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ABSTRACT  
 
Background: Ulcerative colitis (UC) is a category of chronic inflammatory intestinal disease 
of unknown origin. Some medicinal plants have been used as therapeutic targets for UC, 
however, there is paucity of information on the use of Vernonia amygdalina leaves.  
Aim: The present study aimed to investigate the protective effects of aqueous extract of V. 
amygdalina leaves (AEVA) on experimental rat models of ulcerative colitis. 
Place and Duration of Study: Department of Medical Laboratory Sciences and Animal 
House, College of Medicine, University of Nigeria, Enugu Campus, between September 
2016 and November 2018. 
Methodology: Twenty-four rats equally divided into six groups were used for the study. A 
control group received only drinking water while UC was induced by transrectal infusion of 1 
ml of 4% acetic acid into rats in 5 groups. UC-model rats were given no further treatment 
whereas the other four treatment groups received a single oral daily dose of sulfasalazine 
(SSZ, 225mg/kg), 50, 100, and 200mg/kg body weight (b.wt.) of AEVA for seven days. The 
rats were, thereafter, weighed and sacrificed under chloroform anaesthesia. The distal colon 
of each rat was excised, weighed and examined both macroscopically and microscopically. 
Histopathological grading was conducted to determine the extent of injury.  
Results: Results revealed severe inflammatory cellular infiltration, mucosal erosion and 
ulceration in the UC-model rats. However, a dose-dependent reduction in the colonic lesions 
was observed following treatment with AEVA and the most potent dose was 200mg/kg b.wt.  
Conclusion: The present study has indicated that the aqueous extract of Vernonia 
amygdalina leaves mitigates AA-induced ulcerative colitis and hence may be offered as a 
potential therapeutic agent.  
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1. INTRODUCTION  
 
Inflammatory bowel disease (IBD), which comprises ulcerative colitis (UC) and Crohn's 
disease (CD), is a group of chronic idiopathic inflammatory intestinal disease (UC) [1]. The 
incidence rate is increasing and thus has become a global healthcare burden [2]. The clinical 
manifestations associated with inflammatory bowel disease include diarrhoea, blood in stool, 
abdominal pain and weight loss [3]. Ulcerative colitis (UC) is of unknown aetiology but it may 
be dependent on some factors being of environmental, immunological or genetic origin 
(Button et al, 2010) [4]. The main characteristic feature differentiating UC from CD is that UC 
affects chiefly the rectum and descending colon with the lesions being homogenous and 
continuous without skip areas [5,6].  
 
Across geographical zones and from one country to another, the prevalence of ulcerative 
colitis varies. Previously, the incidence was thought to be rare in sub-Saharan region of 



 

 

Africa [7], but evidence suggesting an increase is currently available and may likely pose a 
public health challenge in the near future [8]. In Nigeria, however, the disease has been 
reported in adults [9,10], though among physicians, it is commonly perceived as being very 
rare, but this has been attributed to diagnostic delay [11]. 
 
Conventional treatment of UC has employed different drugs including aminosalicylic acid, 
immunosuppressants, biological therapies and corticosteroids [12], however, none is 
effective to cure the disease. The treatment of UC patients is usually based on the disease 
severity, and as such is adjusted for each patient mainly to reduce the symptoms [13,14]. 
However, rare and common adverse side effects have been associated with the use of these 
conventional therapies [15]. More so, in Nigeria, the difficulty in sourcing the basic drug 
(sulfasalazine) for treatment has posed a major challenge to patients, thus making it cost-
prohibitive [11]. Due to these challenges, previous researchers have reported on the 
common use of alternative remedies for the treatment of IBD [16,17]. Therefore, the need for 
the development of cheaper and readily available new therapies with ascertained safety and 
efficacy is pertinent.   
 
Several plants have been discovered to possess anti-inflammatory action and one of such 
plants is Vernonia amygdalina. The plant is commonly known as bitter leaf and it occurs as a 
shrub or herb of about 1 – 3 m in height throughout tropical Africa [18]. In Nigeria, it is a 
common plant to the South-Easterners (Igbos) as it is popularly used as a staple vegetable 
in soups.  Traditional healers use the plant as a remedy for many diseases. A wide array of 
phytochemicals has been shown to be present in V. amygdalina and these are believed to 
be responsible for the various biological activities of the plant. V. amygdalina have been 
known to possess anti-inflammatory, anti-nociceptive, antipyretic, antidiabetic, anti-cancer, 
antibacterial and antifungal, antimalarial, antileishmanial, amoebicidal, antioxidant, 
hepatoprotective, nephroprotective activities [19-27]. 
 
