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a m o u n t  of choles tero l  a n d  f a t t y  acid s y n t h e t i z e d  f rom 
a c e t a t e  was  v e r y  low (from 100 to  160 pmoles  • 107 cells 
pe r  h a n d  f rom 345 to  743 pmoles  • 107 cells pe r  h respec-  
t ive ly)  as c o m p a r e d  to  t h e  a m o u n t  of a ce t a t e  i n c o r p o r a t e d  
in to  CO 2 (0.166 to  0.301 txmoles • 107 cells pe r  h). U n d e r  
our  e x p e r i m e n t a l  condi t ions ,  choles tero l  syn thes i s  was  
d i r ec t ly  r e l a t ed  to t he  c o n c e n t r a t i o n  of l eukocy tes  in  t he  
i n c u b a t i o n  mix tu re .  
W h e n  l eukocy tes  were i n c u b a t e d  in a m e d i u m  c o n t a i n i n g  
ful l  h u m a n  se rum (figure 1), t he  r a t e  of choles tero l  syn-  
thes i s  f rom ace t a t e  was  g r ea t l y  r educed  w i t h o u t  a n y  
s ign i f i can t  r educ t i on  in t he  p r o d u c t i o n  of CO s. The  in-  
c o r p o r a t i o n  of t r i t i a t e d  w a t e r  in to  choles tero l  was  also 
r educed  b u t  to  a lesser e x t e n t  (figure 1, inset) .  The  
a d d i t i o n  of f a t ty -ac id - f ree  a l b u m i n  (40 m g  m1-1) to  the  
i n c u b a t i o n  m e d i u m  fai led to reduce  t he  syn thes i s  of 
choles terol .  
The  a d d i t i o n  of s e rum low dens i t y  l ipopro te ins  (LDL) 
a t  t he  c o n c e n t r a t i o n  usua l ly  found  in n o r m a l  s e rum 
caused  a 50% r e d u c t i o n  of t h e  r a t e  of i nco rpo ra t i on  of 
a c e t a t e  in to  choles tero l  a n d  a s l ight  (10-20%)  r educ t i on  
of t he  p r o d u c t i o n  of CO s. W h e n  l eukocy tes  were in- 
c u b a t e d  w i t h  lower c o n c e n t r a t i o n s  of L D L  (from 25 to  
170 ~gm1-1 of L D L  pro te in) ,  t he  r a t e  of choles tero l  
syn thes i s  changed  v e r y  l i t t le .  The  degree of suppress ion  
va r i ed  f rom 0 to 15% in l eukocy tes  i so la ted  f rom d i f fe ren t  
donors .  H i g h e r  c o n c e n t r a t i o n s  of L D L  did  no t  cause  a 
f u r t h e r  r educ t i on  of choles te ro l  synthes is .  The  add i t i on  
of e t h a n o l :  ace tone  so lu t ions  of free choles tero l  up  to  
100 ~gm1-1 was ineffec t ive  in suppress ing  s terol  syn thes i s  
in  l eukocy tes  u n d e r  our  e x p e r i m e n t a l  condi t ions .  
Our  f ind ings  conf i rm t he  o b s e r v a t i o n s  of Wi l l i ams  e t  al. 1 
a n d  F o g e l m a n  et  al. 15, le, who or ig ina l ly  d o c u m e n t e d  t he  
i n h i b i t o r y  effect  of full  s e rum on choles tero l  syn thes i s  
f rom ace t a t e  in f resh ly  i so la ted  h u m a n  leukocytes .  I n  
a d d i t i o n  we found  t h a t ,  as i t  h a s  been  obse rved  in cu l tu red  
h u m a n  ceils, choles tero l  syn thes i s  in  f resh ly  i so la ted  
l eukocy tes  is r educed  b y  se rum low dens i t y  l ipoprote ins .  

