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Abstract
AIM: To evaluate the effects of honey on bacterial 
translocation and intestinal villus histopathology in 
experimental obstructive jaundice. 
METHODS: Thirty Wistar-Albino rats were randomly 
divided into three groups each including 10 animals: 
group Ⅰ, sham-operated; group Ⅱ, l igation and 
section of the common bile duct (BDL); group Ⅲ, 
bile duct ligation followed by oral supplementation of 
honey (BDL + honey) 10 g/kg per day. Liver, blood, 
spleen, mesenteric lymph nodes, and ileal samples 
were taken for microbiological, light and transmission 
electrone microscopic examination. 
RESULTS: Although the number of villi per centimeter 
and the height of the mucosa were higher in sham 
group, there was no statistically significant difference 
between sham and BDL + honey groups (P  > 0.05). 
On the other hand, there was a statistically significant 
difference between BDL group and other groups  
(P  < 0.05). The electron microscopic changes were 

also different between these groups. Sham and honey 
groups had similar incidence of bacterial translocation 
(P  > 0.05). BDL group had significantly higher rates 
of bacterial translocation as compared with sham 
and honey groups. Bacterial translocation was 
predominantly detected in mesenteric lymph nodes. 
CONCLUSION: Supplementat ion of honey in 
presence of obstructive jaundice ameliorates bacterial 
translocation and improves ileal morphology.
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INTRODUCTION
Obstructive jaundice is a common clinical entity 
complicated by intestinal failure and endotoxemia, leading 
to high postoperative morbidity and mortality rates. The 
gastrointestinal tract performs a variety of  functions in 
digestion, selective absorption, and secretion. However, 
its barrier function, which prevents spread of  intraluminal 
bacteria and endotoxins to the organs and tissues, plays a 
key role[1-2]. Intestinal barrier failure is associated with an 
increased incidence of  bacteria and toxin translocation 
from the intestinal lumen to the systemic circulation, 
causing systemic infection and multiple organ failure 
in the critically ill or injured patient[3]. Gut barrier 
failure may result from one or more of  the three basic 
pathophysiologic conditions; disruption of  the normal 
ecologic balance of  the indigenous gut microflora, 
impaired host immune defenses, and physical disruption 
of  the gut mucosal barrier[4].
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Bacterial translocation is the passage of  bacteria or 
endotoxins from the gastrointestinal tract to extraintestinal 
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, 
resulting in bacterial translocation[4]. Current advances in 
the pathophysiology of  intestinal failure in obstructive 
jaundice have showed that the breakage of  gut barrier is 
multifactorial, involving disruption of  the immunologic, 
biological, mechanical, and biochemical barrier[1].

Honey is a supersaturated sugar solution produced 
by honey bees from nectar of  different plants. It has a 
long tradition of  use for wound healing since ancient 
times. Honey has bactericidal, bacteriostatic, antifungal, 
antiviral, scolicidal, antioxidant, antitumoral, and anti-
inflammatory effects[5-12]. 

In this study, we investigated the effects of  honey 
on bacterial translocation and intestinal morphology in 
experimental obstructive jaundice.

MATERIALS AND METHODS
Animals
Thirty Wistar-Albino male rats, weighing 250 ± 25 g, 
were housed under constant temperature (21 ± 2℃) 
individually in wire cages with 12 h light-dark cycle. 
Twelve hours before anesthesia, animals were deprived of  
food, but had free access to water 2 h before anesthesia. 
No enteral or parenteral antibiotics were administered 
at any time. The rats that died during the experiment 
were excluded from the experiment and no new rat was 
included. The procedures in this experimental study were 
performed in accordance with the National Guidelines for 
The Use and Care of  Laboratory Animals and approved 
by Animal Ethics Committee of  Ankara Research and 
Training Hospital.

Study groups
Rats were randomly divided into three groups each 
including 10 animals: group Ⅰ, sham-operated; group 
Ⅱ, ligation and section of  the common bile duct (BDL); 
group Ⅲ, BDL followed by oral supplementation of  
honey 10 g/kg per day (Balparmak LTD, Istanbul, 
Turkey), once a day, with nasogastric tube (7 Gauge 
feeding tube) that was inserted daily and taken off  after 
honey supplementation. Animals were sacrificed by 
high-dose diethyl ether inhalation on postoperative day 7. 
Liver, blood, spleen, mesenteric lymph nodes, and ileal 
samples were taken for microbiological, light and TEM 
(transmission electron microscopic) examination.