The use of herbal remedies or their active principles have become an increasingly appealing 
approach in experimental studies. Since, there is a dearth of scientific literature on the effect 
of Vernonia amygdalina in IBD, the present study was therefore undertaken to evaluate the 
effects of the Vernonia amygdalina aqueous leaf extract on acetic acid-induced ulcerative 
colitis in albino Wistar rats. 
 
2. MATERIAL AND METHODS  
 
2.1 Study area 
The study was carried out at Department of Medical Laboratory Sciences, Faculty of Health 
Sciences and Technology, College of Medicine, University of Nigeria, Enugu Campus, 
Nigeria. The animal studies were carried out at the College of Medicine Research Animal 
Facility. The entire research work was conducted from September 2016 – November 2018. 
 
2.2 Chemicals 
All the chemicals used were of analytical grade.  
 
2.3 Procurement and Identification of Plant Material 
Fresh leaves of Vernonia amygdalina used for this work were purchased from New Market in 
Enugu Metropolis, Enugu State, Nigeria during the rainy season. The plant taxonomy was 
identified and authenticated by a specialized Botanist by comparing with voucher specimen 
available at the herbarium section of the Department of Plant Science and Biotechnology, 
University of Nigeria, Nsukka. The plant material was allowed to air-dry in shade for two 
weeks, reduced into a homogenous fine powder using a gasoline grinding machine and 
stored in tightly closed containers at room temperature for further pharmacological studies. 



 

 

 
2.4 Plant Extraction 
One hundred grams of the air-dried powder of V. amygdalina leaves was placed in a flask 
containing 750ml of distilled water for extraction. The mixture was homogenised using a 
wooden stirrer with occasional shaking for 12h. The homogenate was sieved using a clean 
muslin cloth and the filtrate obtained was stored in the refrigerator (2-8ºC) until required for 
use. The extractive value was determined and the yield was found to be 120mg/ml.  
 
2.5 Animal Housing 
Twenty-four (24) of albino rats of weight (110g-155g) were obtained from the animal house 
at Department of Physiology, University of Nigeria, Enugu Campus. They were housed in the 
animal house of Department of Anatomy, University of Nigeria, Enugu Campus and grouped 
into six (6) of four (4) rats per group. They were housed under ambient conditions of 
temperature and 12 hours of light:12 hours of dark cycle.  Clean water and standard 
commercial rat feed (Guinea feed®) were provided for the animals, ad libitum. The animals 
were left for two weeks to acclimatize to the laboratory environment before the 
commencement of the studies. The study protocol employed were in accordance to 
International guidelines and principles for care and handling of laboratory animals. The 
Institutional Animal Welfare and Ethics Committee approved all the experimental procedures 
carried out. 
 
2.6 Induction of the Experimental Ulcerative Colitis in Rats 
After a 36-hour fast, procedures for the induction of colitis were carried out. A soft paediatric 
polyurethane cannula (diameter of 2mm) was used for rectal entrance of the acetic acid 
(AA). Under mild chloroform anaesthesia, the tip of the cannula was inserted up to 8 cm 
proximal to the anus. In order to induce ulcerative colitis, one millilitre (1ml) of 4% acetic acid 
was slowly delivered transrectally into the colon using the cannula for 30 s. To avoid leakage 
of the acetic acid, each animal was maintained in a head-down position for another 30 s. 
 
2.6.1 Experimental Protocol: Treatments commenced 24 hours after colitis induction 
and continued for seven days. The treatments given to the six experimental groups were as 
follows:  

- Group A: Normal control receiving only drinking water only 
- Group B: Negative control (ulcerative colitis control) and received 1ml/kg of normal 

saline orally.  
- Group C: Positive control and were treated with oral SSZ (225mg/kg body weight),  
- Group D: Low dose (50mg/kg body weight) of AEVA 
- Group E: Medium dose (100mg/kg body weight) of AEVA and, 
- Group F: High dose (200mg/kg body weight) of AEVA.  

