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Introduction

Sepsis is a serious medical condition that is characterized 
by a whole-body inflammatory state called a systemic 
inflammatory response syndrome and the presence of 
a known or suspected infection (Levy et al., 2003; Bone 
et al., 1992). The body may develop this inflammatory 
response to microbes in the blood, liver, lungs, skin or 
other tissues. Severe sepsis occurs when sepsis leads to 
organ dysfunction, hypotension or hypoperfusion to one 
or more organs. Sepsis can lead to septic shock, multiple 
organ dysfunction syndrome (formerly known as multiple 
organ failure) and death. Organ dysfunction, especially 
in liver and lung, results from sepsis-induced hypoten-
sion and diffuse intravascular coagulation, among other 
things (Bone et al., 1997). Sepsis is common and also 
more dangerous in elderly, immunocompromised and 

critically-ill patients. It occurs in 1–2% of all hospitaliza-
tions and accounts for as much as 25% of intensive care 
unit (ICU) bed utilization. It is a major cause of death in 
ICUs worldwide (Tran et al., 1990; Celes et al., 2012).

The therapy of sepsis rests on antibiotics, non-
steroidal anti-inflammatory drugs (NSAIDs) (Taketo, 
1998; Strong et al., 2000), surgical drainage of infected 
fluid, fluid replacement and appropriate support 
for organ dysfunction. A problem in the adequate 
management of septic patients has been the delay in 
administering therapy after sepsis. Nowadays, because of 
the side effects of the drugs used in treatments of sepsis 
(Doerschug et al., 2004; Riendeau et al., 1997; Nurmi  
et al., 2005) and also other problems in treatment of 
septic patients, the use of natural products such as herbal 
drugs seems worthy of investigation.
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STW 5 (trade name Iberogast®) is a fixed combination 
of nine traditional medicinal herbal extracts used orally for 
the treatment of functional dyspepsia and irritable bowel 
syndrome. This drug is a unique combination of clowns 
mustard [Iberis amara L. (Brassicaceae)] plant and eight 
other select herbs: German chamomile [Matricaria recu-
tita L. (Asteraceae)] flower, angelica [Angelica archan-
gelica L. (Apiaceae)] root and rhizome, caraway [Carum 
carvi L. (Apiaceae)] fruit, milk thistle [Silybum marianum 
L. (Asteraceae)] fruit, lemon balm [Melissa officinalis 
L. (Lamiaceae)] leaf, celandine [Chelidonium majus L. 
(Papaveraceae)] aerial part, liquorice [Glycyrrhiza glabra 
L. (Fabaceae)] root, and peppermint [Mentha x piperita 
L. (Lamiaceae)] leaf (Kroll & Cordes, 2006; Wegener & 
Wagner, 2006). In addition to the traditional use of STW5 
for treating various gastrointestinal disorders, its thera-
peutical efficacy has been investigated in clinical trials 
according to modern guidelines and thus confirmed by an 
evidence-based approach (Rösch et al., 2006). Iberogast® 
is not primarily associated with tradition use, but with 
randomized clinical studies and meta-analyses from such 
studies (Woolf, 1992).

The proprietary blend, Iberogast®, was developed in 
Germany in 1961 and is available (without prescription) 
in other countries. In some countries, when obtained as a 
prescription medicine, reimbursement from health insur-
ance is possible. It is authorized as a medicine by the regu-
latory authorities of several countries, including, Germany 
other EU countries (e.g., Belgium, Netherlands, Austria, 
Poland, Czech Republic and Slovakia), and countries 
such as Switzerland, Canada, South Africa and Australia. 
In addition, pharmacological and toxicological studies of 
STW 5 covering all guidelines of ICH, EU, FDA, Japanese 
MWDH relevant for a new chemical entity, showing no 
observed adverse effect levels (NOAELs) at high levels of 
administration (Saller et al., 2002a; Rösch et al., 2006).

