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EXPERIMENTAL STUDY

The antioxidant effect of Echinacea angustifolia and Echinacea 
purpurea in rat colitis model induced by acetic acid
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Abstract: Background: Ulcerative colitis is a chronic infl ammatory condition of the colon, and reactive oxidative 
metabolites (ROMs) play an important role in its pathogenesis. Alternative therapies such as herbal remedies 
are increasingly being used in the treatment of ulcerative colitis for better clinical outcome of ulcerative colitis 
and less adverse effects. Echinacea has many features including antioxidant and wound-healing properties. 
Hence, the present study was undertaken to evaluate the protective effect of Echinacea spp. on experimental 
colitis model induced by acetic acid in Wistar albino rats. 
Methods: Acute colitis was induced by intrarectal administration of acetic acid. Rats were divided into four 
groups, namely control, Echinacea-administered, Echinacea-administered-colitis and colitis. Malondialdehyde 
and total antioxidant status were assayed in tissue samples. Histopathological evaluation was also performed. 
Results: Macroscopic and microscopic scores were signifi cantly higher in colitis group compared to control, 
Echinacea and Echinacea-colitis groups (p < 0.001). There was no signifi cant differences in respect of macro-
scopic and microscopic scores between control, Echinacea and Echinacea-colitis groups (p > 0.3, p > 0.22). 
Malondialdehyde levels were elevated in colitis group compared to other groups (p < 0.001). Total antioxidant 
status was signifi cantly higher in Echinacea group compared with other groups and also signifi cantly higher in 
Echinacea-colitis group compared with colitis group (p < 0.001, p < 0.001, respectively).
Conclusion: Echinacea may possibly have some therapeutic usefulness in the management of ulcerative colitis 
(Tab. 2, Fig. 4, Ref. 35). Text in PDF www.elis.sk.
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Ulcerative colitis (UC) is a chronic infl ammatory bowel dis-
ease of unknown origin. Current literature suggests that multiple 
genetic, environmental and immune factors take place in the 
pathogenesis and progression of the disease (1, 2, 3, 4). It has been 
well known for a long time that infl ammatory mediators such as 
cytokines, eicosanoids and reactive oxygen metabolites (ROMs) 
are crucial components of those infl ammatory pathways. These 
molecules are known to play a role in both the initiation and the 
progression of UC (5, 6). The production of these metabolites 
which are shown to be the fi nal common mediators of infl amma-
tion has been found to occur in the gastrointestinal tract (7). In this 
regard, it is required to take antioxidants and dietary supplements 
that may affect the body’s defence system against oxidants like 
hydrogen peroxide and others.

Echinacea spp., one of the oldest and most popular species in 
the world belonging to the family Asteraceae, is found abundant-
ly throughout the world. Echinacea has many features including 
antiviral, antibacterial, antifungal, antioxidant, anticarcinogenic, 
antiinfl ammatory and wound-healing properties. A recent case-

control study shows the therapeutic role of Echinacea in children 
with mucositis caused by chemotherapy (8). There are nine known 
species of Echinacea. Therapeutic effects have been reported in 
three species, E. purpurea, E. pallida, and E. angustifolia, which 
are all used as medical herbs (9). Among their components, echi-
nacin, a peculiar glucose chain derived from E. purpurea, has been 
reported to attach to the surface of T cells and macrophages and 
to activate them (10). Therefore, Echinacea may be used in UC 
due to its antioxidant effects.

Malondialdedyde (MDA) is a valid fi nal product of lipid 
peroxidation by ROMs. MDA is also known as a thiobarbituric 
acid-reactive breakdown product which is assayed as an indirect 
marker of lipid peroxidation (11, 12). The level of MDA has been 
shown to be signifi cantly higher in colitis models in previous stud-
ies (13, 14). TAS Assay measures the total antioxidant capacity 
of biomolecules from a variety of samples via a set mechanism. 
In the presence of antioxidants, copper (II) is reduced to copper 
(I). In turn, the copper (I) ions react with chromogen to produce a 
color with maximum absorbance at 490 nm. It is suitable for be-
ing used with plasma, urine, cell lysates, tissue homogenates and 
food extracts. It works with a wide variety of antioxidants. ROMs 
are potent infl ammatory mediators likely to be involved in tissue 
injury in colitis. These mediators may play an important role in 
the course of UC and its acute attacks. ROMs in early stage of 
colitis may increase and be a vital factor in the etiopathogenesis 
of colitis (15). It has been reported that antioxidants decrease the 
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detrimental effects of oxidative damage caused by ROMs, and 
increase TAS in colitis models (16, 17)

