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Abstract:

Background: Bacterial endotoxin (lipopolysaccharide – LPS) is a strong modulator of the immune system that plays a crucial role in

the pathogenesis of endotoxic shock. The aim of the study was to investigate the effects of lipoic acid (LA) on oxidative stress mark-

ers in spleen homogenates obtained from LPS-induced endotoxic shock rats.

Methods: The animals were treated with saline or lipoic acid (LA) (60 or 100 mg/kg b.w. iv) 30 min before or 30 min after LPS

administration (30 mg/kg b.w. iv). Five hours after LPS, LA or saline administration, the animals were euthanized and their spleens

were isolated for measurements.

Results: The LPS-treated animals developed oxidative stress, indicated by a significant increase in thiobarbituric acid-reactive

substances (TBARS) and hydrogen peroxide (H2O2) concentrations (p < 0.001) as well as an insignificant decrease in the level of

sulfhydryl groups (-SH groups) and the glutathione redox ratio [reduced glutathione (GSH) to oxidized glutathione (GSSG) ratio]

(p < 0.02) as compared with control group. Treatment with LA (60 or 100 mg/kg) before or after LPS administration resulted in an in-

crease in -SH group content (p < 0.01) and a decrease in TBARS and H2O2 concentration in the spleen as compared with LPS group

(p < 0.001). LA (60 or 100 mg/kg) before LPS administration decreased the level of GSSG (p < 0.05) and increased the level of GSH

in spleen homogenates (p < 0.05), resulting in an increase in the GSH/GSSG ratio compared with the LPS group (p < 0.01). It also

improved the LPS-induced increase in the spleen weight (SW) to body weight (BW) ratio (p < 0.001 vs. control).

Conclusion: The present results have shown that LA is endowed with antioxidant properties that are protective in the spleen against

the deleterious actions of Gram-negative bacterial endotoxin.
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Abbreviations: GPx – glutathione peroxidase, GR – glu-

tathione reductase, GSH – reduced glutathione, GSH/GSSG ra-

tio – reduced/oxidized glutathione ratio, GSSG – oxidized glu-

tathione, H2O2 – hydrogen peroxide, LA – a lipoic acid, LPS –

lipopolysaccharide, ROS – reactive oxygen species, -SH

groups – free sulfydryl groups, TBARS – thiobarbituric acid-

reactive substances

Introduction

Lipopolysaccharide (LPS), a Gram-negative bacterial

outer membrane component, is one of the major causes

of septic shock. Administration of endotoxin into ex-

perimental animals induces pathophysiological changes
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similar to those seen in patients with Gram-negative

bacterial infections [6]. LPS triggers the inflamma-

tory response, leading to the release of large numbers

of endogenous inflammatory mediators, including tu-

mor necrosis factor (TNF-a), interleukins (IL-4, IL-10,

IL-13, IL-1), chemokines, adhesion molecules, reactive

oxygen species (ROS), and reactive nitrogen species

(RNS) [6, 14, 32]. These proinflammatory mediators are

required for host defense against invading bacteria, but

when their production is uncontrolled and excessive,

they can lead to the development of oxidative stress and

septic shock. Septic shock and vascular dysfunction are

characterized by systemic hypotension, cardiovascular

hyporeactivity, intravascular coagulation, multiple organ

failure and death [21].

Inhibiting LPS-induced production of these media-

tors by antioxidants may prevent the pathology of endo-

toxic shock. Antioxidants are substances that react with

oxygen free radicals; they stop tissue oxidation by pro-

cesses involving radical scavenging, the chelation of

transition metals, as well as enzymatic hydrolysis of es-

ter bonds or enzyme-catalyzed reduction of peroxides.

a-Lipoic acid (LA, 1,2-dithiolane-3-pentanoic acid)

