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ABSTRACT

Introduction: Protein malnutrition increases the sensitivity to septic shock by
impairing antioxidation and immune response. Based on the potent antioxidant
effects of silymarin, the putative protective role of silymarin against sepsis-induced
oxidative damage in protein malnourished rats was investigated. Methods: Adult
male Wistar rats were subjected to protein malnutrition via a low-protein diet
(8% protein), with and without silymarin supplementation (30 mg/kg/day) for
four weeks, and compared to a control group on a 18% protein diet. At end of
the experiment, the animals received intraperitoneal injections (i.p.) of 0.1 mg/
kg lipopolysaccharide (LPS) derived from Escherichia coli, and decapitation 24 h
later. Albumin, C-reactive protein (CRP), total protein (TP), alkaline phosphates
(AKP ALP), aspartate aminotransferase (AST), alanine aminotransferase (ALT),
tumor necrosis factor-a (TNF-a), interleukine-1p (IL-1P) and interleukine-6 (IL-
6) levels were measured in serum. In the lungs and liver, thiobarbituric acid
reactive substances (TBARS) and glutathione (GSH) concentrations, superoxide
dismutase (SOD), catalase (CAT), and glutathione-s-transferase (GST) activities
were measured. Results: oxidative and inflammatory processes were significantly
increased by the LPS injection and these changes were to a greater extent in the
low-protein dietary group compared to control group. Silymarin supplementation
in both dietary groups showed marked inhibition in these activities, although the
affect was more prominent in the control group compared to the rats fed a low-
protein diet. Conclusions: The study showed that silymarin protected against the
impairment of antioxidation and immune response in protein malnourished rats,
particularly in septic shock conditions.
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INTRODUCTION

The metabolic and biochemical impact
of qualitative and quantitative changes
in dietary protein intake continues to
be of interest because of their metabolic
implications for public health. In
developing countries, protein malnutrition
is one of the major health concerns,

especially its effect among children (Miiller
& Krawinkel, 2005). Diets in different
populations were found frequently to be
deficient in dietary protein levels and led to
protein-malnutrition (Millward & Jackson,
2004). It is well known that a low protein
intake reduces antioxidant levels, impairs
immune functions and increases sensitivity
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to opportunistic infections and septic shock
(Beishuizen, Vermes & Haanen, 1998;
Gernaat, Dechering & Voorhoeve, 1998).
The protein malnutrition, also associated
with low levels of endogenous antioxidant
defense and increased oxidant burden,
contributes to the dysfunction of various
tissues, including the lungs and liver
(Adenuga, Adebayo & Adegbesan, 2008;
Pires-de-Melo et al., 2009).

Septic shock, a systemic response
to infection, is characterised by specific
pathological events upon specific target
organs (Wenzel et al., 1996). All symptoms
of gram-negative bacterial-induced septic
shock can be mimicked by the injection
of lipopolysaccharide (LPS), one of the
major components of the outer membrane
of gram-negative bacteria (Bradley, 1979).
Despite major developments in medical
therapy during the last two decades, the
succession of septic shock to multiple organ
dysfunction syndromes is still associated
with an increase in mortality rate from
30% to 100%, with the incidence of septic
shock and the associated lethality rates
being vastly higher for the elderly than
for younger people (Rivers et al, 2001).
This progression of early sepsis into septic
shock involves several steps and numerous
interconnected pathways (Cinel & Opal,
2009). Firstly, local inflammation provokes
the release of proinflammatory mediators
such as tumor necrosis factor-a (TNF-a),
interleukine-1p (IL-1B) and interleukine-6
(IL-6). Then, these proinflammatory
mediators induce the migration of
leukocytes, lymphocytes, and platelets to
those areas and cause endothelial damage,
increase  microvascular  permeability,
platelet aggregation, localised blood flow
reduction, and ischemia/reperfusion
injuries. The cumulative inflammatory
response finally leads to multiple organ
injuries or death (Adenuga et al., 2008). The
lungs are most frequently damaged of all
organs during septic shock (Toklu et al.,
2008). The liver-gut-axis was hypothesised
to be of significant importance to the

inflammatory reaction and hence for
the incidence of multiple organ failure
(Moshage, 1997).