Surprisingly, however, the amount of LDL which is 
needed to cause a 50% reduction of cholesterol synthesis 
(figure 2) is i0 times higher than that found to be capable 
of suppressing HMG-CoA reductase and cholesterol syn- 
thesis in cultured cells 5, s and in uncultured leukocytes 
which had been maintained in a lipoprotein-free medium 
for several hours prior to the incubation with LDLIL 
One possible explanation for this discrepancy emerges 
from recent studies carried out in cultured fibroblasts TM 

which indicate that cells which had been cultured in a 
medium deprived of lipoprotein before being exposed to 
serum LDL possess a high number of high affinity 
receptors for LDL, whereas those cells which have been 
pre-incubated in a medium containing LDL or high 
concentrations of free cholesterol lose their ability to 
bind LDL at the high affinity sites. It is not surprising, 
therefore, that freshly isolated leukocytes which had 
been exposed in vivo to the high concentrations of LDL 
present in the human serum, showed a low rate of 
cholesterol synthesis in vitro and required (figure 2) a 
high concentration of LDL to reduce their synthesis of 
cholesterol. This interpretation seems in accord with the 
observation that the number of high affinity binding 
sites is very low in freshly isolated lymphocytes 19 but 
it increases if these cells are incubated for 72 h in a medium 
deprived of lipoproteins 20. 
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Summary. I n  r a t s  a f t e r  n e o n a t a l  t h y r o i d  des t ruc t ion ,  c y s t a t h i o n a s e  in l iver  a n d  panc rea s  increased,  b u t  t he  e n z y m e  
a c t i v i t y  in k idneys  decreased.  S u b s t i t u t i o n  w i t h  t h y r o x i n e  cor rec ted  these  changes .  Excess  of t hy rox ine ,  too, had  an  
effect  on  t i ssue  cys t a th ionase .  

I n  m a m m a l i a n  o rgan i sm L-cys te ine  is syn thes ized  f rom 
L - m e t h i o n i n e  t h r o u g h  t he  t r a n s s u l p h u r a t i o n  p a t h w a y .  
The  l a s t  s tep  in th i s  p a t h w a y ,  c leavage  of L - c y s t a t h i o n i n e  
i n t o  L-cys te ine  and  L-homoser ine ,  is ca t a lyzed  b y  Vita- 
m i n  B6-dependen t  e n z y m e  c y s t a t h i o n a s e  (L -cys t a th ion ine  
cys te ine lyase  [deamina t ing ]  EC 4.4.1.1.). 
P r e v i o u s  s tud ies  h a v e  d e m o n s t r a t e d  t he  inf luence  of 
t h y r o i d  h o r m o n e s  on t he  a c t i v i t y  of va r ious  enzymes  in 
deve lop ing  m a m m a l i a n  b r a i n  1. Af te r  the  d e s t r u c t i o n  of 
t h y r o i d  g land  b y  rad io iod ine  a t  b i r th ,  d imin i shed  a c t i v i t y  
of c y s t a t h i o n i n e  s y n t h a s e  a n d  decreased  a m o u n t s  of 
L - c y s t a t h i o n i n e  were found  in r a t  b r a i n  t i ssue  d u r i n g  
ear ly  p o s t n a t a l  life, whereas  t h e  a c t i v i t y  of b r a i n  cys ta -  
t h i o n a s e  r e m a i n e d  u n a l t e r e d  s. Thus ,  t h y r o i d  h o r m o n e  
s u p p l y  is necessa ry  for  t he  n o r m a l  d e v e l o p m e n t  of t r a n s -  
s u l p h u r a t i o n  in m a m m a l i a n  c e n t r a l  ne r vous  sys tem.  

