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Department o f Medicine and Department o f Pathology, 
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ABSTRACT

Glutathione reductase plays an important role in protecting hemoglobin, 
red cell enzymes, and biological cell membranes against oxidative damage 
by increasing the level of reduced glutathione (GSSGR) in the process of 
aerobic glycolysis. The enzyme deficiency may result in mild to moder
ately severe hemolytic anemia upon exposure to certain drugs or chemicals. 
However, hereditary deficiency of the enzyme is extremely rare. Recent 
studies on glutathione reductase in the red cell have shown more insight in 
the understanding of red cell metabolism and interactions with other en
zymes, especially glucose-6-phosphate dehydrogenase (G-6-PD).

Glutathione reductase in serum may be a source of error in any clinical 
laboratory test in which an enzyme activity is determ ined indirecdy by 
m easuring the change in reduced nicotinam ide-adenine dinucleotide 
(NADH) or red u ced  n ico tinam ide ad en in e  d in u c leo tid e  phosphate  
(NADPH) absorbance. Glutathione reductase levels are reduced in banked 
blood when citrate-phosphate-dextrose (CPD) is used as a preservative. 
Reviewed is the role of glutathione reductase in the metabolism of the red 
cell and its clinical implication and usefulness.

Introduction

The history of glutathione reductase, 
an im portant red cell enzyme acting in 
aerobic glycolysis of red cell metabolism, 
dates back to 1931, when Hopkins and 
Elliott demonstrated in livers of various 
animals a heat-labile system which was

capab le  o f red u c in g  ox id ized  g lu ta 
thione.10 Soon after, M eldrum and Tarr 
confirmed the ability of erythrocytes to 
catalyze glutathione reduction.17

T hen , in 1955, R acker iso la ted  
glutathione reductase in crystalline form 
from yeast for the first time.22 G lutathione
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reductase has been  found not only in 
many animal tissues, but also in microor
ganisms, yeasts and higher plants.18 Re
cen tly , th e re  have b een  num erous 
studies e lucidating the enzymatic and 
metabolic interactions of glutathione re
ductase in human erythrocytes and other 
mammalian tissues.

G lu tath ione  reduc tase  (EC 1.6.4.2) 
(GR) is a flavin enzyme which reduces 
oxidized glutathione (GSSG) to reduced 
glutathione (GSH) with the concommit- 
ant oxidation of reduced nicotinam ide 
ad en in e  d in u c le o tid e  p h o sp h a te  
(NADPH) to nicotinam ide adenine di
nucleotide phosphate (NADPH), thus:

NADPH + H+ + GSSG"

As seen in this equation, its main func
tion is m aintenance o f glutathione in a 
reduced state.

Reduced glutathione is a cellular pro
tein containing sulfhydryl groups and is 
responsible for the stability of many red 
cell enzym es, hem oglobin and certain 
structural proteins in red cell membrane. 
In the normal physiologic process, spon
taneous oxidation of these enzymes and 
other proteins may lead to disulfide for
mation. Consecutive disulfide exchange 
reactions w ith reduced glutathione can 
serve to resto re  the  active sulfhydryl 
forms, thus:

2 Enz-SH + 0 2 —  
Enz-S-S-Enz + GSH — 

Enz-S-S-G + GSH —

The oxidized glutathione then can be re
duced by glutathione reductase allowing 
con tinuous re p e tit io n  o f the  cycle. 
Further, reduced glutathione functions as 
a specific coenzyme for glyoxalase activ
ity ; in  th is  reac tio n , m ethylg lyoxal 
undergoes as intram olecular oxidation- 
reduction to lactate.

Glutathione reductase may also be re
garded as a regulator of the proper bal

ance of NADP and NADPH in the hexose 
m onophosphate shunt of glycolysis (fig
ure 1).

