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The role of GSI-I peroxidase in protecting the membrane of 
rat liver mitochondria 

GSH-induced high amplitude swelling of rat liver mitochondria is counteracted 
mainly by C-factor I (ref. I) which is identical with GSH peroxidase 1,'. Since this 
type of disintegration of the mitochondrial membranes is accompanied by accumu- 
lation of lipid peroxides a and since GSH peroxidase is able to reduce hydroperoxides 
of unsaturated lipids 4 6, it may be suggested that the C-factor activity of GSH 
peroxidase is attributable to its own peroxidatic action. The present investigation 
supplies further evidence for this concept. 

Liver mitochondria were prepared from SIV-5o rats according to HOC;EBOOM 
et al. ~, but in o.25 M sucrose and o.o2 M Tris-acetate buffer of pH 7.4; the mito- 
chondria were washed twice with the above solution and stored at o ° until used. 

GSH-induced swelling and lipid peroxide formation of lnitochondria were 
studied under following conditions: Exactly 3 h after the killing of the animals the 
mitochondria were suspended in o.125 M KC1 in o.o2 M Tris-acetate buffer of pH 7.5 
containing 2o mM GSH to give an initial absorbance at 52o nm of approx, o.5. GSH 
was adjusted to the pH of the incubation medium by 2 M NaOH. Swelling of the 
mitochondria was observed at 25 ° by absorbance readings at 52o nm according to 
LEHNINGER et al. s. Formation of lipid peroxides was determined in separate samples 
as described in ref. 9. In one set of experiments the initial concentration of GSH was 
modified, in another set the pH of the incubation medium was varied. 

Glutathione peroxidase activity of the mitochondrial suspension was determined 
at 37 ° according to ref. io exactly 2.5 h after the killing of the animals. When intact 
mitochondria were investigated, only the fraction of GSH peroxidase was determined 
which was accessible to the GSH of the surrounding medium and which probably 
was bound to the mitochondrial surface 1, n ("surface activity"). The "total activity" 
of the GSH peroxidase of mitochondfia was determined in the presence of o.I % 
Triton X-Ioo. The unit of activity (at 37 °) was defined as the amount of enzyme 
(dissolved in I ml) which effects a ~llog casi~/min of I (ref. 12). 

We were able to confirm the observation of L E H N I N G E R  AND S C H N E I D E R  la  that 
swelling of mitochondria is induced by GSH and increases with the amount of GSH 
added. In addition, the formation of lipid peroxides correlated with the degree of 
swelling, as has been demonstrated by HUNXER et al. a for GSH/GSSG-induced 
swelling. 

Studies on GSH-induced swelling of mitochondria at different pH values allow 
one to challenge the hypothesis that lysis of membranes caused by peroxidation of 
the lipids is mainly prevented by GSH peroxidase, since the enzyme shows a pro- 
nounced pH dependency ~". As spontaneous swelling of mitochondria occurs at extreme 
pH values, difference plots of spontaneous and GSH-induced swelling (Fig. IA) are 
constructed to demonstrate nmre clearly the portion attributable to the influence of 
GSH itself. The curves become steeper and the lag phases significantly shorter with 
decreasing pH. These results are in fairly good agreement with those of LEHNINGER 
A N D  S C H N E I D E R  la ,  although we were unable to show the decrease of the swelling rate 
below pH 6.5 found by these authors. At pH 6 the suspension of mitochondria tends 
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to aggregate in the Tris-acetate-KC1 medium so that no reliable light-scattering 
measurements could be performed. The degree of swelling (or lysis 3) of mitochondria 
is paralleled by the amount of lipid peroxides which accumulates during the incu- 
bation time (Fig. IB). However, formation of thiobarbituric acid-positive material 
continues even after the swelling of mitochondria has reached its final state. Since 
we may accept that  peroxidation of lipids is not prevented by alkaline pH, the 
extreme low values for lipid peroxides found at pH 8 are due to the higher reaction 
rate of the GSH peroxidase under these conditions. In addition, we may conclude 
that the products of the enzymatic reduction of lipid peroxidesS, e do not disturb the 
architecture of the mitochondrial membrane, at least not morphologically, as the 
peroxides apparently do. 
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Fig. 1. Swell ing and a c c um ula t i on  of l ipid peroxides  of m i tochondr i a  a t  different  pH's .  Mito- 
chondr ia  p repa red  from two female r a t s  of 13o g (44 days  old) were suspended in o.125 M KC1-  
0.02 M T r i s - a c e t a t e  m e d i u m  (1.8 mg pro te in  per ml). The p H ' s  of the  m e d i u m  were:  . . . . .  , 6.5; 
. . . . . .  , 7.0; - - ,  7-5; . . . . .  , 8.0. A, Decrease in absorbance  in the  presence of 2o mM GSH. 
The curves  were corrected for spontaneous  swel l ing in the  absence of GSI-I. B. Accumula t i on  of 
l ip id  peroxides  du r ing  incuba t ion  period (nmoles m a lond i a l dehyde  per  ml  of suspension) in the  
presence of 20 mM GSH. No s ignif icant  a m o u n t  of t h ioba rb i tu r i c  ac id-pos i t ive  ma te r i a l  was  ob- 
served when  mi tochondr i a  were incuba ted  in the  absence of GSH. 