Iberogast® is named for the fresh herb Iberis amara L. 
(Brassicaceae; Clown’s Mustard plant), the most valued 
and active ingredient in Iberogast® for its glycoside and 
flavonoid content. The pharmacological effects, as well as 
the therapeutic effectiveness, tolerability and toxicity of 
Iberogast®, were experimentally and clinically recorded 
and documented using modern investigation tools. Both 
the experimental as well as the clinical studies indicated 
a regulatory influence of Iberogast® on the entire gastro-
intestinal tract (Wegener & Wagner, 2006; Khayyal et al., 
2006; Mullera et al., 2006; Brierley & Kelber, 2011).

Given that there are some studies indicating the anti-
inflammatory effects of STW 5 with in vitro methods 
(Schemppa et al., 2006; Germanna et al., 2006), its role 
as an anti-inflammatory agent with an in vivo model 
is certainly intriguing. There are no data to support the  
in vivo drug effect for the treatment of sepsis in experi-
mental animal model such as cecal ligation and puncture 
(CLP) model. So, in this study, we decided to investigate 
the preventive effects of STW 5 and its dose-dependency 
for preventing the hepatic and lung pathological injuries 
induced by sepsis.

Materials and methods

CLP model
Male albino rat of Wistar strain (10–12 weeks old, 150–
170 g) were purchased from the Pasteur Institute of Iran. 
Animal studies were approved by the Medical Ethics 
Committee of Tarbiat Modares University.

Polymicrobial sepsis in rats was induced by CLP 
according to the method of Hubbard et al. (2005). Briefly, 
rats were anesthetized by a single injection (intraperi-
toneally [i.p.]) of ketamine (90 mg/kg b.w.) and xylazine 
(10 mg/kg b.w.) mixture. A small midabdominal inci-
sion (2–3 cm) was made and the cecum was exposed. A 
distended portion of the cecum just distal to the ileoce-
cal valve was isolated, filled with fecal content and tied 
with a 3-O silk suture in a manner not to disrupt bowel 
continuity. The ligated portion of the cecum was punc-
tured twice with a 20-gauge needle. The cecum was then 
replaced in its original position within the abdomen, and 
the abdomen was then closed with a 3-O suture in two 
layers, and the animals were allowed to recover. In the 
sham-operated rat, the cecum was exposed, manipu-
lated and returned to the peritoneal cavity without being 
ligation and punctured. After surgery, normal saline 
(3 ml/100 g b.w) was given subcutaneously to all rats to 
prevent dehydration.

Animal treatments and tissue processing
STW 5 (Iberogast®) was obtained in liquid form (30% 
alcoholic extracts) from Steigerwald Arzneimittelwerk, 
GmbH, Darmstadt, Germany. As shown in Table 1, ani-
mals were divided into six groups. STW 5 at doses of 2.5, 
5 and 10 mg/kg b.w. equivalent to 10.5, 5.25 and 2.62 
µL/kg b.w of the drug solution, were diluted in 0.5 ml 
ethanol 30% and injected i.p. immediately after CLP. 
Indomethacin at 10 mg/kg b.w was diluted in 0.5 ml 
DMSO and also injected intraperitoneal (i.p.) immedi-
ately after CLP operation. Twenty-four hours after CLP, 
lung and liver tissues were removed, washed and pro-
cessed for pathological analysis.

