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S/MS analysis of chamomile
decoction and mechanism of its protective effects
on aspirin-induced small bowel injuries

Mohamed-Amine Jabri, *a Najla Hajji,a Dalanda Wannes,a Haifa Tounsi,b

Mourad Jridi,c Afifa Abdellaoui,b Moncef Nasri,c Lamjed Marzoukia and Hichem Sebaia

The aimof the present study is to evaluate the effect of chamomile (Matricaria recutita L.) decoction extract (CDE)

on aspirin-induced small bowel injuries. The chemical composition of CDE was analysed by LC-HRESIMS.

Experimental animals received CDE (100 mg kg�1, p.o. P.C.) before induction of intestinal injuries by oral

aspirin administration. Chromatographic analysis has allowed the identification of 15 phenolic compounds,

especially phenolic acids and flavonoids. The intestinal disturbances were assessed by histopathological and

biochemical examinations. In vivo, we found that aspirin administration caused intestinal histological

alterations accompanied by an oxidative stress status as assessed by increase in a lipoperoxidation and

depletion of non-enzymatic antioxidant levels and antioxidant enzyme activities, as well as an intestinal

overload of reactive oxygen species such as H2O2, OHc and O2c
�. We also showed that aspirin treatment

significantly increased the pro-inflammatory mediator (IL-6, IL-1b and TNF-a) levels in plasma. CDE treatment

suppressed all the histological and biochemical disturbances induced by aspirin intoxication.
Introduction

At present, the family of non-steroidal anti-inammatory drugs
(NSAIDs) has many therapeutic indications, both in human and
veterinary medicine, with a broad spectrum of anti-
inammatory, analgesic, antipyretic and antiplatelet pharma-
cological activities.1 The prototype of these drugs, which we will
take as a reference, is aspirin.2,3 The therapeutic effects of
aspirin arise from its ability to inhibit the synthesis of prosta-
glandins and their derivatives. This inhibition results from the
blocking of the various cyclooxygenase isoforms (COX 1 and 2).3

However, aspirin used at antiaggregative doses (75–325 mg per
day) also induces gastroduodenal toxicity.4,5 Indeed, previous
studies have shown that aspirin used at 10 mg per day inhibited
prostaglandin synthesis leading to gastric mucosa injuries. This
disease can also be related to the activation of neutrophils and
thus to excessive production of reactive oxygen species (ROS).6

Oxidative stress is related to an excessive production of free
radicals which are highly reactive chemical species because their
peripheral electronic layer contains a very unstable single electron.
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In the physiological condition, free radicals are produced in small
quantities during cell respiration and metabolism.7 However, the
intracellular imbalance between their genesis and degradation
results in oxidative stress. This situation was accompanied by
a signicant damage such as the of peroxidation of lipids
membrane, oxidation of enzymatic and structural proteins as well
as breakdown of nucleic acids leading to cells death.8,9

The chamomile (Matricaria recutita L.) is a plant belonging to
the family of Asteraceae. It is one of the best known medicinal
plants, which is included in the pharmacopoeias of 26 countries
all over the world, including Tunisia.10,11 The main therapeutic
effects of chamomile due to its antioxidant properties are anti-
inammatory, anxiolytic, sedative and especially digestive.12

Indeed, chamomile has been widely used in the treatment of the
majority of gastrointestinal diseases such as atulence, indi-
gestion, nausea, vomiting,13 gastric ulcer10 and diarrhea.14

Chamomile is generally safe for consumption, although
patients are hypersensitive to ragweed.13

In the present investigation we evaluated the chemical
composition of chamomile decoction extract (CDE), as well as
the relationship between histological injuries, inammation
and oxidative stress induced by aspirin intoxication, and the
protection offered by CDE administration.
Experimental
Reagents

Methanol (PubChem CID: 887), pyrogallol (PubChem CID:
1057), DNTB (PubChem CID: 15325), BSA (PubChem AID:
This journal is © The Royal Society of Chemistry 2017
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386950), TBA (PubChem CID: 5759), TCA (PubChem CID:
23681045), beta-D-2-deoxyribose (PubChem CID: 439576), GSH
(PubChem CID: 124886), BHT (PubChem CID: 31404), diethyl
ether (PubChem CID: 3283) and NaCl (PubChem CID: 5234)
were purchased from Sigma-Aldrich Co. (Germany).