is a small-molecule fatty acid that functions in vivo as

a cofactor for many mitochondrial dehydrogenase en-

zymes such as pyruvate dehydrogenase [18]. LA can

be supplied by both de novo synthesis and dietary in-

take. In cells and tissues, LA is converted into an ac-

tive form of dihydrolipoic acid (DHLA). Both LA and

DHLA are powerful antioxidants and possess anti-

inflammatory properties [24]. LA scavenges hydroxyl

radicals, hypochlorous acid, peroxynitrite, nitric oxide

and singlet oxygen. DHLA also scavenges superoxide

and peroxyl radicals and is a strong reductant, regen-

erating oxidized antioxidants such as thioredoxin,

ascorbate, glutathione, coenzyme Q, and vitamin E

[17]. LA has been shown to be beneficial in the pre-

vention of different diseases that may be related to

oxidative stress, such as ischemic-reperfusion, diabe-

tes, neurodegenerations and endotoxin-induced stress

[4, 27]. Recently, there has been an increasing use of

antioxidants, such as LA, in the treatment of sepsis

and other inflammatory diseases [1]. Moreover, lipoic

acid has been reported to affect the activities of tran-

scription factors NF-kB and activator protein-1

(AP-1) [12]. However, the effect of LA on LPS-

induced oxidative stress related to endotoxic compli-

cation in sepsis is not fully understood [26]. There-

fore, this study has two aims: to investigate the pro-

tective effect of LA against LPS-induced oxidative

stress using spleen homogenates, and to evaluate the

potential of LA as a useful agent for oxidative stress.

We have chosen to study the spleen because it is the

organ which is responsible for protecting the body

from invading pathogens and is crucial for the innate

and adaptive responses to inflammation [23].

Materials and Methods

Chemicals

Lipopolysaccharide (Escherichia coli LPS 026:B6);

lyophilized powder chromatographically purified by

gel filtration (protein content <1%); a-lipoic acid,

thiobarbituric acid (TBA), butylated hydroxytoluene

(BHT), sodium acetate trihydrate, triethanolamine

hydrochloride (TEA), 5-sulfosalicylic acid hydrate

(5-SSA), 5,5’-dithio-bis-(2-nitrobenzoic acid) (DTNB),

b-NADPH (b-nicotinamide adenine dinucleotide

phosphate), glutathione reductase (GR), 2-vinyl-

pyridine were purchased from Sigma Chemical Co.

(St. Louis, MO, USA). All other reagents were ob-

tained from POCh (Gliwice, Poland) and were of ana-

lytical grade. Shortly before use, LPS was dissolved

in sterile pyrogen-free normal saline. a-Lipoic acid

was mixed with sterile normal saline in a dark bottle,

NaOH was then added until the suspension dissolved

and the pH was then brought to 7.4 with HCl. TBA

solution was prepared by dissolving 0.67 g TBA in

100 ml deionized water and then diluted 1:1 with

glacial acetic acid. Sterile, deionized water (resistance

> 18 MW cm, HPLC Water Purification System USF

ELGA, England) was used throughout the study.

Animals

All experiments were carried out using nonanesthe-

tized, freely moving animals (Wistar rats aged 2–3

months, weighing 260–280 g; the rats were weighed

directly before experiment). After 5 h of experiments,

rats were deeply anesthetized with pentobarbital so-

dium (100 mg/kg ip). Then, the spleens were excised.

The rats were acquired from the Medical Univer-

sity of £ódŸ animal quarters and were housed in indi-

vidual cages under standard laboratory conditions:

12/12 h light-dark cycle (light on at 7.00 a.m.) at

20 ± 2°C ambient temperature and 55 ± 5% air hu-

midity. All animals received a standard laboratory diet
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and water ad libitum. All animals were maintained for

1 week in the laboratory for adaptation. The experi-

mental procedures followed the guidelines for the

care and use of laboratory animals, and were ap-

proved by the Medical University of £ódŸ Ethics

Committee.

Experimental design

Animals were randomly divided into six groups:

Group I (n = 8): 0.9% NaCl + 0.9% NaCl control rats

(received two doses of 0.2 ml saline, 0.5 h apart).

Group II (n = 8): 0.9% NaCl + LPS group (served as

LPS control). The rats were given 0.2 ml saline and

endotoxic shock was induced by injection of

30 mg/kg Escherichia coli 026:B6 LPS 0.5 h later.

Group III (n = 8): 0.9% NaCl + LA group (served as

LA control). Animals received one dose of 0.2 ml sa-

line and 0.5 h later received LA (60 mg/kg). Group IV

(n = 8): LA60 + LPS group. The rats received a single

dose of LA (60 mg/kg) and a single dose of LPS

(0.2 ml; 30 mg/kg) after 0.5 h. Group V (n = 8): LA100
+ LPS group. The rats received a single dose of LA

(100 mg/kg) and a single dose of LPS (0.2 ml;

30 mg/kg) after 0.5 h. Group VI (n = 8): LPS + LA60
group. The rats received a single dose of LPS

(30 mg/kg) and a single dose of LA (60 mg/kg) 0.5 h

later.

