
International Journal of Theoretical and Applied Research, 2023, Vol. 2, No. 2, 275-286 

∗ Corresponding author 

E-mail address: safaabuelenann.59@azhar.edu.eg 
10.21608/IJTAR.2023.196652.1036 

Special issue "selected papers from the 2nd International Conference on Basic and Applied Science (2nd IACBAS-2023)"  

 

 

 

International Journal of Theoretical and Applied Research (IJTAR) 

ISSN: 2812-5878 

Homepage: https://ijtar.journals.ekb.eg 

 

 

Original article 

Probiotic bacteria and/or Bile Salts Potential Therapeutics of Induced Ulcerative Colitis 

Safaa Refaat Ahmeda,Sara Mohamed Saberb, Shimaa Attia Attac,Rasha Aly Ahmeda,Hanaa Abdel-Fattah 

Mansourd, Maha Ghazi Solimana 

aZoology and Entomology Department, Faculty of Science, Al-Azhar University (Girls Branch), Cairo, Egypt 
b Histopathology Department, Egyptian Drug Authority (EDA). Cairo, Egypt 
cImmunology department, Theodor Bilharz Research Institute, Giza, Egypt 
d  Pharmacology department, National Authority for Drug Control and Research (NODCAR), Cairo, Egypt 

ARTICLE INFO  ABSTRACT 

Received 11/03/2023 

Revised   22/06/2023 

Accepted 02/07/2023 

Ulcerative colitis (UC) is a common chronic inflammatory bowel disease characterized 

by the upregulation of oxidative stress and pro-inflammatory cytokines. Probiotic bacteria 

and Ursodeoxycholic acid (UDCA) have been suggested as promising choices for the 

treatment of UC. The purpose of the current study was to assess the impact of probiotics 

and/or UDCA on acetic acid-induced colitis in rats. Rats were randomly categorized into 

seven groups: normal control, UDCA, probiotic, acute colitis, acute colitis+probiotic, 

acute colitis+UDCA, and acute colitis+Probiotic+UDCA. UDCA (10mg/kg/day) or pro-

biotic 0.5 mg/kg/day) was orally administered for 7days after24hours of induction of ul-

cerative colitis by 4% acetic acid. The rats were euthanized 24h after the last dose of 

treatment and on the 8th day post acetic acid instillation. Clear serum was separated for 

estimating immunological parameters as well as colon sections were evaluated for mac-

roscopical, histopathological and oxidative stress. Treatment with probiotics and or 

UDCA significantly reduced disease index, wet/dry colon weight ratio, ulcer area, and 

macroscopic disease scores, with some histopathological changes. Probiotics and/or 

UDCA also effectively reduced the levels of myeloperoxidase and malondialdehyde 

(90.6%,75.9%,84.6%) and increased glutathione levels (5.5%,39.4%,45.6%). Regarding 

the inflammatory markers, probiotics and/or UDCA reduced significantly pro-inflamma-

tory cytokine levels such as interleukin-17 and 6, and C reactive protein, associated with 

increases in anti-inflammatory cytokine IL10. According to our findings, oral administra-

tion of probiotics and/or UDCA ameliorates acetic acid-induced colitis in rats via decreas-

ing oxidative stress and modulating the pro-inflammatory cytokine levels and MPO ac-

tivity. Therefore, these treatments may be an effective therapeutic candidate for ulcerative 

colitis treatment. 
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1. Introduction 

Inflammatory bowel disease (IBD) is an in-

flammatory disease of both the small and large in-

testine [1]. It is categorized into Crohn’s disease 

(CD), ulcerative colitis (UC), and indeterminate or 

unclassifiable colitis(IC). These conditions usually 

share common characteristics such as melena, ab-

dominal pain, diarrhea, fever, weight loss, and fa-

tigue; each has unique features[2]. 

Ulcerative colitis(UC) is a chronic inflamma-

tory condition affecting colonic mucosa. It starts in 

the rectum and extends to the colon[3]. Ulcerative 

colitis is associated with abscesses, strictures, and 

fistulas. Histologically it shows superficial mucosal 

and submucosal inflammatory changes with crypti-

tis and crypt abscesses[4], edema, abnormal tissue 

architecture, ulcerations and goblet cell mucus de-

pletion[5]. Although the etiology is still unknown, 

ulcerative colitis appears to be caused by a combi-

nation of environmental and hereditary factors[6].  

Ulcerative colitis is characterized by overproduction 

of pro-inflammatory cytokines, oxidative stress[7], 

and increased intestinal permeability[2].  

Anti-inflammatory and immunosuppressive 

medications, antibiotics, as well as surgical proce-

dures are the basic of UC therapies  [8]. Although 

these therapies lessen the disease's inflammatory ac-

tivity and symptoms, they are not curative and can 

lead to serious side effects in patients [9]. Hence, 

great attention has been given to find treatments 

with less side effects. Probiotic bacteria have been 

proposed as a possible option for UC therapy[10]. 

Probiotics are live microbial dietary supple-

ments that benefit the host by improving the micro-

bial balance in the intestine[11]. Probiotics decrease 

pro-inflammatory cytokine production(e.g.,TNF-α 

and IL-1β)and elevate the production of anti-inflam-

matory cytokines(such as IL-10)[12]. Among the 

different species of bacteria that are used as probiot-

ics is probiotics composed of Ruminococcus flave-

faciens. Ruminococcus is a genus of bacteria belong-

ing to phylum Firmicutes and class Clostridia. Ru-

minococcus flavefaciens is an anaerobic streptococ-

cus organism isolated from a bovine rumen and is 

considered one of the dominant species of cellulose-

decomposing bacteria in the rumen[13]. 

Bile acids are the byproducts of cholesterol 

metabolism in vertebrates. They are synthesized by 

hepatocytes as primary bile acids.  These primary 

bile acids are conjugated after being synthesized to 

either taurine or glycine to give the bile salts. How-

ever, the secondary bile acids result from bacterial 

actions in the colon[14,15]. 

Ursodeoxycholic acid(UDCA) was first iso-

lated from bear bile; it has been used as a remedy in 

traditional Chinese medicine for many years to treat 

many different diseases.  UDCA occurs naturally at 

low levels in human bile[16]. The biological actions 

of UDCA include immunomodulatory and anti-

apoptotic actions[17].  

In this work, we sought to assess the preven-

tive effects of probiotics and/or UDCA against acetic 

acid-induced UC in rats, as well as their impact on 

colonic oxidative stress and certain mediators of the 

inflammatory response. 

