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GLUTATHIONE METABOLISM IN NORMAL AND 

INDUCED STATES OF GROWTH 

by  

P A U L  D. B A R T L E T T ,  P A M E L A  G R I M M E T T ,  LOIS B E E R S  AND S H I R L E Y  S H E I . A T A  

Edsel B. Ford Institute ]or Medical Research, Henry Ford Hospital, 
Detroit, Mich. (U.S.A.) 

Results of studies on the metabolism of liver glutathione with the aid of 15N-glycinO, 
X~N-ammonia*, and lbN-glutamic acid 2 indicate a relatively high metabolic activity 
of liver glutathione nitrogen in comparison with that of total liver protein nitrogen. 
On this basis WAELSCH AI~I) RITTENBERG 1 suggested that the tripeptide might be 
involved in the transfer of amino acids into protein or in the regulation of the process. 
Results of similar studies with the aid of 35S-cystine3 confirm the findings with inn 
labeled compounds. Aside from the demonstration of the participation of glutathione 
in transpeptidation reactions 4, 5, however, there appears to be little additional evidence 
supporting the attractive hypothesis that glutathione acts as an intermediate in the 
biosynthesis of other peptides and proteins. 

If the tripeptide is involved, as the hypothesis suggests, however, the relative 
metabolic activity of liver glutathione and total protein nitrogen in rapidly growing 
immature normal rats, which are actively engaged in the synthesis and accumulation 
of body protein, might be expected to differ considerably from that in normal adult 
rats. We have thus studied this aspect of glutathione metabolism following adminis- 
tration of ~T-glycine. For comparative purposes similar studies were also condueted 
on normal adult rats in which nitrogen retention and gain in body weight were induced 
with anterior pituitary growth hormone and on groups of immature rats in which 
growth was arrested by hypophyseetomy and then induced with growth hormone. 
Conveniently included were liver glutathione determinations made in parallel with 
the measurements of ~SN uptake. 

EXPERIMENTAL 
Animals 
Fema le  r a t s  of t he  Sprague-Dawley  s t ra in ,  bo th  no rma l  and  h y p o p h y s e c t o m i z e d ,  were used in 
all exper imen t s .  The  h y p o p h y s e c t o m i z e d  ra t s  were abou t  3o days  old a t  t he  t i m e  of operat ion,  
a n d  were he ld  for a period of sufficient du ra t ion  to es tab l i sh  the  fac t  t h a t  t he  g rowth  process 
h a d  been ar res ted  as ind ica ted  b y  a p la t eau  in b o d y  weight .  

Diet 
The  an ima l s  were m a i n t a i n e d  in separa te  cages,  and  fed ad libidum. The diet  was t h a t  described 
b y  BENNETT, LI A N D  L A U N D R I E  s with  t h e  following modif ica t ions:  Corn oil was  subs t i t u t ed  for 
Crisco, and  Hal iver  Oil for Sardilene. This  diet  was  s u p p l e m e n t e d  twice weekly  wi th  fresh let tuce.  

Methods 
Body  weigh t  and  food in t ake  were de te rmined  dai ly  for each ra t  un t i l  i t  was ascer ta ined t h a t  
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the an imal  was  ei ther  growing rapidly  or had  reached a p la teau  in body  weight .  The an imals  
were t hen  grouped into rapidly  growing i m m a t u r e  normal ,  normal  adult ,  and  hypophysec tomized  
i m m a t u r e  r a t s  and  obse rva t ions  con t inued  for a period of io days .  Dur ing  the  la t t e r  period, 
n i t rogen s torage  and  gain in body  weight  were induced in a group of the  hypophysec tomized  
i m m a t u r e  ra t s  and  in a group of the  no rma l  adu l t  ra t s  by  smal l  dai ly  s u b c u t a n e o u s  inject ions 
of an ter ior  pituit~iry growth  hormone .  I m m e d i a t e l y  following the  admin i s t r a t i on  of the final dose 
of g rowth  ho rmone  to these  rats,  food was w i t hd rawn  and  I~N glycine, conta in ing  32-33 a tom % 
excess  15N, admin i s te red  in t raper i toneal ly  in doses of 2. 5 m g  per ioo g body  weight.  Two hours  
later  the  an imals  were sacrificed by  s t u n n i n g  and  decapi ta t ion .  U n s t i m u l a t e d  control  groups of 
rapidly  growing i m m a t u r e  no rma l  rats,  hypophysec tomized  i m m a t u r e  rats,  and  normal  adu l t  
ra ts  were s imilar ly  t rea ted  and  sacrificed a t  the  s ame  t ime  as the  s t imu la t ed  animals .  