There isn’t a standard dose for honey in experimental 
studies. The dose used in previous studies ranges 
between 0.078 g/kg to 5 g honey/rat per day[12-15]. We 
gave 10 g/kg per day to each rat. 

Operative procedure
Animals were anesthetized by intramuscular injection 
of  30 mg/kg ketamine hydrochloride (Ketalar®; Parke-
Davis, Istanbul, Turkey) and 5 mg/kg xylasine (Rompun®,  
Bayer, Istanbul, Turkey). Midline laparotomy was 
performed under sterile conditions. In the sham-
operated group (group Ⅰ) the common bile duct 
(CBD) was freed from the surrounding soft tissue and 
was manipulated without ligation and transection. In 
group Ⅱ and Ⅲ, CBDs of  the rats were identified, 
double ligated with 5-0 silk, and sectioned between the 
ligatures. The same surgeon performed all procedures. 
The abdominal incisions were closed in two layers with 
continuous 3-0 silk sutures. Animals were allowed to 
feed after the operation.

Microbiological and biochemical examination
The mesenteric lymph nodes (MNLs), spleen and liver 
were chopped with sterile instruments under aseptic 
conditions. Then the tissue samples were weighed and 
placed in tubes containing 1.5 mL broth (thioglycolate, 
Oxoid, UK) and homogenized. After that 0.01 mL tissue 
samples were inoculated on blood agar (Oxoid, UK) 
and Levine Eosine Methylene Blue (EMB) agar (Oxoid, 
UK). Plates were incubated at 37℃ for examination of  
bacterial growth. The growth of  bacteria in quantitative 
culture was observed at 24 h and 48 h.

Blood samples taken from inferior vena cava of  
rats were inoculated on the medium of  aerobic and 
anaerobic blood culture. The aerobic and anaerobic 
blood cultures were observed by incubation in BACTEC 
9240 blood culture system (Becton Dickinson, USA) 
at 37℃ for seven days. Samples taken from the blood 
culture bottle giving positive alarm were subcultured 
by inoculating on blood agar and EMB agar. The 
subcultures were inoculated at 37℃ under aerobic and 
anaerobic condition and examined at 24 h and 48 h.

Total bilirubin, aspartate aminotransferase (AST), and 
alanine aminotransferase (ALT) levels were measured 
as parameters indicative of  hepatic function by an 
autoanalyser (Olympus AU640, Japan). 

Histopathological examination
For light microscope analyses, tissue samples from the 
terminal ileum were obtained from all animals. In order 
to avoid mucosal suffering, the intestinal lumen was 
carefully cannulated and gently washed with normal saline 
solution before the sampling. The ileal samples were fixed 
in 10% neutral buffered formalin, embedded in paraffin, 
sectioned at 5 μm by Leica RM 2125 RT, and stained with 
hematoxylin and eosin (HE) for routine light microscopic 
examination. Histopathological examinations were 
performed by a pathologist who was blinded to the study 
design and photographs were taken with Nikon Eclipse 
E 600. The number of  villi per centimeter (V/cm) and 
the total mucosal thickness were assessed in all groups. 
The mucosal thickness was measured in a minimum of  20 
well-preserved villi in each randomly selected sample from 
each tissue block.

For TEM (transmission electron microscopic) 
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analyses, samples were fixed with phosphate buffered 
(pH 7.3) 2.5% glutaraldehyde and 2% PFA mixture 
solution for 2 h at room temperature. They were washed 
with phosphate buffered saline solution (PBS, pH 7.3) 
and were fixed with 1% osmium tetraoxide for 2 h as 
secondary fixation. After washing, they were embedded 
in Araldite 6005 and were cut with Leica EM FCS (Wien, 
Austria) ultramicrotome. One μm semi-thin sections 
were stained with Toluidin blue-Azur Ⅱ to select the 
region of  interest for the following procedures. Sixty 
to 70 nm thin sections were stained with uranil acetate 
and lead citrate. They were examined and photographed 
us ing a LEO 906 E TEM (80 Kv, Oberkochen, 
Germany). The pathologist was blinded about the 
groups.