2. Materials and methods 

2.1. Experimental design 

 Forty-eight adult male albino rats weighing 150-

200 g(4-6 weeks) were used in the present study.The 

animals were housed in clean cages and had free ac-

cess to food and water(ad libitum). They were main-

tained at21–24˚C and 40–60% relative humidity 

with a 12 h light-dark cycle. All animal procedures 

were performed in accordance with National Organ-

ization For Drug and Central Ethics Commit-

tee(NODCA Ethics Committee acceptance No. 

NODCAR/1/32//20222.  

Rats were randomly allocated into 7 groups.  

Normal control group(n:6), instilled physiological 

saline; UDCA treated group (n: 6),rats received10 

mg/kg of UDCA(Ursofalk ®Capsules, under license 

of Dr. Falk- Germany, MINAPHARM- Egypt), 

orally for 7days; Probiotic treated group(n:6),rats re-

ceived 0.5 ml/kg of probiotics(probiotic suspension 

produced by Bactizad, Heliopolis,Cairo,Egypt), 

orally for 7 days; UC group(n:8),rectal enema was 

used to induced colitis with 1 ml of 4% acetic acid 

(ADWIC, Egypt) [18];UC-UDCA treated 

group(n:8),rats were instilled with 1ml of 4%acetic 

acid enema followed by administration of 10mg/kg 

of UDCA orally for 7days; UC- Probiotic treated 

group(n:8),rats were instilled with 1ml of 4%acetic 

acid enema followed by administration of 0.5ml/kg 

of probiotic orally  for 7days; and  UC-UDCA- Pro-

biotic treated group(n:8), rats were instilled with 1ml 

of 4%acetic acid followed by administration of pro-

biotic and UDCA orally for 7 days[19,20]. 

2.2. Tissue collection and preparation 

Body weights were measured in all animals 

at the beginning and the end of the study. 24 hours 

after the last dose of medication, on the 8thday post 

acetic acid instillation, stool consistency and color 

were inspected and recorded for each rat.  Blood 

samples were obtained in dry, clean centrifuge tubes 

after the rats were euthanized by cervical disloca-

tion. Blood was centrifuged for 10 minutes at 3000 

rpm (MPw-350, Warsaw, Poland) after being al-

lowed to clot at room temperature. Clear serum was 

separated and stored at - 80 °C for estimating the 

CRP titer (bioMérieux, Egypt), and IL-10 and IL-17 

levels by ELISA (NOVA, China). A 10 cm section 

of the distal colon was removed, separated longitu-

dinally from the adhering adipose tissue, rinsed with 

saline to eliminate faecal remnants, and weighed. 

The colons were photographed and assessed for 
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macroscopic damage scoring as Disease Activity In-

dex (DAI) scores. Degree of bleeding, weight loss 

and stool consistency are known as colon macro-

scopic scoring, according to  (Vasina et al., 

2010)[21]. 

The colon was divided into three portions; 

the1stwas fixed in10%buffered formol saline for the 

histopathological assessment and immunohisto-

chemical analysis using Interleukin6(IL-6) Mono-

clonal Antibody(AMC0864,Thermo Fisher Scien-

tific;Fremont,USA). The remaining 2 parts; 1 cm in 

length were weighed and used for wet/dry ratio; the 

other part was homogenized and the supernatant was 

used for the assay of MDA according to the method 

of Deniz et al. (1997)(Biodiagnostic,Egypt)[22] and 

GSH according to the method described by Beutler 

et al. (1963)(Biodiagnostic,Egypt)[23] and MPO ac-

tivity was evaluated according toBradley et 

al.(1982)(Biodiagnostic,Egypt)[24]. 

2.3. Statistical Analysis 

A one-way analysis of variance (ANOVA) and 

Tuky-post Kramer's hoc multiple comparison test 

were used to evaluate the data. Using the software 

program Instate version 3, all statistical analyses 

were carried out. Graphs were created on a computer 

using the GraphPad prism application(GraphPad 

Software Inc. V5, San Diego, CA, USA).At a level 

of P<0.05, statistical significance was recognized. 

3. Results 

3.1. Physiological parameters and body weight  

changes: - 

Body weight changes compared to UC 

group, UDCA significantly(p<0.05) increased body 

weight either alone or in combination with probiotics 

however probiotics alone could increase rat BW. 

The colon wet-dry ratio showed significant(p<0.05) 

improvement after treatment with UDCA, probiot-

ics, or both when compared to the UC group. The 

ulcerative colitis group showed a significant de-

crease in colon length as compared with normal con-

trol rats(p<0.05). Treatment with UDCA, probiotics, 

or both; significantly(p<0.05) increased colon length 

in comparison to the UC group. The best improve-

ment was observed in the combined treated group 

followed by UDCA and probiotic-treated groups re-

spectively. UDCA and /or probiotic oral administra-

tion significantly reduced the number of colon ulcers 

as compared to UC treated group(p< 0.05) (Table 1). 

3.2. Colon macroscopic examination and macro-

scopic damage scoring: 

Gross examination of colons of the UCgroup 

showed extensive tissue necrosis, visible erosions, 

and severe hemorrhage. UDCA, probiotic or com-

bined administration, protected against mucosal 

damage and tissue necrosis as shown in Fig(1). 

3.3. Oxidative stress parameters 

Colon homogenate content of MDA and 

MPO increased significantly(p>0.05) in comparison 

to normal rats. Administration of UDCA and/or pro-

biotic treatment improved colon ulcerative colitis 

oxidative stress. MDA content significantly(p>0.05) 

decreased in UDCA, combined therapy, and probi-

otic-treated rat groups by 90.6%, 84.6%, and 75.9%, 

respectively. PO activity also showed a reduction 

(1.41± 0.17),(1.61± 0.54)and(3.63± 1.56)in UDCA, 

probiotic, and combined therapy treated groups re-

spectively.  

In the UC group, GSH content decreased sig-

nificantly (p < 0.05) in comparison to normal control 

rats. The combined therapy of UDCA and probiotic 

followed by probiotic treatment and UDCA treat-

ment alone increased GSH by 

45.6%,39.4%,and5.5%   respectively; Fig.(2). 

