
Effects of glutamine and curcumin on bacterial translocation 
in jaundiced rats

Oguzhan Karatepe, Ersin Acet, Muharrem Battal, Gokhan 
Adas, Merih Altiok, Sedat Kamali, Servet Karahan, Depart-
ment of Surgery, Okmeydani Education and Research Hospital, 
Istanbul, 34715, Turkey
Ahu Kemik, Department of Biochemistry, Istanbul Faculty of 
Medicine, Istanbul, 34725, Turkey
Gulcin Kamali, Department of Surgery, Okmeydani Education 
and Research Hospital, Istanbul, 34715, Turkey
Safiye Koculu, Atahan Catay, Department of Infectious Dis-
ease, Istanbul Faculty of Medicine, Istanbul, 34715, Turkey
Author contributions: Karatepe O and Acet E designed the 
study, wrote the manuscript and performed the majority of exper-
iments; Battal M performed the majority of experiments; Kemik 
A performed the biochemical studies; Kamali G performed the 
pathological studies; Koculu S and Catay A performed the micro-
biological studies; Adas G, Altiok M, Karahan S and Kamali S 
were involved in editing the manuscript.
Correspondence to: Oguzhan Karatepe, MD, Department of 
Surgery, Okmeydani Education and Research Hospital, Istanbul,  
34715, Turkey. drkaratepe@yahoo.com
Telephone: +90-212-2217777  Fax: +90-216-3612140
Received: December 20, 2009  Revised: February 20, 2010
Accepted: February 27, 2010
Published online: September 14, 2010

Abstract
AIM: To investigate the effect of curcumin on bacterial 
translocation and oxidative damage in an obstructive 
jaundice model and compare the results to glutamine, 
an agent known to be effective and clinically used.

METHODS: Twenty-four female Wistar-Albino rats, 
weighing 200-250 g, were randomly divided into three 
groups (8 in each group). After ligation of the common 
bile duct in all animals, Group Ⅰ received oral normal sa-
line, Group Ⅱ received oral glutamine and Group Ⅲ re-
ceived oral curcumin for seven days. Blood samples via 
cardiac puncture, tissue samples (terminal ileum, liver 
and mesenteric lymph node) and peritoneal fluid were 

obtained from the animals at the time of death to inves-
tigate bacterial translocation and oxidative damage.

RESULTS: We observed that both glutamine and cur-
cumin reduced bacterial translocation in blood, hepato-
cellular damage, plasma cytokine levels, oxidative tissue 
damage and apoptosis significantly compared to the 
control group. Additionally, glutamine showed protective 
effects on ileal epithelium and reduced villus atrophy.

CONCLUSION: On the basis of these findings, both 
curcumin and glutamine are thought to be effective in 
preventing or reducing bacterial translocation and oxi-
dative damage in obstructive jaundice. 
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INTRODUCTION
Obstructive jaundice is characterized by a disability in the 
secretion of  bile into the intestinal system, accumulation 
of  toxic bile salts and bilirubin in the tissues and signifi-
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cant changes in systemic and hepatic functions[1]. Despite 
current modern diagnostic and therapeutic approaches, in-
terventions in patients with biliary tract obstruction result 
in 10%-25% mortality and up to 56% major morbidity[2]. 
Biliary sepsis, wound infections, intra-abdominal abscess 
formation and renal failure are frequent complications in 
obstructive jaundice. Bacterial translocation and oxidative 
tissue damage have been emphasized as the leading causes 
of  these complications in obstructive jaundice by numer-
ous investigators[2-4]. Obstructive jaundice causes alterations 
leading to bacterial translocation both in the intestinal bar-
rier and in the reticuloendothelial system. Some of  these 
alterations may be listed as mucosal damage in the intes-
tinal lumen due to lack of  bile, apoptosis, bacterial over-
growth, motility disorder associated with oxidative stress 
and functional abnormalities in the tissue macrophages[2,5].

Glutamine, a non-essential amino acid, occupies a cen-
tral role in numerous metabolic processes such as amino 
acid transport and nitrogen balance. It is the main energy 
source for rapidly proliferating cells such as enterocytes 
and lymphocytes. It has been reported not only to lower 
the rate of  endotoxemia and translocation by preserving 
mucosal integrity but also to improve the immune system 
action against bacteria and endotoxins which succeed in 
passing the intestinal barrier[3,5-7].

Curcumin is a polyphenol derived from the herbal 
remedy and dietary spice turmeric. The antioxidant, anti-
cancer, anti-inflammatory and cytoprotective effects 
of  curcumin have been demonstrated by numerous ex-
perimental and clinical studies[8]. Gülçubuk et al[9] have 
declared that curcumin has positive effects on intestinal 
barrier function due to its anti-inflammatory properties 
and possibly can prevent bacterial translocation. We have 
previously shown positive effects of  curcumin on oxida-
tive damage and liver function in obstructive jaundice[10]. 
However, according to our knowledge, a comprehensive 
and comparative study regarding the effect of  curcumin 
on bacterial translocation and oxidative damage in ob-
structive jaundice has not been performed yet. 