The  p r e s e n t  s t u d y  r epo r t s  t he  effects of rad io iodine-  
i nduced  n e o n a t a l  h y p o t h y r o i d i s m  on  t h e  a c t i v i t y  of 
cy s t a th ion ine - c l eav ing  e n z y m e  ( cys t a th ionase )  in liver,  
panc rea s  a n d  k i d n e y  of deve lop ing  r a t s  d u r i n g  3 f i rs t  
p o s t n a t a l  weeks of life. I n  add i t ion ,  t he  effects  of subs t i t u -  
t ion  t r e a t m e n t  w i t h  L - t h y r o x i n e  were eva lua ted .  The  
a c t i v i t y  of c y s t a t h i o n a s e  in p a r e n c h y m a t o u s  o rgans  was 
also i n v e s t i g a t e d  d u r i n g  e x p e r i m e n t a l l y  i nduced  h y p e r -  
t h y r o i d i s m  of n e w b o r n  rats .  
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Mater ia ls  and methods. L-cys ta th ion ine  and d i th io t re i to l  
were f rom Calbiochem (Los Angeles, Calif., USA).  
P y r i d o x a l - 5 ' - p h o s p h a t e  was f rom Sigma Chemical  Co. 
(St. Louis, Mo, USA).  Carrier-free 131I was f rom Medica 
OY (Helsinki,  Finland) .  
R a t s  of Wis t a r  s t ra in  were used. The expe r imen t s  were 
pe r fo rmed  on spl i t  l i t ters ,  wi th  half  of l i t t e rma tes  as an 
expe r imen ta l  group and  remain ing  animals  as controls .  
I m m e d i a t e l y  af ter  b i r th ,  17 l i t ters  were pa i red  into 8 pups  
each. Hal f  of t he  animals  in each l i t ter  were made  hypo-  
t hy ro id  b y  a single i .p.  in ject ion of rad ioac t ive  iodine 
(100 ~zCi carr ier-free 131I)3. The l i t ters  were kep t  w i th  
the i r  mo the r s  unt i l  the  expe r imen t s  were t e r m i n a t e d  a t  
the  5th, 10th, 15th and  23rd pos tna t a l  day.  
In  order  to  eva lua te  the  effects of subs t i tu t ion  the rapy ,  
one group of h y p o t h y r o i d  animals  received dai ly  s.c.  in- 
jec t ions  of L- thyrox ine ,  beginning  f rom the  5th pos tna t a l  
d a y  4. H y p o t h y r o i d  and  n o r m o t h y r o i d  controls  received 
in jec t ions  of the  vehicle only. Tile expe r imen t  was te rmi-  
n a t e d  w h e n  the  an imals  were  10, 15 and  23 days  old. 
The effects  of L - thy rox ine  t r e a t m e n t  were also examined  
on spl i t  l i t ters .  Hal f  the  no rma l  ra t s  were given s.c. in- 
jec t ions  of L - t h y r o x i n e  as descr ibed above. N o r m o t h y r o i d  
contro l  l i t t e rma tes  received inject ions  of the  vehicle only.  
The expe r imen t s  were t e r m i n a t e d  when the  animals  were 
10, 15 or 23 days  old. 

Activity of cystathionase (nmoles L-cysteine/mg protein/h) in liver, 
pancreas and kidney from rats after neonatal thyroid destruction 
(HT), from rats receiving substitution therapy with L-thyroxine after 
neonatal thyroid destruction (HT + ST), from rats treated with 
daily injections of L-thyroxine (TT) and from normothyroid control 
rats (NT) 

Activity of cystathionase in liver tissue 
Age HT HT + ST 
(days) 

NT TT 

5 1301 4. 247 1080 4. 37 
(N = 4) (N = 4) 

10 *'1367 ::t::: 24 911 4- 65 985 4. 62 ***588 4. 21 
(N =4)  ( N = 4 )  ( N = 4 )  ( N = 4 )  

15 *'1592 4. 90 964 i 63 1009 4. 72 ***607 i 36 
(N =4)  ( N = 4 )  ( N = 4 )  ( N = 4 )  

23 **'1652 4. 71 1001 4. 114 977 = 42 **'611 = 38 
( N = 4 )  ( N = 4 )  ( N = 4 )  (N = 4 )  

Activity of cystathionase in pancreatic tissue 
Age HT HT + ST NT 
(days) 

TT 

15 10194.75 869•  850•  8664.30 
( N = 4 )  ( N = 4 )  ( N = 4 )  ( N = 4 )  

23 ***14344.29 8414.68 8864.62 7654.53 
( N = 4 )  ( N = 4 )  ( N = 4 )  (N =4)  