Histopathological studies
The livers and lungs were harvested at 24 h for histo-
pathological studies. The tissue samples of this organ 
were fixed in 10% buffered formaldehyde solution (in 
phosphate-buffered saline), dehydrated in graded 
ethanol, embedded in paraffin (Tissue-processor, Leica, 
Jung histokinette 2000, Germany), sectioned at 6 µm 
(Sliding microtome, Leica, Jung histocuts, Germany) and 
stained with hematoxylin and eosin (H&E) (Luna, 1968). 
Histopathologically, the sections were examined by light 
microscopy (Olympus, CH36 RF200, Japan) and digitally 
photographed with a photomicrograph (Olympus DP12, 
U-TVO.5XC-2, Japan). The histological changes were ana-
lyzed by a veterinary pathologist. We used a  quantitative 
grading scale for evaluation of the histologic index of the 
severity of tissue injury. The mean of infiltrated and/or 
sequestrated polymorphonuclear inflammatory cells 
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(neutrophils) was determined by counting the number of 
neutrophils in 10 selected high power fields. Then the his-
tologic index was scored 0 (minimal) to 4 (maximal). In 
liver tissue, 0 indicates 0–9 neutrophils, 1 presents 10–19 
neutrophils, 2 reflected 20–29 neutrophils, 3 reflected 
30–39 neutrophils, 4 indicates >40 neutrophils per high 
power field. In lung tissue, 0 indicates 0–24 neutrophils, 
1 presents 25–49 neutrophils, 2 reflected 50–74 neutro-
phils, 3 indicates 75–99 neutrophils, and 4 indicates >100 
neutrophils per high power field. For evaluation of the 
other histologic changes, e.g., congestion, interstitial 
edema, granular degeneration of hepatocytes, necro-
sis, hypertrophy and/or hyperplasia of Kupffer’s cells, 
a semiquantitively grading scale was used. The scoring 
system included: zero (0) for none (no change), 1+ for 
mild changes, 2+ for moderate changes and 3+ for severe 
changes (Liaw et al., 2005).

Statistical analysis
Data are presented as means ± standard error of mean. 
The results were subjected to one-way ANOVA followed 
by Tukey’s HSD using SPSS (version 19.0) software. 
Significant levels were defined as p < 0.05.

Results

Histopathologic findings
Histopathological studies performed on liver biopsies 
showed that in the sham-operated group (laparatomy 
group), mild congestion of the liver and granular degen-
eration in hepatocyte was evident microscopically. 
There was no infiltration or sequestration of polymor-
phonuclear (PMN) or mononuclear inflammatory cells 
(Figure 1A). In some areas, polymorphonuclear (PMN) 
inflammatory cells were slightly infiltrated in the liv-
ers. The most severe pathologic lesions were seen in 
the septic group (CLP group). In sepsis, the livers were 
congested macroscopically. Histopathological examina-
tion revealed severe congestion, interstitial edema, mild 
granular degeneration of hepatocytes and severe infiltra-
tion and sequestration of PMN (neutrophils which were 
mainly inflammatory cells) in the liver. The CLP model 
also caused scattered foci of infiltration of mononuclear 
inflammatory cells, numerous focal lytic necrosis of hepa-
tocytes, mild mononuclear and neutrophilic cholangitis. 
The liver was reactive and hyperplasia and hypertrophy 
of Kuppfer’s cells were prominent (Figure 1B). CLP rats 
treated with indomethacin show lesser cellular dam-
age. In this connection, infiltration and sequestration of 

PMN, congestion, interstitial edema and necrosis were 
significantly reduced in CLP rats treated with 10 mg/kg 
b.w. of indomethacin (Figure 1F). Administration of STW 
5 in three different doses failed to prevent liver dam-
age caused by CLP (Figure 1C–1E). In this connection, 
the pathologic changes such as interstitial edema and 
congestion, infiltration and sequestration of PMN and 
focal lytic necrosis were observed in all the CLP animals 
treated with 2.5, 5 and 10 mg/kg b.w. of STW 5.