Principle of G lutathione Reductase 
Determ ination

Glutathione reductase is one of two red 
cell enzymes requiring riboflavin for its 
activation.2,8 Recent investigations have 
shown that erythrocyte g lu tath ione is 
present in at least two forms, an active 
form associated with flavin adenine di
nucleotide (FAD) and an inactive form 
not bound to FAD, which can be acti
vated in vitro  by additional extraneous 
FAD.3,12 The FAD is derived from ribo-

--------►NADP+ + 2 GSH

flavin via flavin m ononucleotide (FMN). 
In vitro, neither riboflavin nor FM N has 
any effect on glutathione reductase activ
ity; however, in vivo adm inistration of 
riboflavin results in a marked stimulation 
of red cell glutathione reductase activity. 
It has been demonstrated that m easure
m ent of both active and inactive forms of 
glutathione reductase may have a clinical 
value in the assessm ent of nutritional 
status o f riboflavin.7,8,25,28

Hemolysate containing glutathione re
ductase is added to the mixture of GSSG 
and NADPH. In this reaction, the degree 
of oxidation of NADPH to NADP repre-

-►Enz-S-S-Enz + H 20  
-►Enz-SH + Enz-S-S-G 
-►Enz-SH + GSSG

sents the activity of glutathione reductase 
and the enzyme activity is m easured by 
the changes in absorbance in a UV Spec
trophotom eter at 340 nm. A m easurem ent 
obtained in this way represents the activ
ity of the enzyme complex FAD-GR or 
the in vivo active form of glutathione re
ductase. In order to measure total gluta
thione reductase activity, which includes 
the inactive form, FAD m ust be added in
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G-6-P

F igure 1. Pathway for 
g lu ta th ione  m etabolism  
in the red cell.

6-PG
6-_P_GD 

NADP N A DPH

G-6-P = Glucose-6-phosphate; 6-PG = 6 - p h o s p h o g l u c o n a t e ;
R-5-P = ribose-5-phosphate; G- 6 - P D  = g l u cose-6-phosphate 
dehydrogenase; 6-PGD = 6-phosphogluconate dehydrogenase;
NADP = oxidized n i c o t inamide adenine d i n u c leotide phosphate; 
N A DPH = r e d u c e d  n i c o t inamide adenine dinu c l e o t i d e  phosphate; 
GSH = reduced glutathione; GSSG = oxid i z e d  glutathione;
GR = g l utathione reductase; GP = g l u tathione peroxidase.

vitro  (figure 2). In our laboratory, the 
normal range of total glutathione reduc
tase activity is 5.65 ± 0.82 (2 S.D.) units 
per g of Hb or 1.55 ± 0.24 (2 S.D.) IU /1010 
red blood cells (RBC). The active fraction 
normally exhibits less than 75 percent of 
the total glutathione reductase activity.9

Interference by Glutathione Reductase 
in O ther Enzyme Determinations

G lu ta th io n e  red u c tase  p re se n t in 
serum may be a source of error in any 
clinical laboratory test in which an en
zyme activity is determ ined indirectly by 
m easu ring  th e  change in NADH or 
NADPH absorbence. Some glutathione 
reductase  activ ity  is found in  norm al 
serum, and above normal amounts have

been reported in the sera of patients with 
liver diseases and certain anemias.26 The 
possible source of error may be due to the 
following properties of glutathione re
ductase:

1. The optimal substrate concentration 
is 2 m mol of GSSG per liter, but the en
zyme activity may be considerable with 
concentrations as low as 0.2 m mol per 
liter.

2. The pH curve is relatively flat with 
a broad maximum betw een 6.4 and 7.4.

3. The coenzyme NADH may function 
almost as efficiently as NADPH. At sub- 
optim al substra te  concen tra tions, the  
reaction rates are almost identical.

4. G lutathione reductase is very sta
ble. A 60 m inute incubation at 56° does 
not result in loss of activity.

F ig u r e  2. Assay of 
glutathione reductase.

R e a c ta n t s

S u b s t r a t e :  G lu t a t h io n e

C o -en zy m e : NADPH

Enzyme a c t i v a t o r :  FAD ( f l a v i n  a d e n in e  d i n u c l e o t i d e )

P r i n c i p l e

R i b o f l a v i n  -------^  FMN ----------> F A Q ^pR  ( i n a c t i v e )

FAD-GR ( a c t i v e )

GSSG NADPH H - >  2GSH + NADP4

FMN = F l a v i n  m o n o n u c le o t id e
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R ed u ced  g lu ta th io n e  is u sed  as a 
stabilizer in many commercial test kits. It 
may or may not be listed as present. I f  the 
reagents in the kit have been lyophilized, 
a c o n s id e rab le  p ro p o rtio n  o f the  
glutathione will be oxidized during this 
process. This may result in a num ber of 
problems. For example, a creatine kinase 
(ED 2.7.3.2) kit contains glutathione at 28 
m Molar (lyophilized reagent mixture). 
An appreciable amount of the glutathione 
should be in the oxidized form, certainly 
more than the 0.2 m Molar concentration 
m entioned. NADH or NADPH formed 
d u rin g  th e  m easu rem en t o f c rea tin e  
kinase is reoxidized by glutathione re
ductase and this concomitant reaction re
sults in falsely low values for creatine 
kinase. Sera with high glutathione reduc
tase activity can obscure a low normal 
creatine kinase activity and present a re
verse reaction.14 W iedemann found that 2 
percent of a selected population showed 
falsely low creatine kinase values owing 
to glutathione reductase.30

Aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) activities 
are determ ined indirectly by m easuring 
the decrease in NADH absorbence. If 
oxidized glutathione is p resen t in the 
reaction mixture, serum glutathione re
ductase will result in additional loss of 
NADH. Consequently, aspartate amino
transferase and alanine aminotransferase 
values will be falsely elevated. Klotzsch 
examined several commercial kits for de
termination of aspartate aminotransferase 
and alanine am inotransferase .13 Some 
brands of lyophilized reagent mixtures 
contained oxidized glutathione at 1.0 to
1.5 m Molar. A difference of 5 to 10 per
cent in enzyme activity was found when 
compared with reagents of the same com
position but w ithout glutathione.

Glutathione Reductase Levels in 
Stored Blood

carded units of blood received from the 
Community Blood Center. All units were 
6 to 8 days old. All units contained the 
CPD* preservative as recom m ended by 
th e  A m erican  A ssocia tion  o f  B lood 
Banks.19 Glutathione reductase levels in 
18 units were 0.80 to 1.13 IU/1010 RBC. 
These values are roughly 15 to 40 percent 
below the lower lim it of our normal (1.31 
IU/1010 RBC). Aliquots rem oved weekly 
during the following four weeks did not 
show any significant changes in the levels 
from each unit. Blood sam ples draw n 
w hen the blood was collected w ere un
available.

Blood samples w ere drawn from labora
tory personnel and placed im m ediately in 
e ither heparin  or in CPD (at concen
trations comparable to that in the standard 
blood bank unit). The glutathione reduc
tase levels with CPD were 7 to 9 percent 
lower than with heparin. After a storage 
period of 24 hours, the glutathione reduc
tase level in the CPD preserved blood was 
17 to 27 percent lower than those contain
ing heparin. The glutathione reductase 
levels were essentially unchanged in the 
heparin samples after 24 hours.

Clinical Use of Glutathione Reductase

H e r e d it a r y  G l u t a t h io n e  R e d u c t a s e  
D e f i c i e n c y

The true glutathione reductase defi
ciency of genetic type is rare. Neverthe
less, severa l cases have  b e e n  w ell 
studied.21,27,29 The inherited  defect ap
pears to be an autosomal dom inant trait 
and the enzym e activity in hereditary 
glutathione reductase deficiency is about 
one-half of the normal value.29 Interest
ingly, other red cell enzymes involved in 
glycolysis, especially G-6-PD, tend to be 
increased in these individuals, presum a
bly due to an increased num ber of young 
red cells in the presence of hemolysis.

G lu ta th io n e  red u c tase  leve ls  w ere 
measured in aliquots removed from dis- * Citrate phosphate dextrose.
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Hematologic findings include normo- to 
m acrocytic nonspherocytic  hem olytic  
anemia w hen exposed to certain drugs. 
T he  anem ia  may be asso c ia ted  w ith  
th rom bo- and g ran u lo cy to p en ia  and 
about one-fourth of the patients develop 
pancytopenia after drug exposure.29

The chemical composition of the drugs 
th a t are know n to induce  hem oly tic  
anemia or pancytopenia on the basis of 
g lu ta th ione  reductase  is sim ilar to or 
iden tica l w ith th a t of drugs inducing  
hemolysis in G-6-PD deficiency. Drugs 
w h ich  have b e e n  asso c ia ted  w ith  
hem o lysis  or p an cy to p en ia  in c lu d e  
aza th io p rin , azu lfid in e , dapsone, 
c h lo ram phen ico l, p rim aq u in e , chlor- 
q u in e , ace ty lsa licy lic  acid, aceto- 
p h e n e tid in , p h en y lb u tazo n e , pyram - 
id o n e  and  p henp rocoum on . H e in z  
bodies may be demonstrated in red cells 
of patients w ith  brisk hem olysis after 
drug exposure. Anemia is mild to m oder
ate in severity and evidence of hemolysis 
is u su a lly  p rese n t. W hen th e re  is a 
chronic hemolytic anemia, splenectomy 
may be beneficial in reducing hemolytic 
process. Some patients with glutathione 
reductase deficiency may show abnormal 
neurologic findings such as oligophrenia 
or spastic neurologic signs.29

