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Abstract
The main purpose of this study was to investigate whether consumption of diets enriched in
antioxidants attenuates the level of oxidative stress in the senescence-accelerated mouse (SAM). In
separate and independent studies, two different dietary mixtures, one enriched with vitamin E,
vitamin C, L-carnitine, and lipoic acid (Diet I) and another diet including vitamins E and C and 13
additional ingredients containing micronutrients with bioflavonoids, polyphenols, and carotenoids
(Diet II), were fed for 8 and 10 months, respectively. The amounts of glutathione (GSH) and
glutathione disulfides (GSSG) and GSH:GSSG ratios were determined in plasma, tissue
homogenates, and mitochondria isolated from five different tissues of SAM (P8) mice. Both diets
had a reductive effect in plasma; however Diet I had relatively little effect on the glutathione redox
status in tissue homogenates or mitochondria. Remarkably, Diet II caused a large increase in the
amount of glutathione and a marked reductive shift in glutathione redox state in mitochondria.
Overall, the effects of Diet II were tissue and gender specific. Results indicated that the glutathione
redox state in mitochondria and tissues can be altered by supplemental intake of a relatively complex
mixture of dietary antioxidants that contains substances known to induce phase 2 enzymes,
glutathione, and antioxidant defenses. Whether corresponding attenuations occur in age-associated
deleterious changes in physiological functions or life span remains unknown.
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Introduction
The concept that reactive oxygen species (ROS) are generated as products of oxygen
metabolism in aerobic organisms is now firmly established. It is also well recognized that
despite the existence of an array of enzymatic and nonenzymatic antioxidants, steady-state
amounts of the products of ROS interaction with macromolecules such as proteins, lipids, and
nucleic acid are detectable even in young, healthy animals. The presence of such oxidatively
modified macromolecules is generally regarded to suggest that the intracellular antioxidant
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defenses are outmatched by the ROS fluxes, whereby cells normally exist under a certain level
of oxidative stress.

Accumulation of oxidatively damaged macromolecules with age and in association with some
pathological conditions such as neurodegeneration and atherosclerosis, among others, has been
well documented in several reports [1–4]. Other studies have shown that: (i) there is an increase
in rates of mitochondrial ROS generation with age [4,5]; (ii) the maximum life span of the
species is inversely correlated with rates of ROS generation and steady-state amounts of
oxidative damage [6,7]; and (iii) experimental regimens that extend life span of animals such
as restriction of caloric intake also cause a decrease in the rates of mitochondrial ROS
generation and steady-state amounts of macromolecular oxidative damage [5,7,8]. Prompted
by such knowledge, many efforts have been made to experimentally lower the level of oxidative
stress, ostensibly to postpone or retard the onset of age-related deleterious alterations and/or
some pathologic conditions [4,9–11]. A frequently employed strategy is the supplementation
of food with low molecular antioxidants. Although some studies have shown positive effects
on life span or severity of certain disease conditions [12–17], in other cases, beneficial effects
were absent [4,9–11,18,19]. Such results have often been cited by critics to suggest that
oxidative stress may be a consequence rather than a cause of aging or the pathological
impairments.

It would seem that the issue of the efficacy of antioxidant supplementation cannot be properly
resolved without addressing the antecedent question of whether or not intake of low molecular
weight antioxidants indeed causes a lowering of the level of oxidative stress. Accordingly, the
main purpose of this study was to determine whether long-term dietary supplementation with
antioxidants affects indices of oxidative stress.

Although there is currrently no broad consensus about the availability of a reliable biochemical
indicator of the physiological level of oxidative stress, there is increasing recognition that redox
states, expressed by the amounts of glutathione (GSH) and glutathione disulfide (GSSG) and
the ratio of GSH:GSSG, are sensitive and reliable measures of the overall level of oxidative
stress [20–22]. Vina and colleagues were among the first to highlight relationship between
mitochondria, aging and dietary intervention [23,24]. These early studies demonstrated that
glutathione levels decreased and the glutathione redox state was more oxidized in mitochondria
during aging. Gingko biloba extract EGb 761, which contains ∼24% bioflavonoids, reversed
these age-related changes in mitochondrial glutathione [23,24]. Furthermore, it has been
demonstrated that the glutathione redox state in humans, rats, mice, and fruit flies becomes
more pro-oxidizing during aging, especially in mitochondria [25–29].

