  2-3 h af ter  t h e y  had  eateni  This effect  
was also no ted  in t he  p resen t  work  in n o n - p r e g n a n t  rats ,  
where  a 51% increase in ac t iv i ty  occurred 2 h af ter  t he  
meal  (Figure 2). Howeve r  in 18-day p r e g n a n t  rats,  t r yp -  
t o p h a n  pyrrolase  was no t  s ignif icant ly  a l tered in the  im- 
med ia te  pos t - abso rp t ive  per iod (Figure 2) even a l though  
all the  food offered was  consumed  wi th in  1 h. Thus  in the  
p r egnan t  rat ,  t r y p t o p h a n  pyrrolase  level appears  to be in- 
sensi t ive to food intake.  

The t em pora l  p a t t e r n  of change  in t r y p t o p h a n  pyrrolase  
ac t iv i ty  dur ing  p r e g n a n c y  bears  a close s imi lar i ty  to  t h a t  
shown by  l iver R N A  15. A p lacen ta l  factor  has been  shown 
to  be involved in l iver  R N A  metabo l i sm in p regnancy  16 
and  the  poss ibi l i ty  therefore  exists  t h a t  t he  p lacen ta  m a y  
also have  a regula tory  effect  on t r y p t o p h a n  pyrrolase.  The 
facts  t h a t  the  rise in t r y p t o p h a n  pyrrolase  was no t  evi- 

den t  unt i l  the  p lacen ta  was es tabl ished and t h a t  ra t  pla- 
centa l  endocr ine  func t ion  has been  shown to  be indepen-  
den t  of d ie t  1: lend some suppor t  to  th is  view. 

Rdsumd. Chez la rate,  la dose de t r y p t o p h a n  pyrrolase  
rut  augment6e  du douxi~me au quinzi6me jour  de gesta- 
t ion.  L 'ac t iv i t6  de ces ra tes  gravides  ne changea  pas quand  
leur nour r i tu re  fur modifi6e. 
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Influence of Dietary Methionine on Rat Growth and Thyroid Activity 
COHEN, CHOITZ and  BERG i r epor ted  t h a t  the  add i t ion  

of 1.8% meth ion ine  to  a d ie t  conta in ing  12% casein 
p roduced  m arked  g rowth  depress ion in rats.  They  also 
found  t h a t  while 1.45% cys t ine  added  to  the  die t  did no t  
affect  the  g rowth  rate,  t he  add i t ion  of 1.6% homocys t i ne  
d id  grea t ly  decrease the  growth  rate.  If  h igh d ie ta ry  
me th ion ine  were conver t ed  to  homocys t ine  a t  a ra te  
grea ter  t h a n  t h a t  which  could be r emoved  b y  metabol ic  
processes,  the  l a t t e r ' s  tox ic i ty  m i g h t  decrease the  g rowth  
rate of the rat in a similar fashion. BENEVENGA and 
HARPER 2 have  r epo r t ed  t h a t  feeding DL-homocyst ine 
equiva len t  in sulfur to  3% meth ion ine  wi th  a 10% casein 
diet  reduced  g row th  ra te  of ra t s  abou t  t he  same ex t en t  
as occurred wi th  feeding methionine .  B o t h  d ie ta ry  t rea t -  
men t s  ~ p roduced  pa thologica l  lesions in the  spleen, 

pancreas ,  liver, smal l  in tes t ine  and  k idney  of the  rat .  
Methionine  levels in the  p lasma  of ra t s  fed 2 % meth ionine  
wi th  18% casein die t  were increased 8 f rom 10 ag/ml  to  
200 [zg/ml by  the  d ie ta ry  t r e a t m e n t .  The observed 
pa thologica l  changes  m a y  be re la ted  4 to  meth ion ine ' s  
effect  on cer ta in  t issue enzymes,  e.g., as an essential  
amino acid in s t ruc ture  of t issue pro te in  and  as a me thy -  
la t ion reagen t  b o t h  effect ing p ro te in  anabol ism.  Die ta ry  

1 H. P. COHEN, H. C. CHoITZ and C. P. BERG, J. Nutr. 64, 555 (1958). 
2 N. J. BE~C~VEN~A and A. E. HARPER, J. Nutr. 93, 44 (1967). 
3 I. HARRILL, E. D. GIFFORD and E. P. BERTZ, J. Nutr. 78, 320 (1962). 
4 L. PROSKY and R. W. WANNI~MACHER, J. Nutr. 78, 419 (1962). 
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meth ion ine  (2%) p reven ted  5 the  increase of liver 3- 
phosphog lyce ra t e  dehydrogenase  in ra t s  fed a low pro te in  
2% casein diet.  