The aim of  this study was to compare the effects of  
curcumin with those of  glutamine, a reliable control, on 
bacterial translocation and oxidative damage in an ob-
structive jaundice model and to evaluate the results with a 
review of  the literature.

MATERIALS AND METHODS
Animals
Twenty-four healthy female rats weighing 200-250 g, 
housed in stainless steel cages under controlled tempera-
ture (22℃) and humidity and with 12-h dark/light cycles, 
were used in this study. Standard industrial rat feed contain-
ing 21% protein and fresh tap water were given ad libitum  
before and after operation. The experimental protocol 
was designed according to the ethical standards for animal 
use and approved by the local committee of  animal use.

Surgical procedure and treatment
All procedures were performed under general anesthesia 

induced by intramuscular injections of  ketamine hydro-
chloride 80 mg/kg (Ketalar flk; Pfizer, Istanbul, Turkey) 
plus 5 mg/kg xylazine (Rompun; Bayer, Istanbul, Turkey). 
The abdomen was shaved and soaked with Betadine solu-
tion. After a midline laparotomy of  1-2 cm, the common 
bile duct was identified, doubly ligated using 4/0 silk su-
tures and divided. Abdominal incisions were closed in two 
layers using 4/0 silk sutures. The animals were random-
ized into three groups (8 in each). Group Ⅰ was treated 
with normal saline 1 cc orally once daily after bile duct 
ligation. Group Ⅱ was treated with glutamine (Resource 
Glutamine powder 5 g; Nestle Health Care Nutrition, 
Germany) 200 mg/kg orally once daily after bile duct 
ligation. Group Ⅲ was treated with curcumin (Curcumin 
from Curcuma longa; Sigma Aldrich, Germany) 20 mg/kg 
orally once daily after bile duct ligation. Animals were 
regularly nourished and maintained for 7 d as described 
above. Glutamine was dissolved in distilled water and the 
solution was stirred immediately before use. Curcumin 
was suspended in distilled water and the suspension was 
stirred immediately before use. The re-laparotomy was 
performed through the old incision on postoperative 8th 
day under general anesthesia and subjects were sacrificed. 
Systemic blood via cardiac puncture, peritoneal fluid and 
tissue (terminal ileum, liver and mesenteric lymph node) 
samples were obtained to investigate bacterial translo-
cation and oxidative damage. All procedures were per-
formed aseptically using sterile instruments.

Microbiological examination
Systemic blood samples obtained via cardiac puncture and 
peritoneal fluid samples were cultured aerobically using 
BacTec Peds (BioMérieux, Durham, USA). Blood cultures 
were continuously monitored for 7 d. Positive cultures 
were plated out on appropriate media and species identi-
fied by Sceptor microdilution and standard bacteriological 
techniques. The mesenteric lymph node, liver and terminal 
ileum samples were removed and placed in pre-weighed 
sterile glass bottles containing sterile pre-reduced brain-
heart infusion. The bottles were re-weighed and tissue ho-
mogenates were prepared in 2-mL brain-heart infusions 
using sterile mortars and pestles. A portion (0.1 mL) of  
homogenates was cultured on blood agar, eosin methylene 
blue agar. All the plates were examined after 24 and 48 h 
of  incubation at 37℃. 

