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Abstract
AIM: To examine the possible effects of honey 
supplementation on hepatic damage due to obstruction 
of the common bile duct in an experimental rat model. 
METHODS: The study was performed with 30 male 
rats divided into three groups: a sham group, an 
obstructive jaundice group, and an obstructive jaundice 
plus honey group. At the end of the study period, the 
animals were sacrificed, and levels of nitric oxide (NO), 
and NO synthase (NOS) activities were measured in liver 
tissues, and levels of adenosine deaminase (ADA) and 
alanine transaminase (ALT) activities were measured in 
serum.
RESULTS: Blood ALT and ADA act iv i t ies were 
significantly elevated in the jaundice group as compared 
to those of the sham group. In the obstructive jaundice 
plus honey group, blood ALT and ADA activities were 
significantly decreased as compared to those of the 
jaundice group. In erythrocytes and liver tissues, NO 
levels were found to be significantly higher in the 
obstructive jaundice plus honey group compared to 
those of the sham group. Additionally, NO levels were 
found to be significantly higher in liver tissues from the 
animals in the obstructive jaundice plus honey group 
than those of the jaundice group.

CONCLUSION: Honey was found to be beneficial in 
the prevention of hepatic damage due to obstruction 
of the common bile duct. 
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INTRODUCTION
Honey is produced by honeybees. They obtain nectar 
from various flowers, and digest it in their bodies, enrich 
it with their salivary and enzymatic secretions, and put 
it in honeycombs, so that ripe honey is formed[1]. Since 
ancient times, honey has been known as both flavorful 
food and a traditional therapeutic material. It has rich 
flavonoid components, such as luteolin, quercetin, 
apigenin, fisetin, kaempferol, isorhamnetin, acacetin, 
tamarixetin, chrysin, and galangin, and therefore, 
exhibits antioxidant activity. Additionally, honey provides 
antibacterial, anti-inflammatory, immune-stimulant, anti-
ulcer and wound/burn healing (regenerative) effects[2].

Free radicals lead to oxidative damage in many 
molecules, such as lipids, proteins and nucleic acids. 
Many complications have been attributed to oxidative 
damage, including atherosclerosis, aging, and cancerous 
diseases. Antioxidant foods that are rich in flavonoids 
are protective agents against these ailments[3].   

Obstructive jaundice leads to oxidative injury and 
inflammation in hepatocytes[4,5]. Over production of  
hydroxyl radicals in blood and liver from rats with 
obstructive jaundice has been reported[6]. 

Nitric oxide synthase (NOS) converts arginine to 
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citrulline and nitric oxide (NO). Nitric oxide leads 
to activation of  guanylyl cyclase, formation of  cyclic 
guanosine 3′,5′-monophosphate (cGMP), stimulation 
of  cGMP-protein kinases, and subsequent relaxation 
in smooth muscle. It has been reported that NOS gene 
knockout in mice causes an elevation in blood pressure 
and increased synthesis of  cGMP prevents platelet 
aggregation[7].

Adenosine deaminase (ADA; E.C. 3.5.4.4) is an 
enzyme that catalyses conversion of  adenosine to 
inosine and ammonia[8]. ADA activity has been found to 
increase in cirrhotic patients, and increased ADA activity 
has been suggested as a nonspecific hepatic marker for 
disease with liver damage[9]. 

Alanine transaminase (ALT; E.C. 2.6.1.1) is a 
transaminase enzyme that catalyzes the inter-conversion 
of  the amino acid L-alanine to L-glutamate and vice 
versa. In liver diseases associated with hepatic necrosis, 
ALT levels characteristically are elevated[10].  

In this study, we investigated the effects of  honey on 
the NO pathway and ADA enzyme activity in rats that 
had induced obstructive jaundice.

