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In present study we investigated the anti-inflammatory effect of polyphenolic fraction isolated from Red cabbage 

Brassica oleracea Linn var. capitata f. rubra (PBO) on lipoplysacharide (LPS) stimulated HT-29 colonocytes 

and in rats with acetic acid induced colitis.  Our results from in vitro studies demonstrated that PBO effectively 

attenuated the inflammatory response produced by cycloxygenase (COX), 5-lipoxygenase (5-LOX) and oxidative 

stress created via reactive oxygen species (ROS) and nitric oxide (NO) in LPS treated HT-29 cells. Additionally 

PBO down regulated the mRNA expression of inflammatory marker genes like COX-2, inducible nitric oxide 

(iNOS) tumor necrosis factor α (TNF-α), interleukin-6 (IL-6) in HT-29 cells. PBO at a dose of 200 mg/kg body 

weight was tested in treatment groups of animals (n = 6) for 14 consecutive days after induction of colitis. The 

colonic mucosal injury was assessed by histological examination. Moreover, PBO administration markedly 

increased the mucin content as evidenced in periodic acid Schiff (PAS) staining and the mucosal content of lipid 

peroxidation (LPO), confirms that PBO could significantly inhibit colonic mucosal damage. These results 

indicated that PBO exert marked anti-inflammatory effect in experimental colitis, possibly by regulating the 

antioxidant and inflammatory mediators. 
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INTRODUCTION 
 

Ulcerative colitis (UC) is an inflammatory disease of 

the large bowel which is more common in the Western and 

Northern hemispheres; the incidence is low in Asia and the Far 

East. It is slightly more common in women than in men. The 

prevalence of ulcerative colitis ranges from 10 to 70 per 100, 000 

people (Loftus et al., 2000). The major etiologic factors leading 

to ulcerative colitis include genetic factors, immune system 

reactions, and environmental factors, use of Non-Steroidal Anti-

Inflammatory Drug’s (NSAID), low levels of antioxidants, 

psychological stress factors, chronic smoking, and lactose 

intolerance. The disease is characterized by the inflammatory 

response of unknown origin associated with mucosal injury  

leading to increased epithelial permeability of  lamina propria  or 
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sub epithelial invasion of commensal bacteria and neutrophils 

recruitment (Fournier and Parkos, 2012). The pathogenesis of 

disease includes the presence of highly activated inflammatory 

cells such as neutrophils, dendritic cells, macrophages, and 

excessive production of ROS. This contribute the recruitment of 

production of various proinflammatory mediators such as cyclo-

oxygenases (COX-1, COX-2), tumor necrosis factor-alpha (TNF-

α), interleukin-6 (IL-6), and interleukin-12 (IL-12) (Xavier and 

Podolsky, 2007). Recent studies shows that many polyphenolic 

compounds have an intestinal anti-inflammatory activity and are 

capable of inhibiting proinflammatory markers associated with 

ulcerative colitis and inflammation (Gonzalez et al., 2011; Abboud 

et al., 2008).  

From the above context, polyphenols isolated from plant 

have important role in the investigation of new safe therapeutics 

agents against inflammatory diseases. Red cabbage (Brassica 

oleracea var. capitata f. rubra), is a herbaceous, biennial, 

dicotyledonous flowering plant, indigenous to Mediterranean 

region and southwestern Europe (Shama et al., 2012).  
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It is also known as purple cabbage due to its purple/red 

coloured leaves with a pigment belonging to anthocyanins  

(flavins). The change in colour varies according to pH of the soil. 

In acidic soils, the leaves grow more reddish, in neutral soils they 

grow purple, while an alkaline soil will produce rather greenish-

yellow coloured cabbages. It has been reported that red cabbage is 

a rich source of minerals, natural antioxidants such as ascorbic 

acid, a-tocopherol, b-carotene and lutein (Singh et al., 2006), 

oligosaccharides, and a number of bioactive substances, such as 

favonols, glucosinolates (Wiczkowski et al., 2013). Cabbage has 

widespread use in traditional medicine due to its antioxidant, anti-

inflammatory and antibacterial properties. It is used in treatment of 

symptoms associated with gastrointestinal disorders like peptic 

and duodenal ulcers, gastritis and irritable bowel syndrome (Sami 

et al., 2013).  