In this context, in the present study the effects of long-term dietary supplementation with two
different mixtures of antioxidants or substances known to induce antioxidant activity on
glutathione redox state were determined in homogenates and mitochondria of liver, heart, brain,
hind limb skeletal muscle, and kidney of the senescence-accelerated mouse (SAM). The
rationale for using mixtures is that the mechanisms and loci of action of different antioxidants
vary and they interact in a redox network and thus a mixture is more likely to have a stronger
effect on antioxidant defenses [30–32]. The SAM mouse has been shown to exhibit a relatively
higher level oxidative stress and has an approximately 30% shorter life than the longer lived
strain of mice such as C57BL/6 [33–36].

Materials and methods
Reagents

GSH, GSSG, and cysteine were obtained from Sigma Chemical Co. (St Louis, MO) and used
as calibration standards. Acetonitrile, meta-phosphoric acid, and 1-octane sulfonic acid were
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from EM Science (Gibbstown, NJ). Deionized water was prepared using a Millipore Milli-Q
System. All other chemicals were HPLC grade or of the highest purity available.

Animals
The colony of SAM (P8) mice was originally obtained from the Council for SAM Research,
Kyoto, Japan and maintained at University of California, Berkley, and subsequent to 2000 was
maintained at the University of Southern California. Mice were fed ad libitum on the specified
diet and kept under standard vivarium conditions with appropriate supervision of resident
veterinarians. Food was removed on the night before experiments. All procedures were
approved by the animal use and care committee at the University of Southern California. Two
separate experiments were conducted each with an independent control group. In one, the mice
were fed a diet supplemented with vitamins E and C, carnitine, and lipoic acid (Table 1) for 8
month, i.e., from 5 to 13 months of age. In the other, mice were fed a more complex diet
supplemented with several purified and natural substances (Table 1) for 10 month starting at
7 months of age. It should be made explicit that due to variations in age of mice and duration
of dietary intake, the present experimental design does not permit a direct comparison of the
effects of these two dietary mixtures.

Preparation of tissue homogenates and isolation of mitochondria
Liver, kidney, brain, heart, and skeletal muscle were quickly removed and placed in ice-cold
buffer containing 50 mmol/L potassium phosphate buffer, pH 7.4, 2 mmol/L EDTA, and 0.1
mmol/L butylated hydroxytoluene). EDTA-containing blood (50 μl of 100 mmol/L EDTA
solution for each ml of blood) was centrifuged at 2000g for 3 min to separate serum. Tissue
homogenization procedures and buffers used for isolation of mitochondria were identical to
those described previously [28,36]. Mitochondria from all tissues were isolated within 1–2 h
after tissue dissection, except those from brain, which required a longer isolation time (up to
3 h) due to additional steps involving Percoll gradient centrifugation [37].

Sample preparation for glutathione analysis
Immediately after homogenization of the tissues, 200-μl aliquots of the crude homogenates
were mixed with 200 μl of ice-cold 10% (w/v) meta-phosphoric acid, incubated for 30 min on
ice, and centrifuged for 20 min at 14,000g at 4°C. Supernatants were transferred to autosample
vials and either injected immediately or stored at −80°C until analysis. Storage of deproteinized
tissue samples in 5% (w/v) MPA at −80°C for up to 6 months was found to have no effect on
the concentrations of GSH and GSSG.

For measurements of mitochondrial glutathione content, aliquots (150–200 μl) of fresh
mitochondrial preparations were washed once with a 100-fold excess of buffer and pelleted by
centrifugation in order to remove any extra-mitochondrial GSH and GSSG. Mitochondria were
then resuspended in 200 μl of 5 % (w/v) meta-phosphoric acid. After 20 min of incubation on
ice, samples were centrifuged for 20 min at 18,000g at 4°C. Supernatants were transferred into
autosample vials and immediately used for injections or stored at −80°C until analysis.