 

Groups 
Body weight 

change(g) 
Colon length(cm) 

Number of colon 

ulcers 

Colon relative 

weight(mg/g body 

weight) 

Colon wet dry 

weight ratio(W/D 

Ratio) 

Normal control 5.38 ± 0.78* 18.95± 0.41* 0.0 ±0.0* 5.87±0.29* 3.9± 0.23* 

UDCA 43.67± 4.3#* 18.20± 0.63* 0.16 ±0.16* 7.09 ±0.24 4.25± 0.10* 

Probiotic 21.33± 1.5# 16.98 ±0.37* 0.0 ±0.0* 7.25±0.11 4.06± 0.13* 

UC 18.25± 10.7# 15.06± 0.47# 4.12±1.2# 9.21±1.09# 5.34± 0.21# 

UC- UDCA 37.5 ± 4.26#* 16.58±0.59#* 1.62± 0.49* 6.64±0.42 3.98 ±0.17*# 

UC-Probiotic 9.75 ± 4.21#* 15.16±0.62#*+ 0.50± 0.18* 7.6±0.78 3.98 ±0.16*# 

UC- UDCA –

Probiotic 
28.0 ± 4.50# 17.1± 0.76* 0.62± 0.18* 7.65±0.41 4.35± 0.11* 

Table(1): Effect of Ursodeoxycholic acid or/and probiotic treatment on body weight change, colon length, number of 

colon ulcers, colon relative weight, and colon wet/dry weight ratio in rats with ulcerative colitis induced by acetic acid. 
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3.4. Immunological parameters 

Proinflammatory markers(serumIL17and-

CRP) increased significantly(p>0.05)in the UC 

group in comparison to normal rats. UDCA alone or 

in combination with probiotics and probiotic oral ad-

ministration decreased serumIL-17(2.19±0.33, 8.18 

±1.84,and69.28±12.21 respectively) and CRP sig-

nificantly in comparison to UC group(p<0.05).  

While the serum level of the anti-inflamma-

tory cytokine;IL-10 showed a significant decrease in 

the UC group in comparison to the normal control 

group at p<0.05. Treatment with UDCA alone or in 

combination with probiotics significantly increased 

the level of serumIL-10 respectively(p<0.05); while 

a non-significant increase was noticed in oral admin-

istered probiotics in ulcerative colitis-induced rats 

Fig.(3).

 
Fig.(1): Macroscopic examination of rat colon in different groups.(A)naive control, (B)ursodeoxycholic acid,(C)probi-

otic,(D,E&F)ulcerative colitis tissue necrosis, wide surface area with severe haemorrhage, mucosal lining damage with 

visible erosions and ulcers,(G)ulcerative colitis treated with ursodeoxycholic acid showing slight hyperemic rat co-

lon,(H)ulcerative colitis treated with probiotic showing normal appearance,(I)ulcerative colitis treated with ursodeoxy-

cholic acid combined with probiotic revealing slightly hyperemic mucosa, with no ulcer or erosion. 

 



279             International Journal of Theoretical and Applied Research, 2022, 2(2) 

 

Fig.(2): Oxidative stress markers of different groups.(A):Colon GSH content,(B):Colon MDA content, and(C):Colon MPO 

content as compared with rats subjected to acetic acid-induced ulcerative colitis.# Significant difference from control gp at 

p<0.05. * Significant difference from ulcerative colitis gp at p<0.05. + Significant atP<0.05 compared with Ulcerative Colitis-

Ursodeoxycholicacid  -Probiotic group. 

 
Fig.(3): Inflammatory markers of different groups.(A):Serum IL-10,(B):Serum IL-17 and(C):Serum C-reactive Protein(CRP) 

as compared with rats subjected to acetic acid-induced ulcerative colitis. Significant difference from control gp at p < 0.05.*Sig-

nificant difference from ulcerative colitis gp at p<0.05.+Significant atP<0.05 compared with Ulcerative Colitis-Ursodeoxy-

cholicacid -Probiotic group. 
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3.5. Histopathological examination 

Acetic acid administration induced extensive 

pathological changes where the colonic mucosa appeared 

with distorted crypts, epithelial cell hyperplasia with loss 

of goblet cells, and severely ulcerated surface epithe-

lium. Diffuse inflammatory cell aggregates were noticed 

in mucosal, submucosal, and muscularis layers as well as 

congestion, blood vessel dilation, and stromal edema in 

the submucosa were noticed. Histopathological exami-

nation of colon specimens of UDCA treated group 

showed mostly normal colonic tissue with focal lym-

phoid aggregates. Remarkable improvement could be 

seen after treatment of the colitis group with probiotics 

alone or in combination where colon tissue looked com-

parable to control Fig.(4). 

3.6. Immunohistochemical examination 

By observing immunohistochemistry sections, 

IL-6 was found mainly distributed in the colon mucosa 

and submucosa. In the UC group, IL-6 protein expres-

sions were considerably higher (P<0.05) than normal 

control.  Conversely, immunoexpression of IL-6 in both 

UDCA or /and probiotic; was significantly lower than the 

ulcerative colitis group at(P<0.05) Fig.(5). 

 

 

Fig. (4): Photomicrograph of colon tissues from: Control group(A):showing mucosa(MU), muscularis mucosa(thin arrow), submu-

cosa(thick arrow), muscularis submucosa(MS)(H&E, X:100); (B):crypt(CR), goblet cell(G),mucosal epithelium(thick arrow), lamina 

propria(thin arrow)(H&E, X:200). Ursodeoxycholic acid treated group(C):showing normal colon (H&E, X:100); Probiotic treated 

group(D): showing normal colonic tissue(H&E, X:100). Colitis group(E): showing distorted crypt(*), hyperplasia in epithelial cells with 

loss of goblet cell (thin arrow), ulcerated epithelium (thick arrow)(H&E, X: 200);(F): inflammation in mucosal layer(I), congested, 

dilated blood vessel(thick arrow), edema(thin arrow)(H&E, X: 100)(G): higher magnification of boxed area from pervious figure of 

colon tissues from colitis treated group showing leukocytic inflammatory cells in mucosal layer(blue arrow), congested, dilated blood 

vessel(thick arrow), edema(thin arrow)(H&E, X: 400). Colitis group treated with Ursodeoxycholic acid(H): showing lymphoid aggre-

gates (arrow), intact crypts(H&E, X:100). Colitis group treated with probiotic(I): showing intact colon architecture(H&E, X:100). Colitis 

group treated with Ursodeoxycholic acid and probiotic(J):  showing intact colon architecture(H&E, X:100). 
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Fig. (5): IL-6 Immunohistochemical photomicrograph of colon tissues from (A)control group showing nearly –ve immunoexpression 

of IL-6; (B)Ursodeoxycholic acid group showing nearly –ve immunoexpression of IL-6; (C)Probiotic group showing nearly –ve im-

munoexpression of IL-6; (D)Immunoreactive IL6 antibody are observed in colonic mucosa and the lamina propria of acetic acid 

induced ulcerative colitis; (E)Ursodeoxycholic acid treated colitis group showing mild to moderate immunoexpression of IL-6; (F)Pro-

biotic treated colitis group showing nearly –ve immunoexpression of IL-6; (G)Combined Ursodeoxycholic acid and Probiotic treated 

colitis group showing mild immunoexpression of IL-6(x:100). 