Biochemical examination
Systemic blood via cardiac puncture and tissue (terminal 
ileum) samples were obtained from rats for biochemical 
evaluation. Tissues were washed with physiological serum 
for biochemical analysis, weighed and homogenized using 
the method of  Sier et al[11]. Serum levels of  cytokines tu-
mor necrosis factor-α (TNF-α) (pg/mL) and interleukin-6 
(IL-6) (pg/mL) were measured by immunoenzymatic 
enzyme-linked immunosorbent assay method (Quantikine 
High Sensitivity Human by R&D Systems, USA) accord-
ing to the manufacturer’s protocol. Minimum detectable 
concentrations were determined by the manufacturer to be  
0.12 pg/mL and 0.03 pg/mL, respectively. Intra-assay 
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(2.6 for TNF-α and 1.6 for IL-6) and inter-assay (14 for 
TNF-α and 6.4 for IL-6) precision performances of  the 
assay were determined on 20 replicates from the quality 
control data of  the laboratory. Malondialdehyde (MDA) 
was determined spectrophotometrically by the thiobarbitu-
ric acid method. Aliquots of  0.2 mL of  serum were mixed 
thoroughly with 0.8 mL of  phosphate-buffered saline (pH 
7.4) and 25 µL of  butylated hydroxytoluene solution. The 
samples were placed on ice for 2 h after addition of  0.5 mL  
of  30% trichloroacetic acid. Then, samples were centri-
fuged at 2000 g at 25℃ for 15 min. After that, 1 mL of  
each supernatant was mixed with 0.075 mL of  0.1 mol/L 
ethylenediamine tetraacetic acid and 0.25 mL of  1% thio-
barbituric acid in 0.05 mol/L sodium hydroxide (NaOH). 
Supernatant of  each sample was kept in boiling water for 
15 min and then cooled to room temperature. Finally, 
the absorbance of  thiobarbituric acid reactive substances 
(TBARS) was measured at 532 nm. The data regarding 
TBARS were expressed in mDA, using a molar extinction 
coefficient for MDA of  1.56 × 105/cm per mol/L and the 
results were expressed in nmol/L (range: 0.1-2.5). Serum 
nitric oxide (NO) levels were measured with Griess re-
agent as previously described[12]. The first step is the con-
version of  nitrate using nitrate reductase. The second step 
is the addition of  Griess reagent, which converts nitrite to 
a purple azocompound. Protein interference was avoided 
by treatment of  the reacted samples with zinc sulphate and 
centrifugation for 5 min at 10 000 g; the azochromophore 
spectrophotometry was performed at 450 nm; sodium 
nitrate was used as the standard and results were expressed 
in mmol/L (range: 10-120 mmol/L). Myeloperoxidase 
(MPO) activity was measured as described previously[13]. 
In short, tissue homogenates were incubated with 0.5% 
hexadecyl-trimethylammonium bromide in 50 mol/L  
potassium phosphate buffer (pH 5.5), plus 0.026% ortho-
dianisidine dihydrochloride substrate and 0.018% H2O2. 
The reaction kinetics were followed for 30 min at 450 nm  
in 96-well plates. The specificity of  the reaction was 
checked with sodium azide (0.1 mmol/L). All samples 
were analyzed in duplicate and standardized using a ho-
mogenate of  pooled human neutrophils, and MPO activity 
was expressed in arbitrary units (U/mg protein). The enzy-
matic activity of  caspase-3 in tissue samples was measured 
as described previously[14]. Five 10 µm cryostat sections 
of  tissues were suspended in a lysis buffer consisting of   
10 mmol/L 4-(2-hydroxyethyl)-1-piperazineethanesulfonic 
acid (HEPES) (pH 7.0), 40 mmol/L β-glycerophosphate, 
50 mmol/L NaCl, 2 mmol/L MgCl2 , and 5 mmol/L 
ethylene glycol tetraacetic acid. After 10 min on ice, the 
cells were disrupted by 10 s of  sonification followed by 
four cycles of  freezing and thawing and stored at -80℃. 
Protein concentration was determined using the method 
described by Bradford[15]. For measurement of  caspase-3 
enzymatic activity, samples containing 15 µg protein were 
incubated with 2.5 nmol of  the enzyme substrates DEVD-
AMC (7-Amino-4-methylcoumarin, N-acetyl-L-aspartyl-
L-glutamyl-L-valyl-l-aspartic acid amide) in a 100 mmol/L 
HEPES buffer (pH 7.25) containing 10% (w/v) sucrose, 
0.1% (v/v) NP40, and 10 mmol/L DL-Dithiothreitol. 

During incubation at 37℃, fluorescent AMC was cleaved 
off  by active caspases, corresponding with the level of  
caspase activity in the sample. The fluorescent AMC was 
monitored at an excitation of  360 nm and emission of  
460 nm using a FLUO star Optima plate reader. Calibra-
tion curves were constructed using free AMC. Caspase-3 
activity was measured as pmolAMC/min per mg protein. 
Serum alanine aminotransferase (ALT) and aspartate ami-
notransferase (AST) activities were determined according 
to Reitman and Frankel[16], whereas alkaline phosphatase 
(ALP) activity was estimated by the Belfield method[17]. 
Total bilirubin, and γ-glutamyl transferase (GGT) were 
determined using Diamond Diagnostic Kit as reported[18]. 
The results were reported as mean and standard deviation.

Histopathological examination
Liver and a 2-cm segment of  terminal ileum samples were 
obtained at the final laparotomy. The bowel was stripped 
from its mesentery and the segment was opened along its 
length and rinsed in a cold solution. Specimens were fixed 
in 10% formalin in 0.15 mol/L phosphate buffer (pH 
7.2), embedded in paraffin and then sections measuring 
5 µm in thickness were cut. The specimens were stained 
with hematoxylin-eosin and examined under the light 
microscope (Olympus BX50, Japan). Histopathological 
examination was performed by an experienced pathologist 
who was not aware of  the sample group. Ductular pro-
liferation in liver samples was examined according to the 
modified scoring system used by Sheen-Chen et al[3]. This 
system, assessing ductular proliferation with seven differ-
ent scores, was reduced to three scores since it was more 
appropriate for statistical assessment and number of  sub-
jects was fewer. Grade 1 (mild): Portal area involvement 
less than 50%; Grade 2 (moderate): Portal area involve-
ment more than 50% or expansion of  the portal tract; 
Grade 3 (severe): Presence of  bridging in portal tracts. 
Apoptosis was also assessed in liver samples and reported 
as present or absent. Villus structures (villus length and 
width), lymphatic dilatation and sub-epithelial edema were 
examined to investigate mucosal damage in terminal ileum 
sections and reported as present or absent. 