The protein content of homogenates and mitochondria was determined by the BCA protein
assay, according to the manufacturer's instructions (Pierce, Rockford, IL).

HPLC-coulometric EC detection of aminothiols
The procedures for the measurement of GSH and GSSG and other aminothiols are described
in detail in previous reports from this laboratory [28,29,36]. It was pointed out that technical
problems associated with sample origin, preparation, and handling, together with analytical
methodology employed, can potentially cause errors in the quantification of GSH/GSSG, and
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is also well recognized in the literature. A particular procedural hazard is the artificial oxidation
of GSH to GSSG. The methodology used by us previously and in the present study resulted in
minimal GSH oxidation and the GSH:GSSG ratios obtained are among the highest published
values [22,28,39].

Briefly, aminothiol compounds (GSH, GSSG, cysteine, and methionine) were separated by
HPLC, equipped with a Shimadzu Class VP solvent delivery system, using a reverse-phase
C18 Luna (II) column (3 μm; 4.6 × 150 mm), obtained from Phenomenex (Torrance, CA). The
mobile phase for isocratic elution consisted of 25 mmol/L monobasic sodium phosphate, 0.5
mmol/L of the ion-pairing agent 1-octane sulfonic acid, 2% (v/v) acetonitrile, pH 2.7, adjusted
with 85% phosphoric acid. The flow rate was 0.7 ml/min. Under these conditions, the
separation of aminothiols was completed in 35 min; cysteine was the first and GSSG was the
last eluting peak, with retention times of 5 and 30 min, respectively. Deproteinated samples
were injected directly onto the column using a Shimadzu autosampler. Calibration standards
were prepared by dilution of 2 mmol/L stock solutions of cysteine, GSH, or GSSG in 5% (w/
v) meta-phosphoric acid, and were injected at regular intervals to ensure uniform
standardization. Each sample was injected twice, and the average of the peak areas was used
for calculations of the aminothiol concentrations. Following HPLC separation, aminothiols
were detected with a Model 5600 CoulArray electrochemical detector (ESA, Inc., Chelmsford,
MA), equipped with a four-channel analytical cell. Increasing potentials of +400, +600, +750,
and +875 mV were applied on channels 1–4, respectively. Cysteine and GSH were detected
on channel 3 (+750 mV), whereas GSSG was detected on channel 4 (+875 mV). Low potentials
on channels 1 (+400 mV) and 2 (+600 mV) were used as an oxidative screen to eliminate
interfering compounds that oxidize at a lower voltage than the GSH and GSSG. Redox
potentials of the glutathione redox couple (2GSH → GSSG + 2e− + 2H+) in mitochondria were
calculated by using experimentally determined concentrations of GSH and GSSG in the Nernst
equation [28].

Statistics
Statistical significance was determined by Student's t tests. P < 0.05 was considered to be
significant.

Results
Life span

As recently reported [36] the average life span of male SAM(P8) mice was 17.8 ± 4.3 months
and the age at which 90% mortality had occurred was 23 months.

Effects of Diet I on glutathione redox state
Diet I (Table 1) was administered to mice starting at 5 months of age until 13 months of age,
when the amounts of GSH and GSSG were measured in plasma and in homogenates and
mitochondria from five different tissues, liver, kidney, heart, brain, and skeletal muscle of male
mice. In addition, the concentrations of cysteine and methionine were determined in blood
serum.

Serum
Administration of Diet I had no effect on GSH content; however, GSSG concentration was
decreased and consequently the GSH:GSSG ratio was elevated. The supplemented mice
showed a 2.6-fold increase in cysteine and a 20% decrease in methionine content as compared
to the controls (Fig. 1).
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Tissue homogenates
In control mice, there were approximately 10- and 4-fold variations in GSH and GSSG
concentrations, respectively, among different tissues (Table 2). The rank order of GSH content
was liver > brain > heart > skeletal muscle > kidney, and GSSG amounts were heart > liver =
kidney > brain > skeletal muscle. Neither the GSSG amount nor the GSH:GSSG ratio were
correlated with the GSH concentration in the corresponding tissue. Such interorgan variations
in GSH and GSSG concentrations suggest the existence of highly varied glutathione redox
status of different tissues.

