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SUMMARY: Norepinsphrine inhibits cortisol-mediatsd induction of hepatic tryptophan 
pyrrolase in rats. During cold exposure the stabilization of this enzyme appears 
to occur by an interaction of corticoids and norspinephrins on the induction 
process. 

On exposure of rats to low environmental temperature, a rapid response 

of induction of hepatic tryptophan-2,3-dioxygenase (EC.I.13.1.12) (tryptophan 

pyrrolsse) was observed (V. Sitaramam, T. Ramasarma, unpublished results). This, 

in the early phases upto 8 hr. exposure, was shown to be directly related to the 

concomitant increase in circulating corticosteroide known to occur (I). In these 

studies one interesting observation was the decrease in the levels of hepatic 

tryptophan pyrrolase on prolonged exposure notwithstanding the continued higher 

levels of corticoids. This effect could be more clearly shown in adrenalectomized 

animals supplemented with low doses of exogenous cortisol which on simultaneous 

cold exposure led to significant dscreaes in the cortisol-mediated induction of the 

enzyme. Similar inhibitory effect observed by Berry st al. both in cold (2) 

and hypobaria (3) was ascribed to bacterial sndotoxins. In this communication 

results are presented which indicate that cortisol and norepinephrine, with 

mutually opposing effects on the induction process, are responsible to determine 

the levels of the enzyme in cold exposure. 

EXPERIMENTAL 

Male albino rats in the weight range 170+20 gms of Wistar strain of the 
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I n s t i t u t e  Colony were used. The ra ts  were fed w i th  Hindustan l e v e r  p e l l e t  d i e t  

c o n t a i n i n g  24~ p ro te i ns  4~ f a t  and 50~ carbohydra tes  and the r e q u i r e d  v i t am ins  and 

m i n e r a l s .  A l l  an imals were main ta ined in  c o n t r o l l e d  env i ronmen ta l  l i g h t  darkness 

cyc les  ( l i g h t s  @ A.M. - S P.M.p dark 8 P.M. - @ A .R . ) .  A l l  i n j e c t i o n s  were g iven 

i n t r a p e r i t o n s a l l y  as s o l u t i o n s  in  d i s t i l l e d  wa te r .  Ha l f  an hour a f t e r  the i n j e c t -  

ions the an imals  were exposed to co ld  a t  0-2°C in  a v e n t i l a t e d  chamber f o r  3 h r .  

A l l  animals were s a c r i f i c e d  by c e r v i c a l  d i s l o c a t i o n  between 10.00 - 11.00 A.M. to  

avo id  i n t e r f e r e n c e  due to c i r c a d i a n  v a r i a t i o n s  in  the enzyme l e v e l s .  Each group 

had a t l e a s t  @ animals and the r e s u l t s  are ana lyzed f o r  s t a t i s t i c a l  s i g n i f i c a n c e ,  

In each set  o f  expgriments~ comparisons were made w i th  proper  c o n t r o l s  run 

s l m u l t a n e o u s l y j  as the va lues  showed v a r i a t i o n s  between exper iments .  

L i v e r s  were homogenized in  1.15% ( u / v )  KC1 at O°C us ing 2 ml per gram 

t i s s u e .  The homogenetee were c e n t r i f u g e d  a t  36~000 g in  S o r v a l l  RC 2B c e n t r i f u g e  

f o r  40 min. and the c l e a r  superna tan t  was a s p i r a t e d  w i th  a need le  and was assayed 

f o r  enzyme a c t i v i t y .  The assay was performed accord ing to Knox & Auerbach (4)1 

w i th  the f o l l o w i n g  m o d i f i c a t i o n s :  (a) p r e i n c u b a t i o n  was c a r r i e d  out  w i th  the 

subs t ra ta  f o r  30 min. to  overcome the p r e p a r a t i v e  a r t i f a c t  due to o x i d a t i v e  

i n a c t i v a t i o n  ( 5 ) j  (b)  microsomal f r a c t i o n  (5) and exogenous hems were added in the 

assay system to  ob ta in  maximal a c t i v i t y .  Kynurenine formed was measured i n  a 

Unicam Spect rophotometer  by i t s  abso rp t i on  a t  365 nm. P ro te i n  was es t imated by the 

b l u r e t  method (7)  using bov ine  serum albumin as s tandard .  Enzyme a c t i v i t y  was 

expressed as nenomolee o f  kynuren ine formed - h r - l - m g  -1 p ro tean .  