Flavonoids are naturally occurring
substances that possess various pharma-
cological actions and therapeutic appli-
cations. Silymarin is one such polyphenolic
flavonoid anti-oxidant that can be isolated
from the fruits and seeds of the milk
thistle, Silybum mariagnum (Valenzuela &
Garrido, 1994). Although the therapeutic
effects of silymarin are restricted owing
to its poor enteral absorption (23% to
47%), instability in gastric juices, and
poor solubility. However, multiple dose
treatments show potentially beneficial
effects against several diseases (Wu et
al., 2007). It has demonstrated protective
effects against oxidative peroxidation
(Soto et al., 2003). It is routinely used to
treat chronic inflammatory liver disease
and hepatic cirrhosis as a hepatoprotective
agent (Karimi, Ramezani & Tahoonian,
2005). Silymarin treatment protects against
the manganese-induced oxidative stress
in a rat brain (Chtourou et al., 2010). It
can also enhance superoxide dismutase
activity (Baluchnejadmojarad, Roghani &
Mafakheri, 2010). Kang et al. (2004) report
that silymarin has an inhibitory effect
against endotoxin-induced interleukins
production.

Increased sensitivity to septic shock
has been reported in protein malnourished
patients (Gernaat et al, 1998). Li et al.
(2002) observed that protein malnutrition
is a direct cause of increased LPS-induced
nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-kB) activation and
transcription levels of its downstream
genes IL-1p and TNF-a. Adenuga et al.
(2008) suggest that partial hepatectomy
exacerbates lipid peroxidation in rats with
protein malnutrition compared to their
controls. Natural products are known to
be safe with least adverse effects on any
transient body metabolisms. Silymarin is
one of such products having antioxidant,
anti-hepatotoxic and anti-inflammatory



Silymarin Protecis Sepsis Shock in Protein Malnourished Rais 139

properties, and also increases the activity
of antioxidant enzymes including
superoxide dismutase (SOD) and catalase
(CAT) (Toklu et al, 2008; Soto et dal.,
2003). Based on the potent antioxidative
and  anti-inflammatory  effects  of
silymarin, the protective role of silymarin
supplementation  against endotoxin-
induced septic shock that increased pro-
inflammatory markers such as TNF-q, IL-
1p and IL-6 and induced oxidative damage
in lung and liver tissues was investigated
by using a protein-malnutrition model in
rats.

METHODS

Forty male Wistar albino rats, roughly the
same age and weighing 150 to 170 g were
received from the Experimental Animal
Care Center (King Saud University, Riyadh,
Saudi Arabia). They were maintained
under controlled temperature (2211 °C),
humidity (50 to 55%), and light (12 h
light/dark cycles) conditions, and were
provided with Purina chow (Grain Silos
& Flour Mills Organisation, Riyadh, Saudi
Arabia) and drinking water ad Libitum.
All procedures, including the euthanasia
procedure, were conducted in accordance
with the requirements of the Institute for
Laboratory Animal Research (1996) and
the Experimental Animal Care Center.

Normal protein diet (NPD) with 18%
protein and low protein diet (LPD) with
8% protein were formulated and prepared
in our laboratory with casein as the protein
source (vitamin-free, WINLAB, Lab. Chem.,
United Kingdom) and included sucrose
and corn oil as sources of carbohydrate and
fat, respectively. Every week fresh feed in
powdered form was prepared and stored
in a refrigerator for use.

