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Lack of Correlation between RNA Synthesis and Hormonal Induction of L i ~ r  Enffymes in cariaon 
Tetrachloride Treated Mice 

The early, precise and  the  order ly  m a n n e r  in which  bio- 
genesis of selected pro te ins  is amplif ied,  following a 
cor t icos teroid  ho rmone  adminis4cration, affords an oppor-  
t u n i t y  to  u n d e r s t a n d  the  mechan i sms  under ly ing  the  
express ion of genet ic  in format ion  i n  m a m m a l i a n  liver. 
In  recen t  years, th is  induc t ion  of enzymes  by  cort icoids 
is bel ieved to  be secondary  to the  ho rmona l  s t imula t ion  
of hepa t i c  R N A  sythesis  ~-a. An appra isa l  of the  na tu re  of 
associat ion be tween  these  two processes m a y  be made  by  
de te rmin ing  whe the r  induc t ion  of enzymes  can still  be  
select ively modif ied  under  those condi t ions  where :  a) 
ho rmona l ly  increased R N A  synthes is  should remain  un- 
impaired ,  and b) hormona l  influence on R N A  m a y  be 
e l iminated .  In  previous  s tudies  it had  been observed t h a t  
ca rbon  te t rach lor ide  (CC14), an agent  t h a t  a l tered l iver 
Kupf fe r  cell funct ion,  Was capable  of select ively nlodifying 
the  response  of some of the  ho rmona l ly  inducible  en- 
zymes*.  This p rov ided  the  lead to  explore t he  inf luence of 
th is  chemical  on R N A  synthes is  as re la ted  to ho rmona l  
enzyme  induc t ion  in liver. 

D a t a  in Table  I d e m o n s t r a t e  tha t ,  as ear ly  as 3 h af ter  
CC14 admin is t ra t ion ,  5-aH-orot ic  acid incorpora t ion  into 
hepa t ic  R N A  was 30% below control  and  t h a t  th is  was 
still suppressed  19 h af ter  the  hepa to tox in .  Since there  was 
no concordan t  decrease in precursor  pool specific ac t iv i ty ,  
i t  is clear t h a t  there  was an actual  inh ib i t ion  in the  ra te  of 
p recursor  il~corporation in to  RNA.  I t  is mos t  s ignif icant  
tha t ,  a t  b o t h  t ime  periods,  cor t isone did not  augmen t  
R N A  synthes is  in CC14-poisoned mice. In  fact,  incorpora-  
t ion of precursors  into R N A  was less in mice given the  
h e p a t o t o x i n  and cort isone t h a n  in those  given the  tox in  
alone. The reason for th is  is no t  unders tood,  bu t  i t  is clear 
t h a t  t he  results  were i n d e p e n d e n t  of changes  in the  
precursor  pool size. D a t a  in th is  table  also show t h a t  
cor t isone alone increased R N A  synthes i s  in normal  mice. 

The response of 2 hormona l ly  inducible  enzymes  under  
these  condi t ions  is shown in Table  II .  I t  is ev iden t  tha t ,  
wi th in  4 h, CC14 did no t  s ignif icant ly  lower the  ac t iv i ty  of 
t r y p t o p h a n  oxygenase  (TO) bu t  increased s ignif icant ly  
the  level of ty ros ine  t r ansaminase  (TT) in normal ,  i n t ac t  
mice. 20 h af ter  the  toxin,  TT levels were near  normal  bu t  
TO was a lmos t  comple te ly  el infinated.  Thus,  a t  least  in 
the  f i rs t  few hours,  when  the  ra te  of na t ive  R N A  synthes i s  
was 30% below the  contro l  level, CC14 med ia t ed  release of 
endogenous,  cort icoids p e r m i t t e d  normal  homeos tas i s  of 
TO and  some induc t ion  of TT ; upon pro longed depress ion 