All compounds were injected intravenously into

the tail vein between 8.00 a.m. and 9.00 a.m. After the

administration of a-lipoic acid or LPS, each group of

animals was observed for a period of 5 h.

Tissue preparation and collection of samples

The animals were euthanized with an overdose of

pentobarbital (100 mg/kg ip) after 5 h. The spleen was

surgically removed and cleaned of the extraneous tis-

sue. It was rinsed with cold isotonic saline, dried by

blotting between two pieces of filter paper and

weighed on an electronic balance to estimate spleen

edema. The ratios of spleen weight to body weight

(SW/BW) were calculated and used as an index of

spleen edema. The spleens were stored at –76°C for

further measurement of their oxidative parameters.

Preparation of homogenates

An accurately weighed portion of spleen (50 mg) was

homogenized in either 0.15 M KCl for estimation of

lipid peroxidation and concentration of H2O2 or 6%

TCA for estimation of free -SH groups or 5% 5-SSA

(5-sulfosalicylic acid hydrate) for estimation of GSH.

Homogenates were centrifuged (10,000 × g, 10 min,

4°C). The resulting supernatant was used for bio-

chemical analyses immediately.

Determination of lipid peroxidation

The formation of thiobarbituric acid-reactive sub-

stances (TBARS) was used to quantify the degree of

lipid peroxidation in tissues. The peroxidation prod-

uct content in spleen homogenates was assayed as

TBARS and TBARS concentrations in the butanol

layer were measured spectrofluorometrically using an

LS-50 Perkin Elmer Luminescence Spectrometer

(Norwalk, CT, USA). Excitation was set at 515 nm

and emission was measured at 546 nm. The TBARS

concentration in the sample was calculated by the use

of the regression equation: Y = 0.39 (X – Xo) – 1.32,

where Y = TBARS concentration (µM); X, Xo = fluo-

rescence intensity of the samples and control, respec-

tively (arbitrary units; AU). The regression equation

was prepared from triplicate assays of six increasing

concentrations of tetramethoxypropane (range 0.01 to

50 µM) as a standard for TBARS. Finally, the results

were calculated for 50 mg of spleen tissue.

Determination of H
2
O

2

The H2O2 concentration in homogenates was meas-

ured according to Ruth et al. [22] using HRP/HVA

systems. Samples were incubated for 60 min at 37°C

after which the enzymatic reaction was stopped by

adding 0.1 M glycine-NaOH buffer (pH 12.0) with

25 mM EDTA. Excitation was set at 312 nm and

emission was measured at 420 nm (Perkin Elmer Lu-

minescence Spectrometer, Beaconsfield, UK). The

readings were converted into a value for H2O2 con-

centration using the regression equation: Y = 0.012X

– 0.007, where Y = H2O2 concentration in homogen-

ate (µM); X = intensity of light emission at 420 nm

for HRP + HVA assay reduced by HRP assay emis-

sion (arbitrary units, AU). The regression equation

was prepared from three series of calibration experi-

ments with 10 increasing H2O2 concentrations (range

10-1000 µM). The lowest H2O2 detection was 0.1 nM,

with intraassay variability not exceeding 2%.
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Determination of GSH levels

Total glutathione (tGSH), reduced glutathione (GSH)

and oxidized glutathione (GSSG) were measured in

the spleen homogenates. Briefly, the spleens were

homogenized in cold 5% 5-SSA and centrifuged

(10,000 × g, 10 min, 4°C). The total GSH content of

the supernatant was measured in a 1 ml cuvette con-

taining 0.7 ml of 0.2 mM NADPH, 0.1 ml of 0.6 mM

DTNB, 0.150 ml of H2O and 50 µl of the sample. The

cuvette with the mixture was incubated for 5 min at

37°C and then supplemented with 0.6 U of gluta-

thione reductase (GR). The reaction kinetics were fol-

lowed spectrophotometrically at 412 nm for 5 min by

monitoring the increase in absorbance. GSSG concen-

tration was determined in supernatant aliquots by the

same method after optimalization of pH to 6–7 with

1 M triethanolamine hydrochloride (TEA) and deriva-

tization of endogenous GSH with 2-vinylpyridine

(v/v). The reduced GSH level in the supernatant was

calculated as the difference between total GSH and

GSSG. The increments in absorbance at 412 nm were

converted to GSH and GSSG concentrations using

a standard curve (3.2–500 µM GSH for total GSH and

0.975 to 60 GSSG µM for GSSG). The results were

expressed in µM.