Experimental design

After an acclimatisation period of seven
days, the animals were randomly divided
into five groups of eight animals and placed
individually in a suppurate metabolic cage:

1. Controls were fed NPD

2. NPD fed rats were injected with LPS
(NPD+LPS)

3. NPD fed rats were supplemented with
silymarin (30 mg/kg/day) and
injected with LPS (NPDS+LPS).

4. LPD fed rats were injected with LPS
(LPD+LPS).

5. LPD fed rats were supplemented with
silymarin (30 mg/kg/day) and
injected with LPS (LPDS+LPS).

The body weight and food intake
of the rats were recorded daily. The rats
were decapitated exactly 24 h after the LPS
injection. Blood samples were collected
through cardiac puncture and centrifuged
at 3000 revolutions per minute (rpm) for
15 minutes. Serum was separated and
kept in a freezer at -20 °C prior to analysis.
Lung and liver tissues were dissected,
immediately dipped in liquid nitrogen for
a minute and then stored at -75 °C prior to
analysis.

Serum analysis

Serum albumin, C-reactive protein (CRP),
total protein (TP), alkaline phosphates
(ALP), aspartate aminotransferase (AST),
and alanine aminotransferase (ALT) levels
were measured using standard Bohringer
Ingelheim laboratory techniques. Addi-
tionally, serum pro-inflammatory cyto-
kines, including TNF-a, IL-6 and IL-1PB
concentrations were measured by an
enzyme-linked immunosorbent assay
(ELISA) kit supplied by ShangHai
SenXiong Science and Technology
Company. The levels were estimated
following the instructions provided by the
manufacturer.

GSH concentration in liver and lung

Glutathione (GSH) concentration in liver
and lung tissues was measured according to
the method described by Sedlak & Lindsay
(1968). A cross section of the liver or lung
(200 mg) was dissected and homogenised in
ice-cold 0.02 M ethylenediaminetetraacetic
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acid (EDTA). The aliquots of 0.5 mL of
tissue homogenates were mixed with
0.2 M Tris buffer, pH 8.2 and 0.1 mL of
0.01 M Ellmamnss reagent, [5,5>-dithiobis-
(2-nitro-benzoic acid)] (DTNB). Sample
tubes were centrifuged at 3000 g at room
temperature for 15 min. The absorbance
of the clear supernatants was recorded
using spectrophotometer at 412 nm in one
centimetre quarts cells. The results were
quantified as nmol/100mg wet tissue.

TBARS concentration in liver and lung
The thiobarbituric acid reactive substances
(TBARS) levels in the liver and lung
were measured by a TBARS assay kit
following the instruction provided by the
manufacturer (ZeptoMetrix Corporation).
The results were given as nmol MDA/g
wet tissue.

SOD activity in liver and lung

The SOD activity in tissues was assayed
using the method described by Kakkar,
Das & Viswanathan (1984) with the aid
of nitroblue tetrazolium as the indicator.
A cross-section of lung or liver (200 mg)
was homogenised with 10 times (weight/
volume) 0.1 sodium phosphate buffer (pH
7.4). The reagents sodium pyrophosphate
buffer 1.2 mL (0.052 M) pH 8.3, 0.1 ml
phenazine methosulphate (186 pM), 0.3
mL nitro blue tetrazolium (300 pM), and
0.2 mL nicotinamide adenine dinucleotide
(NADH) (780 pM) were added to 0.1 mL
of processed tissue sample. The sample
mixture was incubated for 90 min at 30 °C.
To this was added 4 mL of n-butanol and
1 mL of acetic acid before being shaken
vigorously. Samples were centrifuged
at 4000 RPM for 10 min and the organic
layer was withdrawn and absorbance
was measured at 560 nm wusing a
spectrophotometer (LKB-Pharmacia, Mark
IT). The SOD activity was reported as unit/
min/mg of protein.