Since thyro id  hormones  faci l i ta ted p ro te in  ca tabol i sm in 
h y p e r t h y r o i d  adul t s  and pro te in  anabo l i sm in growing 
animals~, in te rac t ions  be tween  d ie ta ry  amino  acids and 
thy ro id  ac t iv i ty  migh t  exist .  CHARKEY 7 has r epor ted  
t h a t  add i t ion  of me th ion ine  to  a me th ion ine  def icient  diet  
con ta in ing  iodocasein suppressed  the  increased oxygen  
c o n s u m p t i o n  in the  chick t h a t  was caused by  iodocasein.  
Since the  p lasma  amino  acid p a t t e r n s  were d i rec t ly  
p ropor t iona l s  to  t he  essent ial  amino  acid compos i t ion  of 
inges ted  protein,  the  inf luence of me th ion ine  on ra t  
g rowth  and  thy ro id  ac t iv i ty  were de t e rmined  here by  
feeding diets  con ta in ing  d i f ferent  levels of added  meth io-  
nine. Thyro id  ac t iv i ty  was e s t ima ted  f rom the  convers ion 
of 131I to  p ro t e in -bound  131I in p lasma.  R a t  g rowth  was 
measured  as the  average gain in weigh t  per  week. 

Methods. Weanl ing  Wis ta r  ra t s  were d iv ided equal ly  
w i th  respec t  to l i t ter  and sex in to  groups of 10 ra ts  each. 
The weanl ing  ra ts  were fed a basal  d ie t  (Table I) in 
add i t ion  to  d i f ferent  levels of iodine and  DL-methionine 
or cyst ine.  The excess amino  acids were added  at  the  

Table I. Composition of rat diet 

Defatted wheat germ meal 
Ground corn 
Cotton seed oil 
Mineral mixture 
Vitamin mixture b 
DL-Methionine 
Diammonium citrate 

% of diet 

45.0 
44.0 
4.0 
4.0 
0.3 
0.3 
2.4 

100.0 

Supplied as percent of nfineral mix : sodium chloride 4.43, anhydrous 
magnesium sulfate 6.78, disodiuln phosphate 8.86, monopotassium 
phosphate 19.03, potassium chloride 10.41, monobasic calcium 
phosphate 13.75, calcium lactate 32.46, ferrous ammonium sulfate 
3.63, manganese sulfate 0.16, copper sulfate 0.25, and zinc carbonate 
0.24. 
b Composition of vitamin mixture is given in milligrams: riboflavin 
500, thianfine hydroehloride 375, niacin 2,500, i-inositol 15,000, 
pyridoxine hydrochloride 500, choline chloride 100,000, calcium 
pantothenate 2,500, p-aminobenzoie acid 15,000, menadione 250, 
biotin 5, folio acid 5, vitamin B12 1.0, ~-tocopherol 25,000, vitamin A 
acetate 25, and caleiferol 2.5. 