The interpretation of the above results remains somewhat ambigous since it is 
difficult to measure GSH-induced swelling of mitochondria at a pH beyond 7.1-7.6. 
We thus looked for a possible way of investigating mitochondria under identical con- 
ditions but with different levels of intrinsic GSH peroxidase. Mitochondria which 
fulfill this requirement are available, since the activity of the GSH peroxidase of the 
rat liver mitochondria depends on age and sex of the animals, in the same manner 
as described for rat liver supernatant by PINTO AND BARTLEY 14, the dependency on 
age being more pronounced in females than in males (see legends of Figs. 2 and 3)- 
As we expected from the above experiments, GSH-induced swelling and accumulation 
of lipid peroxides of the mitochondria are inversely related to their GSH peroxidase 
activity (Figs. 2A, 2B, 3A, 3B). In males, short lag phases and high rates of swelling 
are observed, so that the negative correlation to peroxidase activity does not reach 
the significance of the results obtained with females. The relation of GSH peroxidase 
activity and peroxide accumulation is significant in any case, as the latter continues 
over a longer period. However, there are some discrepancies if mitochondria con- 
taining equal amounts of GSH peroxidase of male and female rats are compared. 
In liver mitochondria of older female rats lipid peroxides are found in higher accu- 
mulation than expected by their GSH peroxidase activity (compare Figs. 2B and 3B). 
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This m a y  be pa r t i a l ly  due to differences in protein concentra t ion  of the  samples.  But  
it  is more l ikely t ha t  sex differences in l ipid metabol i sm are to be considered ts. 

0.( 

E c 0.,4 
g 
#o2 

0 
0 

A 8 LB , 

/ /  "' / " 
2 , . .... 

"X 7 

'i . . . . . . . . . . .  7 . . . . . . . .  
30 60  90 120 150 180 210 c O 30 6 0  9 0  120 150 180 210 

Time (rain) T ime  (rain) 

Fig. 2. GSH- induced  swell ing and  a c c u m u l a t i o n  of lipid peroxides  of l iver mi tochondr i a  p repa red  
f rom male  r a t s  of different  age a t  20 m M  GSH. - - - - ,  an imal s  aged 22 days  (4 ° g); " t o t a l "  
G S H  peroxidase  ac t iv i ty  : 0.055 un i t / r ag  mi tochondr i a l  p ro te in  ; 2.17 m g  pro te in  per  nil suspens ion .  
. . . . . .  , an ima l s  aged 38 days  (12o g); GS H peroxidase  ac t i v i t y :  0.o90 u n i t / m g ;  1.93 m g  pro te in  
per  ml. - - ,  an ima l s  aged 48 days  (18o g); G S H  peroxidase  ac t i v i t y :  0.o96 un i t / r ag ;  1.86 m g  
pro te in  per  ml. - . . . . .  , an ima l s  aged 78 days  (300 g); GSH peroxidase  ac t iv i ty :  o.134 un i t / r ag ;  
1. 7 m g  pro te in  per ml. The  "surface a c t i v i t y "  a m o u n t s  to a p p r o x i m a t e l y  one half  of the  "total  
a c t i v i t y " .  A. Swelling curves .  Since s p o n t a n e o u s  swell ing did no t  differ s igni f icant ly  be tween  t he  
mi tochond r i a  of t he  respec t ive  groups  of an i ma l s  du r ing  the  period of obse rva t ion ,  on ly  one repre-  
s e n t a t i v e  curve  is g iven  ( . . . . .  ). B. Accumul a t i on  of lipid peroxides  g iven in nmoles  malon-  
d i a ldehyde  per  ml  suspens ion .  No s ignif icant  a m o u n t s  of lipid peroxides  could be de tec ted  w i t h o u t  
add i t i on  of GSH.  
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Fig. 3. GSH- induced  swell ing and  a c c u m u l a t i o n  of lipid peroxides  of liver mi tochondr i a  p repared  
f rom female  r a t s  of different  age a t  2o m M  GSH.  - - - -  , an ima l s  aged 22 days  (40 g); GSH 
perox idase  ac t iv i ty :  o.066 u n i t / m g  mi tochondr i a l  pro te in ;  2.6 m g  pro te in  per  ml  suspens ion .  
. . . . .  , an ima l s  aged 38 days  (lO8 g); GSFI peroxidase  ac t i v i t y :  o.124 u n i t / m g ;  2.18 m g  pro te in  
per ml.  - - ,  an ima l s  aged 48 days  (14o g); GS H peroxidase  ac t iv i ty :  o.156 u n i t i m g ;  2.90 m g  
pro te in  per  ml.  • . . . . .  , an ima l s  aged 78 days  (21o g); GSH peroxidase  a c t i v i t y :  o.21o u n i t / m g ;  
2.03 m g  pro te in  per  nil. A. Swelling curves .  See legend Fig. 2A. B. Accumula t i on  of lipid peroxides.  
See legend Fig. 28 .  

Summarizing, we may briefly recall tile main facts. (I) By addition of GSH to 
washed rat liver mitochondria i n  v i t r o  GSH peroxidase is detactled from the mito- 
chondrial surface 1, la. This results in "high amplitude" swelling (lysis) and accumu- 
lation of lipid peroxides. (2) Swelling and lipid peroxide accumulation of mitochondria 
are inversely related to the pH dependency of GSH peroxidase reaction rate. (3) Sta- 
bility of rat liver mitochondria and the rate of lipid peroxide destruction is propor- 
tional to their intrinsic GSH peroxidase activity. Thus it is evident that GSH per- 
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oxidase is the essential factor in preventing accumulation of lipid peroxides and lysis 
of mitochondrial membranes in vitro. We should like to assume that in vivo, too, 
the enzyme plays a major part in maintaining the morphological and functional in- 
tegrity of the mitochondria. 
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