Statistical analysis
Findings obtained in the study were assessed using SPSS 
(Statistical Package for Social Sciences) for Windows 15.0 
program. One-way Anova test was used in comparing 
parameters between groups and Tukey’s HDS (Honestly 
Significant Difference) test was used in detecting the 
group causing variation when comparing qualitative data. 
Kruskal Wallis test was used in comparing parameters dis-
playing abnormal distribution between groups and Mann 
Whitney U test was used in detecting the group causing 
variation. For comparison of  qualitative data, χ2 or Fisher 
exact test was used. Results were calculated as mean ± SD. 
P < 0.05 values were considered statistically significant.

RESULTS
Jaundice became apparent in all subjects on postoperative 
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day 3. Two of  the rats (one in Group Ⅰ and one in Group 
Ⅱ) died during the experiment. The experiment was com-
pleted with 7 rats in Group Ⅰ, 7 rats in Group Ⅱ and 8 
rats in Group Ⅲ.

Microbiological findings
Significant microbial growth was investigated in blood 
obtained by intracardiac puncture, samples of  mesenteric 
lymph nodes, peritoneal fluid, and terminal ileum tissue. 
Escherichia coli (E. coli) was the most common bacteria de-
tected (34%) among all positive cultures. Other detected 
bacteria were identified as Enterococci, Klebsiella oxytoca, Strep-
tococcus spp and Klebsiella pneumoniae. Positive blood cultures 
were detected in 6 of  7 animals (85%) in Group Ⅰ, in 1 of  
7 animals (14%) in Group Ⅱ, and in 2 of  8 animals (25%) 
in Group Ⅲ. The rates in groups Ⅱ and Ⅲ were deter-
mined to be significantly less than that of  group Ⅰ (P = 
0.029 and P = 0.041, respectively). The difference between 
Groups Ⅱ and Ⅲ was not statistically significant (P > 
0.05). Positive cultures of  mesenteric lymph node samples 
were detected in all animals (100%) in Group Ⅰ, in 3 of  
7 animals (42%) in Group Ⅱ and in 7 of  8 animals (87%) 
in Group Ⅲ. There was no statistically significant differ-
ence among groups although positive cultures were fewer 
in Group Ⅱ. Positive cultures of  peritoneal fluids were 
detected in 4 of  7 animals (57%) in Group Ⅰ, none of  7 
animals (0%) in Group Ⅱ and in 4 of  8 animals (50%) in 
Group Ⅲ. These results were not statistically significantly 
different between groups (P > 0.05). Significant pathogens 
in terminal ileum samples were detected in all animals 
(100%) in Group Ⅰ, in 5 of  7 animals (71%) in Group Ⅱ 
and in 7 of  8 animals (87%) in Group Ⅲ. These results 
were not statistically significant either (P > 0.05). 

Biochemical findings
ALT, AST, ALP, GGT, total bilirubin, IL-6 and TNF-α 
levels were measured in blood samples. MPO, NO, MDA 
levels and caspase-3 activity were measured in terminal il-
eum samples (Table 1). There was no significant difference 
in terms of  serum total bilirubin values among groups and 
obstructive jaundice was detected in all subjects. ALT and 

AST levels, markers of  hepatocellular damage, in Group 
Ⅱ were found to be significantly reduced compared to 
Group Ⅰ and Group Ⅲ (P = 0.002 and P = 0.001, re-
spectively). Furthermore, these enzyme levels were found 
to be significantly reduced in Group Ⅲ when compared 
with Group Ⅰ (P = 0.001). ALP and GGT levels, mark-
ers of  cholestasis, were found to be significantly lower (P 
< 0.05) in Groups Ⅲ and Ⅱ than in Group Ⅰ. When the 
results of  Groups Ⅱ and Ⅲ were compared, ALP levels 
were lower in Group Ⅱ; whereas, GGT was found to 
be lower in Group Ⅲ and these results were statistically 
significant (P < 0.05). TNF-α levels were detected to be 
significantly decreased in Group Ⅱ when compared with 
Group Ⅰ and Group Ⅱ (P = 0.001 and P = 0.002, re-
spectively). TNF-α levels detected in Group Ⅲ were also 
significantly lower than that of  Group Ⅰ (P = 0.002). IL-6 
levels detected in Group Ⅱ were significantly less than 
those in Group Ⅰ and Group Ⅲ (P = 0.002 and P = 0.001, 
respectively). Although the results were lower in Group 
Ⅲ they were not statistically significant when compared 
with Group Ⅰ (P > 0.05). MPO levels, a marker of  tissue 
inflammation and neutrophil sequestration, were found to 
be significantly lower in Group Ⅱ than the other groups 
(P = 0.002 for Group Ⅰ and P = 0.001 for Group Ⅲ). 
MPO levels detected in Group Ⅲ were also lower than 
that of  Group Ⅰ, which was statistically significant (P = 
0.001). NO levels, an indicator of  oxidative damage and 
MDA, an end product of  lipid peroxidation and an index 
of  oxidative stress, were determined to be significantly 
lower in Group Ⅱ than the other groups (P < 0.05). Ad-
ditionally, values detected in Group Ⅲ were lower than 
those of  Group Ⅰ and this was also statistically significant 
(P < 0.05). Caspase-3 activity, an apoptosis marker, was 
found to be significantly lower in Group Ⅱ than the other 
groups (P = 0.002 for Group Ⅰ and P = 0.001 for Group 
Ⅲ). The value detected in Group Ⅲ was lower than that 
of  Group Ⅰ and this was also statistically significant (P = 
0.001).