Previously red cabbage has been reported to have a wide 

range of biological activities such as hypocholesterolaemic, 

hepato-protective, neuroprotective and anti-diabetic effects (Park 

et al., 2014). Recent analysis of chromatograms from HPLC 

suggests malvidin glycosides including malvidin 3-glucoside 

(oenin), malvidin 5-glucoside and malvidin 3, 5-diglucoside in red 

cabbage juice could inhibit IL-6 secretion of LPS-stimulated 

splenocytes (Jin-Yuarn et al., 2008). Red cabbage is rich sources 

of phenolic compounds, anthocyanins being the most abundant 

class, have potent antimicrobial action (Arapitsas 2008; Rand-

Hafidhet al., 2011). Some researchers have been conducting 

studies to quantify the phenolic compounds, carotenoids, vitamin 

C and antioxidant potential of red cabbage (Nilsson et al., 2006; 

Kusznierewicz et al., 2008). The antioxidant properties were tested 

in many studies by using different approaches (Liu et al., 2008; 

Zanfini et al., 2010). The main objective of the study is to evaluate 

the anti inflammatory effect of PBO on in vitro and in vivo models 

of ulcerative colitis. 
  

MATERIALS AND METHODS 
 

In vitro studies 
 

Chemicals 

All chemical used in this study are of analytical reagent 

grade. Biochemical reagents were purchased from Merck, India. 

Tissue culture plates were purchased from Tarson, India. RT-PCR 

kit was purchased from Eppendorf India Ltd, Chennai. 

 

Collection of plant material 

The red cabbage was purchased from the local market in 

Kottayam, Kerala, India. A voucher specimen No: 747 was 

preserved at University College of Pharmacy, Cheruvandoor 

Campus. M. G. University. Collected material was washed 

thoroughly with water and dried under shade to remove the 

moisture, then coarsely powdered by using electric grinder.  

 

Extraction procedure 

Hundred grams of red cabbage powder was soaked in 

70% ethanol (1:5 w/v) at room temperature (25 ± 1
0
C). After 24 h, 

the supernatant was decanted and the residue was re-soaked in 

respective fresh solvent. The process was repeated three times for 

complete extraction (Maheswari et al., 2011). 

 

Isolation of polyphenolic fraction of Brassica 

oleracea var. capitata f. rubra 

 Five grams of obtained crude extract was dissolved in 

100 ml water and sequentially extracted thrice using 100 ml 

hexane and ethyl acetate. Then solvent in the each fractions were 

removed using rotary evaporator to obtain ethyl acetate fraction as 

phenolic rich fraction (Maheswari et al., 2011). Folin-Ciocalteau 

reagent was used for the estimation of total polyphenol content of 

the solution (Gutfinge, 1981). 

 

Cell culture and treatments 

 The human colon cell line HT-29 cells, purchased from 

NCCS Pune was grown in plastic culture flask in Dulbecco’s 

Modified Eagle’s Medium (DMEM) with L-glutamine 

supplemented with 10% fetal bovine serum (FBS) and 1% 

antibiotic/antimycotic solution (penicillin/streptomycin) under 5% 

CO2 at 37 °C. After 4–5 days, cells were removed from culture 

flask by scraping and centrifuged at 1500 rpm for 10 min. The 

medium was then removed and the cells resuspended with fresh 

DMEM. Cells counts and viability were performed using a 

standard trypan blue cell counting technique. The cell density was 

adjusted to 1 × 10
6 
cells/ml in the same medium. About 100µl of 

the suspension were cultured in 96-well plates for one day to 

become nearly confluent. Cells were treated with LPS (final 

concentration of 1 µg/ml) for activating inflammatory response. 

Various concentrations of the samples were prepared from the 

stock solutions in DMSO by serial dilution in DMEM to give a 

volume of 100µl added to each well of a microtiter plate (96-well).  