All drug treatments [aqueous extract of Vernonia amygdalina leaves (AEVA) and 
Sulfasalazine (SSZ)] were administered as a single dose, daily, by oral gavage. 
 
2.6.2 Monitoring of Animal Body Weight: The animals were monitored for changes in 
body weight by obtaining daily body weights of each rat in all the groups with the aid of a 
digital weighing balance. Body weights at 24, 48, 72, 96, 120, 144 and 168 hrs post UC-
induction were recorded and the total body weight change determined.  
 
2.6.3 Macroscopic Assessment of Colonic Damage: On the eighth day, the rats were 
sacrificed under chloroform anaesthesia. Their distal colonic segments (10 cm in length and 
3 cm proximal to the anus) were excised, cut open longitudinally to expose the inner mucosa 
and gently washed using normal saline to free the tissue from faecal content. The wet colon 
tissues were weighed and the weight-to-length ratio were obtained for the determination of 
the disease index caused by wall thickening and oedema as previously described [28]. 



 

 

 
The severity of colonic damage was assessed macroscopically with the aid of a magnifying 
lens (x10) for grading of lesions quantified by a scoring system (0 - 4) as previously 
described [29].  
 
2.6.4 Histological Processing: The tissues were fixed in freshly prepared 10% formalin 
prior to processing. They were further processed using an Automatic tissue processor to 
dehydrate, clear and infiltrate the tissue with molten paraffin wax. The tissues were later 
embedded in tissue cassettes with paraffin wax and cut into thin sections (3 – 5µm) using a 
rotary microtome. The tissue sections obtained were stained with haematoxylin and eosin 
routine staining procedure. 
 
2.6.5 Histopathological assessment: The stained colon sections of control and test 
groups were examined for histomorphological alterations using an Olympus® binocular 
microscope with an inbuilt lighting system. The sections were photomicrographed using 
AmScope® digital camera (MU300) inserted into one of the eyepiece tubes of the Olympus 
binocular microscope. Histopathological analyses of the tissue sections were conducted as 
previously described [12]. Extent of injury, inflammatory cellular infiltration and crypt damage 
were scored on a 0-3 scale in at least 3 sections from each tissue sample. For injury (0: 
none; 1: mucosal; 2: mucosal and submucosal; 3: transmural); crypt damage (0: none; 1: 
basal third damaged; 2: basal two-thirds damaged; 3: loss of entire crypt and epithelium); 
and severity of inflammation (0: none; 1: slight; 2: moderate; 3: severe). The minimum and 
maximum total scores of 0 and 9 respectively, are obtainable by this scoring system. 
 
2.7 Statistical Analysis 
Data obtained in the present study were expressed as mean ± SEM. Group mean 
comparisons were carried out using a one-way ANOVA test followed by Tukey’s post hoc 
test. The statistical package for social sciences (SPSS, Chicago, IL) software, version 23 
was used for the analysis. p<0.05 was considered statistically significant.  
 

3. RESULTS  
 
3.1 Effect of AA and various treatments on Animal body weights 
The data presented in Table 1 illustrates the effect of AA-induced UC in control and 
treatment groups. Twenty-four (24) hours (Day 1) after the induction of ulcerative colitis, 
there was a significant decrease (p<0.05) in the mean body weight gain of animals in all 
treatment groups (B – F) when compared to the normal control (Group A). A similar effect 
was also noted after 48hrs in groups D and E only (p<0.05). However, a progressive 
increase in body weight gain was observed in all groups from 72 – 120 hrs of study and on 
the last day of the experiment. By the end of the study, body weight gain was observed in all 
the groups with the highest in group F treated with 200mg/kg AEVA. However, a significant 
decrease in weight gain was noted only in group E treated with 100mg/kg AEVA when 
compared to the normal control (p<0.05).