1. Discussion 

Ulcerative colitis(UC)is an incurable, chronic in-

flammatory bowel disease(IBD)that is characterized by 

idiopathic inflammation of the innermost lining of the 

colon and rectum[25] and is considered as a cytokine-

mediated disease[26]. Acetic acid-induced colitis is an 

animal model of colitis that closely mimics human IBD 

in terms of the aetiology, morphological characteristics, 

and inflammatory markers that contribute to this kind of 

inflammation[27]. Mucosal ulceration, inflammation, 

bleeding, and weight loss in the colon are examples of 

colonic alterations[28]. Infiltration of the colonic tissues 

with inflammatory cells, increased inflammatory media-

tors release, disruption of the colonic barrier, and for-

mation of reactive oxygen species(ROS) are all common 

features in UC disease. [29]. All currently utilized meth-

ods for treating UC are linked to a variety of negative 

side effects when used repeatedly or may exhibit de-

creasing response[30]. Thus, there is a constant need for 

new medications that help manage this complex illness. 

Recently, great attention has been given to Ur-

sodeoxycholic acid(UDCA), a physiological component 

present in human bile that showed a protective effect in 

the animal models of chemically induced colonic inflam-

mation[31]. Probiotics are meant to have a variety of pos-

itive health effects whether taken orally or topically ad-

ministered to the body. In order to maintain gut 

microbiota balance, boost gut barrier functions, and en-

hance host immune responses, probiotic bacteria are es-

sential. Probiotic supplementation is thus becoming a 

therapeutic approach of great attention to reduce chronic 

inflammation caused by UC and enhance patients' qual-

ity of life[32]. 

In the current research, body weight significantly 

increased in the UC group that contradicts a plethora of 

studies[33,34]. The main cause of excess body weight 

may be attributed to the reduction of physical activity con-

sequently in UC[35]. Moreover, a change in the distribu-

tion of adipose tissue may be the cause of weight gain that 

may lead to the accumulation of extra amounts of body 

fat[35] in intestinal homeostasis and inflammation 

Administration of UDCA showed a significant in-

crease of body weight while this finding is consistent with 

Van denBossche et al.(2017)[36]which could be at-

tributed to bile acid's attenuation of intestinal microbiota 

control that plays a crucial role in the pathogenesis of 

IBD[37,38]. Moreover, Laukens et al.(2014) attributed 

the UDCA action to its enhancing colonic epithelial resti-

tution[39]. Meanwhile, the combination of UDCA and 

probiotics showed a significant enhancement and increase 

in body weight. 

The increase in colon inflammatory index is con-

sidered an indicator of the severity of inflammation in co-

litis. These results come in an accordance with Kandhare 
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et al.(2012), and Gupta et al., 2015[40,41], which could 

be attributed to the increase in tissue water content, in-

flammatory cell infiltration, severe tissue edema, necrosis, 

and goblet cell hyperplasia[42]. Meanwhile, the use of 

UDCA and/or probiotics improves the severity of the co-

lon to near-control levels, indicating that both treatments 

have good repairing effects. 

Macroscopic examination results showed a 

marked visible thickening of the colon wall and hemor-

rhagic erosions, ulceration, and edema which is a hall-

mark of human UC and come in a harmony with previous 

studies[43,44].These observations could be due to an un-

balanced response of the mucosal immune system to-

ward bacterial antigens[45]. The conversion of acetic 

acid to a protonated state, which diffused into the epithe-

lium and subsequently dissociated to produce protons, 

causes processes including localized inflammation, des-

quamation, and loss of mucosal integrity that result in 

epithelial damage and ulcers[42], this causes intracellu-

lar architecture to become more acidic, which triggers 

IBD[46]. 

In contrast, the treatment with UDCA and or 

probiotics significantly alleviated the total macroscopic 

damage scoring and number of colon ulcers of the colon. 

The intestinal anti-inflammatory action can be linked to 

the suppression of macrophage and neutrophil infiltra-

tion, highlighting the significance of these cells in the in-

flammatory process[47]. 

The levels of GSH were dramatically reduced, 

while MDA and MPO were upregulated by induction of 

acetic acid[33,47].The modulation of the results reflects 

the greatest potency of UDCA. Duboc et al.(2013) ex-

plained the secondary bile acids' synthesis from the pri-

mary is impaired in IBD patients[48]. It is believed that 

unconjugated UDCA is rapidly conjugated with glycine 

and to a lesser extent with taurine, on its first pass 

through the liver. Meanwhile, self-secretion of antioxi-

dant metabolites and reducing enzyme activities that reg-

ulate ROS generation are examples of potential antioxi-

dant pathways for probiotic benefits[49,50].  

IL-10 is an anti-inflammatory cytokine that may 

be used to treat UC[51]. Meanwhile, proinflammatory 

cytokine IL-17 is abundant in the irritated mucosa of IBD 

patients[52]. IL-17 has a significant role in the etiology 

of the disease[53]. CRP level is also related to inflamma-

tory status. It appears to be the tip used test to monitor 

and detect inflammatory disorders and is correlated with 

their severity but it’s not specific to any illness[54]. 

In this investigation, IL10 in the UC group 

showed a significant decrease while UDCA normalized 

IL10 level. Lorén et al.(2015) accounted the effect of 

UDCA on IL-10 actions on the intestinal epithelium, by 

regulating the barrier function via a mechanism that in-

volves the phosphorylation of p38 mitogen-activated 

protein kinases (MAPK)[55]. This would be probably 

due to reducing the inflammation-induced intestinal epi-

thelial cell stress, helping to restore homeostasis and to 

isolate the lamina propria from luminal antigens. Mean-

while, probiotic administration showed no significant in-

crease in IL10 levels where the combination of UDCS 

with probiotic significantly improve the level of serum 

IL10 in ulcerative colitis rats. The fact is that not all 

probiotic strains act in the same manner and that their 

efficiency varies depending on the concentrations used 

and the method of administration[56]. 

