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ABSTRACT  
 

Lipopolysaccharide (LPS) is proclaimed to contribute in the development of septic shock after 
entering the systemic circulation. The toxic effects of LPS are potentiated in the presence of D-
Galactosamine (D-GalN). This work aims to investigate the modulation efficacy of chamomile extract 
on the toxicity caused by Lipopolysaccharide and D-Galactosamine in albino rat’s liver. Fifty adult 
male albino rats were divided into four groups. Control group (n=5) was injected intraperitoneally (i.p) 
with saline solution (0.9% NaCl), 1 ml for each rat. LPS+D-GalN group (n=20) was injected 
intraperitoneally with a single dose of LPS (50 μg/kg b.wt) and D-GalN (800 mg/kg b.wt). 
Chamomile/LPS+D-GalN group (n=20) was orally administered with chamomile extract (400 mg /kg 
b.wt) daily for 3 weeks, then intoxicated with a single dose of LPS and D-GalN. LPS+D-
GalN/chamomile (n=5) was injected (i.p.) with a single dose of LPS and D-GalN after 3 weeks then 
orally administered with chamomile extract daily for 3 weeks. Liver samples were collected at 6, 12, 
24 hrs and 3 weeks post injection of LPS+D-GalN from LPS+D-GalN and chamomile/LPS+D-GalN 
groups, and at the end of the experiment from LPS+D-GalN/chamomile group. The results indicated 
that liver lipid peroxidation (MDA) was significantly elevated (p<0.001) in LPS+D-GalN challenged 
rats, compared with those obtained in the control group. On the other hand, LPS+D-GalN caused a 
significant decrease (p<0.001) in liver antioxidant enzymes (reduced glutathione & catalase). 
Histopathological examination showed improvement in liver tissue architecture in chamomile pre- and 
post-treated rats. Conclusively, pre-treatment with chamomile extract modulated the studied parameters 
compared with LPS+D-GalN group. 
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enzymes. 

 
Introduction 
 

Lipopolysacharide is playing a very important role in developing septicemia (Galanos et al., 1979 
and Freudenberg et al., 1986). Massive release of endotoxin or lipopolysaccharide (LPS) into systemic 
circulation after bacterial killing results in severe or acute hepatotoxicity (Pilkhwal et al., 2010). The 
direct toxic effects of endotoxin to variety of organs are probably due to increase production of reactive 
oxygen intermediates as peroxides and nitric oxide (Kaur et al., 2006). Detoxification of 
Lipopolysacharide is mainly mediated by the reticuloendothelial system, particularly Kupffer cells of 
the liver (Roberts et al., 2007). Administration of LPS to animals is widely used to study responses to 
in vivo induced acute systemic inflammation (Yongke et al., 2005). Moreover, LPS induces elevation 
in lipid peroxidation which is an index of oxidative stress that depends on both time and dose (James et 
al., 2002).  

D-Galactosamine (D-GalN) is a well-known chemical substance for inducing manifestation of 
experimental tissue dysfunction ; It affects cell membranes and organelles as well as the synthesis of 
proteins and nucleic acids (Ferencíková et al., 2003). Jung and colleagues showed that D-GalN is very 
toxic to the liver which causes liver injury resembling viral hepatitis with inflammation, degeneration 
and necrosis. It alters liver functions through depletion of uridine pools and so limiting synthesis of 
RNA and protein (Jung et al., 2013). Lipopolysaccharide and D-Galactosamine (LPS+D-GalN) treated 
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mice are a known model of acute liver injury, where (D-GalN) increases the susceptibility of mice to 
LPS-induced shock by impairing liver metabolism (Shang et al., 2009 and Ferencíková et al., 2003).  

Administration of LPS and D-GalN lead to an excessive generation of reactive oxygen species 
(ROS) which through their oxidative damage lead to tissue injury (Moore et al., 2001 ; and Sheik and 
Thiruvengadam, 2013). Endotoxins do not act directly against cells or organs but through activation of 
immune system, especially the monocytes and macrophages, thereby enhancing immune responses. 
Most of the toxicities observed in LPS-induced injury in the liver and systemic circulation has been 
attributed to toxic mediators produced by activated macrophages, as well as reactive oxygen (ROS) and 
nitrogen species (RNS), such as nitric oxide (NO) and superoxide radical (Forehand et al., 1989; 
Rietschel et al., 1994 and Sun et al., 2006). The defense mechanism against Reactive oxygen species 
(ROS), mediators of liver damage, includes enzymatic antioxidants, such as catalase (CAT), superoxide 
dismutase (SOD), glutathione reductase (GR), and glutathione S-transferase (GST), and non-enzymatic 
compounds, such as glutathione (GSH), vitamins A, E, C and Lipoic acid (Crimi et al., 2006). 
Therefore, antioxidants are vital substances which possess the ability to protect the body from damage 
caused by free radicals which induce oxidative stress (Ozsoy et al., 2008).It has been well-know that 
essential oils and plant extracts have antimicrobial and antioxidant effects (Özer et al., 2007).  