Redox GSH/GSSG ratio

The redox ratio of the LPS or LA treated/untreated

samples was calculated by dividing the reduced glu-

tathione content of the LPS or LA treated/untreated

samples by the oxidized glutathione content of their

respective samples.

Statistical analysis

The data are presented as the mean ± SE, if not stated

otherwise, from 8 surviving animals in each group. The

statistical analysis was performed by ANOVA followed

by the Duncan’s multiple range test as post-hoc; p val-

ues lower than 0.05 were considered significant.

Results

In LPS-induced rats, the SW/BW ratio was markedly

larger when compared to control rats (p < 0.001),

which indicated that LPS has a strong effect on spleen

water content in endotoxic rats. The administration of

LA (60 mg/kg) 0.5 h before or after LPS challenge

ameliorated LPS-induced spleen edema (p < 0.01; p <

0.001, respectively) (Fig. 1).

Effect of lipoic acid on oxidative stress

parameters

Intravenous administration of a single dose of LPS

(30 mg/kg b.w.) induced severe oxidative damage to

the spleen. The spleen tissue of LPS-treated rats

showed a 2.1-fold increase in the TBARS concentra-

tion when compared to control rats. Moreover, this in-

crease was significantly attenuated by the treatment

with LA (60 mg/kg b.w.) before and after endotoxin

administration (p < 0.001). A similar, decrease was

obtained in LA at the dose of 100 mg/kg body weight

(p < 0.001) (Tab. 1).

The spleen tissue of LPS treated rats has shown a sig-

nificant increase (p < 0.01) in the levels of H2O2 when

compared to control rats (Tab. 1). LA supplementation

(60 mg/kg b.w. or 100 mg/kg b.w.) showed a remarkable

decrease (p < 0.001) in H2O2 levels, indicating mitiga-

tion of oxidative damage to the spleen tissue.

There was no significant difference in the -SH

group concentration between LPS and the saline

group (1.77 ± 0.51 vs. 2.47 ± 0.31, p > 0.05).

Table 2 shows the level of total GSH, GSH and

GSSG in the spleen of the control and experimental

groups of rats. LPS-treated animals exhibited a sig-

nificantly lower level of tGSH and GSH when com-
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Fig. 1. Changes in the ratio of spleen weight (SW) to body weight
(BW) in experimental groups of rats. Lipopolysaccharide (LPS)
30 mg/kg b.w. caused an increase in SW/BW; and lipoic acid (LA)
60 mg/kg b.w. reduced the changes in the values. LA at a dose of
100 mg/kg caused similar changes. The data are given as the means
± SE (n = 8);* p < 0.001 vs. saline (0.9% NaCl); # p < 0.001, ## p <
0.01 vs. LPS



pared to the control group (p < 0.01). LA treatment

before or after LPS administration resulted in mark-

edly increased concentrations of GSH (p < 0.05) and

not significantly decreased concentrations of GSSG in

the spleen tissue when compared to the LPS group.

There was no significant difference in the GSSG con-

centration between LPS and the saline group (p >

0.05).

In LPS-treated rats, the ratio of GSH/GSSG de-

creased with respect to the control (p < 0.02). In the

LA60 + LPS, LA100 + LPS and LPS + LA60 groups the

GSH/GSSG ratio was markedly higher than that of

the LPS group (p < 0.01; p < 0.01; p < 0.02, respec-

tively) (Fig. 2).

Discussion

The spleen is the largest peripheral lymphatic organ

and plays an important role in the innate and adaptive

immune responses to bacterial endotoxins. This sys-

tem, as the first line of defense, recognizes specific mi-

crobial molecules such as LPS. The present study

shows that LPS administration to rats induces a marked

oxidative response in the spleen as evidenced by an in-

crease in the concentrations of TBARS and H2O2, a de-

crease in the GSH concentrations as well as an increase

in the spleen weight/body weight ratio.