in the  ra te  of R N A  synthesis ,  however,  bo th  these proces- 
ses were adverse ly  affected.  Da ta  in the  la t te r  p a r t  of th is  
t ab le  es tabl ish  t h a t  the  induc t ion  of TT and  TO proceeds 
normal ly  in mice given bo th  CC14 and exogenous cort isone 
4 h pr ior  to assay. However ,  cort isone did no t  induce ei ther  
enzyme in animals  t h a t  had  been p re t r ea t ed  wi th  CCI~ 
for 16 h. Induc t ion  of enzymes  by  exogenously  adminis te r -  
ed cort isone was abolished, therefore,  when  R N A  synthes is  
had  been previous ly  kep t  suppressed  for 16 h but ,  a t  an 
earlier t ime  point ,  biogenesis  of selected pro te ins  could 
proceed w i t h o u t  reversal  in the  lowered ra te  of precursor  
incorpora t ion  in to  RNA.  

Time course of t he  induc t ion  of TT and  TO in CC14- 
poisoned mice, where incorpora t ion  of precursors  into 
R N A  is suppressed,  provides  a clear and di rect  l ead  into 
the  na tu re  of the  re la t ionship  be tween  the  induc t ion  of 
enzymes  by  the  corticoids,  on the  one hand,  and synthes is  
of RNA,  on the  other.  The resul ts  p resen ted  here  argue 
against  the  poss ibi l i ty  t h a t  biogenesis  of specific enzymes  
proceeds  via  a mass  act ion or ' push ing '  mechan i sm coming 
into effect  due to  grossly increased level of to ta l  RNA.  
The general,  nonspecif ic  increase in to ta l  R N A  synthes is  
effected by  cort isone,  therefore ,  does no t  seem to be 
necessary  for the  induc t ion  of specific enzymes  by  the  
hormone.  Ear l ier  s tudies  wi th  ac t inomyc in -D 5, and the  
fact  t h a t  enzyme induc t ion  did no t  occur in mice pre- 
viously t r e a t ed  wi th  CC14 for 16 h, all show t h a t  some 
selected syn thes i s  of RNA, however,  may  be requi red  for 
the  induc t ive  process.  

Mammal i an  t ransfer  R N A  tu rns  over  w i th  a half-l ife 
t ime  of ap p ro x i ma t e l y  5 days  ~ and  th is  profile is no t  
general ly inf luenced by  cort isone ~. So it would appear  t h a t  
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Table I. Inhibitory effect of carbon tetrachloride on RNA synthesis in the mouse liver 

Time with CC14 prior to hormone 

Oh 16 h 

Acid soluble RNA Acid soluble RNA 

Control 329•  655~50  2469 i  87 5700~117 
Cortisone 341=[:53 7 8 6 i 1 1 3  2108=- 66 5970i731 
CCI~ 368~:33 430-t-45 2218:L 124 3547:c212 
CC14 + Cortisone 351•  313=[_12 2781i254  3987 i  56 

Swiss, male mice (25 i 2 g) were starved overnight and injected s.c. with 0.1 ml CC14 (Prolabo). Cortisone acetate suspension (5 rag/100 gm 
body wt.) was given either concurrently with or 16 h after CC14. In the former case 3 h, and in the latter 60 rain, prior to sacrifice 10 btCi/100 g 
body weight of 5-3H-orotic acid (16 Ci/mM) were given i.p. All assays were done 3 h after hormone administration. Isolation and quantitation 
of RNA and the acid soluble pool were carried out by the previously described procedures ~, 13. All samples were mixed with 10 ml of Instagel 
(Packard) and corrected for background and quenching as previously described~,1% The values represent average of at least 4 separate deter- 
urinations i the standard error of the mean and are expressed as counts per min/mg for RNA and CPM/A2~ 0 for the pool. 
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Table  I I .  Induct ion  of enzymes  by  cortisone in l ivers of carbon te t rachlor ide  t rea ted  mice 