Statistical analysis
Differences between the numbers of  positive cultures 
of  the groups were evaluated by chi-square test. Scores 
of  total mucosal thickness and number of  villi per 
centimeter were presented as mean ± SD and compared 
by One-Way ANOVA or Kruskal-Wallis variance 
analysis. If  the P values of  the variance analyses were 
statistically significant, differences between groups were 
analyzed with the Mann-Whitney U test. Statistical 
analyses were performed with the Statistical Package for 
the Social Sciences (SPSS), version 13.0 for Windows 
(SPSS Inc., Chicago, USA). P < 0.05 was considered to 
be statistically significant.

RESULTS
General
All rats were sacrificed on postoperative day 7. Two 
rats from group Ⅱ (BDL group) and one from group 
Ⅲ (BDL + honey group), totally 3 rats, died during the 
early postoperative period probably due to anesthesia. 
The liver function tests and bilirubin levels were normal 
in sham group and high in BDL and BDL + honey 
groups.

Intestinal morphology
In all specimens of  the sham group, the histological 

features showed regular appearance of  ileal tissue. When 
we evaluated the specimens systematically, including 
assessment of  villous architecture, surface and crypt 
epithelia, lamina propria constituents and submucosal 
structures, no alteration was found in sham group  
(Figure 1A). The specimens of  the BDL group 
presented villous blunting associated with reduced 
mucosal thickness. We identified subepithelial edema 
mostly located at the tip of  the villi, but also extended 
throughout the villus, with epithelial layer moderately 
lifted from the lamina propria. We observed that the 
crypts were generally preserved. The number of  villi per 
centimeter (V/cm) (villus density) was decreased in BDL 
group (Figure 1B). In group Ⅲ, the subepithelial edema 
still existed, but villous blunting was not evident. Farther, 
the crypts generally appeared to be preserved (Figure 
1C). Although the number of  villi per centimeter and 
the height of  the mucosa were higher in sham group, 
there was no statistically significant difference between 
sham and BDL + honey groups (P > 0.05). On the 
other hand, there was a statistically significant difference 
between BDL group and other groups (P < 0.05). Mean 
number of  villi per centimeter and mean mucosal height 
of  the groups are given in Table 1.

The ultrastructure of  intestinal epithelial junctional 
complexes was observed by electron microscopy. 
In the sham group, enterocytes were tightly bound 
to the luminal surface by junctional complexes. 
Zonulae occludens, zonulae adherentes and maculae 
adherentes appeared normal in the sham group. 
The luminal surface was covered with microvill i  
(Figure 2A). When we evaluated the BDL group, we 

Table 1  Mean number of villi per cm and mean height of 
mucosa (μm)

Groups Mean number of 
villi per cm

Mean height of 
mucosa

Sham (Group Ⅰ)  84.40 ± 3.75b 640.02 ± 43.72
BDL (Group Ⅱ) 73.01 ± 2.83 567.50 ± 34.54
BDL + Honey (Group Ⅲ)  81.33 ± 3.46b 625.56 ± 38.77

bP < 0.01 vs Ⅱ, P values for mean height of mucosa: 0.002, Ⅰ vs Ⅱ; 0.005, 
Ⅱ vs Ⅲ.
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Figure 1  The micrographs of light microscope stained with haematoxylin and eosin. Micrograph (A) illustrates the typical structure of villi; (B) blunting of the villi (arrow 
head) and subepithelial edema (asterisk); (C) existing subepithelial edema (asterisk) and the total mucosal thickness (arrow). 
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observed desquamated epithelial tissue, cytoplasmic 
vacuoles, phagosomes and disrupted structure of  the tight 
junction between epithelial cells possibly due to apical 
surface edema. Zonulae occludens located within the 
plasma membranes of  adjacent epithelial cells diverged 
(Figures 2B and 3A) and the mitochondria were swollen 
with electrolucent matrix and ballooned cristae. Markedly 
swollen mitochondria with peripherally placed, disoriented 
and disintegrating cristae and cavitations of  the matrix 
were also observed in BDL group (Figures 2B and 3B). 
The structure of  the microvilli and mitochondria were 
regular in the BDL + honey group. The junctional 
complexes had normal appearance (Figure 2C).