The increased TBARS concentration observed in

this study resulted from oxidative damage to the

spleen tissue. It is evident that LPS possesses prooxi-

dative activity, which is due to its ability to induce ex-

cessive ROS and RNS accumulation and the release
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Tab. 2. Spleen status of glutathione metabolism in control (physiological saline) and after administration of lipoic acid (LA), lipopolysaccharide
(LPS) and LA + LPS

Parameter Saline LPS LA60 LA60 + LPS LA100 + LPS LPS + LA60

tGSH (µM) 30.33 ± 5.89 4.81 ± 0.89** 16.12 ± 2.15 *
B
## 9.71 ± 1.57**#

A
9.72 ± 1.33**### 9.7 ± 1.4**#

A

GSSG (µM) 2.27 ± 0.60 2.41 ± 0.16 0.94 ± 0.054*
B

# 1.87 ± 0.18 1.89 ± 0.13#
A

1.82 ± 0.19

GSH (µM) 27.74 ± 5.65 2.89 ± 0.98** 15.05 ± 2.51** 7.77 ± 1.43#
A

7.7 ± 1.27#
A

7.77 ± 0.73#
A

LA60 – lipoic acid 60 mg/kg of body weight; LA100 – lipoic acid 100 mg/kg body weight; tGSH – total glutathione; GSH - reduced glutathione;
GSSG – glutathione disulfide. Values are expressed as the mean ± SE of 8 animals per group; ** p < 0.01, *B p < 0.05 vs. saline; # p < 0.001,
## p < 0.01, ### p < 0.02, #A p < 0.05 vs. LPS

Fig. 2. Changes in the reduced to oxidized glutathione ratio
(GSH/GSSG) in experimental groups of rats. LA60 (lipoic acid at
a dose of 60 mg/kg b.w.), LA 100 (lipoic acid at a dose of 100 mg/kg
b.w.), LPS (lipopolysaccharide 30 mg/kg b.w.). The data are given
as the means ± SE (n = 8); *** p < 0.02 vs. saline (0.9% NaCl);
# p < 0.001, ## p < 0.01, ### p < 0.02 vs. LPS

Tab. 1. Effect of administration of lipoic acid (LA) on oxidative stress parameters in spleen homogenates of rats with lipopolysaccharide-
induced shock. The mean ± SE (n = 8)

Parameter Saline LPS LA60 LA60 + LPS LA100 + LPS LPS + LA60

TBARS (µM) 7.85 ± 0.95 16.52 ± 1.17* 2.55 ± 0.22*# 8.94 ± 0.49# 8.82 ± 0.48# 8.9 ± 0.50#

H
2
O

2
(µM) 0.12 ± 0.01 0.19 ± 0.01** 0.07 ± 0.02# 0.09 ± 0.01# 0.08 ± 0.02# 0.09 ± 0.01#

TBARS – thiobarbituric acid-reactive substances; H2O2 – hydrogen peroxide; * p < 0.001,** p < 0.01 vs. saline; # p < 0.001 vs. LPS



of proinflammatory cytokines such as TNF-a, IL-1

and IL-6 [13, 25]. ROS and cytokines lead to cellular

injury by impairment of vital macromolecules such as

protein and lipid, leading to the multiple organ failure

syndrome This study is in line with Gonzalo et al. [3],

who showed an increase in the formation of products

of oxidative damage to protein (carbonyls) and lipids

(malondialdehyde and 4-hydroxyalkenals) in the in-

testine and blood after LPS administration in rabbits.

Moreover, the increase in lipid peroxidation in this

study may be associated with an increased H2O2 con-

centration in spleen homogenates.

In the spleen tissue, H2O2 is formed by the superoxide

dismutase present in neutrophils, eosinophils, macro-

phages, and epithelial cells in the spleen. H2O2, being

a neutrally charged molecule with a low molecular

weight, is freely diffusible and allows the promotion of

radical reactions at a great distance from its origin. In the

presence of transition metal ions, H2O2 is converted to

hydroxyl radicals (the Fenton reaction), considered to be

highly reactive and potentially dangerous compounds that

can damage peripheral organs. In normal conditions,

H2O2 is scavenged by catalase (CAT) or glutathione per-

oxidase (GPx) to form water and oxygen. A decline in the

activity of these enzymes during ROS generation results

in a greatly increased conversion of H2O2 to toxic hy-

droxyl radicals, which may contribute to LPS-induced

oxidative stress. The role of H2O2 in ROS generation has

been observed in other studies [16, 35].