EXPERIENTIA 28/3 

T ime  with CC14 prior  to hormone  

O h  1 6 h  

TT TO TT TO 

Control 5.17 : G,04 1.44 z:  0.02 5.17 n: 0.04 1.44 ~ 0.02 
Cortisone 9.53 = 0.30 2.29 =I= 0.02 9.53 ! 0.30 2.29 ~ 0.02 
CC11 7.67 :z  0.20 0.97 2= 0.10 4.40 nz 0.30 0.19 = 0.07 
CC1 t + Cortisone 11.63 2_ 0.02 2.06 i 0.03 5.10 ~ 0.70 0.17 = 0.05 

Detai ls  of the exper imenta l  design are given in Table  I, except  t h a t  all assays were carr ied out  4 h af ter  hormone  adminis t ra t ion.  The  pro- 
cedures for de te rmina t ion  of l iver  tyrosine t r ansaminase  (TT) and  t r y p t o p h a n  oxygenase (TO) activit ies are well established and have  been 
described in detail previously t, 11. The  enzyme activit ies are expressed as ~xg p -hydroxypheny l -py ruv ic  ac id /mg liver/10 rain and jig kynurenine/  
m g  l iver /h  for T T  and TO, respectively.  All values represent  average  of 5-6 separa te  de te rmina t ions  =K the s t anda rd  error  of the mean.  

e n h a n c e d  t r a n s c r i p t i o n a l  a c t i v i t y  is a p re requ i s i t e  for  
e n z y m e  induc t i on  and  th i s  m a y  be select ively ampl i f i ed  
b y  t h e  s tero id  even  w h e n  R N A  syn thes i s  in  genera l  is 
o the rwise  suppressed.  As t he  l a t t e r  r e m a i n s  lowered for 
p r o t r a c t e d  per iods  of t ime,  a n d  as t he  ava i l ab le  messenger  
R N A  is p r e s u m a b l y  exhaus t ed ,  b o t h  t h e  endogenous  
homeos t a s i s  of enzymes ,  and  t h e i r  i n d u c t i o n  b y  t h e  hor-  
mone,  are g radua l ly  impai red .  I t  has  p rev ious ly  been  
e s t ab l i shed  t h a t  TO is n o t  induc ib le  b y  t he  endogenous ly  
re leased cor t icoids  a t  a n y  t i m e  a f te r  CC14 a d m i n i s t r a t i o n  4. 
So i n d u c t i o n  of TT in such  an i m a l s  u n d e r  selected condi-  
t ions  (Table  I I  ; 4) could ref lect  dif ferences  in  t he  r e l a t ive  
s tab i l i t i es  of m R N A s  for  these  2 enzymes .  This  thes i s  
exp la ins  t he  o b s e r v a t i o n  t h a t  syn thes i s  of uraci l - r ich,  
DNA- l ike  R N A  (p re sum ab l y  m R N A )  can  be  seen w i t h i n  
10-20 ra in  a f t e r  cor t i sone  a d m i n i s t r a t i o n  in r a t s  a n d  
the re fo re  precedes  b o t h  t he  e n z y m e  i n d u c t i o n  a n d  t h e  
genera l  r i bosoma l  R N A  syn thes i s  s, l ead ing  e v e n t u a l l y  to  
l iver  h y p e r t r o p h y  a n d  increased  R N A  con ten t .  A s imi la r  
r e l a t i onsh ip  has  p rev ious ly  been  obse rved  in h e p a t o m a  
cell cu l tu re s  0,10. I n  a n y  even t ,  these  s tud ies  fo rm t he  f i r s t  
ev idence  t h a t ,  in  m a m m a l i a n  liver,  i n d u c t i o n  of se lected 
enzymes  b y  a cor t icos te ro id  can  occur  a t  a t i m e  w h e n  t h e  
s t i m u l a t o r y  effect  of t h e  h o r m o n e  on  t h e  syn thes i s  of 
t o t a l  R N A  is comple t e ly  e l imina ted .  