Liver,  pancreas  and k idneys  were dissected at  - -4~  
Tissues were p repa red  for enzyme assay as descr ibed pre-  
viously  5. The ac t iv i ty  of cys t a th ionase  was de te rmined  by  
the  m e t h o d  of Gaull et  al.6. The pro te in  concen t ra t ions  
were measured  by  the  m e t h o d  of L o w r y  et  al.~, w i th  
bovine  se rum a lbumin  as a s t andard .  The ac t iv i ty  of 
cys t a th ionase  was expressed  as nmoles  L-cys te ine /mg 
pro te in /h .  
Results  and discussion. I n  n ew b o rn  ra ts ,  the  h ighes t  
act ivi t ies  of cys ta th ionase  are found in liver and pancreas .  
The ac t iv i ty  of cys t a th ionase  in k idney  is ap p ro x i ma te ly  
hal f  the  values  found in l iver and pancrea t ic  t issues. 
T h r o u g h o u t  the  first  3 weeks of life, the  act ivi t ies  of 
p a r e n c h y m a t o u s  cys ta th ionase  remain  on similar levels as 
a t  b i r th .  This  p a t t e r n  of cys t a th ionase  deve lopmen t  in the  
r a t  differs f rom t h a t  obse rved  in o ther  speciesS. Par t i cu-  
lar ly in h u m a n  liver f rom foetuses  and  newborn  in fan t s  9, 
the  ac t iv i ty  of cys t a th ionase  is ve ry  low a t  b i r th  and in- 
creases some t ime  thereaf te r .  
Ef fec t s  of neona ta l  t hy ro id  des t ruc t ion  on the  ac t iv i ty  of 
cys t a th ionase  on p a r e n c h y m a t o u s  t issues f rom 5-, 10-, 15- 
and  23-day-old ra t s  are given in the  table.  At  these  ages, 
l iver cys ta th ionase  is ma rk ed l y  more  act ive  in h y p o t h y r o i d  
r a t s  t h a n  in n o r m o t h y r o i d  l i t t e rmates .  Similarly, the  
ac t iv i ty  of cys ta th ionase  in pancrea t ic  t issues is h igher  in 
h y p o t h y r o i d  ra t s  t h a n  in n o r m o t h y r o i d  controls.  On the  
cont ra ry ,  the  ac t iv i ty  of cys t a th ionase  in k idney  t issue 
is s ignif icant ly  less in h y p o t h y r o i d  animals  t h a n  in 
n o r m o t h y r o i d  l i t t e rmates .  The act ivi t ies  of cys ta th ionase  
in p a r e n c h y m a t o u s  organs  f rom h y p o t h y r o i d  an imals  
which  receive subs t i tu t ion  t r e a t m e n t  w i th  L - thy rox ine  
are similar to the  values observed  in t issues f rom nor-  
m o t h y r o i d  controls .  
W h e n  n o r m o t h y r o i d  ra t s  were t r ea t ed  wi th  dai ly injec- 
t ions  of L - thy rox ine  f rom the  5th pos tna t a l  day,  some 
s ignif icant  changes  in the  act ivi t ies  of p a r e n c h y m a t o u s  
cys t a th ionase  were observed  a t  the  age of 10, 15 and  23 
days.  These d a t a  are given in the  table.  The act ivi t ies  of 
cys t a th ionase  in liver t issue are s ignif icant ly  less in 
t h y r o x i n e - t r e a t e d  animals  t h a n  in n o r m o t h y r o i d  controls .  
The act ivi t ies  of pancrea t i c  cys ta th ionase  in t hy rox ine -  
t r ea t ed  ra ts  are no t  s ignif icant ly  d i f ferent  f rom the  values  
observed  in contro l  animals .  K i d n ey  cys ta th ionase ,  on the  
o the r  hand ,  is marked ly  more  act ive in t h y ro x i n e - t r e a t ed  
animals  t h a n  in contro l  l i t t e rmates .  
Prev ious  s tudies  have  shown t h a t  the  presence  of t hy ro id  
ho rmones  is necessary  for the  normal  deve lopmen t  of 
t r ans su lphu ra t i on  enzymes  in m a m m a l i a n  brain  2. The 
p resen t  da t a  indicate  t h a t  even the  ac t iv i ty  of cys ta th io -  
nase in m a m m a l i a n  p a r e n c h y m a t o u s  organs  is inf luenced 
by  t h y ro i d  des t ruc t ion  or excess of t hy ro id  hormones .  
These f indings  fu r ther  emphas ize  t he  impor tance  of 
ad eq u a t e  t hy ro id  func t ion  dur ing  cri t ical  early develop-  
m e n t  of m a m m a l i a n  organism.  

Activity of cystathionase in Kidney tissue 
Age HT HT + ST NT 
(days) 

TT 

10 "168•  3564.57 
(N = 4) (N = 4) 

15 *2684-36 4714.17 4124.37 **8044.58 
( N = 4 )  ( N = 4 )  ( N = 4 )  ( N = 4 )  

23 "2464.51 3884.56 420-4-36 ** '762+31  
( N = 4 )  (N =4)  ( N = 4 )  ( N = 4 )  

Significance of difference between experimental and control groups 
was calculated by Student's t-test (p >/ 0.05 not significant). 
* p < 0.05, ** p < 0.01, *** p < 0.001. 
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