Following sacrifice of each rat,  the  liver was quickly  removed,  weighed, and  a sample  removed  
for g lu t a th ione  concent ra t ion  de te rmina t ion .  The  r emainder  of the  liver was immed ia t e ly  ground  
in a m o r t a r  p rev ious ly  chilled with dry  ice. Livers  f rom the  ra ts  in each group were combined  
and  processed as described by ~,VAELSCH AND RITTENBERG 1 for the  isolation of g lu ta th ione  as 
a copper  mercapt ide .  Trichloroacetic  acid residues r ema in ing  af ter  ex t rac t ion  of g lu ta th ione  were 
hand led  in the  m a n n e r  described by PETERSON AND G R E E N B E R G  7. Some residues were also sub-  
jec ted  to performic acid t r e a t m e n t  to r emove  g lu ta th ione  which migh t  be bound  to the  protein  
t h r o u g h  disulfide linkages. 

The  different n i t rogenous  fract ions were processed in the  m a n n e r  described by  SPRINSON 
AND RITTENBERG 8 and  en r i chmen t  of the  ni t rogen of each fract ion de te rmined  in a Model 21-4oi  
CEC Mass  Spect rometer .  Compar i son  of the  XSN con ten t  of the  ni t rogen obta ined  f rom the  per- 
formic  acid t rea ted  tr ichloroacetic acid res idues wi th  t h a t  f rom the  un t r ea t ed  residues sh9wed 
no s igni f icant  difference. 

L iver  g lu ta th ione  concent ra t ions  were de t e rmined  on each sample  of liver t issue by the  
modi f ied  n i t ropruss ide  procedure  described by GRUNERT AND P H I L L I P S  8. 

RESULTS 

Since the publication of a preliminary report on growth and the metabolism of 
glutathione 1°, we have found that the termination procedure used in these studies, 
in which hypophysectomized rats were fasted 5 hours prior to administration of 15N 
glycine and for a subsequent 2 hour period before sacrifice, produced marked alter- 
ations in liver glutathione concentrations in such animals and covered effects of 
growth hormone on 15N incorporation into liver glutathione nitrogen. In subsequent 
experiments, the finding that liver glutathione concentrations were not significantly 
altered in such animals fasted 2 hours before sacrifice, led to the adoption of this 
procedure in the termination of the experiments reported in this paper. The results 
presented inTable I thus differ from, and are in contrast to, those previously reported 1°. 

The significance of differences between concentrations of glutathione in the livers 
of rapidly growing immature normal rats, normal adult rats, and a group of the latter 
stimulated with growth hormone were statistically analyzed by the methods of 
FISHER 11, a s  was also the significance of the difference between liver glutathione 
concentrations in hypophysectomized immature rats and in similar animals stimulated 
with growth hormone. Differences were considered highly significant when p values 
less than o.oi were obtained. 

Liver glutathione concentrations, expressed in terms of mg glutathione per 
IOO g wet tissue and in terms of mg per ioo g body weight, were found to be signifi- 
cantly lower in normal adult rats than in rapidly growing immature normal animals, 
and stimulation of the growth process in the normal adult rat with growth hormone 
resulted in a significant elevation in th'e concentration of liver glutathione expressed 
on either basis. Stimulation of the growth process in the hypophysectomized rat with 
growth hormone also resulted in a significant elevation in the concentration of liver 
glutathione, expressed on the basis of mg per IOO g wet tissue, Data from the same 
Re/erences p. 350. 
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group of rats, statistically analyzed in terms of liver glutathione concentrations per 
IOO g body weight, yielded a p value between 0.02 and o.oI. 

In all rats, both normal and hypophysectomized, the percentage of the nitrogen 
of administered 15N glycine incorporated into liver glutathione during the 2 hour 
period of assimilation was much greater than that incorporated into liver protein. 
Nitrogen obtained from glutathione isolated from livers of normal adult rats was 
approximately 78% higher in 15N content than that from rapidly growing immature 
normal rats. Stimulation of normal adult rats with growth hormone reduced the 15N 
enrichment of liver glutathione nitrogen in such animals by about I8 % and had no 
effect on the enrichment of the nitrogen of total liver proteins. The XSN enrichment 
of liver glutathione nitrogen of the hypophysectomized immature rat was reduced 
I9. 5 % by stimulation of this animal with growth hormone. 

DISCUSSION" 

In considering the results of the present studies and their relationship to the growth 
process, several observations seem of interest. In both normal and hypophysectomized 
rats there appears to be a direct relationship between liver glutathione concentration 
and the growth process. Thus liver glutathione concentrations are relatively higher 
in rapidly growing immature normal rats than in normal adult rats, and relatively 
higher in normal adult rats stimulated with growth hormone than in untreated adult 
animals. Similarly liver glutathione concentrations are relatively higher in hypophy- 
sectomized immature rats in which the growth process has been stimulated with 
growth hormone than in untreated hypophysectomized immature rats. 