As expected, the treatment with probiotics or 

UDCA individually or in combination resulted in a sig-

nificant reduction in IL17 and CRP levels, indicating that 

the severity of colon injury was reduced. This may reflect 

the capacity of both probiotic and UDCA to prevent the 

elevation of cytokine levels as a result to the increase in 

permeability of the epithelial cells to macromolecules as-

sociated with intestinal inflammation[57] and prevention 

of epithelial apoptosis as an indication to the UDCA anti-

inflammatory effects[47]respectively. Moreover, the ad-

ministration of probiotics alone or in combination with 

UDCA reduced CRP levels to near-normal levels which 

comes in line with de Souza et al.(2007)and Rodríguez-

Padilla et al.(2021)[58,59]. The achieved normalization 

of the CRP could be explained by the ability of probiotics 

to interact with the intestinal mucosa, decreasing the mo-

lecular production of pro-inflammatory substances, and 

thereby decreasing the capacity for migration of inflam-

matory cells to the lamina propria, such as lymphocytes, 

eosinophils, and plasma cells[60,61]. 

Histological examination demonstrated that UDCA 

and probiotics reduced inflammatory cell infiltration and 

epithelial damage, resulting in a lower overall inflamma-

tion score. These findings were supported by Lajczak‐
McGinley et al.(2020) and Eeckhaut et al.(2013)[47,62]. 

The UDCA effects may be attributed to the prevention of 

cytokine-induced epithelial apoptosis, promotion of bar-

rier function, and having a protective effect in a mouse 

model of colonic inflammation[47]. The protective impact 

of this probiotic against tissue damage may be due to their 

ability to limit the influx of inflammatory cells into the 

intestinal mucosa[63]. 

IL-6 was found mainly distributed in the mucosa 

and submucosa layers of colons. The outcomes are in 

agreement with Alex et al.(2009)who reported a signifi-

cantly elevated levels in IL-6when compared to con-

trols[64]. The increased IL-6 suggests that it acts syner-

gistically to induce B-cell differentiation[65]. Treatment 

with UDCA and or probiotics showed enhanced colon re-

covery and normalization after treatment. These results 

agreed with Ward et al.(2017) and Hegazy and El-Be-

dewy(2010)[57,66]. This enhancement revealed the po-

tency of UDCA in preventing the development of mucosal 

inflammation, which is closely associated with the inhibi-

tion of epithelial apoptosis[67]suggesting that probiotic 

therapy controls the mucosal immune response by lower-

ing mucosal neutrophil numbers and may also work by in-

hibiting T-cell activation. 

5. conclusion. 

In conclusion, both UDCA and/ or probiotics con-

siderably decreased inflammatory cytokines levels, in-

testinal villus damage, and MPO activity. Thus, findings 

from the current study confirm and support evidence 

suggesting that UDCA and/or probiotics may be useful 

in the treatment of inflammatory disorders of the colon. 

References 

[1] M. Fakhoury, H. Al-Salami, R. Negrulj, A. 

Mooranian, Inflammatory bowel disease: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3968284/#b7


283             International Journal of Theoretical and Applied Research, 2022, 2(2) 

clinical aspects and treatments. J. Inflamm. 

Res. 7 (2014) 113-120. 

doi:10.2147/JIR.S65979. 

[2] K.A. Head, J.S. Jurenka, Inflammatory Bowel 

Disease Part I:Ulcerative Colitis – Pathophysi-

ology and Conventional and Alternative Treat-

ment Options. Altern. Med. Rev.  8(3)( 2003) 

247-283. PMID: 12946238. 
[3] R. Ungaro, S. Mehandru, P.B. Allen, L. Pey-

rin-Biroulet, J.F. Colombel, Ulcerative colitis. 

Lancet 389(10080)( 2017)1756-1770. 

doi:10.1016/S0140-6736(16)32126-2. 

[4] B. Khor, A. Gardet,  R.J. Xavier, Genetics and 

pathogenesis of inflammatory bowel disease. 

Nature 474(7351)( 2011) 307-17. 

doi:10.1038/nature10209. 
[5] G.E. Tontini, M. Vecchi, L. Pastorelli, M.F. 

Neurath, H. Neumann,  Differential diagnosis 

in inflammatory bowel disease colitis: State of 

the art and future perspectives. World J. Gas-

troenterol. 21(1) (2015) 21-46. 

doi:10.3748/wjg.v21.i1.21. 
[6] P. Rutgeerts, K. Geboes, Understanding in-

flammatory bowel disease – the clinician’s per-

spective. Eur. J. Surg. Suppl. (586) (2001) 66-

72. doi:10.1080/110241501317076281. 
[7] M. BalmusI,  A. Ciobica, A. Trifan, C. Stanciu, 

The implications of oxidative stress and anti-

oxidant therapies in Inflammatory Bowel Dis-

ease: clinical aspects and animal models. Saudi 

J. Gastroenterol. 22(1) (2016) 3-17. 

doi:10.4103/1319-3767.173753. 
[8] A.B. Pithadia, S. Jain, Treatment of inflamma-

tory bowel disease (IBD). Pharmacol. Rep. 

63(3) (2011) 629-642. doi:10.1016/s1734-

1140(11)70575-8. 
[9] T.D. Luerce, A.C. Gomes-Santos, C.S. Rocha, 

T.G. Moreira, D.N. Cruz, L. Lemos, et al., 

Anti-inflammatory effects of Lactococcus lac-

tis NCDO 2118 during the remission period of 

chemically induced colitis. Gut Pathog. 6 

(2014) 1-11. doi:10.1186/1757-4749-6-33.  
[10] J. Elsa, F. Chain, H. Sokol, P. Langella, L.G. 

Bermudez-Humaran, Probiotic strain Lactoba-

cillus casei BL23 prevents colitis-associated 

colorectal cancer. Front. Immunol. 8(2017) 

1553. doi:10.3389/fimmu.2017.01553. 
[11] G.R. Gibson, M.B. Roberfroid, Dietary Modu-

lation of the Human Colonic Microbiota: Intro-

ducing the Concept of Prebiotics. J. Nutr. 

125(6) (1995) 1401-1412. 
doi:10.1093/jn/125.6.1401.  

[12] H. Morita, F. He, T. Fuse, A.C. Ouwehand, 

A.C. Hashimoto, M. Hosoda, et al., Cytokine 

production by the murine macrophage cell line 

J774.1 after to lactobacilli. Biosci Biotechnol 

Biochem. 66(9) (2002) 1963-1966. 

https://doi.org/10.1271/bbb.66.1963 
[13] A.K. Sijpesteijn, On Ruminococcus flauefa-

ciens, a Cellulose-decomposing Bacterium 

from the Rumen of Sheep and Cattle. J. gen. 