CAT activity in liver and lung
The CAT activity was measured by the
method of Aebi (1983). The activity was

expressed as unit/min/mg of protein
using the extension coefficient of 0.0436
mM/mg. A cross-section of liver or lung
(200 mg) was homogenised in 8 mL of
0.05 M phosphate buffer at pH 7.0 and
the homogenates were centrifuged at 4 °C
for 15 min at 1500 g. Supernatants were
removed into separate test tubes and kept
on ice until the enzyme assay. Samples
were measured against blanks containing
2.8 mL (1:500 volume/volume) phosphate
buffer instead of a H,O, (30 mM hydrogen
peroxide) and 0.2 mL enzyme solution.
The reaction was started by the addition of
H,0,. The initial absorbance was expected
to be A=0.500 followed by the decrease in
the following 30 sec.

GST activity in liver and lung

The glutathione-s-transferase (GST)activity
in tissues was measured by the method of
Habig, Pabst & Jakoby (1974). The reaction
mixture consisted of 0.067 mM GSH, 0.067
CDNB, 0.1 M phosphate buffer (pH 6.0) and
0.1 ml of post-mitochondrial supernatant
in a total volume of 3 ml. Absorbance was
read at 340 nm for a duration of 10 min at
a frequency of every 30 sec by an optical
plate reader. The enzyme activity was
calculated as mmol CDNBwere conjugate
formed min® mg? protein using a molar
extinction coefficient of 9.6x10°M*cm™.

Statistical analysis

All data were presented as meantstandard
deviation (SD). The data were evaluated by
a one-way analysis of variance (ANOVA)
using GraphPad InStat program (version
3.06) and the differences between means
were assessed using the Student-Newman-
Keuls (SNK) method. The differences
were considered statistically significant at
P<0.05.

RESULTS

Serum albumin, CRP and total protein

Serum albumin concentration was
significantly decreased with LPS challenge
in all dietary groups compared to the
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control.  Silymarin  supplementation
corrected the albumin inhibition-induced
by LPS in both dietary groups compared
to their corresponding dietary groups
without silymarin supplementation, but
this was only statistically significant in the
NPDS+LPS group. The albumin values
were found to be significantly lower in
LPDS+LPS group compared to NPDS+LPS
group (Figure 1-A). CRP level was
significantly elevated by the LPS injectionin
all dietary groups compared to the control.
The elevated CRP levels were significantly
reduced in silymarin supplemented groups
compared to their corresponding dietary
groups. The LPS-induced CRP levels were
found to be significantly higher in the LPD
group compared to the NPD fed rats, and
the silymarin inhibition effect was found
to be less in the LPD fed rats compared to
the NPD fed animals (Figure 1-B). Total
protein concentration was significantly
decreased after LPS administration in all
dietary groups compared to the control
(Figure 1-C). After the LPS challenge,
silymarin supplementation to NPD
(NPDS+LPS) significantly increased total
protein concentration compared to the
corresponding dietary group (NPD+LPS).

Serum enzymes

Serum enzymes including the activities
of ALP, AST and ALT were examined
as indicators of hepatic injury. In all
dietary groups, enzymatic activities
were significantly increased by the
endotoxin injection compared to the
controls.  Silymarin  supplementation
prevented the increased level of ALP
in both dietary groups compared to the
corresponding dietary groups without
silymarin supplementation (Figure 2-A).
Silymarin showed a similar effect against
the LPS-induced increase in AST and
ALT concentrations (Fig. 2-B & C), but
this was only statistically significant in
the NPDS+LPS group. However, the
enzymatic activities were significantly

higher in the LPD fed rats compared to the
NPD fed rats 24 h after the LPS challenge.
The silymarin protection against the hyper-
enzymatic activities induced by the LPS
was found to be lower in the LPD fed rats
(LPDS+LPS) compared to the NPD fed rats
(NPDS+LPS).

Serum cytokines

Unsurprisingly, pro-inflammatory cyto-
kines, TNF-a, IL-1p and IL-6 levels all
increased significantly in LPS injected
groups compared to the control group
(Figures 3-A, B & C). The extent of the
increased levels of the proinflammatory
cytokines were about 40% higher
in the LPD+LPS group compared
to the NPD+LPS group. Silymarin
supplementation reduced the impact of
LPS on the pro-inflammatory cytokines
and reduced their levels significantly in
both dietary groups compared to their
corresponding dietary groups without
silymarin supplementation.