Preparation of chamomile decoction extract

Chamomile owers were collected from the region of Beja
(North-West of Tunisia) during March 2016 and identied by Dr
Imen Bel Hadj Ali, Associate professor in the Higher Institute of
Biotechnology of Béja-Tunisia. The voucher specimens (No.
M121) have been deposited in the herbarium of the Higher
Institute of Biotechnology of Béja since 2012. The plant material
was later dried in an incubator at 40 �C during 72 hours and
powdered in an electric blender. The decoction was made with
double distilled water (1/5; w/v) at 100 �C during ve minutes
under magnetic agitation and the homogenate was ltered
through a colander (0.5 mm mesh size). Finally, the obtained
extract (CDE) was stored at �80 �C until used.

Characterization of phenolic compounds of CDE by liquid
chromatography-high resolution electrospray ionization mass
spectrometry (LC-HRESIMS) analysis

One hundred mg of CDE was dissolved in 100 mL of 10%
methanol, ltered and then 1 mL was transferred into LC-MS
vials. Reversed-phase column (Pursuit XRs ULTRA 2.8, C18,
100 � 2 mm, Agilent Technologies, UK) was used to carry out
HPLC analyses. Twenty mL of the sample was injected at
a column temperature set at 30 �C. Mobile phases consisted of
0.1% formic acid in water (A) and 0.1% formic acid in methanol
(B). A gradient program was used for separation at a ow rate of
1 mL min�1. Mobile phases consisted of an initial composition
of 100% solvent A, with a gradient of 100% solvent B over 20
minutes, hold at 100% solvent B for 5 min and 100% solvent A
for 25 min. Drying gas ow rate was 1 mL min�1 at 320 �C. MS
was operated in the positive ion mode in a mass range of 100–
2000 m/z. High resolution mass spectral data were obtained on
a Thermo Instruments ESI-MS system (LTQ XL/LTQ Orbitrap
Discovery, UK) connected to a Thermo Instruments HPLC
system (Accela PDA detector, Accela PDA autosampler and
Accela Pump).

Animals and treatment

Adult male Wistar rats (weighing 194� 15.5 g, 15 weeks old and
housed ve per cage) were purchased from Pasteur Institute of
Tunis. All animal procedures were performed in accordance
with the Guidelines for Care and Use of Laboratory Animals of
Tunis University and approved by the Animal Ethics Committee
of National Institute of Health (1985).15 They were provided with
standard food (BADR, Utique, TN) and water ad libitum and
maintained in animal house under controlled temperature
(22 � 2 �C) with a 12/12 h light-dark cycle.

Animals were divided into four groups of 10 animals each.
The animals were orally treated for 7 days with bidistilled water
(group I and III) or with 100 mg kg�1 body weight (b.w.) of CDE
(group II and IV), preliminary experiment indicated that
This journal is © The Royal Society of Chemistry 2017
100mg kg�1 b.w. CDE was the lowest dose that give a signicant
protective effect. The last day, aer 24 h of fasting and two hours
aer the last gavage, groups III and IV was intoxicated by acute
administration of aspirin (ASPR) (200 mg kg�1, b.w., p.o.)16

while groups I and II received a physiological solution (NaCl,
0.9%, p.o.).

Two hours later, animals were sacriced. Blood was collected
in heparinized tubes. Aer centrifugation at 3000g during
15 min, plasma was treated for cytokine determination.

Tissues preparation

The small intestine was rapidly excised, rinsed in NaCl 0.9%
and homogenized in phosphate buffer saline (KH2PO4/K2HPO4,
50 mM, pH 7.4) with Potter–Elvehjem homogenizer. Aer
centrifugation at 10 000g for 10 min at 4 �C, supernatant was
used for the biochemical determination of protein, MDA, anti-
oxidant enzyme activities GSH, thiol groups and ROS
production.

Histopathological analysis

Immediately aer the sacrice, samples of small bowel were
harvested and washed with ice-cold saline. Tissue fragments
were xed in 10% neutral buffered formalin solution, dehy-
drated in increasing concentrations of ethanol and xylene, and
then embedded in paraffin. 5 mm thick sections were cut,
deparaffinized, hydrated and stained with hema-toxylin and
eosin (HE). The intestine sections were examined in a blind
fashion in all treatments.