The cells were incubated for 24 hours after the addition of extracts, 

vehicle, and positive control (10µg/ml). Cells were harvested and 

lyses using cell lysis buffer and performed various assays that 

determines the anti-inflammatory effect of extract.  

 

Cell viability assay 

Cell viability was assayed by the modified tetrazolium 

salt 3-(4-5- dimethylthiozol-2-yl) 2-5- diphenyl-tetrazolium 

bromide (MTT) assay (Pandey et al., 2007). 

 

Determination of total Cyclooxygenase activity 

 The total Cyclooxygenase activity was measured 

according to the method described by (Shimizu et al., 1981). The 

assay mixture contained Tris HCl buffer, glutathione, hemoglobin 

and enzyme.  The reaction was initiated by the addition of 

arachidonic acid followed by incubation at 37
0
C for 20 minute. 

The reaction was terminated by addition of 0.2ml of 10%               

TCA in 1N HCl. The above reactants were mixed, 0.2ml                   

of TBA was added and contents were heated in a boiling water 

bath for 20 minute. The contents were cooled and centrifuged at 

1000 rpm for 3 minute. The absorbance of the supernatant was 

measured at 632 nm. 
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Determination of 5- Lipoxygenase activity 

 Determination of 5-LOX activity was measured 

according to the method of Axelrod et al., 1981. The reaction was 

carried out in a quartz cuvette at 25
0
c with 1cm light path. The 

assay mixture contained 2.75ml of tris buffer of pH 7.4, 0.2ml of 

sodium linoleate and 50μl of enzyme. The increase in O.D was 

measured in 234nm. 

 

Estimation of nitrate level 

 Nitrite level was determined according to the              

method of Gillium et al., 1993. To 0.05ml of sample 0.1ml of 

sulphosalicylic acid was added and vortexed well for 30 minutes.  

The samples were then centrifuged at 5000 rpm for 15 minutes.  

The protein free supernatant was used for the estimation of nitrate 

levels. To 200µl of the supernatant, 30 µl of 10% NaOH was 

added followed by 300 µl of Tris HCl buffer and mixed well. To 

this 500 µl Greiss reagent was added.  Sodium nitrate was used as 

the standard.  The amount of nitrate (µg) present in the sample was 

estimated from the standard curve obtained. 

 

Reverse transcription-polymerase chain reaction 

 The gene level expression of COX-2, TNF-α, iNOS, IL-6 

mRNA was measured by semi-quantitative Reverse Transcription-

Polymerase Chain Reaction (RT-PCR). HT-29 cells (wells of 60-

70% confluency) were treated with PBO (10µg/ml). A control was 

also maintained without adding any samples. Diclofenac 

(10μg/ml) used as standard. After 24 hour incubation the cells 

were harvested and RNA was isolated by Trizol method. For 

cDNA synthesize, two step RT-PCR kit was used following 

manufacturers procedure.  

RT-PCR was performed in an Eppendorf thermocycler 

by using forward and reverse primers of COX-2, TNF-α, iNOS, 

IL-6. GAPDH primers were used as an internal control. The 

sequences of the primers used are shown in Table 1. The PCR 

products were separated by electrophoresis on 1.5% agarose gel 

containing ethidium bromide, visualized under a UV- 

transilluminator and the relative intensities of bands of interest 

were measured on a GelDoc 2000 scanner (Bio-Rad, CA, USA) 

with scan analysis software. 

 

Fluorescent staining of ROS production in HT-29 cells 

Cells (1×10
5
) were seeded on a 96 well black multi-liter 

plate with clear bottom, and they were allowed to grow overnight. 

The cells were washed twice with PBS and incubated with 0.1 % 

BSA in PBS containing 5µM DCFDA (dissolved in 0.2% (v/v)          
. 

 

 

 

 

 

 

 

 

ethanol) for 30 minute at 37 °C . The cells were washed twice with 

PBS again and then incubated with fresh medium containing 

500µM NADPH (Final Concentration). The pictures were taken in 

Blue excitation (Excitation wavelength 450-480nm: Emission 

wavelength 515nm) Olympus CKX41 epifluorescent microscopy 

with Optika (Italy) imaging system. 