Chamomile is used as a tonic of the appetite before the meals, to facilitate digestion after the 
meals, It is also useful to calm the various pains and aches including head and tooth aches in addition 
to facilitate the menstruation (Owlia et al., 2007). Chamomile contained high concentration of phenolic 
and flavonoids. The amount of total phenolic and total flavonoids showed a positive correlation with 
the antioxidant activity, enhanced cell viability and showed protective effects against oxidative stress 
induced by hydrogen peroxide (Yoo et al. 2008). Anti-inflammatory, antistreptococcal and antioxidant 
activity of essential oil from Matricaria chamomilla have been reported (Owlia et el., 2007). Researches 
showed that chamomile enhanced activity of the antioxidative enzymes such as SOD and CAT in a 
dose-dependent manner (Yoo et al. 2008). The water extracts of chamomile have higher antioxidant 
activity than butylated hydroxyanisole, which showed good free radical-scavenging activity, indicating 
that they act as hydrogen ions donors (Al-Ismail and Aburjai. 2004). Moreover, Salama (2012) 
demonestrated that Matricaria chamomilla is a promising nephroprotective compound reducing 
cisplatin nephrotoxicity most probably by its antioxidant activities. 

The present study aims to investigate the protection effect of chamomile against LPS+D-GalN 
induced liver toxicity and the potential biochemical mechanisms. 

 
Materials and Methods  

  

Animals 
 

Fifty adult male albino rats weighing (100-120 g) were obtained from the Experimental Animal 
Care Center, Faculty of Agriculture, Minia University, El-Minia, Egypt. The animals were weighed, 
accommodated in polypropylene cages and fed on commercial rodent pellets and water ad libitum. They 
were acclimatized to the laboratory environment for two weeks before being used in the study under 
controlled temperature (24±1°C), relative humidity (55+5%) with regular 12 hrs. light/12 hrs. dark 
cycles. Animal’s studies were conducted according to the regulations of the Animal Ethics Committee 
of Department of Zoology and Entomology, Faculty of Science, Minia University, El-Minia, Egypt. 
 
Chemicals 
 

Lipopolysaccharide from E.coli serotype O127:B8 and D-Galactoseamine hydrochloride (D-
GalN) were purchased from Sigma–Aldrich chemical (St. Louis, MO, USA). MDA, GSH and catalase 
kits were purchased from Bio-diagnostic, Cairo, Egypt. All other chemicals were obtained from 
analytical grade. 
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Preparation of plant Extract  
 

 Dry plants were weighed and grinded into a fine powder using a marble porcelain mortar and 
pestle. A 5% suspension (w/v) was prepared in a flask by adding water. The flask was then placed on 
an electric shaker (200 rpm) for 4 hrs, and the temperature was maintained at 37 °C. After being shaken, 
the flask was brought to room temperature and the mixture was filtered through a series of Whatman 
filter paper to obtain an aqueous infusion. The filtered aqueous extract was freeze-dried and stored at -
20 °C until used. 
 
Experimental Design 
 

Animals were randomly divided into four groups as following:  
Control group (G I) (n=5): rats were served as control group, left for three weeks to start at the 

same date as treated groups, then, injected intraperitoneally (i.p.) with saline (0.9% NaCl).  
LPS+D-GalN group (G II) (n=20): animals were left for three weeks, then, injected 

intraperitoneally with a single dose of LPS (50 μg /kg b.wt) and D-GalN (800 mg/kg b.wt) (Aniya et 
al., 2005 and Ahmad et al., 2015) and finally dissected at different intervals (6, 12, 24 hrs and 3 weeks).  

Chamomile/ LPS+D-GalN group (G III) (n=20): At the day zero of experiment, rats were orally 
administered with chamomile (Matricaria chamomilla) extract (400 mg/kg b. w) (Bakr and Baz, 2015), 
daily for 3 weeks, then intoxicated with LPS (50 μg /kg b.wt) and D-GalN (800 mg/kg b.wt), After 6, 
12 and 24 hrs., rats were sacrificed, while 5 animals of this group were dissected after 3 weeks of 
intoxication with LPS+D-GalN. 