Lipid peroxidation determination

The lipid peroxidation is detected by the determination of
malondialdehyde (MDA) production using the thiobarbituric
acid method.17 Briey, aliquots from small bowel tissues
homogenates were mixed with BHT–trichloroacetic acid (TCA)
solution containing 1% BHT (w/v) dissolved in 20% TCA (w/v)
and centrifuged at 1000 � g for 5 min at 4 �C. Then, the
supernatant was mixed with 0.5 NaCl and 120 mM TBA (thio-
barbituric acid) in 26 mM Tris and heated in water bath at 80 �C
for 10 min. Aer cooling, the absorbance of the resulting
chromophore was determined at 532 nm. MDA levels were
determined by using an extinction coefficient for MDA–TBA
complex of 1.56 � 105 M�1 cm�1.

Non-enzymatic antioxidants measurement

GSH levels determination was carried out by Sedlak and Lindsay
method.18 Briey, 500 mL of tissue homogenate prepared in
20 mM EDTA, (pH 4.7) were added to the 400 mL of cold distilled
water and 100 mL of TCA solution (50%). The samples were
vortexed and centrifuged at 1200� g during 15 min. Then, 2 mL
of supernatant were mixed with 400 mL of 400 mM Tris-buffer
(pH 8.9) and 10 mL of 10 mM DTNB. Optical density was
measured at 412 nm against blank tube without jejunal
homogenate.

Sulydryl groups (–SH) was performed according to Ell-
man's method.19 Briey, small bowel homogenates were mixed
RSC Adv., 2017, 7, 53472–53480 | 53473
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with 100 mL of 20 mM EDTA (ethylene tetra acetic acid) pH 8.2.
Then, the reaction mixture was vortexed and its optical density
was measured at 412 nm (A1). Then, 100 mL of 10 mM DTNB
were added, incubated during 15 min and the absorbance of the
sample was measured at 412 nm (A2). The sulydryl groups
concentration was calculated using this expression: (A2 – A1 – B)
� 1.57 mM. The results were expressed as mmo of thiol groups
per mg of protein.
Antioxidant enzymes activities assays

The method of Misra and Fridovich was used to determine the
activity of superoxide dismutase (SOD).20 Briey, small bowel
homogenate was added to 2 mL reaction mixture containing 20
mL of epinephrine (5 mg mL�1), 10 mL of bovine catalase (0.4 U
mL�1) and 62.5 mM of sodium carbonate/bicarbonate buffer pH
10.2. Changes in absorbance were measured at 480 nm. Cata-
lase activity was determined according to the method described
by Aebi.21 The reaction mixture contained 33 mM H2O2 in
50 mM phosphate buffer pH 7.0 and CAT activity was calculated
using the extinction coefficient of 40 mM�1 cm�1 for H2O2. The
GPx activity was quantied following the method described by
Flohé and Günzler.22 Briey, 1 mL of reaction mixture con-
taining 0.2 mL of small bowel supernatants, 0.4 mL of H2O2 (5
mM), 0.2 mL of phosphate buffer 0.1 M pH 7.4 and 0.2 mL of
GSH (4 mM) was incubated at 37 �C for 1 min and the reaction
was stopped by addition of 0.5 mL TCA (5%, w/v). Aer centri-
fugation at 1500g for 5 min, aliquot (0.2 mL) from supernatant
was combined with 0.5 mL DTNB (10 mM) and 0.5 mL of
phosphate buffer 0.1 M pH 7.4 and absorbance wasmeasured at
412 nm. The GPx activity was expressed as nmol of GSH
consumed per min per mg protein.
Protein determination

Protein concentration was determined according to Hartree23

which is a slight modication of the Lowry method. Serum
albumin was used as standard.
Measurement of ROS production

The intestine H2O2 level was performed according to Dingeon
et al.24 Briey, in the presence of peroxidase, the hydrogen
peroxide reacts with p-hydroxybenzoic acid and 4-amino-
antipyrine leading to a quantitative formation of a quinonei-
mine which has a pink color detected at 505 nm.