 

In vivo studies 

 Animals 

Healthy adult Albino wistar male rats between 4-8 weeks of 

age and weighing150-200g bred in the host department animal 

facility were used for the study. Animals were housed in 

polypropylene cages at a temperature of 25-30°C and relative 

humidity 35-45%, in light and dark cycles of 12am and 12pm hour 

respectively for one week before and during the experiments. 

Animals were provided with standard rodent pellet diet (Dayal 

Industries, Banglore) and water.  All experiments were conducted 

as per the guidelines of the animal ethics committee CPCSEA 

(Registration No.499/CPCSEA) according to Government of India 

accepted principles for laboratory animals’ use and care. 

 

Experimental design and induction of colitis 

Rats were divided into 4 groups (n = 6 per group). Group 

I were kept as normal and received no treatment. Group II, III, IV 

were subjected to the induction of ulcerative colitis by intra-

colonic injection of 2 ml acetic acid (AA) (4% v/v). Group II 

served as ulcerative colitis control group. Group III was treated 

with standard drug sulfasalazine (SA) (100 mg/kg. B.wt) p.o and 

Group IV was treated with PBO 200 mg/kg p.o for 14 consecutive 

days. The animals were sacrificed 15
th

 day of experiment for 

estimation of various biochemical parameters and histopathology 

(macroscopic and microscopic). For histological analysis, colon 

tissues were dissected, fixed in 10% buffered formalin and then 

decalcified for 7 days in 20% EDTA. 

 

Estimation of lipid peroxidation (LPO) on colon tissue 

Lipid peroxidation, an indicator of mucosal injury induced 

by reactive oxygen species were measured according to the 

method described previously (Ohkawa et al., 1979). Briefly, 0.5 

ml of colon tissue homogenate is mixed with 2 ml of TBA reagent 

containing 0.375% TBA (Thiobarbituric acid), 15% trichloroacetic 

acid and 0.25 N HCl. The mixture was then boiled for 15 min, 

cooled and centrifuged (2000 rpm; 15 min). Absorbance of the 

supernatant was measured at 532 nm. Lipid peroxide levels were 

expressed as mmol of malondialdehyde produced. 

 

 

 

 

 

 

 

 

Histopathological analysis of colon tissue 

Table 1:  Sequences of the primers used for the study. 

Gene Forward primer  Reverse primer 

COX-2 5' TCTGATCAATGTCATGAGCAAAGG 3'  5'TCTGATCAATGTCATGAGCAAAGG 3' 

iNOS 5'ACAACAAATTCAGGTACGCTGTG3' 5'TCTGATCAATGTCATGAGCAAAGG3' 

TNF-α 5' CCAGGGACCTCTCTCTAATCAGC3' 5'CTCAGCTTGAGGGTTTGCTACAA3' 

IL-6 5' CCTTAAAGCTGCGCAGAATG3' 5' ATTCAATGAGGAGACTTGCC3'. 

GAPDH 5'TCCATGACAACTTTGGTATCGTG3' 5'ACAGTCTTCTGGGTGGCAGTG3' 
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The colon tissue were dissected out and tissue sections 

(5µm) fixed by immersion at room temperature in 10% formalin 

solution. For the histological examinations, paraffin-embedded 

tissue sections of colon tissue were stained with hematoxylin–

eosin (H&E).  Goblet cell numbers were quantified in periodic 

acid Schiff (PAS) stain at × 200 magnifications. All tissue sections 

were examined blindly with respect to the source of the tissue and 

counts were determined at three different mucosal areas for each 

of the three sections per rat.  

 

Statistical analysis 

All statistical analysis were carried out using SPSS/PC+, 

version 11.0 (SPSS Inc., Chicago, IL, USA) and the results were 

represented as mean ± S.E.M. For the comparison test of 

significant differences among groups One-way ANOVA was 

performed followed by Duncan's multiple range tests. Level of 

significance was set at P <0.05.   