Diet I administration enhanced GSH content only in the heart homogenate, where it elevated
the GSH:GSSG ratio from 26 ± 10 to 53 ± 9 (P < 0.005) (Fig. 2). There was no effect on GSSG
content or GSH:GSSG ratio in other tissues examined. Thus, the effects of the diet on GSH
and GSSG content observed in the serum were not apparent in the homogenates of most of the
organs.

Mitochondria
Diet I intake had no effect on mitochondrial GSH content in any of the tissues (Table 3). The
GSSG concentration decreased only in the skeletal muscle, which consequently elevated the
GSH:GSSG ratio.

Effect of Diet II on glutathione redox state
Mice were fed Diet II starting at 7 months of age until 17 months of age, when concentrations
of GSH and GSSG together with serum cysteine and methionine levels were measured in liver,
kidney, heart, brain, and skeletal muscle of male and female control and experimental mice.
In general, there were no significant differences between the male and the emale controls in
the amount of GSH, GSSG, serum cysteine, or methionine in any of the tissues or their
mitochondria; however, there were some notable sex-related differences in the effects of Diet
II administration on GSH and GSSG content.

Serum
In both sexes Diet II intake resulted in a significant increase in plasma GSH content and a
decrease in GSSG amount, thereby enhancing the GSH:GSSG ratio (Fig. 3). Compared to
controls the methionine content was higher in experimental male mice while cysteine amount
was not affected.

Tissue homogenates
Diet II intake had only a limited effect on GSH and GSSG content (Table 4). For instance, in
liver, there was no effect on GSH or GSSG content in males or females; in kidney, there was
an elevation in GSH and a decrease in GSSG amount in males only; in heart, there was no
effect; in brain, the GSH content was elevated and GSSG was decreased in females only; and
in skeletal muscle, there was elevation in GSH and a decrease in GSSG amount in males only.

Mitochondria
The amounts of mitochondrial GSH and GSSG were relatively more widely affected in
response to Diet II intake than in the tissue homogenates (Table 5). In both sexes, in comparison
to the controls, mitochondrial GSH levels were enhanced in all the tissues of the experimental
animals except the liver. Compared to controls, the amounts of mitochondrial GSSG were
lower in all the tissues of the female experimental mice whereas in male experimental mice
this effect was observed only in heart and brain. Thus, in comparison to controls, the
mitochondrial GSH:GSSG ratio was elevated in all the tissues of the females, and only in heart
and brain of males (Fig. 4).
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Effect of Diets I and II on mitochondrial glutathione redox potential
Diet I administration has no affect on the mitochondrial glutathione redox potential in most of
the tissues examined, except heart, where it shifted from −208.4 ± 10.7 to −225.9 ± 5.8 (P <
0.05) (Fig. 5A). Compared to controls, the mitochondrial glutathione redox potential in Diet
II administered mice was significantly (P < 0.005) more pro-reducing in the liver, kidney,
brain, and skeletal muscle of female mice and in heart, brain, and skeletal muscle of male mice
(Fig. 5B).

Discussion
Glutathione redox state

Based on the finding that the GSH:GSSG ratio varies in different tissues and even within
different intracellular compartments, it can be inferred that characteristic redox states exist in
different tissues. Intertissue variations in GSH and GSSG amounts observed in this study can
be reasonably assumed to stem from corresponding differences in some of the factors that
modulate their relative amounts. For instance, GSH levels in cells are primarily dependent
upon the rates of biosynthesis and utilization in oxidation/reduction reactions. Amounts of the
precursor amino acids such as cysteine and the activity of the enzyme glutamate-cysteine ligase
are the key factors affecting GSH synthesis. Whereas depletion of GSH occurs due to its
involvement in a variety of reactions requiring reducing equivalents, including direct
interaction with various radical species, enzymatic reduction of hydroperoxides, metabolism
of xenobiotics, regeneration of reduced forms of redox pairs such as cysteine/cystine, NADPH/
NADP+, and thioredoxinred/thioredoxinox, and protection/regulation of proteins occur by
forming thiol disulfide bonds with cysteinyl residues [20–22,38–40]. Significant interorgan
differences in amounts of glutamate-cysteine ligase activity, rates of mitochondrial

 generation, and activities of various enzymatic and nonenzymatic antioxidative
defenses are indeed well documented [8,41,42].