Histopathological studies performed on lung biopsies 
showed that in the sham-operated group (laparotomy 
group), mild congestion was evident microscopically, but 
there was no infiltration of polymorphonuclear (PMN) 
and mononuclear inflammatory cells in the samples 
(Figure 2A). In some areas, polymorphonuclear (PMN) 
or mononuclear inflammatory cells were slightly infil-
trated in the interstitium of the lungs. The most severe 
pathologic lesions were seen in the septic group (CLP 
group). In sepsis, the lungs were congested macroscopi-
cally. Histopathological examinations revealed severe 
congestion. Interlobular septa were expanded by edema 
and interstitial and perivascular edema and focal hem-
orrhages were evident. The alveolar walls were thick-
ened and appeared hypercellular due to hypertrophy of 
pulmonary intravascular and interstitial macrophages 
and infiltration and aggregation of neutrophils. Hyaline 
thrombi were identified in small arterioles, small venules 
and capillaries. These lesions indicated the onset of acute 
interstitial pneumonia due to septicemia and endotox-
emia (Figure 2B).

The damage was partially improved in rats treated 
with indomethacin (Figure 1F). In this group, histologic 
changes described as congestion, interstitial and peri-
vascular edema and focal hemorrhages and thrombus 
formation were mild and significantly reduced when 
compared with CLP. In contrast, the STW 5 failed to pre-
vent lung injuries caused by CLP. The histopathological 
changes including congestion, interstitial and perivascu-
lar edema and focal hemorrhages, infiltration and aggre-
gation of PMN and thrombus formation were observed in 
all of the CLP rats treated with 2.5, 5 and 10 mg/kg b.w. of 
STW 5 (Figures 2C–2E).

PMN infiltration/sequestration and histologic index of 
liver injury
The mean number of infiltrated and/or sequestrated 
polymorphonuclear neutrophils (PMN) and the histo-
logic index of the severity of liver and lung injury in CLP-
induced septic shock in rats treated with or without STW 

Table 1. Treatment groups.
Groups Laparotomy CLP STW 5 (mg/kg b.w.) Indomethacin (10 mg/kg b.w.)
SOP + − Ethanol 30% −
CLP − + Ethanol 30% −
Treatment − + 2.5 −
Treatment − + 5 −
Treatment − + 10 −
Positive control − + − +
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5 are presented in Tables 2 and 3. As indicated by direct 
histopathological findings (Figures 1 and 2), the mean 
number of polymorphonuclear inflammatory cells (neu-
trophils) and the index of the severity of liver and lung 
injury are elevated significantly in CLP rats as compared 
to that of the control group (p < 0.05). Treatment of rats 
with STW 5 (2.5, 5 and 10 mg/kg b.w.) could not reduce 
the index of the severity of tissue injury significantly  
(p > 0.05) while indomethacin significantly (p < 0.05) 

reduced the mean number of polymorphonuclear 
inflammatory cells (neutrophils) and the index of the 
severity of lung and liver injury.

Discussion

In this study, we demonstrated that liver and lung injury 
following CLP operation were not effectively inhibited 
in rats treated with different doses of STW 5. The tissue 

Figure 1. Histopathological studies. Light microscopy showing histologic sections of the liver of rats from different groups. (A) Section of 
liver from a rat receiving laparotomy plus ethanol 30% as vehicle (sham-operated, SOP group), (B) Section of liver from a rat receiving CLP 
plus ethanol 30% as vehicle (CLP group), (C) Section of liver from a rat receiving CLP + 2.5 mg/kg b.w. of STW 5, (D) Section of liver from 
a rat receiving CLP + 5 mg/kg b.w. of STW 5 and (E) Section of liver from a rat receiving CLP + 10 mg/kg b.w. of STW 5. Arrows indicate the 
infiltration or sequestration of polymorphonuclear neutrophils. Sections were stained with hematoxylin and eosin (original magnification 
×400). (See colour version of this figure online at www.informahealthcare.com/phb)
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preventive effect of STW 5 investigated in the present 
study was based on changes in histopathological param-
eters related to tissue injury in rats suffering from sepsis 
induced in the CLP model. The advantages of using the 
CLP model is justified by its properties because it gives 
the opportunity to study the antioxidative and tissue pre-
ventive effects of natural medicinal preparations.