The hydroxyl radical level was determined using Payá et al.
method.25 Briey, aer oxidation of deoxyribose by hydroxyl
radical generated by the Fe3+–ascorbate–EDTA–H2O2 pathway
and incubation with intestine homogenate at 37 �C for one
hour, the reaction mixture was stopped by adding of TCA (2.8%)
and TBA (1%) and boiled at 100 �C for 20 min. Changes in
absorbance were recorded at 532 nm against blank containing
deoxyribose and buffer.

Superoxide radical was estimated according to Marklund
and Marklund26 with slight changes. Briey, intestinal homog-
enates were incubated in Tris-HCl buffer, and then pyrogallol
was added to the reaction mixture which will then be incubated
53474 | RSC Adv., 2017, 7, 53472–53480
at 25 �C for four-minutes. The reaction has been stopped by HCl
addition and absorbance was read at 420 nm against the blank.

Assessment of IL-6, IL-1b and TNF-a in plasma

Cytokines (IL-6, IL-1b and TNF-a) levels were determined in the
plasma samples using standard sandwich enzyme-linked
immunosorbent assay (ELISA) kit according to the manufac-
turer's instruction and expressed in pg per mg of proteins.

Statistical analysis

The data were analyzed by one-way analysis of variance (ANOVA)
and were expressed as means � standard error of the mean
(S.E.M.). The data are representative of 6 independent experi-
ments. All statistical tests were two-tailed, and a p value of 0.05
or less was considered signicant.

Results
Liquid chromatography-high resolution electrospray
ionization mass spectrometry (LC-HRESIMS) analysis of
chamomile decoction extract

The HPLCPDAESI-MS/MSLC-HRESIMS analysis of CDE revealed
the presence of phenolic acids and avonoids. This technique
allowed to the identication of seven phenolic acids which
include gallic acid, protocatechuic acid, 4-O-caffeoylquinic acid,
caffeic acid, p-coumaric acid, 3,4-di-O-caffeoylquinic acid and
4,5-di-O-caffeoylquinic acid (Table 1). The chromatographic
elution prole of avonoids (Fig. 1) showed eight compounds,
including six known avonoids such as rutin, naringin, quer-
cetin, kampherol, apegenin and cirsiliol (Table 1).

Histological evaluations

Histological observations of the small bowel of aspirin treated
rats had manifested extensive damages in the intestinal mucosa
as assessed by villi congestion, edema and leucocytes inltra-
tion (Fig. 2). Pretreatment with CDE (100 mg kg�1, b.w., p.o.) for
seven days had comparatively better protection of the intestinal
mucosa as seen by reduction in inammatory inltrates and
edema as well as reepithelialization of the small bowel mucosa
(Table 2).

Effect of aspirin and CDE on small bowel lipid peroxidation

As shown in Table 2, animals exposed to ASPR-induced small
bowel injuries showed noticeable higher intestinal's MDA
levels. However, CDE pretreatment reversed intestinal lip-
operoxidation induced by aspirin intoxication.

Effect of aspirin and CDE on small bowel antioxidant enzyme
activities

We reported in Table 2 the effect of ASPR and CDE on intestinal
antioxidant enzyme activities. As expected, aspirin administra-
tion was found to cause a signicant decrease in SOD, CAT and
GPx activities when compared with control group. CDE
pretreatment signicantly prevented the depletion of antioxi-
dant enzyme activities induced by aspirin intoxication.
This journal is © The Royal Society of Chemistry 2017
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Table 1 Liquid chromatography-high resolution electrospray ionization mass spectrometry (LC-HRESIMS) analysis of CDE

ID# Namea Formula Retention time [M]�H m/zb Concentration (ppm)