Bacterial translocation
The rates of  bacterial translocation (BT) in all groups 
are summarized in Table 2. Sham and BDL + honey 
groups had similar incidence of  BT. BDL group had 
significantly higher rates of  BT as compared with sham 
and BDL + honey groups. Only BT to spleen was 
not significantly different between the BDL and BDL 
+ honey groups. BT was predominantly detected in  
MLNs.

The most commonly isolated bacteria was Escherichia 
coli. The other isolated microorganisms were Enterococcus 
spp., Staphylococcus spp., Proteus spp., Staphylococcus aureus and 
Enterobacter cloacae. 

DISCUSSION
Bacterial translocation is the migration of  bacteria or 
bacterial products from the intestinal lumen to mesenteric 
lymph nodes or other extraintestinal organs and sites. In 
addition to nutrient absorption, the gut functions as a 
barrier to prevent the spread of  intraluminal bacteria and 
endotoxin to systemic organs and tissues[4,16,17].

Bile inhibits bacterial overgrowth, has a trophic 
effect on the intestinal mucosa, decreases epithelial 
internalization of  enteric bacteria, exerts detergent 
actions with anti-adherence effects, and binds endotoxins. 
Therefore, the absence of  bile in the intestine facilitates 
BT and enhances endotoxin-induced BT[16]. Obstructive 
jaundice is almost universally believed to promote 
bacterial translocation. Absence of  bile from the lumen 
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Figure 2  These transmission electron microscope (TEM) micrographs illustrate the main ultrastructural features of enterocytes, the absorptive cells of the ileum. 
Micrograph (A) shows the regular structure of microvilli (Mv) and the three components of junctional complex at the luminal end of the lateral plasma membrane, 
zonula occludens (ZO), zonula adherens (ZA) and macula adherens (MA); Micrograph (B) shows the disintegration of the zonula occludens and disordered structure 
of junctional complexes (arrows). The lipid droplets (L) and phagosomes (P) in the cytoplasm, rough endoplasmic reticulum (rER), swollen mitochondria (M) with 
ballooned cristae (Bc) and apical surface edema (asterisk) viewed; Micrograph (C) illustrates the regular structure of microvilli (Mv) and junctional complexes (ZO, ZA, MA). 

Table 2  Bacterial translocation rates of the groups

Groups Liver Spleen MLNs Blood
Sham (Group Ⅰ) 0/10 (0.0%) 0/10 (0.0%) 1/10 (10.0%) 0/10 (0.0%)
BDL (Group Ⅱ) 6/8 (75.0%) 4/8 (50.0%) 7/8 (87.5%) 4/8 (50.0%)
BDL + Honey 
(Group Ⅲ)

1/9 (11.1%) 2/9 (22.2%) 2/9 (22.2%) 0/9 (0.0%)

P values   
   Ⅰ vs Ⅱ     0.002     0.023     0.002     0.023
   Ⅱ vs Ⅲ     0.013 > 0.05     0.012     0.029
   Ⅰ vs Ⅲ > 0.05 > 0.05 > 0.05 > 0.05
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Figure 3  Micrograph (A) shows the disintegration of 
the zonula occludens (arrow), apical surface edema 
(asterisk) and the desquamation of the epithelial tissue 
(arrow head); Micrograph (B) illustrates the swollen 
mitochondria with cavitations of matrix (C). 
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of  gut is also associated with a quantitative increase in 
small intestinal microflora[18].

Translocation from the intestine is most commonly 
detected by measuring the presence of  viable bacteria 
in the tissues. This can reflect not only the integrity of  
the intrinsic barrier function of  the mucosa but also the 
numbers and types of  microbes in the lumen and the 
ability of  the host to kill the bacteria that translocate[19]. 

Honey is a supersaturated sugar solution produced 
by honey bees from the nectar of  plants. Some of  
the components of  the honey are added by the bees 
during the maturation process or are derived from the 
plants[20]. The antimicrobial properties of  honey are 
well documented[5-9]. The antibacterial activity of  honey 
lies partially in its high osmolarity due to its high sugar 
content, and in its acidity due mostly to the presence 
of  gluconic acid. Although hydrogen peroxide is 
thought to be the main antibacterial factor in honey, the 
presence of  non-peroxide activity was also notable. This 
activity is usually attributed to the presence of  organic 
components such as syringic acid, methyl syringate, 
pinocembrin, pinobanksin, caffeic acid, ferulic acid, 
vanillic acid, cinnamic acid, and benzoic acid[21].