Drugs used in UC are not always effective and may cause se-
rious side effects (18, 19). Therefore, new therapeutic strategies 
are awaited. That is why alternative therapies such as antioxidant 
agents and herbs are increasingly being used for the treatment of 
UC. Hence, the present study was undertaken to evaluate the pro-
tective and antioxidant effect of Echinacea spp. on experimental 
model of colitis induced by acetic acid in Wistar albino rats.

Materials and methods

Echinacea extract (Echinacea angustifolia and Echinacea 
purpurea) was provided in form of dried powder commercial 
preparation by GNC (General Nutrition Center), Pittsburgh, USA. 

Animals
Twenty male Wistar Albino rats, weighing 200–260 g each, 

were obtained from Ankara Education and Research Hospital of 
Experimental Research Laboratory (Ankara, Turkey). They were 
kept in rat cages in a standard animal room, which was main-
tained under a 12 h light/12 h dark cycle at 21–22 °C. Rats were 
allowed ad libitum access to food and water. The structure of this 
study and animal experimental procedures were approved by the 
Ethical Committee of Ankara Education and Research Hospital.

Acute colitis induction and treatment protocols
Acute colitis was induced by intrarectal administration of 1 ml 

of a 4 % solution of acetic acid. After ketamin anesthesia, a soft 
6F pediatric catheter was introduced 6 cm into the anus and acetic 
acid was carefully administered. Before taking the catheter out, 
2 ml of air was applied in order to spread acetic acid completely 
in the colon. All rats were maintained in head-down position for 
25 seconds to prevent leakage. Echinacea 50 mg/kg/day (equal to 
human dosage) was given into the stomach by a soft 6F pediatric 
catheter. Rats were randomized to four groups, fi ve animals per 
group as follows: 

Control (Group 1; n = 5) were allowed ad libitum access to food 
and water for 14 days. Echinacea (Group 2; n = 5) were allowed ad 
libitum access to food, water and 50 mg/kg/day Echinacea for 14 
days. On day eight, 2 ml saline was administered into the rectum. 

Echinacea-Colitis (Group 3; n = 5) were allowed ad libitum 
access to food, water and 50 mg/kg/day Echinacea for 14 days. 
On day eight, 1 ml saline and 1 ml 4% acetic acid was adminis-
tered into the rectum. 

Colitis (Group 4; n = 5) were allowed ad libitum access to 
food, water for 14 days. On day eight, 1 ml saline and 1 ml 4% 
acetic acid was administered into the rectum. 

Assessment of colonic damage
All rats were euthanized by cervical decapitation under general 

anesthesia on day fi fteen. The abdomen was opened and the colon 
was exposed. The distal 8 cm of the colon was excised and opened 
by longitudinal incision. After the colon segments had been scored 
macroscopically, the distal 4 cm of colon was preserved with 10% 
formalin for microscopic evaluation. The proximal 4 cm of colon 
segments were used for biochemical analysis (MDA, TAS) (Tabs 
1 and 2). After washing the mucosa with saline solution, mucosal 
injury (macroscopically) was assessed using the grading scales as 
follows: score 0: no damage, score 1: localized hyperemia but no 
ulcers, score 2: linear ulcers with no signifi cant infl ammation, score 
3: linear ulcer with infl ammation at one site, score 4: two or more 
sites of ulceration and infl ammation, score 5: two or more sites 
of ulceration and infl ammation or one major site of infl ammation 
and ulceration extending >1 cm along the length of the colon (15). 
Additional samples were preserved in 10 % formalin for histologi-
cal examination. Formalin-fi xed colonic samples were embedded 
in paraffi n, and sections were stained with hematoxylin and eosin. 