 

 

Table 1:  Effect of Acetic acid (AA)-induced ulcerative colitis (UC) of body weights and total body weight change of rats and its 
modulation by treatments with Sulfasalazine (SSZ) and V. amygdalina extract 

 

TREATMENT GROUPS 
BODY WEIGHT CHANGES TOTAL BODY 

WEIGHT 
CHANGE 24 Hrs 48 Hrs 72 Hrs 96 Hrs 120 Hrs 144 Hrs 168 Hrs 

A (normal control) 10.50±1.44b 4.50±0.87 1.75±0.48 1.50±0.29 1.25±0.48 0.50±0.50 4.00±0.71 24.00±2.45 

B (AA only) -3.25±0.85a 0.25±0.85 4.50±0.65 4.00±0.82 3.25±0.63 3.50±0.29 6.50±3.52 18.75±2.10 

C (SSZ + AA) -2.75±0.25a 2.75±1.11 6.00±0.71 5.00±0.00 4.50±0.87 -3.25±0.25b 12.50±0.50ab  24.75±1.55 

D (50 mg/kg AEVA + AA) -2.25±0.63a -2.50±1.26a 4.50±1.32 5.50±1.55 3.50±1.19 0.75±0.75 4.75±1.03 14.25±3.77 

E (100 mg/kg AEVA + AA) 0.00±0.00a -6.00±2.16a 4.75±1.80 4.25±0.63 3.50±0.96 -0.50±2.06 1.50±0.87 7.50±0.65a 

F (200 mg/kg AEVA + AA) -2.00±0.41a 2.50±1.89 10.00±2.61a 8.75±1.65 ab 6.00±0.82a 1.00±1.35 6.50±1.50 31.25±4.50 

F-Ratio 47.975 7.272 3.403 5.332 3.349 4.125 4.775 8.961 

Sig. 0.000 0.001 0.024 0.004 0.026 0.011 0.006 0.000 

Data (Mean±SEM) obtained from all treatment groups and controls were statistically analyzed using ANOVA followed by Tukey’s multiple comparison test. 
A: p<0.05 when compared to normal control; b: p<0.05 when compared to AA control. SSZ: Sulfasalazine; AA: Acetic acid; AEVA: Aqueous extract of 

Vernonia amygdalina leaves 
 
 
 
3.2 Effect of AEVA treatments on colon weight-to-length ratio 
Differences in colon weight-to-length ratio are presented in Figure 1. Significantly increased values (p<0.05) were observed in all UC-
induced rats (Groups B to F) when compared to normal control (0.08±0.00). Higher colon weight-to-length ratios were produced by 
treatments with 50 and 100mg/kg body weight AEVA treatment groups (0.15±0.01 and 0.15±0.01 respectively) when compared to the UC-
model (0.12±0.01) (p<0.05); whereas, no significant change was observed with the values obtained for SSZ and 200mg/kg b.wt. AEVA 
treatment groups (0.13±0.01 and 0.12±0.01 respectively).  
 
3.3 Mascroscopical Assessment of Colon damage 
The effect of AEVA treatments on the macroscopical features of the colon is represented in Figure 2. Upon macroscopical examination of 
the colonic tissues of rats in all treatment groups, intact tissue morphology with no sign of damage was observed in the normal control 
(group A) (Plate A1) with a score of 0.00±0.00. However, in the UC-model (group B), the highest score of 3.75±0.25 was recorded (p<0.05) 
when compared to normal control. There was evidence of hyperaemia, extensive mucosal erosion and ulceration (Plate A2). Sulfasalazine  
moderately preserved the tissue against damage caused by AA, decreasing the macroscopic score to 1.75±0.485 (p<0.05) when compared 
to UC model.  Macroscopical features revealed minimal evidence of haemorrhage and erosions (Plate A3).



 

 

In the AEVA-treated groups, tissue preservation was best offered by the dose of 200mg/kg 
(Plate A6), followed by 100mg/kg (Plate A5) with reduced macroscopic scores of 1.25±0.25 
and 2.25±0.25 respectively (p<0.05) when compared to UC model. However, treatment with 
50 mg/kg AEVA (Plate A4) produced high scores of 3.50±0.48, with the macroscopic 
features similar to those observed in UC-model rats. 
 
 

 
 

Fig. 1:  Effect of AEVA treatment on rat mean Colon weight-to-length ratio in Acetic acid-
induced ulcerative colitis. Data are expressed as Mean±SEM (n=4), where * and 
# p<0.05 compared to normal control and UC-model respectively. [AEVA – 
Aqueous extract of V. amygdalina leaves; uc – Ulcerative colitis] 

 
 