The physicochemical properties of  honey not only 
contribute to its antibacterial properties but also to 
its wound healing capabilities. The anti-inflammatory 
action of  honey has been investigated, but no definite 
mechanism has been identified. Honey provides glucose 
supply for leucocytes. It also provides substrate for 
glycolysis, which is the major mechanism for energy 
production in the macrophages. Honey may modulate 
the activation state of  immunocompetent cells (e.g. 
monocytes) within the wound. These data suggest that 
honey may have a number of  effects on the molecular 
mechanisms of  wound healing[20]. 

As we mentioned before, the physical barrier function 
of  the mucosa appears to have primary importance for 
preventing or limiting bacterial translocation, especially 
in a host with a normal gut flora, whereas the immune 
system appears to serve a secondary or supportive role 
to the intestinal mucosal barrier[4]. In our study, mean 
number of  villi per centimeter, mean mucosal height, and 
electron microscopic changes of  the honey group were 
significantly better than the data observed in the BDL 
group. In the sham and BDL + honey groups, enterocytes 
were tightly bound to the luminal surface by junctional 
complexes. Zonulae occludens, zonulae adherentes and 
maculae adherentes appeared normal in these groups. 
The luminal surface was covered with microvilli. When 
we evaluated the BDL group, we observed desquamated 
epithelial tissue, cytoplasmic vacuoles, phagosomes 
and disrupted structure of  the tight junction between 
epithelial cells possibly due to apical surface edema. 
Zonulae occludens located within the plasma membranes 
of  adjacent epithelial cells were diverging and the 
mitochondria were swollen with electrolucent matrix 
and ballooned cristae. Reduced bacterial translocation 
rates in honey group could be explained by decreased 
atrophy of  intestinal mucosal villi and somewhat regular 
structure of  enterocytes and microvilli. We concluded that 

wound healing properties and cytoprotective effects of  
honey might be the reason of  the decreased atrophy of  
intestinal mucosal villi. On the other hand, antimicrobial 
effects of  honey on enteric bacteria could also decrease 
the overgrowth of  these bacteria and reduce bacterial 
translocation.

Assimakopoulos et al[22] investigated the oxidative 
alterations in the intestinal mucosa of  patients with 
obstructive jaundice and found that obstructive jaundice 
in humans induced intestinal oxidative stress, which might 
be a key factor contributing to intestinal barrier failure and 
the development of  septic complications in this patient 
population. In another study, these authors showed that 
intestinal mucosal atrophy in obstructive jaundice was 
based on inhibition of  proliferation and promotion of  
apoptotic death of  enterocytes, and reactive oxygen 
species might be responsible for this effect[23]. 

The antioxidant properties of  honey have been well-
documented in recent studies[24-27]. Schramm et al[25] found 
that phenolic antioxidants from processed honey were 
bioavailable, and these antioxidants increased antioxidant 
activity of  plasma. Gheldof  et al[11] also showed that the 
in vivo serum antioxidant capacity increased significantly 
following consumption of  buckwheat honey in human. 
These studies showed that the antioxidant effect of  
honey was not only local, but also a systemic effect. 
According to the results of  studies about antioxidative 
effects of  honey and intestinal oxidative stress in 
obstructive jaundice, we concluded that the protective 
effect of  honey on intestinal villi and mucosal structure 
might be attributable to antioxidative effects of  honey 
in our study. Since we investigated only the effects of  
honey on bacterial translocation and intestinal villus 
atrophy, not the mechanism of  this effect, we did not 
evaluate oxidative stress parameters. These parameters 
should be analyzed in further studies that investigate the 
mechanism of  this effect of  honey. 

Since a normal functioning immune system is another 
important factor for adequate gut barrier function[4], 
honey may also reduce bacterial translocation by its 
modulatory effects on immunocompetent cells[28-29].

In this study, we demonstrated that honey reduced 
bacterial translocation rates and protected intestinal 
villus structure in experimental obstructive jaundice 
model. These effects of  honey might be attributable 
to its antibacterial, antioxidant, anti-inflammatory, and 
immunomodulatory activities. Further studies are needed 
for evaluation of  the exact mechanism of  this effect. 
After the results of  these studies, honey might be used 
for preventing harmful effects of  obstructive jaundice in 
clinical settings.
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