I t  shou ld  be  r e m e m b e r e d  t h a t  CC14 r ap i d l y  an  d m a r k e d l y  
a l te rs  Kupf fe r  cell f unc t i on  in t he  l iver  4. Since t he  
cor t i sone  induc ib le  enzymes  are found  in l iver  p a r e n c h y m a l  
cells, i t  h a d  p rev ious ly  been  sugges ted  t h a t  in i t ia l  infor-  
m a t i o n  process ing  m a y  occur  in  the  r e t i cu loendo the l i a l  

s y s t e m  of t he  a n i m a l  (for a br ie f  rev iew s e e n L  The  m a n n e r  
in  wh ich  th i s  is accompl i shed  r ema ins  to be  de t e rmined ,  
b u t  i t  is c lear  t h a t  t he  i n f o r m a t i o n  t h u s  g a t h e r e d  would  be  
of u n u s u a l  s ingi f icance  in de l i nea t ing  t he  control ,  orga- 
n i sa t ion  a n d  express ion  of genet ic  i n fo rma t ion  m m a m -  
m a l i a n  liver.  

Rdsumd. Chez des souris  t r a i t6es  p a r  le t 6 t r a c h l o r u r e  de 
ca rbone  l ' i n d u c t i o n  de que lques  enzymes  s61ectives p a r  la 
cor t i sone  s 'es t  p rodu i t e  A u n  m o m e n t  off la  syn th~se  de 
YARN t o t a l  6 t a i t  inf6r ieure  au n i v e a u  observ6 chez les 
t6moins .  
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Biochemica l  Changes  of Brain and Liver in Neonatal  Offspring of Rats Fed Monosod ium-L-  
Glutamate  

M u c h  a t t e n t i o n  ha s  r ecen t l y  been  focused on  some of 
t he  poss ible  h a z a r d s  of h i g h  levels of monosod ium-L-  
g l u t a m a t e  (MSG) g iven  b y  in j ec t ion  or fed to severa l  
species of e x p e r i m e n t a l  an imals .  These  effects  r ange  f rom 
obes i ty  a n d  neu roendoc r ine  d i s t u r b a n c e s  to  s t e r i l i t y  a n d  
b r a i n  lesions 1-s. I n  a p rev ious  s t u d y  9 we a t t e m p t e d  to  
e s t ab l i sh  a b iochemica l  bas is  for t he  ac t ion  of M S G  b y  
feeding i t  to  r a t s  a t  levels up  to 20% of t h e  d ie t  and  t h e n  
m e a s u r i n g  t he  c o n c e n t r a t i o n s  of a n u m b e r  of b r a i n  a n d  
l iver  cons t i t uen t s .  Ana lys i s  of l iver  i nd i ca t ed  t h a t  d i e t a r y  
M S G  h a d  no  effect  on  p ro te in ,  RNA,  DNA,  g l u t a m a t e ,  
l ac ta te ,  m a l a t e  or c~-glycerophosphate.  C o n c e n t r a t i o n s  of 
g l u t a m a t e ,  g lu tamine ,  a spa r t a t e ,  D N A  a n d  p ro t e in  a n d  

a c t i v i t y  of g l u t a m i c  deca rboxy la se  (GAD) in b r a i n  re- 
m a i n e d  c o n s t a n t  whi le  y - a m i n o b u t y r i c  acid (GABA) con-  
c e n t r a t i o n s  were  s ign i f i can t ly  decreased in an ima l s  fed 
MSG. T h e  r a t s  inges t ing  M S G  exh ib i t ed  increased  i r r i t ab -  
i l i ty,  wh ich  m a y  be  r e l a t ed  to  decreased levels of b r a i n  
G A B A  9,10. 

The  pu rpose  of t he  p r e sen t  i nves t i ga t i on  was to  s t u d y  
t h e  effects  of d i e t a r y  M S G  on some selected b r a i n  a n d  
l iver  m e t a b o l i t e s  of second g e n e r a t i o n  n e o n a t a l  r a t s  b o r n  
to  p a r e n t s  fed a d ie t  s u p p l e m e n t e d  w i t h  10% MSG. 

Mater ials  and methods. H o l t z m a n  wean l ing  r a t s  were 
fed P u r i n a  l a b o r a t o r y  chow a lone  or s u p p l e m e n t e d  w i t h  
10% M S G  for 100 days.  The  r a t s  were m a t e d  on a one- to-  