Biochemical analysis
Malondialdehyde (MDA) levels were assayed as umol/gr 

with a commercial kit (OxisResearch, CA, USA) based on the 
colorimetric method using Shimadzu UV 1601 spectrophotometer 
(Shimadzu Corporation, Kyoto, Japan). MDA method is based on 
the reaction of a chromogenic reagent N-methyl-2 phenylindole 
(NMPI) with MDA at 45 °C. One molecule of MDA reacts with 2 
molecules of NMPI to yield a stable carbocyanine dye with maxi-
mum absorption at 586 nm. The assay with intra- and interassay 
coeffi cients of variable was less than 5.0 %. 

TAS (Total Antioxidative Status) levels were assayed as umol/
gr with commercial kit (Immundiagnostik, Bensheim, Germany) 
which is based on the colorimetric method using Shimadzu UV 

Control (Group 1)
(n=5)

Echinacea (Group 2)
(n=5)

Echinacea-Colitis (Group 3)
(n=5)

Colitis (Group 4)
(n=5)

p* p**

Macroscopy 0±0 0±0 0.9±0.43 4.1±0.2 <0.001 >0.3
Microscopy 0.5±0.21 0.5±0.25 1.9±0.7 4.9±0.48 <0.001 >0.22
Values expressed as mean±SE. P* value: Colitis group campared with other groups. P** value: Groups of control, echinacea, echinacea-colitis compared with each other. 

Ta b. 1. Effects of Echinacea spp. on macroscopy and microscopy.

Control (Group 1)
(n=5)

Echinacea (Group 2)
(n=5)

Echinacea-Colitis (Group 3)
(n=5)

Colitis (Group 4)
(n=5)

p* p**

MDA 0.36±0.05 0.30±0.06 0.39±0.14 0.70±0.20 P<0.001 P<0.001
TAS 2.87±0.75 24.50±20.03 1.96±0.58 0.78±0.14 P<0.001 P<0.001
MDA: Malondialdehyde. TAS: Total antioxidant status. MDA and TAS were assigned as umol/gr. Values expressed as mean±SD. P* value: Group campared with other 
groups. P** value: Group compared with colitis group.

Tab. 2. Effects of Echinacea spp. on TAS and MDA.
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1601 spectrophotometer (Shimadzu Corporation, Kyoto, Japan). 
The determination of antioxidative capacity is performed by the 
reaction of antioxidants in the sample with a defi ned amount of 

exogenously provided hydrogen peroxide (H2O2). The residu-
al H2O2 is determined photometrically by an ezymatic reaction 
which involves the conversion of TMB to a colored product. The 
assay with intra- and interassay coeffi cients of variable was less 
than 5.0 %. 

Statistical analysis
Data are expressed as mean ± SD. Statistical analyses were 

performed by one-way ANOVA followed by Tukey’s multiple 
comparison test for levels of MDA and TAS. Kruskal–Wallis test 
was used for microscopic and macroscopic scoring and disease 
activity index with the Statistical Package for Social Sciences ver-
sion 16.0 (SPSS Inc., Chicago, USA). A p value of less than 0.05 
was considered statistically signifi cant.

Results

In colitis group (Group 4), compared to other groups, the 
expected macroscopic features of ulcerative colitis e.g. multiple 
ulcers and diffuse infl ammation were noticed macroscopically. 
The histopathologic examination revealed mucosal infl ammation. 
Multiple ulcerations were also noticed, indicating the presence of 
a crypt abscess. Glandular destruction and goblet cell depletion 
were also seen. In the submucosa, multifocal areas of infl amma-
tion and ulceration were present and it was diffusely edematous. 
Infi ltration of polymorphonuclear leukocytes, eosinophils and 
lymphocytes was extensive (x400, H and E) (Fig. 4) (p < 0.001). 
In contrast, macroscopic and microscopic evaluation showed mild 
changes in control, Echinacea and Echinacea-colitis groups (Figs 
1, 2, 3) (p > 0.3; p > 0.21, respectively) 

MDA levels were signifi cantly lower in Echinacea group 
(Group 2) (p < 0.001). Similarly, MDA levels were also lower 
in Echinacea-colitis group (Group 3) compared to colitis group 
(p < 0.001).

TAS was found to be higher in Echinacea group compared to 
other groups (p < 0.001). TAS was also higher in Echinacea-colitis 
group compared to colitis group (p < 0.001).