Histopathological findings
Ductal proliferation and apoptosis rates were measured 
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Table 1  Biochemical results

 mean ± SD P

Group Ⅰ Group Ⅱ Group Ⅲ Group Ⅰ-Ⅱ Group Ⅰ-Ⅲ Group Ⅱ-Ⅲ

T-Bil bilirubin   7.814 ± 0.855     7.303 ± 1.059     7.456 ± 1.037          > 0.05          > 0.05          > 0.05
ALT       285.714 ± 6.945 203.157 ± 5.777     230.5 ± 7.368 0.002 0.001 0.001
AST       277.571 ± 8.6 188.714 ± 5.908   227.25 ± 7.573 0.002 0.001 0.001
ALP 417.714 ± 13.865 373.714 ± 9.322     353.938 ± 141.502 0.002 0.042 0.015
GGT      410.429 ± 5.711 395.857 ± 4.337 402.375 ± 4.926 0.002 0.010 0.040
IL-6   1.087 ± 0.117     0.627 ± 0.147     0.984 ± 0.123 0.002 0.063 0.001
TNF-α 1.346 ± 0.21       0.53 ± 0.089     0.869 ± 0.104 0.002 0.002 0.001
MPO 0.537 ± 0.01     0.309 ± 0.038     0.468 ± 0.009 0.002 0.001 0.001
NO       149.286 ± 9.499 101.171 ± 3.396 135.625 ± 5.181 0.002 0.009 0.001
MDA   2.743 ± 0.196     1.753 ± 0.227         2.3 ± 0.379 0.002 0.011 0.015
CAS 35.741 ± 0.848   22.929 ± 1.533   30.445 ± 1.463 0.002 0.001 0.001

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: γ-glutamyltransferase; IL-6: interleukin-6; 
TNF-α: Tumor necrosis factor-α; MPO: Myeloperoxidase; NO: Nitric oxide; MDA: Malondialdehyde; CAS: Caspase 3 activity.
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in the histopathological evaluation of  liver sections  
(Figure 1A). Regarding the former, 14% mild, 57% mod-
erate and 29% severe ductal proliferation was detected 
in Group Ⅰ, 43% mild, 14% moderate and 43% severe 
ductal proliferation was detected in Group Ⅱ and 38% 
mild and 62% severe ductal proliferation was detected in 
Group Ⅲ. Rates of  apoptosis were determined to be 42% 
in Group Ⅰ and Group Ⅱ and 62% in Group Ⅲ. No 
significant difference in terms of  either ductal prolifera-
tion or apoptosis was found when the results of  histo-
pathological examination of  liver samples were statistically 
compared among groups (P > 0.05). Villus height and 
width, lymphatic dilatation and subepithelial edema were 
evaluated in terminal ileum sections. When shortening in 
villus height was compared among groups, shortening in 
Group Ⅱ was significantly less than Group Ⅰ (P = 0.02). 
Shortening observed in Group Ⅱ was less than that of  
Group Ⅲ and shortening determined in Group Ⅲ was 
less than that of  Group Ⅰ but these differences were 
not statistically significant (P > 0.05). In the comparison 
of  villus width, no significant difference was detected 
among groups, although it was found less frequently in 
Group Ⅱ (P > 0.05). Degree of  lymphatic dilatation was 
observed to be significantly lower in Group Ⅱ than that 
of  Group Ⅰ (P = 0.02). Lymphatic dilatation observed in 
Group Ⅱ was less than that of  Group Ⅲ but this was not 
statistically significant. Lymphatic dilatation determined in 
Group Ⅲ was less than that of  Group Ⅰ, but again this 
was not statistically significant (P > 0.05). No significant 
difference among groups in terms of  subepithelial edema 
was detected (P > 0.05).