Dietary modification of glutathione redox state
Results demonstrating significantly enhanced GSH:GSSG ratios were observed in tissue
homogenates and mitochondria of SAM mice fed with Diet II. This diet is enriched with
vitamins C and E, botanical and yeast extracts containing micronutrients, sulphorophane (an
isothiocyntate derived from hydrolysis of glucaphanin), polyphenols, and bioflavonoids, plus
four carotenoids and curcumin. These phytochemicals are known to induce phase 2 antioxidant
enzymes and thus to increase the biosynthesis of antioxidant and detoxification enzymes and
major cellular antioxidants especially glutathione [43]. Isothiocyanates as sulphorophane from
broccoli and curcumin from tumeric are among the best documented phase 2 enzyme inducers
with anticancer properties whose molecular mechanisms have been extensively investigated
[44–46].

Diet II caused significant alterations in glutathione redox state and interestingly the effects
were tissue and sex specific. For instance, Diet II caused an increase in serum cysteine
concentration in females but not in males, and GSH elevation occurred in homogenates of only
kidney and skeletal muscle of males and the brain of females. The decrease in mitochondrial
GSSG content and increase in redox potential in response to Diet II intake occurred in more
tissues of females than in males. Burger and Promislow [47] have recently listed a number of
instances where males and females responded differently to experimental interventions that
affect longevity. Although the genetic basis of this phenomenon is not well understood,
differences in nutrient needs, hormonal distribution, and expression of X-linked and Y-linked
genes could be some of the underlying factors. Notwithstanding, the present results emphasize
that effects of consumption of an antioxidant-enriched diet observed in one gender cannot a
priori be extrapolated to the other gender.
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Vitamins E and C and lipoic acid, and carnitine-enriched Diet I, have been demonstrated in a
variety of studies to counteract experimental oxidative stress [48,49]. However, an effect on
the glutathione redox state, a sensitive indicator of oxidative stress, was not observed in most
of the tissues under normal physiological conditions. One explanation of the lack of effects is
the low concentrations of these ingredients included in the diet. The reason why Diet II is
particularly effective in altering the glutathione redox state may be that it contains a variety of
the antioxidants, which would permit theoretically quenching of a wide array of radical species,
with the overall effect of lowering the oxidant load and inducing antioxidant defense
mechanisms. In addition, curcumin and sulphorophanes in Diet II can regulate genes of phase
2 enzymes as well as have various effects on signaling. The effectiveness of Diet II can be also
due to a variety of antioxidants and micronutrients in botanical extracts. It is also noteworthy
that while both Diet I and Diet II had a significant effect on GSH:GSSG ratio in the plasma,
their effects differed in different tissues. For instance, Diet I had no effect on most of the tissue
homogenates and mitochondria. Changes in plasma redox state do not necessarily reflect those
occurring in the tissues. It therefore seems essential that effects of antioxidant interventions
should be verified by sampling the redox state in multiple tissues.

The redox state of cells is known to exert profound influence on cellular functions. For instance,
the obvious effects of depletion of GSH would be an increase in the production of ROS and a
decrease in the glutathione S-transferase-mediated elimination of electrophilic xenobiotics and
some of the end-products of lipid peroxidation. Alterations in glutathione redox state can
initiate activation/inactivation of many redox-sensitive proteins belonging to different
functional categories such as signal transduction, enzyme catalysis, transcription factors,
growth factors, among others (reviewed in [25,50–52]).