Microbiol. 5(5) (1951 ) 869-879. 
doi:10.1099/00221287-5-5-869. 

[14] A.F. Hofmann, L.R. Hagey, M.D. Krasowski, 

Bile salts of vertebrates: structural variation 

and possible evolutionary significance.  J. Li-

pid Res. 51(2) (2010) 226-46. doi: 

10.1194/jlr.R000042. Epub 2009 Jul 28. 
[15] R. Holm, A. Müllertz, H. Mu, Bile salts and 

their importance for drug absorption. Int. J. 

Pharm. 453(1) (2013) 44-55. 
doi:10.1016/j.ijpharm.2013.04.003. 

[16] Y. Feng, K. Siu, N. Wang, K.M. Ng, S.W. 

Tsao, T. Nagamatsu, Y. Tong, Bear bile: di-

lemma of traditional medicinal use and animal 

protection. J. Ethnobiol. Ethnomed. 5 (2009)1-

9. doi:10.1186/1746-4269-5-2. 
[17] P.I. Dosa, T. Ward, R.E. Castro, C.M. Ro-

drigues, C.J. Steer, Synthesis and evaluation of 

water-soluble prodrugs of ursodeoxycholic 

acid (UDCA), an anti-apoptotic bile acid. 

Chem. Med. Chem. 8(6) (2013) 1002-1011. 
doi:10.1002/cmdc.201300059. 

[18] T. Yamada, S. Marshall, R.D. Specian, M.B. 

Grisham, A Comparative Analysis of Two 

Models of Colitis in Rats. Gastroenterology 

102(5) (1992) 1524-1534. 
https://doi.org/10.1016/0016-5085(92)91710-

L. 
[19] S.H. Kim, H.J. Chun, H.S. Choi, E.S. Kim, et 

al. Ursodeoxycholic acid attenuates 5-fluor-

ouracil-induced mucositis in a rat model. On-

col. Lett. 16(2) (2018) 2585-2590. 
doi:10.3892/ol.2018.8893. 

[20] A.S. Abdel-Azeem, A.A. Hassan, M.M. Basy-

ony, S.H. Abu Hafsa, Rabbit growth, carcass 

characteristic, digestion, caecal fermentation, 

microflora and some blood biochemical com-

ponents affected by oral administration of an-

aerobic probiotic (Zad®). Egypt J. Nutr. Feeds. 

21(3) (2018) 693-710. 
doi:10.21608/ejnf.2018.75774. 

[21] V. Vasina, M. Broccoli, M.G. Ursino, D. Can-

istro, L. Valgimigli, A. Soleti, M. Paolini,  F. 

De Ponti, Non-peptidyl low molecular weight 

radical scavenger IAC attenuates DSS-induced 

colitis in rats. World J. Gastroenterol. 16(29) 

(2010) 3642-50. 

doi:10.3748/wjg.v16.i29.3642. 

[22] S. Deniz, S. Arzu, I. Figen,  C. Gulden, Lipid 

peroxidation and antioxidant status in experi-

mental animals. Effects of aging and   hyper-

cholesterolemic diet. Clin. Chem. Act.  265(1) 

(1997) 77-82. https://doi.org/10.1016/S0009-

8981(97)00106-X  

[23] E. Beutler, O. Duron,   B.M. Kelly, Improved 

method for the determination of blood glutathi-

one. J. Lab. Clin. Med. 61 (1963) 882-8. 

PMID:13967893. 

[24] P.P. Bradley, D.A. Priebat, R.D. Christensen, 

G. Rothstein, Measurement of cutaneous in-

flammation: estimation of neutrophil content 

with an enzyme marker. J. Invest. Dermatol. 

https://doi.org/10.2147/JIR.S65979
https://doi.org/10.1271/bbb.66.1963
https://doi.org/10.1016/0016-5085(92)91710-L
https://doi.org/10.1016/0016-5085(92)91710-L
https://doi.org/10.1016/S0009-8981(97)00106-X
https://doi.org/10.1016/S0009-8981(97)00106-X


Ahmed et al.            284 

78(3) (1982) 206-9. doi:10.1111/1523-

1747.ep12506462. 

[25] G. Owusu, D.D. Obiri, G.K. Ainooson, N. 

Osafo, A.O. Antwi, B.M, Duduyemi, C. An-

sah, Acetic Acid-Induced Ulcerative Colitis in 

Sprague Dawley Rats Is Suppressed by Hy-

droethanolic Extract of Cordia vignei Leaves 

through Reduced Serum Levels of TNF-α and 

IL-6. Int. J. Chronic Dis. 2020 (2020) 1-11. 

doi:10.1155/2020/8785497. 

[26] N.T. Ventham, N.A. Kennedy, E.R. Nimmo,  J. 

Satsangi, Beyond gene discovery ininflamma-

tory bowel disease: the emerging role of epige-

netics. Gastroenterology 145(2) (2013) 293-

308. doi:10.1053/j.gastro.2013.05.050. 
[27] P.K. Randhawa, K. Singh, N. Singh, A.S. 

Jaggi, A review on chemical-induced inflam-

matory bowel disease models in rodents. Ko-

rean J. Physiol Pharmacol. 18(4) (2014) 279-

288. doi:10.4196/kjpp.2014.18.4.279. 
[28] R.M. Hartmann, M.I. Morgan Martins, J. 

Tieppo, H.S. Fillmann, N.P. Marroni, Effect of 

Boswellia serrata on antioxidant status in an 

experimental model of colitis rats induced by 

acetic acid. Dig. Dis. Sci. 57(8) (2012) 2038-

2044. doi:10.1007/s10620-012-2134-3. 
[29] A.A. Ali, E.N. Abd al Haleem,  S.A.H. 

Khaleel, A.S. Sallam, Protective effect of car-

damonin against acetic acid induced ulcerative 

colitis in rats. Pharmacol. Rep. 69( 2) (2017) 

268-275. doi:10.1016/j.pharep.2016.11.002. 
[30] E.A. Arafa, W.R. Mohamed, D.M. Zaher, H.A. 

Omar, Gliclazide attenuates acetic acid-in-

duced colitis via the modulation of PPARγ, 

NF-κB and MAPK signaling pathways. Toxi-

col. Appl. Pharmacol. 391 (2020) 114919. 
doi:10.1016/j.taap.2020.114919. 

[31] M.J. Hwang, T.N. Kim, Diffuse-type Caroli 

disease with characteristic central dot sign 

complicated by multiple intra-hepatic and 

common bile duct stones. Clin. Endosc. 50(4) 

(2017) 400-403. doi:10.5946/ce.2016.150. 