Previously, we considered that essential oils 
derived from caraway seeds with in vitro antioxidant 
and antibacterial activities (Fatemi et al., 2011, 2012; 
Dadkhah et al., 2009) protected different tissue injuries 
induced by sepsis via modulating the oxidative stress 
parameters, i.e., glutathione, lipid peroxidation (LP) 
and myeloperoxidase (MPO) activity (Fatemi et al., 

Figure 2. Histopathological studies. Light microscopy showing histologic sections of lung of rats from different groups. (A) Section of lung 
from a rat receiving laparotomy plus ethanol 30% as vehicle (sham-operated, SOP group), (B) Section of lung from a rat receiving CLP plus 
ethanol 30% as vehicle (CLP group), (C) Section of lung from a rat receiving CLP + 2.5 mg/kg b.w. of STW 5, (D) Section of lung from a 
rat receiving CLP + 5 mg/kg b.w. of STW 5 and (E) Section of lung from a rat receiving CLP + 10 mg/kg b.w. of STW 5. Arrows indicate the 
infiltration or sequestration of polymorphonuclear neutrophils. Sections were stained with hematoxylin and eosin (original magnification 
×400). (See colour version of this figure online at www.informahealthcare.com/phb)
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2010a,b; Dadkhah et al., 2011a,b). Since flavonoids, 
essential oils, hydroxycinnamic acid derivatives, cou-
marins, dicarboxylic acids, silymarins, amino acid 
derivatives and glycyrrhizic acid are the characteristic 
compounds of the individual ethanol extract of STW 

5 (Kroll & Cordes, 2006; Wegener & Wagner, 2006); in 
this study, we decided to consider the preventive effect 
of ethanol extract of STW 5 in liver and lung tissues in 
CLP rat model by measuring the tissue histophatologi-
cal parameters.

Table 2. Effect of STW 5 on polymorphonuclear neutrophil infiltration/sequestration and histologic index of the severity of tissue injury in 
livers of CLP-induced septic shock in rats.

Groups

Number of infiltrated  
and/or sequestrated 
neutrophils (PMN)

Histologic index  
of the severity of  

liver injury Liver histopathological changes
Pathology  

grade
Laparotomy 1.26 ± 0.29 0.41 ± 0.1 Mild congestion and granular degeneration of hepatocyte 

with slight infiltration and sequestration of PMN in some 
areas

+

CLP 4.7 ± 0.63* 1.5 ± 0.28* Severe pathologic changes such as severe congestion, 
interstitial edema and infiltration and sequestration of PMN, 
mild granular degeneration of hepatocytes

+++

CLP + STW 5  
(2.5 mg/kg b.w.)

3.5 ± 0.63 1.3 ± 0.33 Severe pathologic changes such as severe congestion, 
interstitial edema and infiltration and sequestration of PMN, 
mild granular degeneration of hepatocytes

+++

CLP + STW 5 
(5 mg/kg b.w.)

5.2 ± 0.74 2 ± 0.57 Severe pathologic changes such as severe congestion, 
interstitial edema and infiltration and sequestration of PMN, 
mild granular degeneration of hepatocytes

+++

CLP + STW 5 
(10 mg/kg b.w.)

5.8 ± 0.67 2.3 ± 0.33 Severe pathologic changes such as severe congestion, 
interstitial edema and infiltration and sequestration of PMN, 
mild granular degeneration of hepatocytes

+++

CLP + Ind  
(10 mg/kg b.w.)

2.6 ± 0.5** 0.75 ± 0.2** Mild pathologic changes such as mild congestion, interstitial 
edema and infiltration and sequestration of PMN

+

In the sham-operated group (SOP), rats underwent laparotomy and received ethanol 30% as vehicle. In the CLP group, animals received 
vehicle alone; CLP + STW 5 groups, STW 5 (2.5, 5 and 10 mg/kg) were injected (i.p.) immediately after CLP and CLP rats were treated with 
indomethacin 10 mg/kg b.w. as a positive control. Values are mean ± S.E.M. carried out in duplicate. *p < 0.05 is considered significantly differ-
ent from the laparatomy group within each parameter. **p < 0.05 is considered significantly different from CLP group within each parameter.