RESULTS 

Exposure o f  r a t s  to co ld  (0-2 =) f o r  8 h r .  inc reased the hepa t i c  t r yp tophen  

p y r r o l a s e  about 4 - f o l d  and t h i s  on cont inued exposure decreased to about 3 - f o l d  the 

initial value at 12 hr. (Table 1). The increased levels compared to the initial 

level as well as the decrease between @ hr. and 12 hr. are statistically 

significant. Treatment with cycloheximids between B-12 hr. period of cold 

exposure abo l i shed  the e l e v a t i o n  in  enzyme a c t i v i t y .  This  suggested t h a t  

continued higher rates of synthesis were obtained in this phase. Therefore 
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Table 1: Hepatic tryptophan pyrrolase leve ls  in continued cold exposure 

Treatment 

Enzyme a c t i v i t y  
No. of nmoles/hr/mg. P value 
animals protein 

(meen+..S.E.R.) 

1. Control (23-25 ° ) 

Cold exposed (0-2 ° , 8 hr) 

Cold exposed (0-2 ° , 12 hr)  

6 
? 

8 

22.Tzs.v <0.01 
82.0+9.0 ~ 

2 .  Cold exposed (0-2 °, 12 hr) 

Cold exposed (0-2 °, 12 hr) 
+ Cycloheximide (0-12 hr)  

7 96.4+?.9 
- < 0 . 0 ,  

8 19.4-1-1.7 

Groups of Wistar albino rats were exposed to cold (0-2 c) for the intervals of 
time indicated in m temperature-controlled ventilated chamber. Cycloheximide 
(250~g/rat) was injected (i.p.) to rats after an exposure of 8 hr. to cold 
and then exposure to cold was continued for another 4 hr. The control 
animals in this experiment (also cold exposed) were given equal volume of 
sa l ine at the same time. 

the fell in enzyme activity after 8 hr. of exposure to cold may be due to 

altered synthesis or degradation or both. 

In the second set of experiments, the animals uere given saturating 

doses of cortieol for maximum induction of the enzyme. By this approach the 

influence of alterations in endogenous corticoids due to the labile pituitary 

adrenal axis was rendered negligible. On simultaneous exposure to cold for a 

brief period of 3 hr. along with cortiaol treatment, the cortisol-mediated 

induction of the enzyme was found to be inhibited (Table 2). Increased 

activity of sympathetic nervous system during cold exposure is well established (8). 

Therefore, whether norepinephrine use responsible for the above inhibitory effect 

was next investigated. Norepinephrine given alone by intraperitoneal injection 

showed slight decrease in enzyme activity and higher concentrations ugre lethal. 
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Table 2: Effect of norepinephrine on cortisol-induced hepatic tryptophan 

pyrrolase 

Treatment 

Enzyme activity 
No. of nmoles/hr/mg. 
animals protein 

(mean±S.E.M.) 

P value 

1. Control 

Cold exposed 

6 163.0+5.8 

6 101.212.5 ~ <0.01 

2. Control 

Norepinephrine 

1 7 6 . 2 + 8 . 2 ~  
1 5 | . J 8 . 9  / N.S. 

3. Control 

Norepinephrins 
+ Pargyltne 

7 123L-77 <oo, 
8 65.5+6.6 

4.  Control 

Theophyl l ine 

5 131.3+7og_ 
6 1 2 2 . 1 + 1 0 . ~  N.S. 