LPS+D-GalN/chamomile group (G IV) (n=5): animals of this group were left for 3 weeks, 
injected (i.p.) with a single dose of LPS (50 μg /kg b.wt) and D-GalN (800 mg/kg b.wt), then orally 
administered with chamomile (Matricaria chamomilla) extract (400 mg/kg b.wt) daily and dissected at 
the end of the third week.  

Liver samples were removed aseptically from all groups by careful dissection and blotted free of 
adhering blood immediately after sacrificing the rats. The liver were washed with cold 0.9 % sodium 
chloride saline solution and dried between two filter papers then was fixed in 10% formalin to be used 
for histopathological examination. 
 
Biochemical Markers 
 
Oxidative Stress Measurements 
 

Tissue lipid peroxidation level (MDA), reduced glutathione level (GSH) and catalase activity 
(CAT) were measured using the method of Beutler, (1963) and Ohakawa et al. (1979)  respectively. 
Livers were rinsed in isotonic saline solution and weighed. A 25% (w/v) tissue homogenate for each 
case was prepared in (0.05 M) phosphate buffer saline (pH 7.4) using a Potter Elvehjen homogenizer. 
An aliquot of the tissue homogenate was used for the estimation of lipid peroxidation, reduced 
glutathione levels and catalase activity. 
 
Histolopathological Studies 
 

The fixed liver samples were embedded in paraffin, and cut into 5 μm thickness in microtome; 
then stained with hematoxylin and eosin. 
 
Statistical analysis 
 

The collected data were coded, tabulated, and statistically analyzed using SPSS program 
(Statistical Package for Social Sciences) software version 20. Descriptive statistics were done for 
numerical data by mean and standard deviation. Analysis were done for parametric quantitative 
variables using one way ANOVA test and post Hoc Turkey's correction between groups, and student t-
test . The level of significance was taken at (p ≤ 0.05). 
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Results 
 
Antioxidant activities of Liver tissues 
 

The activities of liver antioxidants enzymes were showing a significant marked decrease (p<0. 
001) after induction of LPS+D-GalN when compared with control group (Table 1). On the other hand 
administration of chamomile extract along with LPS+D-GalN produced a significant increase in the 
activities of GSH and CAT as compared to LPS+D-GalN toxificated rats at 6, 12 and 24 hrs. The levels 
of GSH and CAT increased after 3 and 6 weeks of treatment with chamomile (groups III&IV) as showed 
in Table (1).  

LPS+D-GalN infusion caused a marked increase in lipid peroxidation in liver tissues when 
compared to control (p <0.001).Treatment with chamomile extract resulted in a significant attenuation 
in MDA level when compared to LPS+D-GalN groups. 
 
Table 1: Effect of LPS+D-GalN and the modulating effect of Matricaria Chamomilla aqueous extract on liver 

antioxidants enzymes activities and lipid peroxidation levels. 
 

Control 
LPS+D-GalN chamomile 

6 hrs 12 hrs 24 hrs 3 weeks 6 hrs 12 hrs 24 hrs 3 weeks 
(a) 

3 weeks 
(b) 

GSH 
mmole/g 
tissue 

 
16.2 
±1.23  

*** 
11.2±1.92 

*** 
6.8 ±1.76 

*** 
9.1±0.89 

*** 
12.7±1.34 

## 
13.5±1.53 

## 
8.7 ±1.71 

### 
12.1±2.03 

## 
15±0.82 

# 
14.1±0.63 

CAT 
U/G 
tissue 

 
2.12±0.25  

*** 
0.67±0.17 

*** 
0.41±0.36 

*** 
0.59±0.41 

*** 
1.31±0.85 

### 
0.89±0.15 

### 
0.73±0.52 

### 
0.84±0.25 

### 
1.9±0.41 

### 
1.71±0.62 

MDA 
nmole/g 
tissue 

 
4.94±0.89 

*** 
10.3±0.81 

*** 
17.1±0.92 

*** 
12.4±1.12 

*** 
9.4 ±1.89 

## 
8.1 ±1.29 

## 
15.7 ±1.3 

## 
10.3±1.15 

### 
5.8±0.63 

## 
6.3 ±0.59 

(a) refers to pre- and post-treatment, and (b) refers to post-treatment 
One-way ANOVA test: ns (p>0.05), * (p <0. 05), ** (p <0. 01) and *** (p <0. 001)  
t-test: ns (p>0.05), # (p <0. 05), ## (p <0. 01) and ### (p <0. 001) 