1 Quinic acid C7H12O6 2.032 191.00 ND
2 Gallic acid C7H6O5 4.061 169.00 650.496
3 Protocatechuic acid C7H6O4 7.018 153.00 1172.409
4 4-O-Caffeoylquinic acid C16H18O9 11.904 353.00 5918.668
5 Caffeic acid C9H8O4 14.530 179.00 529.903
6 Epicatechin C15H14O6 16.373 289.00 ND
7 p-Coumaric acid C9H8O3 20.953 163.00 148.680
8 Trans ferulic acid C10H10O4 20.944 193.00 ND
9 Hyperoside (quercetin-3-o-galactoside) C21H20O12 24.059 463.00 ND
10 Rutin C27H30O16 23.879 609.00 273.591
11 Luteolin-7-o-glucoside C21H20O11 24.569 447.00 6929.642
12 3,4-Di-O-caffeoylquinic acid C25H24O12 25.099 515.00 38997.906
13 Quercetrin (quercetin-3-o-rhamonoside) C21H20O11 26.743 447.00 ND
14 Naringin C27H32O14 25.984 579.00 237.504
15 Apigenin 7-glucoside C21H20O10 26.852 431.00 9150.417
16 4,5-Di-O-caffeoylquinic acid C25H24O12 27.010 515.00 9151.806
17 Quercetin C15H10O7 31.874 301.00 63.036
18 Kampherol C15H10O6 31.897 285.00 74.541
19 Naringenin C15H12O5 25.956 579.00 ND
20 Apegenin C15H10O5 34.466 269.00 131.397
21 Luteolin C15H10O6 34.955 285.00 ND
22 Cirsiliol C17H14O7 35.541 329.00 2590.198
23 Acacetin C16H12O5 40.085 283.00 ND

a The compounds are suggested according to the dictionary of natural products (DNP 23.1, 2015 on DVD) and the characteristic fragmentation
pattern. b The formulas were deduced from the quasi molecular ion peak [M + H]+.
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Effect of aspirin and CDE on small bowel non-enzymatic
antioxidants

As it is obvious in Table 3, the levels of reduced glutathione and
thiol groups were signicantly reduced in the intestines of
aspirin treated rats. However CDE (100 mg kg�1, b.w., p.o.)
pretreatment signicantly protected against this decrease when
compared to ASPR group.

Effect of aspirin and CDE on small bowel ROS production

Rats treated with aspirin (100 mg kg�1, b.w., p.o.) showed
a marked intestinal overload of reactive oxygen species such as
hydrogen peroxide (Fig. 3A), hydroxyl radical (Fig. 3B) and
superoxide anion (Fig. 3C) than all groups. However, CDE
pretreatment signicantly protected against ASPR-induced ROS
deregulation and restored the small bowel redox balance.

Effect of aspirin and CDE on serum cytokines

Serum IL-6 (Fig. 4A), IL-1b (Fig. 4B) and TNF-a (Fig. 4C) levels
were augmented in the aspirin treated rats when compared to
the normal group while CDE administration has effectively
protected against this increase, showing a powerful anti-
inammatory activity of CDE against harmful effects of aspirin.

Discussion

We rstly showed that the chemical analysis of the CDE using
LC-HRESIMS allowed to the identication of 15 phenolic
compounds, especially phenolic acids and avonoids such as
rutin, luteolin-7-o-glucoside, naringin, apigenin 7-glucoside,
This journal is © The Royal Society of Chemistry 2017
quercetin, kampherol, apegenin and cirsiliol. Indeed, avo-
noids are natural polyphenols contained as glucosidic deriva-
tives in many fruits and vegetables and in certain beverages
such as tea, wine and beer.27,28 Therefore, owing to their anti-
inammatory and scavenging of oxygen derived free radicals
activities,29 avonoids are known to exhibit several other
potential benecial health effects as anticancer,30 antith-
rombotic,31 antiviral,32 cardio-protective and anti-allergic
activities.29

In vivo, our results clearly showed that single oral admin-
istration of aspirin (200 mg kg�1, PC) causes severe lesions in
the intestinal mucosa. These results are in agreement with
other studies showing that this dosage of aspirin is very
effective for the induction of small intestine lesions.4,33,34

Indeed, the histological analyzes revealed that acute admin-
istration of aspirin induces structural modications as
assessed by intestinal mucous and submucosa lesions. These
latter are accompanied by edema, surface coating and
epithelial cells alterations, as well as leukocyte inltration. In
fact, prostaglandin (PGs) deciency within the digestive
mucosa is considered as the major pathogenic mechanism of
the aspirin-induced digestive system diseases. Although it is
well established that the decit in endogenous PGs does not
directly causes the digestive lesions, but it plays a central role
in the pathogenic process by making the mucosa more
vulnerable to the aggression.3,35 A focal decrease in the
mucosal blood ow preceding the appearance of lesions has
been observed in humans36 as well as in several experimental
models.37,38 Subacute CDE pretreatment reduces aspirin-
induced histological changes. Previously, we also showed
RSC Adv., 2017, 7, 53472–53480 | 53475
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Fig. 1 Representative LC-HRESIMS of phenolic compounds in the chamomile decoction extract (CDE) (assignments of peaks are given in
Table 1).