DISCUSSION
Bacterial translocation is the passage of  bacteria or en-
dotoxins from the gastrointestinal tract to extraintesti-
nal sites, such as mesenteric lymph nodes, liver, spleen, 
and/or bloodstream. In a normal, healthy individual, gut-
originated bacteremia and sepsis do not occur because 
the host has multiple defense mechanisms to prevent the 
bacteria and their products from crossing the mucosal 
barrier and spreading to systemic tissues. Under certain 
experimental and clinical circumstances, this intestinal 

barrier function becomes overwhelmed or impaired, re-
sulting in bacterial translocation[19-21]. Current advances 
in the pathophysiology of  intestinal failure in obstructive 
jaundice have shown that the breakdown of  the gut barri-
er is multifactorial, involving disruption of  immunologic, 
biological, mechanical, and biochemical barriers. Berg 
and Garlington[22] defined bacterial translocation as the 
passage of  viable enteric bacteria through intestinal epi-
thelial cells into the lamina propria and then to mesenteric 
lymph nodes, and possibly other tissues. Bacterial translo-
cation was first defined as the passage of  viable bacteria. 
However, at the present time either bacterial fragments or 
the translocation of  bacterial products such as endotox-
ins from dead bacteria have been known to stimulate the 
immune system[23]. Under normal conditions, the gastro-
intestinal system keeps bacterial content in the intestinal 
lumen while absorbing nutrients. This is called “intestinal 
barrier function”[5]. Despite the number of  bacteria pres-
ent in the cecum, one cell beneath the mucosa is sterile. 
The intestinal barrier is both a functional and anatomical 
barrier to intestinal contents. The functional aspect is in-
herent in the modulation of  tight junctional permeability 
and selective endocytosis of  intestinal contents, while 
the anatomical barrier aspect is represented by the inter-
connected tight junctional/cell membrane system which 
effectively excludes large molecules and bacterial antigens. 
The first component of  the intestinal barrier consists of  
intestinal microflora which have two functions, “bacterial 
antagonism” and “colonization resistance”[24,25]. The other 
components of  the intestinal barrier are the physical bar-
rier function of  the mucosal epithelium, a mucus layer on 
the intestinal epithelium, blockade of  epithelial adhesion 
sites by secreted IgA, and the preventive effects of  intesti-
nal peristalsis and intermittent desquamation of  epithelial 
cells forming the mucosa. Despite these defense systems, 
translocated bacteria and bacterial products are neutralized 
in intestine-related lymphoid tissues (intraepithelial and 
lamina propria lymphocytes, lymphoid follicles, Peyer’s  
patches and complexes of  mesenteric lymph nodes), and 
the immune system (especially the reticuloendothelial sys-
tem organs, such as the liver). In various studies bacterial 
translocation has been reported to develop in mechani-
cal intestinal obstruction, hemorrhagic shock, sepsis, 
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Figure 1  Histopathological view of liver and terminal ileum. A: Liver of a jaundiced rat, bridging of portal tracts, severe ductal proliferation, × 200; B: Terminal 
ileum of a jaundiced rat, shortening of villus length and severe lymphatic dilatation, × 200.
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endotoxemia, severe trauma, thermal injury, obstructive 
jaundice and cirrhosis[24,25]. The clinical importance of  
bacterial translocation was revealed in a study conducted 
by MacFie et al[26] in over 927 patients throughout 13 
years. Bacterial translocation was detected in 130 patients 
(14%) in this study. Postoperative sepsis was seen more 
frequently (42.3% and 19.9%) in these patients. The au-
thors reported ethical and methodological problems pres-
ent in their study of  bacterial translocation in humans and 
probably these problems are even bigger than described. 
According to our current knowledge, glutamine support, 
aggressive and targeted nutrition, adequate provision of  
visceral flow, appropriate use of  antibiotics and selective 
intestinal decontamination are important objectives in re-
stricting bacterial translocation[5].

Another important point in the pathophysiology of  
obstructive jaundice is the increased oxidative stress in 
the tissues. When the balance between the production of  
free oxygen radicals and antioxidant systems is impaired, 
oxidative stress leading to tissue damage occurs[26,27]. In-
creased intestinal oxidative stress which can cause intesti-
nal damage and endotoxin translocation has been detected 
in rats with obstructive jaundice. In fact, obstructive jaun-
dice causes oxidative stress in other organs such as the 
liver, kidneys, brain, heart and lungs. The development of  
tissue injury depends directly on the bile acids or occurs 
via macrophages; formation of  oxygen free radicals as a 
result of  systemic endotoxemia-induced xanthine oxidase, 
endotoxin-mediated systemic cytokine response, neutro-
phil chemotaxis of  jaundice, increase of  superoxide anion 
production and reduction of  plasma levels of  fat-soluble 
vitamins, particularly vitamin E, have been blamed for 
oxidative stress occurring in obstructive jaundice[28].

The effect of  obstructive jaundice on bacterial trans-
location has been investigated in numerous clinical and 
experimental studies. Several changes have been shown 
to occur both in the intestinal barrier and in the reticulo-
endothelial system in obstructive jaundice. Bile and bile 
salts in the intestinal lumen are believed to have protective 
effects against bacterial translocation[23]. Luminal flow of  
bile salts has a regulatory effect on the intestinal flora and 
a direct detergent effect on endotoxins[25]. Furthermore, 
some trophic effects of  pancreaticobiliary secretions on 
the intestinal mucosa have been identified[28]. Ogata et al[29]  
showed that oral administration of  bile salts reduced 
absorption of  endotoxin in rats with jaundice. Intestinal 
permeability increases with mucosal damage and as a con-
sequence of  changes in the intestinal flora a convenient 
media for bacterial translocation is prepared. Gatt et al[5] 
showed that reticuloendothelial system function was im-
paired subsequent to biliary tract obstruction and caused 
an increase in bacterial translocation. Reticuloendothe-
lial system is defined as tissue macrophages. These are 
found chiefly in the liver, spleen, lung and bone marrow. 
They are responsible for cleaning up particulate materi-
als such as bacteria, endotoxin, immune complexes and 
cell debris[3]. Kupffer cells in the liver are responsible for 
80%-90% of  the reticuloendothelial system activity. Assi-
makopoulos et al[28] detected increased intestinal oxidative 