Fig. 1. Normal colonic tissue architecture of colon in control group.

Fig. 2. Normal colonic tissue architecture of colon in echinaceal group.

Fig. 3. Minimal changes in tissue architecture and cell infi ltration in 
echinacea-colitis group.

Fig. 4. Loss of epithelial cells with ulceration, goblet cell depletion with 
infl ammatory cells infi ltration in colitis group.
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Discussion

In this study, we evaluated the antioxidant effects of Echinacea 
spp. in rat colitis model induced by acetic acid. Upon macroscopic 
and microscopic examinations of colon, we observed a protective 
effect of Echinacea spp. administration. The changes in antioxidant 
cytokines MDA and TAS support these histological changes. The 
cause of this effect is likely due to antioxidants in E. purpurea, such 
as echinacoside and caffeic acid (20). Echinacea is an antioxidant 
agent effective in eliminating free radicals produced by irradiation 
with its radical-scavenging effect, reducing cytotoxicity caused by 
lipid peroxides due to oxidization, and preventing impairment of 
immunity in mice exposed to radiation (21).

Regarding UC induction, there are several reports on differ-
ent chemicals to induce experimental colitis, such as acetic acid, 
2,4,6-trinitrobenzene sulfonic acid, dextran sodium sulfate, oxa-
zolone and indomethacin (22–26). In this study, 4 % acetic acid 
was used to induce UC. Acetic acid is an easily available inex-
pensive chemical agent. Our fi ndings confi rmed the induction of 
UC both macroscopically and histologically. Acetic acid causes 
infi ltration of colonic mucosa by neutrophils and macrophages and 
increases production of infl ammatory mediators in experimental 
colitis model. The mechanism resulting in formation of the lesion 
is thought to be an acute infl ammatory response following colonic 
injury caused by nonspecifi c acids accompanied with widespread 
hemorrhage, and release of mediators (27). 

Although the precise mechanism of UC still remains obscure, 
the role of reactive oxidative metabolites is becoming increasingly 
evident. The increase in reactive oxidative metabolites within co-
lonic tissues plays a pivotal role in the pathogenesis of UC (28). 
Serum MDA levels are signifi cantly increased in UC rats in cor-
relation with the severity of disease in previous studies. It indicates 
that ROMs are closely involved in the infl ammatory responses in 
UC (29). Oxidative stress is a valid etiological or triggering factor 
for UC, because the harmfull effects of ROMs have been shown 
in the infl ammation process (30). In several studies, the level of 
ROMs was found to increase in animal colitis models induced by 
different molecules such as acetic acid and dextran sodium sul-
fate (31, 32). Interestingly, MDA and TAS levels differed between 
Group 3 (Echinacea-colitis group) and colitis group in colonic 
tissue (p < 0.001; p < 0,001, respectively). Signifi cantly higher 
TAS levels, lower MDA levels, and mild histological changes in 
Group 3 (Echinacea-colitis group) compared to Group 4 (colitis 
group) show the protective role of Echinacea in relation to colitis 
(p < 0.001; p < 0.001; p < 0.001, respectively) 

The level of MDA was signifi cantly lower and the level of 
TAS was signifi cantly higher in Group 2 (Echinacea group) com-
pared to control group, in our study meaning that Echinacea has no 
harmful effect on normal colon (p<0,001; p<0,001, respectively). 

There are some limitations to this study. Firstly, histopathologi-
cal features were defi ned as microscopic and macroscopic features 
but with no histological score comparison. The other limitation is 
lack of other assays for oxidative stress, such as SOD and MPO. 

Previous studies showed to decrease the severity and reduce 
the duration of colds and upper respiratory infections, especially 

when Echinacea is taken early in the course of infection (33, 34). 
A recent case-control study showed the favourable effect of Echi-
nacea on gastrointestinal mucosal recovery in children with mu-
cositis due to chemotherapy (35). Protection of colonic mucosa 
is probably related, at least in part, to the antioxidative properties 
of Echinacea. If the present fi ndings can be supported in clinical 
studies, Echinacea will possibly have some therapeutic usefulness 
in the management of human UC. It could be used as an add-on to 
standard medication to help reach and maintain remission.
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