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

1 
N

ov
em

be
r 

20
17

. D
ow

nl
oa

de
d 

on
 2

/6
/2

02
6 

6:
15

:0
4 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
that CDE has been shown to reduce alterations in gastric
epithelium induced by ethanol10 as well as diarrhea induced
by castor oil intoxication.14

Subacute administration of aspirin (200 mg kg�1; PC)
altered also the small intestine redox balance, leading to an
increase of lipoperoxidation, a depletion of antioxidant
enzymes activity such as superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GPx), as well as the fall in
the levels of the sulydryl groups and GSH. The same effect
was also found by Hong et al.39 and Nair et al.40 However, an
abundant literature is available concerning the relationship
between oxidative stress and inammatory diseases, particu-
larly in the digestive tract.5,41,42 Indeed, reactive oxygen species
have been shown to induces intestinal inammation leading
to mucosa lesions.43,44 Thus, Mulder et al.45 found a SOD
activity and metallothionein concentrations decrease during
inammatory bowel disease and Sido et al.45 report a decrease
in the glutathione synthesis, a key molecule of GPx activity,
which intervenes with catalases in the degradation of
53476 | RSC Adv., 2017, 7, 53472–53480
hydrogen peroxide.46,47 The subacute CDE administration has
signicantly protected against aspirin-induced oxidative
stress. In fact, the richness of this extract in phenolic
compounds gives it the ability to protect against toxicity and
oxidative stress induced by aspirin administration.

In addition to deleterious effects on the antioxidant enzymes
activity and non-enzymatic antioxidants, administration of
aspirin has been accompanied by an increase of reactive oxygen
species production such as hydrogen peroxide (H2O2), super-
oxide anion (O2c

�) and hydroxyl radical (OHc) in the intestine.
The hydroxyl radicals are the most damaging ROS of oxidative
stress, because of their extreme reactivity and their ability to
attack all biological materials (DNA, proteins and lipids). These
radicals can also react with the polyunsaturated fatty acids of
the membrane phospholipids and lipoproteins leading to the
initiation of lipid peroxidation chains.48,49 The superoxide
radical's toxicity seems rather to be exercised in an indirect
manner by reacting with H2O2 leading to OH radicals genera-
tion.50 Furthermore, the spontaneous dismutation of
This journal is © The Royal Society of Chemistry 2017
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Fig. 2 Effect of chamomile decoction extract (CDE) and aspirin (ASPR) in the intestinal histology. Animals were treated with CDE (100 mg kg�1,
b.w., p.o.) or bidistilled water, challengedwith a single oral administration of aspirin (200mg kg�1, b.w., p.o.) or NaCl (9%) ((A) magnification 5�, (B)
10� and (C) 40�).

Table 2 Effect of chamomile decoction extract (CDE) on aspirin
(ASPR)-induced small bowel injury. Animals were treated with CDE
(100 mg kg�1, b.w., p.o.) or bidistilled water, challenged with a single
oral administration of aspirin (200mg kg�1, b.w., p.o.) or NaCl (9%). The
data are expressed as mean � S.E.M. (n ¼ 10), *: p < 0.05 compared to
control group and #: p < 0.05 compared to colitis group

Groups Small bowel injury index Protection (%)

Control — —
CDE — —
ASPR 5.28 � 0.72* —
ASPR + CDE 1.53 � 0.48# 71.02
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superoxide anion is sufficiently rapid, so that hydrogen
peroxide production is itself a deleterious phenomenon via
the Fenton reaction.51 However, all the radical damage
induced by aspirin seems to be limited by the CDE admin-
istration; in fact the chamomile decoction is very rich in
Table 3 Effect of chamomile decoction extract (CDE) on aspirin (ASPR)
(100 mg kg�1, b.w., p.o.) or bidistilled water, challenged with a single ora
nmol of MDA per mg protein; SOD, units per mg protein; CAT, mmol of H2

per mg protein;–SH groups, mmol mg�1 protein; GSH, nmol of GSH per m
compared to control group and #: p < 0.05 compared to colitis group