stress which could cause intestinal damage and increased 
intestinal endotoxin translocation in an experimental mod-
el of  rats with jaundice. Bacterial translocation and inflam-
matory responses in patients with obstructive jaundice 
were examined in a study performed by Ljungdahl et al[30] 
The results of  this study which had few cases are as fol-
lows: bacterial translocation could not be detected in any 
of  the patients. Elevated levels of  preoperative endotoxin, 
TNF-α and IL-6 were measured in patients with jaundice. 
In these patients, the number of  macrophages and apop-
tosis increased while T-lymphocyte count decreased in the 
mesenteric lymph nodes.

Treatment modalities and agents affecting the differ-
ent pathophysiological steps described above have been 
investigated for many years, in order to reduce mortality 
and morbidity seen post-treatment or during the elapsed 
time until the definitive treatment of  obstructive jaundice. 
Glutamine is one of  the most important products sur-
veyed for this purpose. Glutamine is the most common 
free amino acid in the body and has an important role in 
numerous metabolic events such as amino acid transport 
and nitrogen balance. It is the main food source of  rap-
idly dividing cells such as enterocytes and lymphocytes. 
These cells have important roles in the intestinal mucosa 
barrier and the immune system. Numerous studies ex-
amining the effect of  glutamine on bacterial transloca-
tion have been performed[6]. Glutamine reduces trans-
location not only by strengthening the intestinal barrier 
but also by reinforcing the immune system against bac-
teria and endotoxins successful in passing this barrier[3,6]. 
White et al[6] reported that glutamine regulated intestinal 
permeability, reduced bacterial translocation and even 
reinforced the immune system in rats with obstructive 
jaundice. Aldemir et al[7] showed that glutamine improved 
mucosal integrity and reduced bacterial translocation in 
the same model. In an experimental study performed by 
Margaritis et al[31], oral glutamine replacement was report-
ed to reduce bacterial translocation, endotoxemia and 
apoptosis and to improve the ileal and liver histology in 
obstructive jaundice. Sheen-Chen et al[3] examined liver 
apoptosis in the obstructive jaundice rat model and de-
termined that although glutamine replacement reduced 
liver apoptosis rate and ductal proliferation on day 3 of  
the experiment, the same effect could not be shown on 
day 7. In clinical studies, glutamine treatment was deter-
mined to have beneficial effects on bacterial transloca-
tion and sepsis. These effects can be listed as reduction 
in mucosal atrophy, rapid improvement in radiotherapy- 
and chemotherapy-induced mucosal damage, strengthen-
ing of  intestinal and systemic immunity and decrease in 
length of  hospital stay and infection rates in patients in 
intensive care. Use of  glutamine before abdominal radia-
tion has been shown to exert a protective effect on the 
intestinal mucosa, to increase intestinal glutamine me-
tabolism and to decrease morbidity and mortality sub-
sequent to total abdominal irradiation. Glutamine also 
shows this effect when administered after the radiation 
therapy. Glutamine also plays a critical role in synthesis 
of  glutathione, a major antioxidant, which protects tis-
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sues against free radical damage. The jejunal mucosal 
weight, DNA and nitrogen content increase and villus 
atrophy reduces significantly in glutamine-enriched total 
parenteral nutrition. Methotrexate-induced enterocolitis 
proceeds more slowly, and 5-fluorouracil-induced mu-
cosal damage recovery occurs more rapidly, in patients 
fed on a glutamine-supplemented enteral diet[5,32]. In a 
study performed on rats by Kul et al[33] the positive ef-
fect of  glutamine on oxidative stress both in a hypoxia-
reoxygenation model and in healthy neonatal rats was re-
ported. Glutamine supplementation has been suggested 
to prevent necrotizing enterocolitis in neonates.

In the present study, we examined the effects of  gluta-
mine and curcumin use on bacterial translocation and oxi-
dative stress in rats with obstructive jaundice. Consistent 
with the literature, we detected the positive effects of  glu-
tamine use on these issues. Positive culture rates observed 
in the microbiological assays were less in all samples from 
the glutamine-treated group compared to those of  the 
control and curcumin-treated groups. However, only the 
blood culture rates were statistically significant in compari-
son with the control group (P = 0.029). Moreover, short-
ening of  villus height and lymphatic dilation were found 
to be significantly lower in the glutamine-treated group 
terminal ileum (P < 0.05).