Oxidative and enzymatic markers

in the lung

In the lung, TBARS concentrations
were significantly increased after LPS
injection in both dietary groups. Silymarin
supplementation = showed  significant
protection against the elevation induced
by the LPS in both the dietary groups
compared to their corresponding dietary
groups without silymarin. GSH levels
were significantly decreased by LPS
injection and the values were corrected
significantly by silymarin supplementation
in both dietary groups compared to their
corresponding untreated groups. In
LPS challenged groups, SOD, CAT and
GST activities significantly ~decreased
compared to the control group. Silymarin
administration significantly enhanced
these activities in the NPDS+LPS group.
The LPDS+LPS group showed silymarin’s
positive effect against LPS damage, but this
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Figure 1. The effect of silymarin on LPS-induced changes in serum levels of albumin [A], CRP [B]
and total protein [C] in rats fed NPD or LPD
The resulis are presented as mean+SD (n=6). One-way ANOVA and SNK multiple comparisons test were used.
P<0.05 was considered statistically significant. ‘a’ all groups compared with NPD, ‘b’ NPD+LPS vs NPDS+LPS,
‘¢’ LPD+LPS vs LPDS+LPS, ‘d’ NPD+LPS vs LPD+LPS, and ‘¢’ NPDS+LPS vs LPDS+LPS.
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Figure 2. The effect of silymarin on LPS-induced changes in serum enzymatic activities of ALP [A],
AST [B] and ALT [C] in rats fed NPD or LPD
The results are presented as meandSD (n=6). One-way ANOVA and SNK multiple comparisons test were used.
P<0.05 was considered statistically significant. ‘a” all groups compared with NPD, ‘b” NPD+LPS vs NPDS+LPS,
‘c LPD+LPS ve LPDS+LPS, ‘d’ NPD+LPS vs LPD+LPS, and ‘e’ NPDS+LPS vs LPDS+LPS.
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Figure 3. The effect of silymarin on LPS-induced changes in serum levels of pro-inflammatory
cytokines including TNF-a [A], I-p [B] and IL-6 [C] in rats fed NPD or LPD
The results are presented as meantSD (n=6). One-way ANOVA and SNK multiple comparisons test were used.

P<0.05 was considered statistically significant. “a’ all groups compared with NPD, “b" NPD+LPS vs NPDS+LPS,
‘e’ LPD+LPS vs LPDS+LPS, ‘d’ NPD+LPS vs LPD+LFS, and ‘e’ NPDS+LPS vs LPDS+LPS.
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was not statistically significant (Table 1).

Oxidative and enzymatic markers in the
liver

LPSalsocaused significant elevationinliver
TBARS levels. Silymarin supplementation
to the NPD+LPS and LPD+LPS groups
significantly lowered the increased levels
of TBARS compared to their corresponding
untreated dietary groups. GSH levels
significantly decreased in the LPS-injected
groups compared to the controls, and this
inhibition was significantly corrected by
the silymarin in NPD-fed rats compared
to the corresponding untreated dietary
group. In LPS challenged groups, SOD,
CAT and GST activities significantly
decreased in the liver compared to the
control group. Silymarin supplementation
significantly brought back these activities
to normal levels in the NPD-fed rats, but
not in the LPD-fed rats. In the LPD-fed rats,
silymarin enhanced SOD, CAT and GST
activities after LPS injection, but the effect
was not statistically significant. These
activities were found to be significantly
higher in the NPDS+LPS group compared
to the LPDS+LPS group (Table 2).