Glutathione redox state has been demonstrated to become exponentially more pro-oxidizing
during aging in diverse species such as Drosophila, mouse, and man, suggesting that aging
may be associated with a progressive shift in the redox set point [26–29]. Whether the reductive
shift induced by interventions, such as Diet II, did indeed modify the aging process cannot be
determined on the basis of the present study. Notwithstanding, improvements in cognitive and/
or motor performance have been reported in experimental animals in response to intake of
antioxidant mixtures [12–17]. Diets enriched with blueberry and spinach extracts, among
others, have been demonstrated to enhance the performance of rats in tests of cognition [53].
Comprehensive studies in dogs have also shown that a diet enriched in both antioxidants and
mitochondrial cofactors, such as α-lipoic acid and L-carnitine, can retard age-associated
decline in spatial memory [18,19]. However, such ameliorative effects are usually observed in
older and not in young healthy animals, suggesting that redox effects of exogenous antioxidants
are more effective under conditions of elevated oxidative stress, thereby reflecting an enhanced
requirement for antioxidants by the aged animals.

Conclusion
The main findings of this study are that (a) there is a several-fold variation in GSH and GSSG
content and glutathione redox potential among different tissues of the mouse; (b) neither
mitochondrial GSH and GSSG content nor GSH:GSSG ratio were correlated with those in the
corresponding tissue homogenate; (c) intake of Diet I had a relatively little overall effect on
GSH:GSSG ratio and redox potential, whereas Diet II caused a widespread reductive shift,
notably in mitochondria; (d) effects of Diet II intake on glutathione were tissue and gender
specific; (e) changes in GSH and GSSG content in response to antioxidant intake in the plasma
do not correspond to those in the tissues.
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SAM senescence-accelerated mouse
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Fig. 1.
Content of aminothiols in blood serum of SAM mice fed with Diet I. Percentage differences
in concentrations of GSH, GSSG, cysteine, and blood serum of control (n = 5) and experimental
(n = 4) SAM male mice fed Diet I. The absolute concentrations of GSH, GSSG, cysteine, and
methionine in blood serum of the control SAM mouse were 1.25 ± 0.13, 0.102 ± 0.011, 1.99
± 0.12, and 42.85 ± 2.61 μmol/L, respectively. *A significant difference (P < 0.05) based on
unpaired t test.
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Fig. 2.
GSH:GSSG ratio in tissue homogenates and mitochondria from SAM mice fed with Diet I.
GSH:GSSG ratio in homogenates (top panel) and mitochondria (bottom panel) of liver, kidney,
heart, brain, skeletal muscle, and blood serum of control (n = 5) and experimental (n = 4) male
SAM mice fed Diet I. *A significant difference (P < 0.05) based on unpaired t test.
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Fig. 3.
Content of aminothiols in blood serum of SAM mice fed with Diet II. Percentage differences
in concentrations of GSH, GSSG, cysteine, and methionine status in blood serum of control
male, control female, experimental male, and experimental female SAM mice fed Diet II (n =
4 for each group). The absolute concentrations of GSH, GSSG, cysteine, and methionine in
blood serum of the control male SAM mouse were 0.45 ± 0.04, 0.145 ± 0.021, 3.39 ± 0.07,
and 48.1 ± 4.6, respectively. The absolute concentrations of GSH, GSSG, cysteine, and
methionine in blood serum of the control female SAM mouse were 0.49 ± 0.09, 0.125 ± 0.005,
4.42 ± 0.61, and 40.8 ± 1.4, respectively. *A significant difference (P < 0.05) based on paired
t test.
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Fig. 4.
GSH:GSSG ratio in tissue homogenates and mitochondria from SAM mice fed with Diet II.
GSH:GSSG ratio in homogenates (top panel) and mitochondria (bottom panel) of liver, kidney,
heart, brain, skeletal muscle, and blood serum of control male, control female, experimental
male, and experimental female SAM mice fed Diet II (n = 4 for each group). *A significant
difference (P < 0.05) based on paired t test.
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Fig. 5.
Glutathione redox potentials in mitochondria isolated from liver, kidney, heart, brain, and
skeletal muscle of Sam mice fed Diet I (A) or Diet II (B). Redox values were calculated using
the Nernst equation and the experimentally determined concentrations of mitochondrial GSH
and GSSG, as described in Ref. [23]. All values represent the mean ± standard deviation of n
= 4. *A significant difference (P < 0.05) based on paired t test.
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Table 1