 

RESULTS 
 

Determination of total phenolic content 

Total phenolic content of ethyl acetate fraction was found 

to be 5.686 gram equivalent of gallic acid per 100 gram of fraction 

 

Effect of PBO on cell viability in HT-29 cells 

In order to determine the cell viability of PBO, HT-29 

cells was incubated for 24hr with PBO at a wide range of 

concentrations (6.25–100µg/l) and cell viability was evaluated by 

MTT assay. The percentage viability obtained in the different 

concentrations of sample extract was depicted in figure 1.  

 

 
 

Fig. 1: Effect of PBO on cell viability of HT-29 cells. Values are expressed as 

mean  SEM (n=6) 

 
Effect of PBO on total Cyclooxygenase activity in HT-29 cells 

The total COX activity was increased during addition of 

LPS in HT-29 cells. The different concentration of PBO shows 

inhibition in total COX activity.  

The sample at concentration of 10μg/ml shows 68.75% 

inhibition of total COX activity in 1 × 10
6 

cells/ml. Data were 

represented as mean ± SEM of triplicate determination (figure 2).  

 
 

Fig. 2: Effect of PBO on total Cyclooxygenase activity in HT-29 cells: HT-

29 cells were pre-treated with LPS (1µg/ml) concentration for 1hr and then 

incubated with PBO at various concentrations (µg/ml) for 24 hrs. Data were 

represented as mean ± S.E.M. of three separate experiments. 

 

Effect of PBO on 5-LOX activity in HT-29 cells 

The 5-LOX activity was increased during addition of 

LPS in HT-29 cells. The different concentration of PBO shows 

inhibition in 5-LOX activity. The sample at concentration of 

10μg/ml shows 27.18% inhibition of 5-LOX activity in 1 × 10
6 

cells/ml. Data were represented as mean ± SEM of triplicate 

determination (figure 3).  

 

 
Fig. 3: Effect of PBO on 5-LOX activity in HT-29 cells: HT-29 cells were pre-

treated with LPS (1µg/ml) concentration for 1hr and then incubated with PBO 

at various concentrations (µg/ml) for 24 hrs. Data were represented as mean ± 

S.E.M. of three separate experiments. 

 

Effect of PBO on nitrate level in HT-29 cells 

The amount of LPS induced nitrate production is 

statistically reduced (P<0.05) at10µg/ml concentration of PBO 

when compared with control (treated with LPS alone).The results 

were depicted in figure 4. 
 

 

Fig. 4: Effect of PBO on nitrate level in HT-29 cells: HT-29 cells were pre-

treated with LPS (1µg/ml) concentration for 1hr and then incubated with PBO 

and DFC at a concentration of 10μg/ml for 24 hrs. Data were represented as 

mean ± S.E.M. of three separate experiments. *Statistical difference with 

control group at P < 0.05. 
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Effect of PBO on ROS in HT-29 cells 

Reactive oxygen species production was increased during 

stimulation of HT-29 cells with LPS. Fluorescence intensity shows 

that ROS production was significantly reduced by the 

supplementation of PBO as compared to the control (figure 5). 

 

Effect of PBO on COX-2 and iNOS gene expression in HT-29 

cells 

The mRNA expression of inflammatory marker genes 

like COX-2 and iNOS in HT-29 cells was up regulated during LPS  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

induction. Supplementation of PBO (10µg/ml) markedly down 

regulate the expression of COX-2 and iNOS genes as compared to 

control (figure 6). 

 

Effect of PBO on TNF-α and IL-6 gene expression in HT-29 

cells 

During LPS stimulation in HT-29 cells, mRNA 

expression of cytokines like TNF-α and IL-6 was markedly 

increased. Addition of PBO (10µg/ml) down regulates the 

expression of TNF-α and IL-6 genes as compared to control group 

(figure 6). 

 

 
 

Fig. 5: Effect of PBO on ROS in HT-29 cells: Fluorescent staining of  ROS production in HT-29 cells treated with PBO and diclofenac standard (DFC) at a 

concentration of 10μg/ml. DCFDA was used as the fluorescent dye and pictures were taken in Blue excitation (Excitation wavelength 450 -480nm: Emission 

wavelength 515nm). 