[32] P. Dhillon, K. Singh, Therapeutic Applications 

of Probiotics in Ulcerative Colitis: An updated 

review. Pharma Nutrition 13 (2020) 100194. 
https://doi.org/10.1016/j.phanu.2020.1001

94 
[33] G. El-Akabawy, N.M. El-Sherif, Zeaxanthin 

exerts protective effects on acetic acid-induced 

colitis in rats via modulation of pro-inflamma-

tory cytokines and oxidative stress. Biomed. 

Pharmacother. 111 (2019) 841-851. 
doi:10.1016/j.biopha.2019.01.001. 

[34] S. Jarmakiewicz-Czaja, A. Sokal, R. Filip, 

What Was First, Obesity or Inflammatory 

Bowel Disease? What Does the Gut Microbi-

ota Have to Do with It?. Nutrients 12(10) (2020 

) 3073. doi:10.3390/nu12103073. 

[35] S. Wright, L. Aronne, Causes of obesity. Ab-

dom. Imaging. 37(5) (2012) 730-732. 
doi:10.1007/s00261-012-9862-x. 

[36] L. Van den Bossche, P. Hindryckx, L. De-

visscher, S. Devriese, S. Van Welden, T. Hol-

voet, et al., Ursodeoxycholic Acid and Its Tau-

rine- or Glycine-Conjugated Species Reduce 

Colitogenic Dysbiosis and Equally Suppress 

Experimental Colitis in Mice. Appl.  Environ. 

Microbiol.  83(7) (2017) :e02766-16. 

doi:10.1128/AEM.02766-16. 
[37] K.B.M.S. Islam, S. Fukiya, M. Hagio, N. Fujii, 

S. Ishizuka, T. Ooka, et al. Bile acid is a host 

factor that regulates the composition of the ce-

cal microbiota in rats. Gastroenterology 141(5) 

(2011) 1773-1781. doi:10.1053/j.gas-

tro.2011.07.046. 
[38] M. Wlodarska, A.D. Kostic, R.J. Xavier, An 

integrative view of microbiome-host interac-

tions in inflammatory bowel diseases. Cell 

Host Microbe. 17(5) (2015) 577-591. 
doi:10.1016/j.chom.2015.04.008. 

[39] D. Laukens, L. Devisscher, L. Van den 

Bossche, P. Hindryckx, R.E. Vandenbroucke, 

Y.P. Vandewynckel, et al., Tauroursodeoxy-

cholic acid inhibits experimental colitis by pre-

venting early intestinal epithelial cell death. 

Lab. Invest. 94(12) (2014) 1419-1430. 
doi:10.1038/labinvest.2014.117. 

[40] A.D. Kandhare, K.S. Raygude, P. Ghosh, A.E. 

Ghule, T.P. Gosavi, S.L. Badole, Effect of hy-

droalcoholic extract of Hibiscus rosa sinensis 

Linn leaves in experimental colitis in rats. 

Asian Pac. J. Trop. Biomed. 2(5) (2012) 337-

344. doi:10.1016/S2221-1691(12)60053-7. 
[41] R.A. Gupta, M.N. Motiwala, N.G. Dumore, 

K.R. Danao, A.B. Ganjare, Effect of piperine 

on inhibition of FFA induced TLR4 mediated 

inflammation and amelioration of acetic acid 

induced ulcerative colitis in mice. J. Eth-

nopharmacol. 164 (2015) 239-246. doi: 

10.1016/j.jep.2015.01.039. 
[42] M.N. Ansari, N.U. Rehman, A. Karim, G.A. 

Soliman, M.A. Ganaie, M. Raish, A.M. 

Hamad. Role of Oxidative Stress and Inflam-

matory Cytokines (TNF-α and IL-6) in Acetic 

Acid-Induced Ulcerative Colitis in Rats: Ame-

liorated by Otostegiafruticosa.  Life 11(3) 

(2021) 195. doi:10.3390/life11030195. 
[43] H.H. Arab, M.Y. Al-Shorbagy, D.M. Abdal-

lahl, N.N. Nassar, Telmisartan Attenuates Co-

lon Inflammation, Oxidative Perturbations and 

Apoptosis in a Rat Model of Experimental In-

flammatory Bowel Disease. PLoS ONE. 9(5) 

(2014) e97193. doi:10.1371/jour-

nal.pone.0097193. 
[44] J. Lu, A. Wang, S. Ansari, R.M. Hershberg, 

D.M. McKay, Colonic bacterial superantigens 

evoke an inflammatory response and exagger-

ate disease in mice recovering from colitis. 

Gastroenterology 125(6) (2003) 1785-1795. 
doi:10.1053/j.gastro.2003.09.020. 

[45] C.O. Elson, R.B. Sartor, G.S. Tennyson, R.H. 

Riddell, Experimental models of inflammatory 

https://doi.org/10.1016/j.phanu.2020.100194
https://doi.org/10.1016/j.phanu.2020.100194


285             International Journal of Theoretical and Applied Research, 2022, 2(2) 

bowel disease. Gastroenterology 109(4) (1995) 

1344-67. doi:10.1016/0016-5085(95)90599-5. 
[46] C.S.V. Satish Kumar, K. Kondal Reddy, A.G. 

Reddy, A. Vinoth, S.R.C. Ch, G. Boobalan, 

G.S. Rao, Protective effect of Lactobacillus 

plantarum 21, a probiotic on trinitrobenzene-

sulfonic acid-induced ulcerative colitis in rats. 

Int. Immunopharmacol. 25(2) (2015) 504 - 

510. doi:10.1016/j.intimp.2015.02.026. 
[47] N.K. Lajczak‐McGinley, E. Porru, C.M. Fal-

lon, J. Smyth, C. Curley, P.A. McCarron, et al., 

The secondary bile acids, ursodeoxycholic acid 

and lithocholic acid, protect against intestinal 

inflammation by inhibition of epithelial apop-

tosis. Physiol. Rep. 8(12) (2020) e14456.  
doi:10.14814/phy2.14456. 

[48] H. Duboc, S. Rajca, D. Rainteau, D. Benarous, 

M.A. Maubert, E. Quervain, et al., Connecting 

dysbiosis, bile-acid dysmetabolism and gut in-

flammation in inflammatory bowel diseases. 

Gut 62(4) (2013) 531-539. doi:10.1136/gutjnl-

2012-302578. 
[49] G. Rudolph, P. Kloeters-Plachky, P. Sauer, A. 