Composition of control, Diet I, and Diet IIa

Component Control Diet I Diet II

Protein 170 170 190

Fat 100 100 100

Vitamin E 200 ppmb 500 ppmb 500 ppmb

Vitamin C <32 ppm 80 ppmb 80 ppmb

L-Carnitine 10 ppmb 300 ppmb –

Lipoic acid –e 125 ppm –

±Broccolic – – 15

±Rice branc – – 10

Marine oil – – 8.8

Glutamine dipeptided – – 5

Methionined – – 1.7

±Selenium-yeasta – – 0.3

±Algaea – – 0.25

L-Threonined – – 0.25

Lutein (5%) – – 0.15

Lycopene (5%) – – 0.15

Astaxanthin (8%) – – 0.094

β-Carotene (10%) – – 0.075

Curcurmin – – 0.05

a
Components are expressed as g/kg diet.

b
Approximately.

c
General source of micronutrients and phytochemical antioxidants (as bioflavonoids and other polyphenols, carotenoids, vitamins C and E, lipoic

acid, etc.).

d
Precursors for endogenous antioxidants.

e
None added.
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Table 2

Concentrations of GSH and GSSG in homogenates of different tissues of SAM mice fed Diet I

Tissues GSH (nmol/mg protein) GSSG (nmol/mg protein)

Liver

 Control 25.23 ± 2.12 0.179 ± 0.058

 Diet I 26.51 ± 2.12 0.149 ± 0.036

Kidney

 Control 1.44 ± 0.26 0.179 ± 0.023

 Diet I 1.60 ± 0.26 0.161 ± 0.008

Heart

 Control 6.26 ± 0.39 0.28 ± 0.09

 Diet I 8.59 ± 0.47a 0.17 ± 0.03

Brain

 Control 12.58 ± 2.22 0.098 ± 0.02

 Diet I 14.27 ± 1.16 0.108 ± 0.03

Skeletal muscle

 Control 2.62 ± 0.17 0.077 ± 0.007

 Diet I 2.57 ± 0.09 0.074 ± 0.002

a
Significant difference (P < 0.05) between control (n = 5) and experimental (n = 4) mice.
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Table 3

Concentrations of GSH, GSSG, and total glutathione (GSH + GSSG) in mitochondria of SAM mice fed with
Diet I

Tissue GSH
(nmol/mg protein)

GSSG
(nmol/mg protein)

GSH + GSSG
(nmol/mg protein)

Total glutathione
(% change)

Liver

 Control 7.17 ± 0.48 0.176 ± 0.025 7.25 ± 0.50

 Diet I 7.21 ± 0.24 0.182 ± 0.027 7.40 ± 0.27 NSa

Kidney

 Control 1.79 ± 0.15 0.008 ± 0.002 1.80 ± 0.15

 Diet I 1.88 ± 0.27 0.010 ± 0.002 1.89 ± 0.27 NS

Heart

 Control 4.54 ± 0.33 0.298 ± 0.039 4.84 ± 0.37

 Diet I 4.03 ± 0.45 0.281 ± 0.052 4.31 ± 0.52 NS

Brain

 Control 4.22 ± 0.25 0.031 ± 0.005 4.25 ± 0.25

 Diet I 4.29 ± 0.23 0.031 ± 0.004 4.32 ± 0.23 NS

Skeletal muscle

 Control 1.12 ± 0.09 0.102 ± 0.012 1.22 ± 0.10

 Diet I 1.12 ± 0.10 0.040 ± 0.007b 1.16S ± 0.11 NS

a
NS, not significant.

b
Significant difference (P < 0.05) between control (n = 5) and experimental (n = 4) mice.
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Table 4

Concentrations of GSH and GSSG in tissue homogenates of and female SAM mice fed Diet II

Tissues GSH (nmol/mg protein) GSSG (nmol/mg protein)