MATERIALS AND METHODS
Thirty male Wistar albino type rats of  12 wk old (250 ± 
25 g in weight) were housed individually in wire cages 
under constant temperature (21℃ ± 2℃) with a 12 h 
light-dark cycle. Twelve hours before anesthesia animals 
were deprived of  food, but had free access to water until 
2 h before anesthesia. No enteral or parenteral antibiotics 
were administered at any time. The animals were divided 
randomly into 3 groups of  10 rats each: the sham group 
(group Ⅰ), the obstructive jaundice group (group Ⅱ) and 
the obstructive jaundice plus honey group (group Ⅲ). 
The animals were anesthetized by intramuscular 
in ject ion of  30 mg/kg ketamine hydrochlor ide 
(Ketalar; Parke-Davis, Istanbul, Turkey) and 5 mg/kg 
xylasine (Rompun, Bayer, Istanbul, Turkey). Midline 
laparotomy was performed under sterile conditions. 
In group Ⅰ, the common bile duct (CBD) was freed 
from the surrounding soft tissue, and was manipulated 
without ligation and transection. In groups Ⅱ and Ⅲ, 
the CBDs of  the rats were identified, double ligated with 
5-0 silk, and divided between the ligatures. Group Ⅲ 
was nourished with honey 10 mg/kg per day by using 
a nasogastric tube that was inserted daily and removed 
after honey supplementation (Balparmak LTD, Istanbul, 
Turkey). The animals were sacrificed on postoperative 
day 7 wi th h igh-dose d ie thy l e ther inha la t ion . 
Subsequently, their liver tissues were removed and 
blood samples were obtained. The blood samples were 
put in tubes, and then centrifuged at 2000 g for 5 min. 
Upper clear supernatant (serum) was taken and used 
in the enzymatic analyses. The liver tissues were first 
homogenized in physiologic saline (1 g in 5 mL) and 
then were centrifuged at 4000 g for 20 min. Upper 
clear supernatants were removed to use in the analyses. 
Protein levels of  the supernatants were determined using 
Lowry’s method[11] were adjusted to equal concentrations 

before analyses.
NO levels and NOS enzyme activities were measured 

in liver tissues, and ADA and ALT enzymes activities 
were measured in serum.    

The level of  NO was estimated by the method based 
on the diazotization of  sulfanilic acid by NO at acid 
pH, and subsequent coupling to N-(1-naphthyl-ethylene 
diamine) (Griess reaction) as described previously[12]. 
Since nitrate anion does not give a diazotization reaction 
with sulfanilic acid, the samples were treated by cadmium 
(a reducing agent) to reduce nitrate anions into nitrite 
anions before the NO estimation[13]. The results were 
expressed as μmoL/mg protein. The total NOS activity 
(IU/mL) method is based on the Griess reaction[12]. The 
results were expressed as IU/mg protein.

Adenosine deaminase activity was studied by 
the method of  Guisti based on spectrophotometric 
detection of  ammonia formation[8]. The results were 
expressed as IU/L.

Serum ALT levels were determined by using a 
spectrophotometric method[14]. The results were 
expressed as U/L.

The histopathological analyses were carried out in 
the Histology and Embryology Department of  Ankara 
University School of  Medicine. Histopathological 
examination was performed by using light microscopic 
analyses. The samples were obtained from the liver 
and fixed in 10% neutral buffered formalin solution 
for 2 d. Tissues were washed in flowing water, and 
were dehydrated with rising concentrations of  ethanol 
(50%, 75%, 96% and 100%). After dehydration, 
specimens were put into xylene to obtain transparency 
and were then infiltrated with, and embedded in 
paraffin. Embedded tissues were cut into sections of  5 
μm thicknesses by Leica RM 2125 RT and were then 
stained with hematoxylin and eosin. Histopathologic 
examinations were performed and photographed by 
Nikon Eclipse E 600.

In the statistical evaluation of  the results, one-way 
ANOVA, and post hoc LSD tests were used. P values of  
less than 0.05 were considered as significant.