Although hereditary glutathione defi
ciency is extremely rare, a low level of 
glutathione reductase owing to metabolic 
d istu rbances may not be uncom m on. 
Frischer e t al studied the prevalence of 
glutathione reductase in 3,159 apparently 
healthy, unrelated individuals from the 
United States, South Vietnam, Iran and 
Ethiopia.6 A decreased level of the en
zym e was found in  0.3 p e rc e n t o f 
E u ropean -A m ericans, 1.9 p e rc e n t of 
Afro-Americans, 7.3 percen t of E th io 
pians, 14.6 percent of Iranians and 22.0 
percent of South Vietnamese. Therefore, 
the possibility of an environm ental factor 
such  as ribo flav in  d e fic ien cy  was 
suggested  as a frequen t cause of d e 
creased activity of glutathione reductase.

D is o r d e r s  w i t h  H ig h  G l u t a t h io n e  
R e d u c t a s e

G lutathione reductase deficiency re
sults in  an increase of the  activity of 
G-6-PD and vice versa. The mechanism 
of increased activity of glutathione reduc
tase in G-6-PD deficiency is not well un
derstood; however, it is presum ably due 
to the release of glutathione reductase 
from inhibition secondary to decreased 
p roduction  of phosphogluconolactone 
and 6-phosphogluconate with accumula
tion of NADP.6 In addition to the eleva
tion of total glutathione reductase, an in
c reased  leve l o f th e  ac tive  form  of 
g lu ta th ione  reductase , FAD-GR, was 
found in G-6-PD deficiency. The expla
nation is that G-6-PD deficiency stresses 
the hexose monophosphate shunt and re
su lts  in  com pensa to ry  ac tiva tion  o f 
glutathione reductase by the increase of 
FAD binding.

Glutathione reductase was also found 
to be increased in patients with liver cir
rhosis and uremia.32 Increased saturation 
of glutathione reductase w ith FAD was 
again noted in these conditions and it was 
suggested  that the increased  req u ire 
m ents o f an enhanced  activity  of the 
hexose m onophosphate shunt may affect 
g lu ta th io n e  m etabo lism  secondarily , 
leading to the binding of glutathione re
ductase with FAD through the m echa
nism of increased uptake of riboflavin.

Other conditions known to cause the 
increased glutathione reductase activity 
are malignant disease,5,31 diabetes,15 cys
tic  fib rosis23,24 and adm in is tra tio n  of 
nicotinic acid.4,16

Va l u e  o f  GR in  E v a l u a t in g  
R ib o f l a v in  N u t r it i o n a l  St a t u s

A constant supply of riboflavin is re
quired in man for the optimal m ainte
nance of many metabolic processes re
quiring the flavin coenzyme. The level of 
red cell and urinary riboflavin is easily 
influenced by daily intake of riboflavin, 
and its m easurem ent is not satisfactory in
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evaluating riboflavin nutritional status. 
H ow ever, p ro tein-bound riboflavin  is 
relatively stable and not markedly influ
enced by oral dietary riboflavin intakes. 
Thus, a preferred assay for riboflavin nu
tritional status would be direct m easure
m ent of protein-bound riboflavin.8

G lutathione reductase is one o f two 
flavoproteins in erythrocytes requiring 
FAD,2 and it has been suggested that its 
activity reflects the nutritional status for 
riboflavin.7-8 Glatzle e t al m easured the 
activity of glutathione reductase in vitro  
with and w ithout FAD, expressing their 
results as the degree of stimulation or ac
tivation coefficient (AC).7

In studies of more than 300 persons, acti
vation coefficient & 1.20 was well corre
lated with an evidence of biochemical 
riboflavin deficiency , w hereas values 
<1.20 were considered to be w ithin nor
mal range. Since then other investigators 
have confirmed the value of activated 
glutathione reductase determ ination in 
assessing  rib o flav in  n u tritio n a l 
status.1,11’20,25,28

These findings suggest the determ ina
tion of glutathione reductase activation 
is a useful test in evaluating suspicious 
cases of riboflavin deficiency and assess
ing riboflavin nutritional status.

Reduction of absorbence w ith added FAD/10 min 
Reduction of absorbence without FA D /10 m in
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