GSH is one of the body’s most important antioxi-

dants responsible for free radical scavenging in all

cell types [9]. Our results show that LPS treatment de-

creased GSH levels and the GSH/GSSG ratio in

spleen homogenates. The observed decrease in glu-

tathione concentration may result from (1) the de-

creased availability of substrates needed for glu-

tathione synthesis, particularly cysteine, which is con-

sidered to be the most limiting amino acid [7]; (2)

increased activity of GPx and glutathione transferase

(GST) in spleen tissue; and (3) high concentrations of

H2O2 and other oxidants produced in septic cells. The

decrease in GSH level and GSH/GSSG ratio in the

spleen of endotoxic rats constitutes evidence of strong

oxidative stress and a breakdown of the redox balance

in cells of endotoxic rats. Similarly, a decreased tissue

GSH concentration and an increased GSSG concen-

tration as well as a decreased GSH/GSSG ratio [19]

were observed by other authors during the initial

phase of septic shock (during the first hours after in-

fection) [29].

In this study, LPS-treated rats showed a significant

increase in the WS/BW ratio, which is a good indica-

tor of spleen damage. However, other important fac-

tors such as cytokines and vascular endothelial

growth factor (VEGF) may be the cause of spleen

edema. During a septic response induced by LPS in-

jection, the spleen produces proinflammatory cytoki-

nes, which contributes to ensuing edema associated

with inflammation [30, 31]. Recent studies have

shown that the VEGF levels increase in several cell

types after LPS administration [8, 20]. Therefore,

VEGF enhances the vascular permeability as well as

ongoing oxidative stress [15].

In our study, LA treatment (60 or 100 mg/kg), both

after and before LPS administration, significantly re-

versed the upsurge in lipid peroxidation, which re-

sulted from the antioxidant capacity of LA. LA scav-

enges hydroxyl radicals, hypochlorous acid, nitric ox-

ide, peroxynitrite, H2O2 and singlet oxygen [34]. This

potential of LA to scavenge hydroxyl radicals and

chelate transition metals might play a key role in re-

ducing lipid peroxidation in the spleen.

For further investigation of the protective effect of

LA in the spleen tissue, we measured the concentra-

tions of glutathione in spleen homogenates.

In the current study, we have shown an increase in

GSH concentration and GSH/GSSG ratio in the LA

and LPS/LA animals compared with the control or

LPS groups. The high level of GSH in response to LA

administration may be associated with the reduction

of GSSG by DHLA [30] or an increase in the concen-

tration of antioxidant enzymes such as GPx and GR

[9]. Packer et al. [17] suggest that lipoic acid in-

creases the level of glutathione by facilitating the

transport of cysteine and also increases the intracellu-

lar availability of cysteine. The reduced GSH/GSSG

ratio in the LPS/LA group highlighted the marked ele-

vation of the glutathione redox status in the spleen.

The glutathione redox status maintains the reduced

state of the sulfhydryl groups of many proteins, which

are required for the normal function of cells [2]; the

correct deficient thiol status of the cells is also main-

tained by increasing de novo synthesis of cellular

GSH [5]. Moreover, other authors have indicated that

LA plays an important role in improving glutathione

status [9, 27, 33].

LA treatment before and after LPS administration

decreased the spleen WS/BW ratio indicating its pro-

tective action against endotoxin-induced spleen edema.

Thus the LA treatment ameliorated endotoxin-induced

184 Pharmacological Reports, 2013, 65, 179�186



spleen edema. A decrease in spleen edema in this

study may be associated with a lowered number of

proinflammatory cytokines [28], ROS or decreased

VEGF expression in LA + LPS-treated groups. Re-

cently, Lee et al. [10] have found that LA treatment

suppressed expression of VEGF via blockade of su-

peroxide formation. Moreover, LA also protects endo-

thelial cells against oxidized low-density lipoprotein

(oxLDL) which may induce endothelial cell injury

[11].

Conclusion

In our observations, we have concluded that LPS ad-

ministration resulted in pronounced oxidative stress

and cellular damage to the spleen. LA supplementa-

tion was found to be effective in protecting the spleen

tissue from oxidative damage. Further studies are

warranted on the mechanisms of action of this readily

available dietary supplement and the protective role it

plays in LPS-induced oxidative damage to the spleen.
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