 
Histopathological studies 
 

Histopathological examination of liver sections from control group revealed normal architecture, 
(Fig.1). LPS+D-GalN induced histological changes in liver tissue. Liver sections of rat toxificated with 
LPS+D-GalN caused significant hepatic injury in rats where the panlobular mononuclear leukocyte 
infiltration with cytoplasmic vacuolization and severe distortion of tissue architecture was observed 
within 24 hrs. Histopathological findings, also, showed more damage in liver tissue architecture after 
three weeks of LPS+D-GalN induction. On the other hand, the liver sections of rats treated with aqueous 
extract of chamomile showed moderate changes in histological architecture. Furthermore, marked 
improvements in the histopathological changes were noticed in all treated groups when compared to 
the LPS+D-GalN intoxicated groups. 
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Fig. 1: Light photomicrograph of rat liver (H&E stains, 400x). (A) Control rat liver section showing 
normal central vein (CV), hepatocytes (HC) and Kupffer cells (KC). (B) 6 hrs after rat 
toxificated with LPS+D-GalN. (C) 12 hrs after rat toxificated with LPS+D-GalN. (D) 24 hrs 
after rats toxificated with LPS+D-GalN. (E) 3 weeks after rats toxificated with LPS+D-GalN. 
(F) Chamomile pretreated rats after 6 hrs of LPS+D-GalN induction. (G) Chamomile pretreated 
rats after 12 hrs of LPS+D-GalN induction. (H) Chamomile pretreated rats after 24 hrs of 
LPS+D-GalN induction. (I) Pre- and post-treated group for 3 weeks by chamomile. (J) Rats 
treated with chamomile only for 3 weeks after LPS+D-GalN induction. Histopathological 
examination showed improvement in liver tissue architecture in chamomile pre- and post-
treated rats.  

 
Discussion 
 

Bacterial LPS induces extensive damage to a variety of organs due to the increase production of 
reactive oxygen species (ROS), reactive nitric species (RNS) and a resultant rise in lipid peroxidation 
(Zhu and Lei, 2011). Additionally, LPS induces the migration of activated polymorphonuclear 
leukocytes (PMNs) into the liver, which constitutes another source of free radicals (Zou et al., 2011).  

C

K
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In this study, LPS+D-GalN induced lipid peroxidation which is an index of oxidative stress, and 
several studies have reported enhanced lipid peroxidation in many tissues including liver of rats as a 
result of LPS administration (Sebai et al., 2009). Under conditions of oxidative stress, reactive oxygen 
and nitrogen species (RONS) attack the polyunsaturated fatty acids (PUFAs) of cell membranes causing 
destabilization, disintegration and alteration in membrane fluidity and permeability, all events which 
increase the rate of protein degradation and eventually leads to cell lysis (Bharrhan et al., 2010). 
Decomposition products of lipid hydroperoxides such as MDA can interact with protein and nucleic 
acids, leading to oxidative protein and DNA damage (Pari and Shagirtha, 2010). The administration of 
chamomile extract for 3 weeks in the LPS+D-GalN challenged rats significantly decreased the 
formation of MDA in liver. These results are in agreement with the previous studies which reported that 
the reason of chamomile usage in treatment of liver diseases is in its efficacy in inhibition of reactive 
oxygen species and lipid peroxidation (Sathishsekar and Subramanian, 2005). The antioxidant activity 
of Matricaria chamomilla essential oil is mainly due to the contents of chamazulene and guaiazulene 
according to Rekka et al., (1996) who found that chamazulene exerts antioxidant effects through 
inhibition of lipid peroxidation. Chamazulene also blocks chemical peroxidation of arachidonic acid for 
antioxidant effects. Moreover, it was found that guaiazulene can inhibit lipid peroxidation very 
significantly, and it can also scavenge hydroxyl radicals (Safayh et al., 1994 and Kourounakis, et al., 
1997). 

The impairment of the antioxidant defense system is a critical step in LPS+D-GalN induced tissue 
injury. Evidence has shown that LPS+D-GalN insult is characterized by change in tissue and circulating 
antioxidant enzymes levels, as well as non-enzymatic antioxidants, including reduced glutathione 
(GSH) (Kaur et al., 2006). GSH is essential for the regulation of a variety of cellular functions, playing 
an important role in intracellular protection against ROS and other free radicals (Naik et al., 2011). The 
increase in ROS generation in our study was reflected in a decrease in the concentration of catalase and 
GSH. This may result in hampered dismutation of superoxide anions and inefficient detoxification of 
H2O2 which results in formation of OH ions that enhance the peroxidation of membrane lipids, thereby, 
lead to oxidative damage in many tissues. 