3.4 Histopathological Findings 
Figure 3 represents the findings from the microscopical examination of the colonic tissues. 
The normal control rats showed normal histoarchitecture of the intestinal tissue. Normal 
mucosa (M), lamina propria (LP), muscularis mucosa (MM), submucosa (SM) and 
muscularis externa (ME) are shown (Plate B1). Contrarily, the colon of UC-model rats 
showed ulcerated and desquamated epithelial mucosa (thick arrows), crypt disarray, 
massive diffuse inflammatory cellular infiltration extending to the submucosal region (DIC), 
necrosis associated with oedema and goblet cell hyperplasia in few crypts seen (red arrows) 
(Plate B2). However, treatment with the standard drug, Sulfasalazine, produced a relative 
improvement in the mucosal layer as it was fairly eroded with mild inflammatory cellular 
infiltration (I) and showing evidence of goblet cell hyperplasia (red arrows) and submucosal 
oedema (Plate B3). 
 



 

 

 
 
Fig. 2.:  Effect of AEVA treatment on AA-induced macroscopic damage on colon tissues of rats. Photomacrographs of the colon tissues 

reveal portion on the segment bearing the lesions [I]. (A1) Normal control; (A2) UC-model; (A3) SSZ; (A4, A5 and A6) AEVA 50, 
100 and 200mg/kg respectively. The quantified macroscopical damage scores are represented in bar charts. Data are presented 
as Mean±SEM (n=4), where * and # p<0.05 compared to normal control and UC-model respectively 

 
 
 
 
 
 



 

 

 
 
Fig. 3.:  Effect of AEVA treatment on AA-induced histopathological damage on colon 

tissues of rats. Light photomicrographs of the colon tissues reveal portion on 
the segment bearing the lesions [I]. (B1) Normal control; (B2) UC-model; 
(B3) SSZ; (B4, B5 and B6) AEVA 50, 100 and 200mg/kg respectively. 
[Stain: H&E: Mag.:x100] 

 
 
 
 



 

 

Table 2:  Histopathological evaluation of colonic tissues of rats after oral treatment 
with Sulfasalazine and Aqueous extract of Vernonia amygdalina leaves 
post-induction of Ulcerative colitis using Acetic acid 

 

GROUPS 
HISTOLOGICAL GRADING CRITERIA  

TOTAL SCORES Extent of Injury Inflammatory Cellular 
Infiltration 

Crypt Damage 

Group A (normal control) 0.00±0.00# 0.00±0.00# 0.00±0.00# 0.00±0.00# 
Group B (UC-model) 2.75±0.25* 3.00±0.00* 2.75±0.25* 8.50±0.29* 
Group C (AA + 100mg/kg SSZ)  1.00±0.00*# 1.00±0.00*# 0.75±0.25# 2.75±0.25*# 
Group D (AA + 50mg/kg AEVA)  2.25±0.25* 2.75±0.25* 2.75±0.25* 7.75±0.63* 
Group E (AA + 100mg/kg AEVA)  0.75±0.25# 0.75±0.25# 0.75±0.25# 2.25±0.48*# 
Group F (AA + 200mg/kg AEVA)  0.50±0.25# 0.25±0.25# 0.25±0.25# 1.00±0.71# 

F-ratio 25.154 52.333 29.000 59.892 
Sig. 0.000 0.000 0.000 0.000 

Data expressed in mean ± SEM; *p<0.05 when compared to the normal control (Group A) and #p<0.05 in comparison to the UC-model 
(Group B). SSZ – Sulfasalazine; AEVA – Aqueous extract of Vernonia amygdalina leaves; AA – Acetic acid; UC- Ulcerative colitis 

 
 
4. DISCUSSION 
 
The present study evaluated the protective effects of Vernonia amygdalina leaves extract 
(AEVA) against experimentally-induced ulcerative colitis (UC) in rats as a model for 
Inflammatory bowel disease (IBD). Three dose levels of the extract were evaluated in Acetic 
acid (AA)-induced colitis albino rats, in comparison with Sulfasalazine (SSZ), a standard 
drug which is usually prescribed to UC patients [30]. The preventive effect of AEVA was 
confirmed by the use of SSZ and also histological evaluation. Post-treatment of the animal 
models with AEVA for seven days significantly reduced Acetic acid (AA)-induced lesions in a 
dose dependent manner. 
 