DISCUSSION
LPS-induced septic shock by activating
macrophages, initiating lymphocyte

differentiation and blood coagulation,
and inducing oxidative stress and
proinflammatory molecule release
from macrophages, leading to tissue
damage, organ failure, and death
(Gonzélez-Renovato et al., 2013). The pro-
inflammatory biomarkers TNF-a, IL-1p,
and IL-6 are thought to be involved in the
pathogenesis of septic shock with LPS. In
accordance with complement activation,
the cytokine stimulation of circulating and
resident immune cells and endothelial
cells results in elevated accumulation of
reactive oxygen species (ROS) and reactive
nitrogen species, such as superoxide
anion and NO (von Dessauer et al., 2011).

Antioxidant defense mechanisms of the
organism have developed to restrict the
levels of reactive oxidants and the harm
they induce. In addition to the protective
effects of endogenous antioxidant
defense mechanisms, supplementation of
exogenous nutritional antioxidants seems
to be of great significance (Sandoval et al.,
1997).

The LPD has controversial effects
on body weight, although this is usually
associated with an increase in food intake
(Aparecida de Franca et al., 2009); some
researchers report decreases (Chamson-
Reig et al., 2009) compared to an isocaloric
NPD. In this study, body weights of rats
decreased in the LPD fed group from week
one, and they became significantly less by
the end of week four compared to the NPD
fed rats, and the dietary intake of the LPD
group was higher than in the NPD (results
are not reported).

The increase in the blood level of the
positive acute-phase protein, CRP, gives
an indication of the degree of the response
to inflammation, trauma, or infection
(Volanakis, 2001). Negative acute-phase
proteins are those proteins, which decrease
their concentrations after inflammation,
such as albumin and transferrin (Fleck,
1989). This study showed that the
LPS challenge significantly increased
serum CRP and decreased albumin and
total protein levels, and that silymarin
supplementation inhibited the CRP
elevation in both the dietary groups,
although the LPS effect on CRP was found
to be significantly higher in the LPD fed
rats compared to the NPD fed rats. This
might be due to protein malnutrition,
which reduces antioxidant levels, impairs
immune functions and increases sensitivity
to opportunistic infections and septic
shock (Li, Quan & Bray, 2002). Silymarin
has a regulatory action on cellular and
mitochondrial membrane permeability,
and is associated with an increase in
membrane stability against xenobiotic
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injury (Mtinter, Mayer & Faulstich, 1986).
These actions along with anti-peroxidative
property make silymarin a suitable
candidate for the treatment of iatrogenic
and toxic liver diseases. The results of
this study concur with others who have
found that protein malnourished patients
have increased sensitivity to septic shock
(Gernaat et al, 1998). Additionally, the
results showed that silymarin significantly
decreased the hepatic enzymes (AST and
ALT) activities only in the NPD-fed rats.
These results substantiate the hypothesis
that protein malnutrition may lead to
dysfunction of the liver cells (Kravchenko
& Tutel’ian, 1990).

Clinical and experimental studies
report that protein malnutrition increases
plasma proinflammatory cytokines, such
as TNF-q, IL-1 and IL-6 (Ling et al., 2004)
and increases sensitivity to septic shock
(Gernaat et al., 1998). This study found
similar results in which LPS significantly
increased the proinflammatory cytokines
in all dietary groups; however, the effects
of LPS were found to be significantly
higher in the protein malnourished rats
compared to rats fed the normal-protein
diet. Silymarin supplementation showed
protection against the LPS-induced
elevation in those pro-inflammatory
markers. It is well established that pro-
inflammatory cytokines play a crucial
role in the development of LPS-induced
septic shock (Kang et al., 2004). Increased
sensitivity to septic shock has been
reported in protein malnourished patients
(Gernaat et al.,, 1998). In an experimental
study, Li et al. (2002) showed that mice
fed a protein-restricted diet resulted in a
significant increase in LPS-induced NF-
kP activation and transcription levels of
its downstream genes, IL-1p and TNF-a.
Sauerwein et al. (1997) reported that
plasma concentrations of the inflammatory
cascade mediators including IL-6, CRP
and the soluble receptors of TNF-a
(sTNFR-p55 and sTNFR-p75) are greater in
protein malnourished children particularly

in those suffering with kwashiorkor.
As shown in this study, the protein
malnourished animals fed the LPD and
challenged with LPS had increased levels
of the proinflammatory markers, including
TNF-q, IL-1p and IL-6, and that silymarin
acted as an anti-inflammatory compound.
Silymarin has been shown to have an anti-
inflammatory effect and an inhibitory
action on TNF-a expression and ornithine
decarboxylase activity (Kang et al., 2004; Zi,
Mukthar & Agarwal, 1997; Agarwal et al.,
1994).