Treatment MDA SOD CAT

Control 1.87 � 0.34 5.37 � 0.41 9.20 � 0
CDE 1.61 � 0.27 5.96 � 0.33 10.03 �
ASPR 4.27 � 0.36* 2.70 � 0.41* 5.52 � 0
ASPR + CDE 2.30 � 0.38# 4.80 � 0.29# 8.32 � 0

This journal is © The Royal Society of Chemistry 2017
protocatechuic acid, apigenin-7-glucoside, quercetin, kam-
pherol and naringin. These antioxidant molecules can
reduce this toxicity of aspirin because they have a structure
that allows them to trap free radicals by neutralizing them,
which prevents ROS from reaching their biological targets.52

In agreement with these data, we have shown in a previous
work that CDE inhibits the human neutrophils ROS
production.53

More importantly, we have shown that CDE prevents
against aspirin intoxication induced inammation as
assessed by a signicant increase in plasma cytokines such as
IL-1b, IL-6 and TNF-a. Indeed, several studies have shown that
aspirin is associated with an inammatory state via the
expression of proinammatory cytokines.4,36 Although,
inammatory state and oxidative stress are intimately linked,
as shown by the constant elevation of oxidative stress markers
during inammatory bowel disease.54 Thus, taking antioxi-
dants is an important therapeutic strategy for ghting
-induced small bowel oxidative stress. Animals were treated with CDE
l administration of aspirin (200 mg kg�1, b.w., p.o.) or NaCl (9%). MDA,
O2 consumed permin per mg protein; GPx, nmol GSH oxidized permin
g protein. The data are expressed as mean� S.E.M. (n¼ 10), *: p < 0.05

GPx –SH groups GSH

.55 10.62 � 0.88 74.92 � 3.78 36.63 � 1.35
0.74 11.23 � 0.71 81.95 � 2.34 39.44 � 1.60
.54* 6.53 � 0.77* 38.06 � 3.75* 20.28 � 0.88*
46# 9.52 � 0.64# 67.63 � 4.88# 31.63 � 1.77#

RSC Adv., 2017, 7, 53472–53480 | 53477
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Fig. 3 Effect of chamomile decoction extract (CDE) on aspirin (ASPR)-
induced disturbance in small bowel hydrogen peroxide (A), hydroxyl
radical (B) and superoxide anion (C). Animals were treated with CDE
(100 mg kg�1, b.w., p.o.) or bidistilled water, challenged with a single
oral administration of aspirin (200mg kg�1, b.w., p.o.) or NaCl (9%). The
data are expressed as mean � S.E.M. (n ¼ 10), *: p < 0.05 compared to
control group and #: p < 0.05 compared to colitis group.

Fig. 4 Effect of chamomile decoction extract (CDE) on aspirin (ASPR)-
induced disturbance in small bowel TNF-a (A), IL-6 (B) and IL-1b (C).
Animals were treated with CDE (100 mg kg�1, b.w., p.o.) or bidistilled
water, challenged with a single oral administration of aspirin (200 mg
kg�1, b.w., p.o.) or NaCl (9%). The data are expressed as mean � S.E.M.
(n ¼ 10), *: p < 0.05 compared to control group and #: p < 0.05
compared to colitis group.
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inammation. In this context, the same anti-inammatory
effect of chamomile was also found in rats against pulmo-
nary brosis,55 as well as in cultured macrophages.56 More-
over, 3,4-di-O-caffeoylquinic acid (CQC) which was identied
with abandoned amount in CDE (38997.906 ppm) possesses
an important anti-inammatory activity by inhibiting NO
release, inducible nitric oxide synthase and cyclooxygenase-2
expression, as well as granulocyte macrophage colony-
stimulating factor overproduction.57,58
53478 | RSC Adv., 2017, 7, 53472–53480
Conclusion

These ndings clearly demonstrate that CDE had potential
benecial effects on aspirin-induced small bowel injury, owing
in part to its anti-inammatory and ROS scavenging activities
due to its richness in phenolic compounds especially phenolic
acids and avonoids.
This journal is © The Royal Society of Chemistry 2017
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