The induction of UC with acetic acid is a widely accepted and well-established model of UC 
which produces the morphological features that mimics the pathogenesis of human IBD 
[31,32]. Experimentally, prominent tissue injury on the colon are produced following 
administration of AA and the causative factor for the associated alterations is oxidative 
stress [33]. This has been demonstrated in previous studies which documented increased 
malondialdehyde (MDA) levels (pro-oxidant) and decreased antioxidant systems (SOD, CAT 
and GPX levels) in tissues [34]. The imbalance which exists between the pro-oxidant and 
anti-oxidant systems is well-known to play an important role in the pathogenesis of various 
diseases. The results obtained in the present study confirmed the suitability of the use of AA 
to induce UC having produced acute lesions characteristically associated with the disease.  
 
The gold standards for evaluating inflammatory injury in tissues remain macroscopic and 
microscopical examination. Macroscopically, no change was observed in the colon of normal 
control rats suggesting that animal handling did not interfere with the empirical outputs. 
However, AA treatment on the colon produced hyperaemia, mucosal erosion and ulceration 
on the treated region of the colon. Profound microscopical changes found in the current 
study were consistent with the necropsy revealing damaged crypts, mucosal ulceration, 
marked transmural infiltration of inflammatory aggregates and necrosis, thus indicating the 
extent and severity of the disease. These macroscopical and histopathological findings 
correlate with previous reports [35,36]. 
 
A significant body weight loss was observed in all the treated rats twenty-four (24) hours 
after the induction of ulcerative colitis, a similar trend seen both in previous studies [37,38]. 
The weight loss could be attributed to diarrheal effect established by the induced colitis. In 
colitis, loss of weight is usually attributed to rapid loss of body fluid due to diarrhoea and 



 

 

rectal bleeding, malabsorption, nutrient deficiency due to reduced appetite and food aversion 
[39]. In the current study the weight loss observed could be attributed to fluid loss through 
diarrhoea and rectal bleeding. The increase in water content of stool can be due to the 
impaired water absorption caused by the ulceration to the mucosa of the colon. Similar 
impairments were reported in earlier studies using the same 4% acetic acid to induce 
ulcerative colitis model [33, 39].  
 
This present research was conducted based on the possibility that the AEVA could be used 
for the treatment of ulcerative colitis. Upon treatment with AEVA, it was observed that 
treatment with the highest dose of the extract showed an accelerated weight gain in a 
manner better than that offered by the standard drug, SSZ. However, lower doses of the 
extract did not produce better effects than the UC-model group on body weight. Thus, it can 
be inferred that extract of V. amygdalina alleviated the effect of diarrhoea on the treated rats 
which was induced after intrarectal administration of acetic acid. Previous studies have also 
shown anti-diarrhoeal properties of V. amygdalina following experimentally-induced diarrhea 
[40,41]. 

In the current study, the results of the macroscopic examination of the colon of AEVA-treated 
rats are indicative of the therapeutic potential of the extract against lesions impacted by 
acetic acid. This necropsy observation was further supported by the histopathological 
findings which showed a dose-dependent cytoarchitectural preservation of the colon mucosa 
by the extract treatment. As noted from the histopathological scores, the highest dose of the 
extract administered (200mg/kg) markedly inhibited the lesions exerted by acetic acid 
including erosions, ulceration, necrosis, inflammatory cellular infiltration and hyperplasia. 
This ameliorative effect suggests that V. amygdalina leaves protected the rats from further 
disease progression by either an enhanced healing, anti-oxidant and/or anti-inflammatory 
mechanism on the tissue, correlating with previous reports on the pharmacological effects of 
the extract [42,43]. The tissue restorative process offered by the extract in the present study 
was better than that offered with the standard drug, Sulfasalazine.  

These finding justifies the wide traditional use of V. amygdalina extract in the treatment 
and/or management of various ailments and diseases in humans and animals. The effects 
observed in this study may be attributable to the single or synergistic action of the 
phytochemical principles present in the extract which include flavonoids, saponins, 
sesquiterpene lactones, lignans, phenolic acids, coumarins, xanthones and anthraquinones 
[44].   
 
 
5. CONCLUSION 

The findings obtained from the present study suggest that oral administration of aqueous 
extract of Vernonia amygdalina possesses substantial protective effect against the 
deleterious effect of acetic acid-induced ulcerative colitis in rats. Further investigations to 
identify the bioactive constituent(s) responsible for the observed effects is required in order 
to identify a natural and safe agent for effective treatment of individuals with ulcerative colitis.  
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