Table 3. Effect of STW5 on polymorphonuclear neutrophil infiltration/sequestration and histologic index of the severity of tissue injury in 
lungs of CLP-induced septic shock in rats.

Groups

Number of infiltrated  
and/or sequestrated 
neutrophils (PMN)

Histologic index of  
the severity of  

lung injury Lung histopathological changes
Pathology 
 grade

Laparotomy 3.2 ± 0.7 0.41 ± 0.1 Mild pathologic changes such as mild congestion 
and interstitial edema with slight infiltration and 
aggregation of PMN in some areas

+

CLP 11.8 ± 2.6* 1.5 ± 0.5* Severe pathologic changes such as severe pathologic 
changes such as severe congestion, interstitial 
edema, interalveolar wall thickness, infiltration and 
aggregation of PMN, focal hemorrhages and hyaline 
thrombi

+++

CLP + STW 5  
(2.5 mg/kg b.w.)

8.8 ± 1.6 1.3 ± 0.3 Severe pathologic changes such as severe 
congestion, interstitial edema, interalveolar wall 
thickness, infiltration and aggregation of PMN, focal 
hemorrhages and hyaline thrombi

+++

CLP + STW 5  
(5 mg/kg b.w.)

13.1 ± 1.8 2 ± 0.57 Severe pathologic changes such as severe 
congestion, interstitial edema, interalveolar wall 
thickness, infiltration and aggregation of PMN, focal 
hemorrhages and hyaline thrombi

+++

CLP + STW5  
(10 mg/kg b.w.)

14.6 ± 1.7 2.3 ± 0.3 Severe pathologic changes such as severe conges-
tion, interstitial edema, interalveolar wall thickness, 
infiltration and aggregation of PMN, focal hemor-
rhages and hyaline thrombi

+++

CLP + Ind  
(10 mg/kg b.w.)

6.5 ± 1.4** 0.75 ± 0.2** Mild pathologic changes such as mild congestion, 
interstitial edema and infiltration and aggregation 
of PMN

+

In the sham-operated group (SOP), rats underwent laparotomy and received ethanol 30% as vehicle. In the CLP group, animals received 
vehicle alone; CLP + STW 5 groups, STW 5 (2.5, 5 and 10 mg/kg) were injected (i.p.) immediately after CLP and CLP rats were treated with 
indomethacin 10 mg/kg b.w. as a positive control. Values are mean ± SEM carried out in duplicate. *p < 0.05 is considered significantly different 
from the laparatomy group within each parameter. **p < 0.05 is considered significantly different from the CLP group within each parameter.
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The data in this study indicated that i.p. injection of 
the ethanol extract of STW 5 immediately after sepsis 
induction had no tissue preventive effect in the CLP rat 
model. Our previous studies confirmed this result imply-
ing that some factors such as low bioavailability or little 
antibacterial activity are involved in the ineffectiveness of 
caraway hydroalcoholic extract in septic tissue protection 
(Dadkhah et al., 2011c; Fatemi et al., 2010b). However, 
STW 5 is reported as having good bioavailability within 
the tissue in in vitro/in vivo/ex vivo systems (Kelber et 
al., 2006; Wadie et al., 2012). Moreover, it is reported that 
STW 5 has some antibacterial activity on the growth of 
Helicobacter pylori strains in in vitro system (Saller et al., 
2002b). Therefore, the lack of the hepatoprotective effects 
in the CLP rat model may not be due to these reasons. 
The reason this ostensibly useful herbal drug lacks hepa-
toprotective effects in the CLP rat model remain to be 
determined.