expense  of d i a m m o n i u m  c i t ra te  to keep the  to ta l  n i t rogen 
con ten t  of the  diets  cons tant .  The iodine con ten t  of the  
basal  diet  was 19 p p b  as de t e rmined  by  the  me t h o d  of 
Pa rke r  9. To the  diets  wi th  iodine levels of 50 and  100 ppb,  
2.25% meth ion ine  was added  to  br ing  the  to ta l  level of the  
amino  acid to  2.8%. Methionine  was also added  to die ts  
conta in ing  85 p p b  iodine to  give final  levels of 1.0%, 
1.4%, 2.1% and  2.8%. Cyst ine  was added  to a diet  con- 
ta in ing  85 p p b  iodine to give a level of 2.14%. The ra ts  
were given feed and  deionized wa te r  ad l ib i tum for 6 
weeks. 24 h pr ior  to  sacrifice, each ra t  was in jec ted  i.p. 
wi th  1 ml of sterile isotonic saline conta in ing  10 [zC of 
carr ier  free lalI. U p o n  sacrifice, t hy ro id  glands and hepa-  
r inized blood samples  were r emoved  f rom each rat.  1 ml  
of p la sma  was coun ted  for to ta l  lalI co n t en t  using a probe  
type  scint i l la t ion counter .  P ro t e in -bound  iodine, PBlalI ,  
was de t e rmined  by  the  m e t h o d  of BARKER10 as modif ied  
by  COMAR 11. 

Results. Decreas ing the  iodine level in the  diet  increased 
the  thyro id  size per  100 g of b o d y  weight  and increased 
thyro id  ac t iv i ty .  The convers ion of lalI to  PBI~II was 
grea ter  in the  ra t s  on low d ie t a ry  iodine t h a n  on higher  
levels. This ind ica ted  t h a t  the  t hy ro id  glands of the  ra t s  
a t  the  low d ie ta ry  iodine level had  become more efficient  
in forming  thyrox ine .  Thus,  these  results  ref lected the  
iod ine - thy ro id -p i tu i t a ry  in te rac t ions  6. The growth  ra te  
was no t  changed  by  vary ing  the  levels of iodine in t he  
die t  wi th in  the  range studied.  

Thyroid  ac t iv i ty  was grea t ly  decreased by  the  addi t ion  
of me th ion ine  to  4 t imes  the  normal  d ie ta ry  require- 
m e n t s  12 in the  diets  conta in ing  50 and  100 p p b  iodine, 
i.e., 2.8% d ie ta ry  meth ion ine  (Table II).  The change in 
t hy ro id  ac t iv i ty  was not  due to iodine con tamina t ion  in 
me th ion ine  since iodine analysis  showed t h a t  me th ion ine  

5 H. J. FALLON, J. L. DAVIS and R. A. BOYER, J. NUTR. 96,220 (1968). 
6 R .  PITT-RIvERS and J. R. TATA, The Thyroid Hormones (Pergamon 

Press, New York 1959), p. 33. 
7 g.  W. CHARKEY, J.  Nutr .  69, 295 (1959). 
s j .  B. LONGNECKER and N. L. HAUSE, Arch. Bioehem. Biophys. 8d, 

46 (1959). 
9 H. F~. PARKER, Iodine Requirements of Rats during Growth, 

Reproduction and Lactation, Pb.D. thesis, Purdue Univ. (1950). 
10 S. B. BARKER, J.  biol. Chem. 173, 715 (1948). 
11 C. L. COMAR, Radioisotopes in Biology and Agriculture, Principals 

and Practice (McGraw Hill, New York 1955). 
12 p. B. RAMA RAO, H. W. NORTON and B. C. JOHNSON, J.  Nutr .  73, 

38 (1961). 

Table II. Influence of methionine on growth rate and thyroid hmction 

Diet Supplementation Growth rate (g/week) Thyroid size Thyroid activity ~ 
(mg/100 g body wt) 

50 ppb iodine 28-4-2 b 10.6-t-0.6 97• 
Idem + 2.8% methionine 13• 8.8i0.4 82• 
Significance p%0.O01 p<0.025 p<o.o1 

100 ppb iodine 27~2 7.6~0.3 90~-4 
Idem + 2.8% inethionine 15~1 8.4!0.8 68• 
Significance p < 0.001 n.s. p < 0.02 

85 ppb iodine c 11:51 7.3i0.7 78+5 
Idem + 2.8% methionine ~ 13-El 7.4~0.5 74~-8 
Significance n.s. n.s. n.s. 

plasma pBi~lI/plasma i3iI • 100. b Means :k SE. ~ In this experiment rats in first group were pair fed with those in second group. 
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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-  

t G. W. OERTEL, I ). I(NAPSTEIN and L. TREIBER, Z. physiol. Chem. 
345, 221 (1966). 
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