Endotoxin-induced  activation of
macrophages and cytokines following the
subsequent formation of reactive oxygen
and nitrogen species has central pathogenic
importance in various inflammatory
diseases, including septic shock (Bian
& Murad, 2001). The lung is the most
frequently indentified organ damaged
in septic shock. However, the precise
mechanism of lung injury-induced by LPS
under different dietary conditions remains
unclear and requires further elucidation. In
this study, LPS induced oxidative damage
in lung and liver tissues was found, as
evidenced by increased lipid peroxidation
(TBARS) with a concomitant decrease in
endogenous antioxidant GSH levels in
the LPD model. In this study, septic shock
induced a significant increase in lung and
liver TBARS levels along with a depletion
of tissue GSH levels, which might indicate
the enhancement of lipid peroxidation as a
result of an impaired antioxidant defense
mechanism. Since silymarin treatment
in this study was associated with the
preservation of GSH and inhibition of lipid
peroxide level, it appeared that silymarin
attenuates toxicity through its antioxidant
effects. Present data showed that silymarin
significantly ~ameliorated LPS-induced
TBARS increase and GSH decrease in both
the tissues of rats fed with NPD or LPD,
although, GSH levels were depleted and
TBARS levels were increased to a greater
extent in the LPDS+LPS group compared to
the NPDS+LPS group. Protein malnutrition
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itself reduced rats’ liver GSH levels by
around 65% compared to those that are
well-nourished (Ling et al, 2004). These
changes are similar to responses observed
during inflammation. Hepatic GSH levels
have been shown to inversely correlate with
the levels of NF-kB activation in the liver,
leading to an increase in the transcription
of IL-18 and TNF-a (Sies, 1999). In this
study, LPS affected the levels of TNF-q,
IL-1B, IL-6 and albumin to a greater
extent in malnourished rats compared to
well-nourished rats challenged with LPS.
Thus, it is reasonable to consider that the
reduction in GSH concentration in the
lung and liver induced by dietary protein
depletion might be one of the important
contributing factors in the activation of a
systemic inflammatory response in septic
rats.

The SOD activity analysis in the lung
and liver demonstrated a significant
decrease after the LPS challenge in
both the dietary groups. Silymarin
supplementation significantly ameliorated
the activity only in the NPD fed rats. One
mechanism by which extracellular SOD
might modulate neutrophil inflammation
is by reducing cytokine release from
macrophages. These findings suggest that
extracellular SOD should be considered as
an anti-inflammatory enzyme as well as a
major antioxidant (Bowler & Crapo, 2002).
Catalase is also an important enzyme
that reduces H,O, to HO, removing a
key intermediate in the hydroxyl radical
(OHe) and acid hypochlorous formation.
In this study, CAT activity decreased in
the LPS challenge groups, particularly in
the LPD-fed rats, whilst in the silymarin
supplemented groups, it was increased
significantly only in the NPD-fed group
compared to the corresponding animals
without silymarin supplementation.

CONCLUSION

In conclusion, these findings provide
evidence supporting the role of silymarin
against the impairment of antioxidation

and immune response in protein-
malnourished rats, particularly in septic
shock conditions. The protective effect of
silymarin can be attributed, at least in part,
to its ability to balance oxidant-antioxidant
status and to regulate the inflammatory
mediators, particularly in a malnourished
condition, in the treatment of multi-organ
failure due to septic shock.
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