Curcumin is a polyphenol derived from turmeric, 
which is used as a spice or herbal medicine. It is produced 
from the root of  a plant, Curcuma longa. Dried roots of  this 
plant have been used for thousands of  years in Asian med-
icine[34]. Curcumin has been suggested to reduce inflamma-
tion which causes bacterial translocation by exhibiting an 
anti-inflammatory effect[9]. In the study performed by Shen 
et al[35], curcumin was shown to increase expression of  an-
tioxidant biomolecules and reduce neutrophil infiltration 
and reactive oxygen metabolites after ischemia-reperfusion 
injury in the liver. Treatment of  rats with curcumin de-
creased total nitric oxide synthase activity after reperfusion. 
However, endothelial nitric oxide synthase activity was not 
affected. Moreover, curcumin has been shown to have 
positive effects on inflammatory damage and intestinal 
reperfusion injury in a recent experimental study by Kara-
tepe et al[10].

In the present study, we examined the effects of  cur-
cumin on bacterial translocation and oxidative damage in 
an obstructive jaundice model and we compared it with 
glutamine, which is a reliable control and has been recently 
in clinical use. Microbiologically, positive culture rates were 
found to be less in all samples from the curcumin-treated 
group compared to those from the control group. However, 
only the rates of  blood cultures were statistically significant 
(P = 0.041). No significant difference was observed when 
compared with the glutamine-treated group. All biochemi-
cal parameters (except ALP levels) of  the glutamine-treated 
group were found to be lower in a statistically significant 
manner in comparison with those of  the curcumin-treated 
group (P < 0.05). No statistically significant difference was 
detected in the histopathological examination of  the sam-
ples obtained from the curcumin-treated group compared 
to the glutamine-treated and control groups (P > 0.05).

In conclusion, in the present study we detected posi-
tive effects of  glutamine and curcumin on bacterial trans-
location and oxidative damage in rats with obstructive 
jaundice. Both glutamine and curcumin were observed 
to reduce bacterial translocation in blood, hepatocellular 
injury, serum cytokine levels, oxidative tissue damage and 
apoptosis rates significantly in comparison to the control 
group. However, more extensive comparative experimen-
tal and clinical studies are required before the clinical use 
of  curcumin for this purpose and perhaps the combined 
use of  glutamine with curcumin will be more effective.

COMMENTS
Background 
Despite current modern diagnostic and therapeutic approaches, interventions in 
patients with biliary tract obstruction result in 10%-25% mortality and up to 56% 
major morbidity. Bacterial translocation and oxidative tissue damage have been 
emphasized as the leading cause of the complications in obstructive jaundice 
by numerous investigators. 
Research frontiers
The antioxidant, anti-cancer, anti-inflammatory and cytoprotective effects of cur-
cumin have been demonstrated by numerous experimental and clinical studies. 
Administration of glutamine has been shown to improve bacterial translocation 
and oxidative damage in obstructive jaundice but the exact role of curcumin in 
this issue is still unknown. In this study, the authors demonstrate that both cur-
cumin and glutamine are effective in preventing or reducing bacterial transloca-
tion and oxidative damage in obstructive jaundice.
Innovations and breakthroughs
Obstructive jaundice causes alterations leading to bacterial translocation both 
in the intestinal barrier and in the reticuloendothelial system. Some of these 
alterations may be listed as mucosal damage in the intestinal lumen due to lack 
of bile, apoptosis, bacterial overgrowth, motility disorder associated with oxida-
tive stress and functional abnormalities in the tissue macrophages. According to 
the authors’ knowledge, a comprehensive and comparative study regarding the 
effect of curcumin on bacterial translocation and oxidative damage in obstruc-
tive jaundice has not been performed yet. Both glutamine and curcumin were 
observed to reduce bacterial translocation in blood, hepatocellular injury, serum 
cytokine levels, oxidative tissue damage and apoptosis rates significantly in 
comparison to the control group.
Applications
Curcumin can be used like glutamine in order to prevent bacterial translocation 
and oxidative damage observed in obstructive jaundice and to reduce mortality 
and morbidity observed in the elapsed time until definitive treatment or after treat-
ment.
Terminology
Glutamine, a non-essential amino acid, has been reported not only to lower the 
rate of endotoxemia and translocation by preserving mucosal integrity but also 
to improve the action of the immune system against bacteria and endotoxins 
which succeed in passing the intestinal barrier. Curcumin is a polyphenol de-
rived from the herbal remedy and dietary spice turmeric. The antioxidant, anti-
cancer, anti-inflammatory and cytoprotective effects of curcumin have been 
demonstrated by numerous experimental and clinical studies.
Peer review
This is a well conceived and implemented experimental protocol which seeks 
to answer the question of the relative efficacy of glutamine and curcumin in 
the treatment or prevention of intestinal bacterial translocation in the setting of 
obstructive jaundice. The experimental protocol is well carried out and can be 
expected to extrapolate to human clinical situations in which obstructive jaun-
dice is present.
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