Stiehl Intestinal absorption and biliary secre-

tion of ursodeoxycholic acid and its taurine 

conjugate. Eur. J. Clin. Invest. 32(8) (2002) 

575-580. doi:10.1046/j.1365-

2362.2002.01030.x. 
[50] X. Wang, et al.,TPC proteins are phospho-

inositide-activated sodium-selective ion chan-

nels in endosomes and lysosomes. Cell 151(2) 

(2012) 372-383. 
doi:10.1016/j.cell.2012.08.036. 

[51] F. Sanchez-Munoz, A. Dominguez-Lopez, J.K. 

Yamamoto-Furusho, Role of cytokines in in-

flammatory bowel disease. World J. Gastroen-

terol. 14(27) (2008) 4280-4288. 
doi:10.3748/wjg.14.4280. 

[52] B. Tamburini, M.P. La Manna, L. La Barbera, 

L. Mohammadnezhad, G.D. Badami, M. She-

karkarAzgomi, et al., Immunity and Nutrition: 

The Right Balance in Inflammatory Bowel 

Disease. Cells 11(3) (2022) 455. 
doi:10.3390/cells11030455. 

[53] S.H. Lee, J.E. Kwon, M.L. Cho, Immunologi-

cal pathogenesis of inflammatory bowel dis-

ease. Intest. Res.  16(1) (2018 ) 26-42. 
doi:10.5217/ir.2018.16.1.26. 

[54] A.J. Calderon,  M.H. Wener, Erythrocyte Sed-

imentation Rate and C Reactive Protein. Hosp. 

Med. Clin. 1(3) (2012) 313-337. 
[55] V. Lorén, E. Cabré, I. Ojanguren, E. 

Domènech, E. Pedrosa, A. García-Jara-

quemada, et al., Interleukin-10 Enhances the 

Intestinal Epithelial Barrier in the Presence of 

Corticosteroids throughp38 MAPK Activity in 

Caco-2 Monolayers: A Possible Mechanism 

for Steroid Responsiveness in Ulcerative Coli-

tis. PLoS ONE. 10(6) (2015) e0130921. 
doi:10.1371/journal.pone.0130921. 

[56] A. De Moreno de LeBlanc, S. del Carmen, M. 

Zurita-Turk, C.Santos Rocha , M. van de 

Guchte, V. Azevedo, et al., Importance of IL-

10 Modulation by Probiotic Microorganisms in 

Gastrointestinal Inflammatory Diseases. ISRN 

Gastroenterology 2011 (2011) 1-11. 
doi:10.5402/2011/892971. 

[57] J.B. Ward, N.K. Lajczak, O.B. Kelly, A.M. 

O’Dwyer, A.K. Giddam, J. NíGabhann, et al., 

Ursodeoxycholic acid and lithocholic acid ex-

ert anti-inflammatory actions in the colon. Am. 

J. Physiol. Gastrointest. Liver Physiol. 312(6) 

(2017) 550-558. doi:10.1152/aj-

pgi.00256.2016. 
[58] M.M. deSouza, J.E. Aguilar-Nascimento, D.B. 

Dock-Nascimento, Effects of budesonide and 

probiotics enemas on the systemic inflamma-

tory response of rats with experimental colitis. 

Acta. Cir. Bras. 22 (1) (2007) 40-5. 
doi:10.1590/s0102-86502007000700009. 

[59] Á. Rodríguez-Padilla, G. Morales-Martín, R. 

Pérez-Quintero, J. Gómez-Salgado, C. Ruiz-

Frutos, Serological Biomarkers and Diversion 

Colitis: Changes after Stimulation with Probi-

otics.  Biomolecules 11(5) (2021) 684. 
doi:10.3390/biom11050684. 

[60] F. Guarner, A.G. Khan, J. Garisch, R. Eliakim, 

A. Gangl, A. Thomson, J. Krabshuis, T. Le-

mair. Probiotics and Prebiotics; World Gastro-

enterology Organisation. Global Guidelines; 

World Gastroenterology Organisation: Mil-

waukee, WI, USA. 46 (2017) 468-481. 
[61] R.D.C.S.O. Lopes, K.P. Balbino, M. de Paula 

Jorge, A.Q. Ribeiro, H.S.D. Martino, R.D.C.G. 

Alfenas, Modulation of intestinal microbiota, 

control of nitrogen products and inflammation 

by pre/probiotics in chronic kidney disease: A 

systematic review.  Nutr. Hosp. 35(3) (2018) 

722-730. doi:10.20960/nh.1642. 
[62] V. Eeckhaut, K. Machiels, C. Perrier, C. 

Romero, S. Maes, B. Flahou, et al., Butyr-

icicoccus pullicaecorum in inflammatory 

bowel disease. Gut 62(12) (2013) 1745-1752. 
doi:10.1136/gutjnl-2012-303611. 

[63] N.H. Javed, M.B. Alsahly, J. Khubchandani, 

Oral Feeding of Probiotic Bifidobacterium in-

fantis: Colonic Morphological Changes in Rat 

Model of TNBS-Induced Colitis. Scientifica  

2016 (2016) 1-11. doi:10.1155/2016/9572596. 
[64] P. Alex, N.C. Zachos, T. Nguyen, L. Gonzales, 

T.E. Chen, L.S. Conklin, et al., Distinct Cyto-

kine Patterns Identified from Multiplex Pro-

files of Murine DSS and TNBS-Induced Coli-

tis. Inflamm. Bowel Dis. 15(3) (2009) 341-

352. doi:10.1002/ibd.20753. 
[65] G. Jego, A.K. Palucka, J.P. Blanck et al., 

Plasmacytoid dendritic cells induce plasma 

cell differentiation through type I interferon 

and interleukin 6. Immunity 19(2) (2003) 225- 

234. doi:10.1016/s1074-7613(03)00208-5. 
[66] S.K. Hegazy, M.M. El-Bedewy, Effect of pro-

biotics on pro-inflammatory cytokines and NF-

kappa B activation in ulcerative colitis. World 



Ahmed et al.            286 

j. of gastroenterol. 16(33) (2010) 4145-4151. 
doi:10.3748/wjg.v16.i33.4145. 

[67] A. Federico, C. Tuccillo, E. Grossi, R. Abbiati, 

N. Garbagna, M. Romano, et al., The effect of 

a new symbiotic formulation on plasma levels 

and peripheral blood mononuclear cell expres-

sion of some pro-inflammatory cytokines in 

patients with ulcerative colitis: a pilot study. 

Eur. Rev. Med. Pharmacol. Sci. 13(4) (2009) 

285-293. PMID: 19694343. 
 

 