5 .  Control 3 

Norspinephrine 
+ Pargyl ine 5 

Noreptnephrine 
+ Pargyl ine 
+ Propranalol  5 

1497,14o  <oo5 
93.0+15.0 / \  <0.o1 
57.6+3.5// < o-°5 

The experiments were carried out at room temperature (23-25 ° ) except where 
specified as cold exposure (0-2°). All the animals received 10 mg of cortisol 
(Sigma Chem. Co., U.S.A.) by injection (i.p.) 3 h~before killing. The 
experimental period was 3 hr. in all cases. The dosages used per animal were: 
Norepinephrine, (Koch Light, U.K.) 0.2 mg; Pargyline, (Abbot Co. Ltd., U.S.A.) 
5 mg; Theophylline (Sigma Chem. Co., U.S.A.) 15 mg; OL-Propranalolp (A gift 
from Dr. R.M.Marchbanks, London) 2.5 mg. N.S. - not significant. 

But at the same dose given along with pargyline, an inhibitor of monoamine 

oxidase, the inhibition of the induction was clearly seen (Table 2). Pargylins 

by itself was found to have no effect under the conditions employed. These 
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experiments indicate that increased norsplnsphrins may have a counteracting effect 

on the induction process mediated by coztlsol. 

The experiment with theophyliins showed no apparent change and 

therefore the inhibitory process may not involve cyclic AMP, as in the case of 

induction of tyroslne aminotransfsrase (g). This Is further confirmed by the 

non-reversal of the inhibition on simultaneous treatment wlth a ~-blocker, 

propranaiol, along wlth norepinsphrlne and pargyiine, and instead there uas an 

unexplained enhancement of the inhibition (Tabis 2). 

The experimental approach adopted here for the study of liver enzymes 

i s  cons idered accep tab is  i n  v feu o f  the knoun responses o f  l i v e r  plasma 

membranes to ca techo l  amines and the autonomic drugs ( 1 0 ) .  I n c r e a s i n g  ev idence 

I s  becoming a v a i l a b l e  on the p a r t i c i p a t i o n  o f  n o r s p t n e p h r i n s  and the adrene~gtc 

r ecep to r s  on the c o n t r o l  o f  hepa t i c  enzyme l e v e l s  e . g . ,  se r tne  dshydratase (11 ) t  

o r n i t h t n e  decarboxy lass  (12) end a lso t y r o s l n e  amtnot raneferase  (13) depending 

on the t ime a f t e r  a d m i n i s t r a t i o n .  The present  uork  g i v e s ,  f o r  the f i r s t  t ime,  

ev idence f o r  an i n h i b i t o r y  r o l e  i n  the case o f  t r yp tophan  py r ro l ase  a l s o .  F u r t h e r ,  

the  i nc rease  i n  h e p a t i c  t r yp tophan  p y r r o l a s s  on s p i n a l  sec t i on  at  C7_ 8 i n  both 

i n t a c t  and edrena lsc tomtzed ra t s  (14)  can r e a d i l y  be exp la ined  as due to 

e l i m i n a t i o n  o f  the i n h i b i t o r y  c o n t r o l  by autonomic nervous system v i a  

n o r s p t n e p h r l n e .  

These r e s u l t s  suggest t h a t  n o r e p t n s p h r i n s  r egu la tes  the c o r t t s o l -  

mediated i n d u c t i o n  of  the  enzyme, a t  the l e v e l  o f  s y n t h e s i s ,  by a mechanism 

p o s s i b l y  not  i n v o l v i n g  the ~ - r s c s p t o r  and c y c l i c  AMP. The i n t e r p l a y  o f  the tuo 

hormones presumably determines the s t a b i l i z e d  l e v e l  o f  hepa t i c  t r yp tophan  p y r r o l a s e  

i n  a c c l i m a t i o n .  
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