 

 
 

Fig. 6: RT-PCR gel of COX-2, iNOS , IL-6, TNF-α mRNA in HT-29 CELLS: Inhibitory effect of PBO on the expression of the proinflammatory markers 

like COX-2, iNOS and cytokines like IL-6, TNF-α was determined by reverse transcriptase-PCR, as described in the materials and methods section. GAPDH 

was used as a control. The gene expression of COX-2, iNOS, IL-6, TNF-α in LPS stimulated group is upregulated. Downregulated expression of COX-2 and 

iNOS IL-6, TNF-α were seen in PBO treated group as compared to LPS treated group. 

 

 
 

Fig. 7: Effect of PBO on concentration of TBARS. Values expressed as average of 6 samples ± SEM in each group. a - Statistical difference with control group 

at P < 0.05.  b – Statistical difference with adjuvant group at P < 0.05. 
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Effects of PBO on lipid peroxidation 

The effect of PBO on the colon tissue lipid peroxidation 

level is illustrated in Figure. Induction of acetic acid in rats 

exhibited an increased level of LPO in colon tissue, evidenced by 

the elevated levels of TBARS. Treatment with PB0 (200 mg/kg) 

significantly (P < 0.05) decreased the LPO (3.0±0.02 mmol/g 

tissue) compared to AA induced group (6.80±0.03 mmol/g tissue). 

The LPO in normal animals were found to be 2.5±0.01 mmol/g 

tissue. 

 

Effect of PBO on histopathology of colon tissue 

Effect of PBO on AA induced colitis histopathology 

(H&E) is shown in (Figure 8). Pictures are shown from 

representative colon tissue samples of experimental animals            
. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

collected on day 15
th
 post AA induction. As expected, normal 

group had no remarkable changes to their tissue cyto architecture. 

In contrast, colitis control group exhibited severe colonic mucosal 

injury, epithelial necrosis and massive cellular infiltration of 

plasma cells, polymorphs with edema. While PBO treated colon 

tissue histopathology revealed minimal mucosal damage and 

edema with mild inflammatory cell infiltration and standard drug 

treated group also protects the host from colitis by showing 

minimal damage of colon epithelium.  

PAS stained colon tissue of normal rat colon shows 

mucin secreting goblet cells (100%) were replaced by granulation 

tissue (0%) and necrotic tissue in AA group.The mucin secreting 

goblet cells are replaced by the administration of PBO (70%) in 

AA+ PBO treated group (fig 9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
 

Fig. 8: Histology of colon tissue. 
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DISCUSSION 

 

Ulcerative colitis is an inflammatory bowel diseases 

(IBD) characterized by chronic inflammation of the large bowel 

(colon and rectum). The diseases may present with mucosal injury 

followed by the activation of inflammatory cells such as 

neutrophils, macrophages and dendritic cells. The highly activated 

inflammatory cells cause excessive productions of cytokines, 

adhesion molecules, and ROS (Cho et al., 2011). These may leads 

to various disease conditions like abdominal pain, vomiting, 

diarrhea, malena, weight loss, and secondary symptoms such as 

arthritis, pyoderma gangrenosum, and primary sclerosing 

cholangitis. HT-29 colon cells pretreated with LPS before              

one hour of the experiment may lead to production of various          
. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

proinflammatory mediators like COX-2, TNF-α, IL-6 etc. 

Increased expression of iNOS and enhanced level of nitrate was 

also associated with LPS stimulation. Pharmacologically reducing 

the levels of LPS-inducible inflammatory mediators is regarded as 

an effective therapeutic strategy for alleviating a variety of 

inflammatory disorders (Seung-Jun et al., 2014).  