While the maintenance of relatively higher concentrations of glutathione in livers 
of rats in either normal or induced states of growth, in comparison with that in rats 
in which the growth process has been arrested by attainment of the adult state or 
by hypophysectomy, might be considered evidence for an enhanced biosynthesis of 
tile tripeptide during growth, such an interpretation must be tempered by the lack 
of information on liver glutathione turnover. 

The percentage of administered I~N incorporated into liver glutathione nitrogen, 
however, is strikingly different in the three groups of normal rats and in the two 
groups of hypophysectomized rats. In this respect it seems of interest to note that 
in normal adult rats and in hypophysectomized immature rats, the alterations pro- 
duced in anN liver glutathione enrichment are of the same order of magnitude as 
those produced in liver glutathione concentration. Thus, for example, stimulation of 
the normal adult rat with growth hormone produced a I6.5% increase in liver 
glutathione concentration, expressed on the basis of wet tissue weight, and decreased 
the 15N enrichment of liver glutathione nitrogen by x7.9%. Similarly in hypophy- 
sectomized rats stimulated with growth hormone, the concentration of liver glutathi- 
one was increased I8.5%, while the 15N enrichment of liver glutathione nitrogen 
decreased I9.4%. In comparing similar data for rapidly growing immature normal 
rats with that of normal adult rats, however, we find that the nitrogen of liver 
glutathione isolated from the immature animals contains 43.7% less XSN than that 
isolated from the normal adult rats. This finding can be partially accounted for by 
the .dilution effect of an I8.2% increase in the concentration of liver glutathione in 
the immature rat. In this connection studies on the contribution of certain other 
Re]erences p. 350. 
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factors, such as the size of the glycine pool and the rate of turnover of both the 
glycine and glutathione pools, to the 15N enrichment of liver glutathione would be 
of special interest. 

Under the experimental conditions, the lSN enrichment of the nitrogen of total 
liver proteins obtained from normal adult rats or from hypophysectomized immature 
rats was not significantly different from that obtained from similar groups of rats in 
which the growth process had been stimulated with growth hormone. Similarly the 
lSN enrichment of the nitrogen of total liver proteins obtained from rapidly growing 
immature normal rats does not appear to be significantly different from that obtained 
from normal adult rats. Whether or not this is due to unfavorable conditions for 
detecting such differences must still be determined. Certainly the 2 hour period of 
assimilation of 15N glycine, which was selected as an experimental condition because 
of the rapid turnover rate of liver glutathione (half-life time of about 3 hours), is 
much more favorable for the detection of differences in the metabolic activity of liver 
glutathione nitrogen than it is for the detection of differences in the metabolic activity 
of total liver proteins (half-life time of 5-6 days). Results of experiments now in 
progress in our laboratories on the lSN enrichment of liver glutathione and total 
protein nitrogen at varying time intervals following administration of 15N glycine 
may be particularly helpful in establishing this experimental condition. Data from 
preliminary experiments on the incorporation of the nitrogen of 15N-alanine into total 
liver protein suggest that even under more favorable conditions of incorporation 
(i.e. administration of highly labeled 15N-alanine on the third, fourth, and fifth days 
of a 5 day experimental period) only slight differences in the ISN enrichment of total 
liver protein nitrogen may be observed between hypophysectomized immature rats 
and hypophysectomized immature rats stimulated with growth hormone a2. 
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SUMMARY 

i. Liver glutathione concentrations were found to be significantly higher in rapidly growing 
immature normal rats than in normal adult rats. Stimulation of the latter with growth hormone 
resulted in a significant elevation in liver glutathione concentrations. 

2. Stimulation of the growth process in the hypophysectomized immature rat with growth 
hormone resulted in a significant elevation in the concentration of liver glutathione. 

3. The percentage of administered 16N found in the liver glutathione nitrogen obtained from 
normal adult rats and from hypophysectomized immature rata is markedly reduced as a result 
of stimulation of these animals with anterior pituitary growth hormone. This appears to be largely 
due to alterations in the size of the metabolic pool of liver glutathione. The relatively low percent- 
age of administered lSN found in the nitrogen of liver glutathione obtained from rapidly growing 
immature normal rats compared with that obtained from normal adult rats, on the other hand, 
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can be accounted for only partially in te rms of the dilution effect of a larger metabolic pool of 
liver glutathione. 

4- The lSN enr ichment  of the nitrogen of total  liver proteins of rats  in normal or induced 
states  of growth,  during a 2 hour period of assimilation of tSN glycine, does not  appear  to be 
significantly different from tha t  observed in rats  in which the growth process is arrested. 
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