RESULTS
The results are given in Table 1. Serum ALT and ADA 
enzymes activities were significantly elevated in group Ⅱ 
compared to those of  the sham group. In group Ⅲ, 
serum ALT and ADA enzymes activities were found to 
be significantly decreased compared to those of  group Ⅱ. 
In liver tissues, NO levels were found to be higher in 
group Ⅲ than those of  the sham group. Additionally, 
NO levels were found to be significantly higher in liver 
tissues of  group Ⅲ compared to those of  group Ⅱ. 
There were no significant differences between groups 
for NOS activities.

In group Ⅰ, there were no morphological alterations 
in the portal tract and whole liver tissue (Figure 1A). 
Group Ⅱ tissues displayed some histopathological 
changes in the portal tract, such as proliferation of  the 
duct epithelial cells, and looping and reduplication of  
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the ducts and ductules. The surrounding hepatocytes 
were enlarged (Figure 1B). Histopathological evidence 
showing bile ductule proliferation was markedly reduced 
in group Ⅲ. Regression of  the bile duct epithelial 
cells, and phagocytosis of  the debris from dying bile 
duct epithelial cells were observed. We also examined 
the conspicuous reduction in the size of  enlarged 
hepatocytes (Figure 1C).

DISCUSSION
Since ancient times, honey has been known to have 
antibacterial and antioxidant properties due to its 
phenolic compounds[3]. It has been emphasized that 
honey has a rapid wound healing property[15]. Gethin et al 
demonstrated that honey has repairing potential in leg 
ulceration when wounds are dressed with honey[16]. 
The antimicrobial property of  honey on some microbial 
isolates has also been reported [17].  Moreover, the 
antibacterial effect of  honey on ocular flora has been 
displayed[18]. Furthermore, the scolicidal efficacy of  
propolis, which is a resinous material obtained by honey 
bees from plants or flowers, has been shown in cystic 
hydatid disease[19]. Recently, it has been found that honey 
leads to increased levels of  NO in biological fluids and to 
reduced liver enzymes, such as AST and ALT, in blood[20].

In the obstructive jaundice group in our study, 
elevated serum ALT and ADA activities indicated 
liver damage. Additionally, reduced serum ALT and 
ADA activities in the obstructive jaundice plus honey 
group showed significant improvement in liver tissues. 

Histopathological examination also showed damage in 
the obstructive jaundice group with improvement in the 
obstructive jaundice plus honey group.

Our results showed the protective potential of  
honey with liver damage. It is possible that NO levels 
increased in the liver tissue due to the rich NO content 
of  the honey itself, which is supported by our finding of  
unchanged NOS activity in liver tissue. Increased NO 
levels in the obstructive jaundice plus honey group may 
contribute to the protective result possibly through the 
elimination of  toxic free radicals by NO. 

In conclusion, we suggest that honey suppleme-
ntation may give beneficial results in the prevention of  
hepatic damage induced by obstruction of  the common 
bile duct. 

 COMMENTS
Background
In liver diseases associated with hepatic necrosis, the enzyme level 
characteristically is elevated. In this study, it was aimed to investigate the 
effects of honey on NO pathway, and adenosine deaminase (ADA) enzyme 
activity in rats which have induced obstructive jaundice.
Research frontiers
The authors suggest that honey supplementation may give beneficial results to 
prevent the hepatic damage induced by obstruction of common bile duct.
Innovations and breakthroughs
This study tries to elucidate possible mechanism for honey supplementation in 
the hepatic damage induced by obstruction of common bile duct. 
Applications
 Histopathological examination was performed by using light microscopic 
analyses.
Peer review 
This is a valuable study indicating hepatocellular damage in obstructive 
jaundice group and protective potential of honey in this process. It’s a well-
designed and important paper. 
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Figure 1  Portal areas of liver biopsies shown for group Ⅰ (A), group Ⅱ (B) and group Ⅲ (C).  Bile ducts (arrow heads) and the degenerating and regressing of bile 
ducts (*) viewed with HE staining by light microscope. 
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