Liver

 Control (male) 19.66 ± 2.75 0.214 ± 0.021

 Diet II (male) 20.93 ± 2.71 0.199 ± 0.015

 Control (female) 19.74 ± 2.58 0.170 ± 0.017

 Diet II (female) 19.53 ± 0.53 0.148 ± 0.008

Kidney

 Control (male) 1.96 ± 0.10 0.176 ± 0.023

 Diet II (male) 2.32 ± 0.17a 0.113 ± 0.012a

 Control (female) 2.05 ± 0.15 0.192 ± 0.024

 Diet II (female) 2.53 ± 0.30 0.194 ± 0.018

Heart

 Control (male) 7.63 ± 0.39 0.368 ± 0.039

 Diet II (male) 8.70 ± 0.90 0.439 ± 0.045

 Control (female) 9.16 ± 0.55 0.294 ± 0.016

 Diet II (female) 8.25 ± 0.94 0.310 ± 0.024

Brain

 Control (male) 12.97 ± 0.64 0.141 ± 0.020

 Diet II (male) 13.10 ± 0.48 0.165 ± 0.018

 Control (female) 13.06 ± 0.62 0.207 ± 0.015

 Diet II (female) 14.46 ± 0.39a 0.188 ± 0.011

Skeletal muscle

 Control (male) 1.64 ± 0.11 0.084 ± 0.007

 Diet II (male) 1.88 ± 0.26 0.043 ± 0.008a

 Control (female) 1.36 ± 0.05 0.055 ± 0.007

 Diet II (female) 1.30 ± 0.12 0.058 ± 0.006

a
Significant difference (P < 0.05, n = 4) between control and experimental groups of SAM mice.
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Table 5

Concentrations of GSH, GSSG, and total glutathione (GSH + GSSG) in mitochondria of SAM mice fed Diet II

Gender/tissues GSH
(nmol/mg protein)

GSSG
(nmol/mg protein)

GSH + GSSG
(nmol/mg protein)

Total glutathione
(% of change)

Male

Liver

 Control 6.10 ± 0.07 0.175 ± 0.019 6.27 ± 0.09

 Diet II 5.65 ± 0.36 0.162 ± 0.019 5.81 ± 0.38 NSa

Kidney

 Control 2.23 ± 0.27 0.021 ± 0.004 2.25 ± 0.27

 Diet II 2.86 ± 0.27b 0.018 ± 0.002 2.88 ± 0.27b 28%

Heart

 Control 4.25 ± 0.45 0.322 ± 0.009 4.57 ± 0.46

 Diet II 7.09 ± 0.44b 0.290 ± 0.020b 7.38 ± 0.46b 61%

Brain

 Control 4.86 ± 0.15 0.059 ± 0.001 4.92 ± 0.15

 Diet II 6.02 ± 0.32b 0.030 ± 0.001b 6.05 ± 0.32b 23%

Skeletal muscle

 Control 1.76 ± 0.10 0.113 ± 0.021 1.87 ± 0.12

 Diet II 2.49 ± 0.40b 0.125 ± 0.027 2.61 ± 0.43b 40%

Female

Liver

 Control 6.20 ± 0.53 0.428 ± 0.063 6.63 ± 0.59

 Diet II 6.74 ± 0.35 0.175 ± 0.024b 6.91 ± 0.37 NS

Kidney

 Control 2.42 ± 0.48 0.021 ± 0.001 2.44 ± 0.48

 Diet II 3.72 ± 0.20b 0.012 ± 0.001b 3.73 ± 0.20b 53%

Heart

 Control 4.08 ± 0.28 0.349 ± 0.011 4.43 ± 30.29

 Diet II 4.55 ± 0.44 0.319 ± 0.002b 4.87 ± 0.44b 10%

Brain

 Control 5.29 ± 0.26 0.034 ± 0.002 5.32 ± 0.26

 Diet II 6.23 ± 0.20b 0.027 ± 0.001b 6.50 ± 0.20b 22%

Skeletal muscle

 Control 1.80 ± 0.06 0.147 ± 0.016 1.95 ± 0.08

 Diet 2.43 ± 0.39b 0.098 ± 0.010b 2.53 ± 0.40b 30%

a
NS, not significant.

b
Significant difference (P < 0.05, n = 4) between control and experimental groups of SAM mice.
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