In addition, induction of LPS+D-GalN results in a parallel shift in the redox state of the thiol 
system to become more oxidized. The treatment and pre-administration of chamomile extract for 3 
weeks in the LPS+D-GalN challenged rats significantly increased GSH and CAT levels in liver. The 
cause of the increase in the enzymatic antioxidants levels in treated rats might be due to the protective 
effect of chamomile extract associated with its antioxidant properties, as it acts a ROS scavenger and 
an inhibitor of MDA. The same results were obtained by Sebai et al. (2014) who found that chamomile 
extract produced a significant protection against castor oil induced oxidative stress, due to its potent 
antioxidant activity. Moreover, chamomile extract showed potent antioxidant and hepatic protective 
effects (Al-Musa and Al-Hashem, 2014). The major secondary components from chamomile belong to 
three different chemical classes’ sesquiterpenes, coumarins and flavonoids (Emam, 2012). Therefore, 
chamomile is one of the richest sources of antioxidants which could explain hepatic protective effect 
against LPS+D-GalN induced toxicity. 

LPS is a potent activator of Kupffer cells, as well as reactive oxygen species (ROS) (Bode et al., 
1987). The phenolic compounds of Matricaria chamomilla including apigenin, quercetin, and luteolin 
play an important role in immune functions through inhibition of several enzymes which are activated 
during certain inflammatory conditions (Avallone et al., 2000). For instance, luteolin, a member of the 
flavone type flavonoids displays specific anti-inflammatory activities such as activation of anti-
oxidative enzymes, suppression of the nuclear factor Kappa B (NF-κB) pathway, inhibition of 
proinflammatory substances, and reduction in the enhanced vascular permeability. Apigenin, another 
flavone in Matricaria chamomilla, that is non-toxic, non-mutagenic and considered as a potent 
antioxidant (Seelinger et al., 2008). Nicholas and collegues (2007) have shown that apigeinin produces 
anti-inflammatory effects by inactivation of NF-κB pathway through suppression of p65 
phosphorylation. Based on the previous studies and results from this study, anti-inflammatory 
mechanisms of Matricaria chamomilla are based on two foremost mechanisms. The first mechanism is 
the prevention of NF-κB activation via apigenin and luteolin. The next one is the antioxidant activity 
of apigenin, luteolin and chamazulene which prevent lipid peroxidation of arachidonic acid and 
subsequent production of inflammatory substances. Moreover, inhibition of vasodilatation and 
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induction of apoptosis might be important mechanisms in anti-inflammatory effects of Matricaria 
chamomilla.  

The histological injuries such as inflammation induced by LPS+D-GalN were markedly improved 
by chamomile, which showed a modulatory effect on liver tissues. These results are in agreement with 
Liu et al. (2015) who reported that D-GalN is an amino sugar that is selectively metabolized by 
hepatocytes, and which induces liver damage by depletion of the uridine triphosphate pool and thereby 
inhibits protein synthesis. With combined exposure to D-GalN and LPS, D-GalN specifically sensitizes 
the liver towards the cytotoxic effects of LPS, promoting the development of acute liver injury and 
possible death. In the present study, liver damage was most significant at 12 hrs after treatment. The 
results obtained are in agreement with Wang et al. (2015) who reported that the most significant damage 
of liver was after 12 hrs of LPS+D-GalN induction.  

On the other hand, the liver sections of rats treated with aqueous extract of chamomile showed 
moderate changes in histological architecture. Furthermore, marked improvement in the 
histopathological changes were noticed when compared to the LPS+D-GalN in toxicated groups, due 
to the antioxidant abilities of polyphenols and flavonoids in chamomile extracts and apigenin-7-O-
glucoside as the major constituent of chamomile. The same findings were obtained from Al-Musa and 
Al-Hesham (2014) who reported that the administration of chamomile extract to streptozotocin-induced 
diabetic rats significantly modulated the morphological changes in the livers of treated rats.  

In conclusion, the results of the present study indicated that pre and post-treatment with 
chamomile extract has a protective effect in reducing liver marker enzymes, lipid peroxidation and 
oxidative stress of albino rats. Thus Matricaria chamomilla extract may be efficient for amelioration 
the toxicity caused by LPS+D-GalN. 
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