In the CLP model, sepsis is induced by shifting micro-
organisms from the lumen barrier to the blood (Hubbard 
et al., 2005). So, it seems that an extract with potent 
antibacterial activity that is able to reduce the micro-
bial load of Gram-negative and Gram-positive bacteria 
in the blood could successfully reduce the sepsis organ 
dysfunction. Studies indicated that bacterial load in 
sepsis associated with inducing oxidative stress have a 
direct relationship with organ injuries in the CLP model. 
Experimental and clinical studies have shown that any 
harmful tissue events such as infection is perceived by 
macrophages and monocytes, which in turn secrete cyto-
kines such as interleukin-1 (IL-1) and tumor necrosis 
factor-α (TNF-α). These cytokines activate inflammatory 
cells such as neutrophils, macrophages or monocytes, 
platelets and mastocytes, releasing large amounts of the 
toxic oxidizing reactive oxygen species (ROS), which can 
cause cellular injury via several mechanisms including 
the peroxidation of membrane lipids and the oxida-
tive damage to proteins and DNA (Hubbard et al., 2005; 
Gutteridge, 1995).

In spite of the fact that polyphenols have antioxidant 
activities, there are reports indicating the prooxidant 
properties of the flavonoids in oxidized types such as 
phenoxyl or quinone (Panemangalore & Bebe, 2009; 
Murzakhmetova et al., 2008; Babich et al., 2008; Galati & 
O’Brien, 2004). Robaszkiewicz et al. (2007) demonstrated 
concentration-dependent effects of quercetin on A549 
cells in in vitro, including augmentation of cell prolif-
eration and increased total antioxidant capacity (TAC) of 
the cells at low quercetin concentrations, and decreased 
cell survival and viability, thiol content, TAC and activi-
ties of superoxide dismutase, catalase and glutathione 
S-transferase at higher concentrations of the flavonoid 
(>50 mM) (Robaszkiewicz et al., 2007). In addition, our 
results indicated the significant induction of MPO in 
sepsis (Fatemi et al., 2010a). In the presence of H

2
O

2
, 

catechol B ring of flavonoids is oxidized by MPO to pro-
duce phenoxyl radicals responsible for oxidative damage 
to macromolecules (Galati & O’Brien, 2004). A study 

showed that intracellular accumulations of ROS and pro-
tein carbonyls were detected in the cells treated with api-
genin (a flavonoid) in a dose-dependent manner. When 
HL-60 cells were treated with MPO inhibitors, the ROS 
level enhanced by apigenin was significantly reduced. 
The gathered data suggested that MPO-catalyzed pro-
duction of apigenin B-ring phenoxyl radicals might be 
responsible for the prooxidant effect (Miyoshi et al., 
2007). Another study also indicated the prooxidant activ-
ity of polyphenols arising from their interactions with 
metals such as iron and cupper led to the production 
of hydroxyl radicals (Perron & Brumaghim, 2009). So 
in regard to the ROS and MPO production in sepsis of 
the CLP model (Fatemi et al., 2010a), it is assumed that 
probably polyphenols and flavonoids present in STW 5 
changed to oxidized forms and act as prooxidants result-
ing in a lack of effectiveness in improving tissue injury 
induced by sepsis. In addition, the time and route of 
treatment as variables contributing to the lack of STW 5 
effectiveness in hepatoprotection in theCLP model can-
not be ruled out.

Conclusion

In conclusion, our results indicate that i.p. injection of 
a liquid ethanol extract of STW 5 immediately after CLP 
operation did not have any effect in modulating the liver 
and lung injury, which was confirmed by histopathologi-
cal observations. Many different studies indicated the 
therapeutic effects of STW 5, so, the lack of the hepato-
protective effect of this drug in sepsis induced in the CLP 
model may not be related to the value of other therapeu-
tic effects mediated by this herbal drug. Alternatively, the 
value of STW 5 in preventing sepsis could be explored in 
other model systems. Furthermore, evaluations should 
include other routes of administration (i.e., oral, intra-
venous and subcutaneous), different times for treatment 
(e.g., pretreatment or post treatment at different time 
intervals) and different drug doses.
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