The mediators arising from the cyclo-oxygenase (COX) 

cascade and the role of biologically active prostaglandins in the 

inflammatory process and body homoeostasis have been 

extensively studied (Griswold and Adams1996). Under basal 

conditions, COX-2 expression is highly restricted; however, COX-

2 is dramatically upregulated during inflammation (Anderson et 

al., 1996). Development of ulcerative colitis was associated with 

increased expression of COX-2 (Konturek et al., 2009). In current 

 
 

Fig. 9: PAS staining of colon tissue. 
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study, the up regulated level of COX-2 after treatment with LPS 

reduced by supplementation of PBO. Increased percentage of 

inhibition of total COX activity in PBO treated sample indicates 

suppressed level of COX isoforms leading to the reduction of 

inflammation. Moreover, RT-PCR experiments in our study shows 

up regulated gene level expression of COX-2 gene. The down 

regulation of gene level expression COX-2 after treatment with   

PBO indicates its important role in pharmacology as a COX-2 

inhibitor.  

In addition, there is a growing body of evidence that the 

complex pathway of arachidonic acid metabolism in inflammation 

involves a variety of mediators other than the COX, all of which 

have a role in the overall process (Martel-Pelletier et al., 2003).  

Leucotrienes, which are the second main family of arachidonic 

acid derivatives, are synthesized from the activity of 5-

lipoxygenase (5-LOX) and have a major role in the inflammatory 

process. Enhanced activation of lipoxygenases and increased 

content of Leucotrienes are characteristic of ulcerative colitis 

(Singh et al., 2003).  An elevated level of 5-LOX was observed in 

LPS stimulated HT-29 cells. Increased level of 5-LOX activity 

was suppressed by PBO treatment reveals the ability of PBO as a 

drug for treating inflammation associated to arachidonic pathway. 

Nitric oxide (NO) is known to mediate the inflammatory response 

by inhibiting or inducing inflammation via a variety of different 

pathways. NO has been shown to activate and inhibit the 

transcription factor, nuclear factor-kappa B (NF-κB). When NO 

activates NF-κB it induces the generation of proinflammatory 

cytokines such as tumor necrosis factor alpha (TNF-α), which are 

thought to drive the chronic inflammatory response. NO is 

measured as nitrate levels  using  Greiss reagent  and our results 

clearly shows decreased Nitrate levels in cells treated with PBO. 

Nitrate level was increased markedly after pretreatment with LPS 

in HT-29 cells. Reduction in nitrate level after PBO treatment 

indicates the decrease in production of proinflammatory cytokines. 

Recent research shown that nitric oxide and prostaglandin are the 

main inflammatory mediators take part in the pathogenesis of 

inflammatory bowel disease. This enhances the expression of 

iNOS and COX-2 in the colonic mucosa (Sakamoto, 1998; 

Kankuri et al., 1999). In ulcerative colitis, cytokines (interleukin-

1β, interferon-γ) and LPS induce expression of iNOS leading to a 

steep rise of nitric oxide synthesis (Sklyarov et al., 2011). Down 

regulation of gene level expression of iNOS gene by PBO 

treatment reduce the NO level and protect cells from NO induced 

oxidative damage. Therefore, the inhibitory activity of PBO may 

be due to their anti-inflammatory properties and ability to 

counteract NO induced oxidative damage.  

ROS play an important role in inflammation associated 

with UC. The uncontrolled activation of immune system results in 

the sustained overproduction of reactive metabolites of oxygen and 

nitrogen. It is thought that some of the intestinal and/or colonic 

injury dysfunction observed in IBD is due to the elaboration of 

these reactive species (Kevin-Pavlick et al., 2002). ROS 

production was increased during stimulation of HT-29 cells with 

LPS. The intensity of fluorescence in LPS induced HT-29 cells 

increased during DCFDA Fluorescent staining. The reduced 

fluorescent intensity in PBO treated group was due to the 

suppression of ROS generation. This indicate the anti oxidant 

power of PBO in protecting cells from oxidative damage caused 

by ROS in UC. 

TNF-α is the major proinflammatory cytokine that plays 

an important role in pathogenesis of inflammatory bowel disease 

(Sands and Kaplan, 2007). TNF-alpha mediates multiple 

proinflammatory signals that play a central role in the 

pathogenesis of IBD, including neutrophil recruitment to local 

sites of inflammation, activation of both coagulation and 

fibrinolysis, and induction of granuloma formation (Targan et al., 

1997). Moreover, enhanced secretion of TNF-alpha from lamina 

propria mononuclear cells has been found in the intestinal mucosa 

of IBD patients (MacDermott et al., 1998). The low levels of TNF-

α promote the remodeling or replacement of injured and senescent 

tissue by stimulating fibroblast growth. High levels of TNF-α was 

correlated with increased risk of mortality (Rink and Kirchner, 

1996). In our study, the level of TNF-α was elevated during 

pretreatment of LPS in HT-29 cells. The up regulated level of 

TNF-α was down regulated by PBO treatment. This reveals the 

role of PBO as anti-TNF-α agent for treating inflammation 

associated with UC. 

IL-6 is a major inflammatory cytokine, which has a 

crucial role to control the transition from neutrophil to monocyte 

recruitment during the transformation from acute to chronic 

inflammation (Melnicoff et al., 1989). In chronic inflammation, 

IL-6 has a detrimental role that favours mononuclear cell 

accumulation at the site of injury, through continuous MCP-1 

secretion, angioproliferation and antiapoptotic functions on T cells 

(Atreya et al., 2000). Current study demonstrates that level of IL-6 

increased in LPS induced inflammation in HT-29. The RT-PCR 

study of IL-6 gene shows the down regulation of IL-6 gene in PBO 

treated sample. The reduced expression of gene suggests the 

potency of PBO, which can be used as a drug against treatment of 

IL-6 mediated inflammatory damage in UC.  

The major inflammatory conditions associated with 

ulcerative colitis include mucosal inflammation and ulceration of 

colon tissue. The colon tissue necrosis leadings to macrophage and 

neutrophil infiltration to the colon tissue and increasing the disease 

severity and inflammation (D’Argenio et al., 2012). UC was 

induced by intra rectal administration of 4% acetic acid to 

experimental animals, which phenotypically similar to human 

colon inflammation (Hartmann et al., 2012). 

Recently, lots of studies have indicated a common link 

between inflammatory bowel disease and oxidative stress. The free 

radicals produced during oxidative stress may lead to biological 

membrane lipid peroxidation, resulting in severe cell damage and 

play a significant role in the pathogenesis of disease (Narayanan 

and Chandrasekharan, 2013). In the present study, acetic acid 

induced animals exhibits increased levels of LPO in colon tissue, 

but treatment with PBO significantly reduced the increased level 

of LPO. Indeed, increased levels of TBARS and free radicals 

found in the study may damage cells as observed by histological 
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investigations. Microscopic evaluation by H&E staining of the 

acetic acid-treated rat colon indicated extensive epithelial necrosis 

and edema with destruction of normal architecture of colonic 

mucosa, complete mucosal and submucosal erosion and transmural 

inflammation, while, rats treated with normal saline showed intact 

mucosa, sub mucosa muscle coats and are free from inflammation 

and hemorrhage. Treatment with PBO showed regenerative 

mucosa with mild inflammation and mildly inflamed hyperemic 

mucosa and its effect was comparable with rats treated with SA-

standard group. These above effects may be attributed to the anti-

inflammatory, and cytoprotective property of PBO. 

Globlet cells are reduced in number and size in ulcerative 

colitis, the major function of intestinal goblet cells and their major 

secretary product mucin is the formation of mucus layer which 

serve as the front line innate host defense mechanism (Kin and Ho, 

2010). The microscopic examination of rat colonic mucosa of 

acetic acid treated group by PAS staining method showed 

disappearance of globlet cells and reduction in mucin content, 

which indicated the high degree of inflammation, while rats treated 

with normal saline showed abundant mucin and numerous mucin 

secreting globlet cells. The treatment with PBO on acetic acid 

induced showed remarkably increased amount of globlet cells and 

mucin content in the rat colonic mucosa. 

From the above context, the polyphenolic fraction 

isolated from Brassica oleracea var. capitata f. rubra 

demonstrated a remarkable anti inflammatory and cytoprotective 

ability against experimentally induced ulcerative colitis by the 

reduction of inflammatory markers and cytokines, prevented 

oxidative damage leading to regeneration of cells. These abilities 

of PBO reveal its importance as an anti inflammatory therapeutic 

agent for ulcerative colitis treatment. 
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