Int J Clin Exp Med 2014;7(9):2677-2686
www.ijcem.com /ISSN:1940-5901/1JCEM0001703

Original Article

Role of Ankaferd on bacterial translocation and
inflammatory response in an experimental rat
model of intestinal obstruction

Velat Sen?, Unal Uluca?, Aydin Ece?, Ali Glines?, Hikmet Zeytun2, Serkan Arslan?, ibrahim Kaplan?, Gill
Turkel?*, Recep Tekin®

1Department of Pediatrics, Dicle University Medical School, Diyarbakir, Turkey; 2Department of Pediatric Surgery,
Dicle University Medical School, Diyarbakir, Turkey; *Department of Biochemistry, Dicle University Medical School,
Diyarbakir, Turkey; “Department of Pathology, Dicle University Medical School, Diyarbakir, Turkey; *Department of
Infectious Diseases and Clinical Microbiology, Dicle University Medical School, Diyarbakir, Turkey

Received August 4, 2014; Accepted August 28, 2014; Epub September 15, 2014; Published September 30, 2014

Abstract: Intestinal obstruction (I0) is an important risk factor for the development of bacteria translocation (BT),
a serious condition associated with sepsis and potential mortality. Ankaferd is an herbal extract that is reported to
exert anti-hemorrhagic, anti-oxidant, anti-microbial, and anti-inflammatory, effects in the intestine. In this study, we
employed an animal model of intestinal obstruction to evaluate the effects of Ankaferd in the prevention of bacte-
rial translocation and the suppression of the inflammatory response. Thirty male Wistar Albino rats were allocated
randomly to three groups: Group 1 (sham) underwent ileal manipulation alone; Group 2 (intestinal obstruction, 10)
underwent complete ileal ligation; Group 3 (intestinal obstruction + Ankaferd blood stopper, ABS) underwent com-
plete ileal ligation and intraperitoneal Ankaferd injection. All rats were euthanized after 24 hours. Blood samples
were collected for the measurement of serum oxidative stress parameters and cytokine expression. In addition,
liver, mesenteric lymph node (MLN), spleen, and ileal specimens were obtained for microbiological culture to deter-
mine the rate of bacterial translocation. Liver and ileal tissues were collected for histopathological examination. A
reduction in oxidative damage, inflammatory cytokine expression and bacterial translocation was observed in the
ABS treatment group relative to the 10 group (p<0.05). Furthermore, histopathological examination demonstrated a
reduction in obstruction-induced mucosal injury in Ankaferd-treated rats. Data derived from this study provided the
first evidence that Ankaferd treatment limits bacterial translocation and enhances intestinal barrier function in mice
undergoing intestinal obstruction. Ankaferd may be useful in the prevention of BT associated with 10.
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Introduction vances, |0 is associated with a mortality rate of
10% [3]. The human gut harbors approximately
500 unique commensal microbes, including
anaerobic organisms [4]. Despite the exceed-

ingly high microbial burden within the intestine,

Intestinal obstruction (10) is among the most
common causes of acute abdominal problems.
10 is associated with an elevated risk of bacte-

rial translocation (BT), particularly among pa-
tients with multiorgan dysfunction syndrome
(MODS) and septicemia, conditions which inflict
high rates of mortality [1]. Improved diagnostic
and therapeutic techniques are necessary in
the treatment of intestinal obstruction. A better
understanding of the pathophysiology of 10,
and the application of antibiotic therapy, intes-
tinal tube decompression, and intravenous
fluid administration has reduced overall mortal-
ity among 10 patients [2]. Despite recent ad-

translocation across the intestinal mucosal bar-
rier occurs relatively infrequently. Commensal
microbes have significant physiological func-
tions, acting as a barrier against pathogens and
performing valuable metabolic activities [5].

In obstructed intestinal tissue, massive quanti-
ty of bacteria, their products, or both penetrates
into extra-intestinal organs, which is termed BT
[6]. Bacterial translocation may occur as a com-
plication of many different conditions, including
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Table 1. Ingredients of Ankaferd®

have demonstrated the hematological

Form of the active substance

and biochemical safety profile of An-

kaferd [17]. Cumulatively, the excellent

Amount of the active substance Ampule (mg)
Thymus vulgaris® 0.10
Glycyrrhiza glabra® 0.18
Vitis vinifera® 0.16
Alpinia officinarum® 0.14
Urtica dioica® 0.12

safety profile and significant biological
activity associated with Ankaferd sug-
gest a variety of research applications.
To our knowledge, this research is the
first in vivo study investigating the
effects of Ankaferd on BT and the inflam-

aDried grass extract, °Dried leaf extract, °Dried root extract.

malnutrition, sepsis, trauma, and 10. Definitive
diagnosis of BT involves the identification of
gut-origin bacteria in the mesenteric lymph
nodes (MLN), portal venous blood, or the sys-
temic circulation [7].

Ankaferd (Ankaferd Blood Stopper®, ABS) is a
unique traditional plant medicinal extract that
has been used for centuries in Anatolia as an
effective hemostatic agent. ABS forms an
encapsulated protein network that provides
critical attachment points for rapid erythrocyte
aggregation without affecting the physiological
coagulation systems [8]. In addition to hemo-
static functions, anti-inflammatory [9], anti-
infective, [10] antifungal, [11] and anti-oxida-
tive [9] effects have been attributed to ABS.

Bacterial translocation secondary to bowel
obstruction stimulates the release of reactive
oxygen species and alters cytokine expression
profiles [12]. Oxidative stress inflicts cellular
damage as a result of the imbalance between
antioxidants and reactive oxygen species [13].
Total oxidant activity (TOA), total antioxidant
capacity (TAC) and the oxidative stress index
(0SI) are useful markers of global changes in
oxidation state [14]. Paraoxonase 1 (PON-1)
protects lipoproteins against oxidative modifi-
cation through the hydrolysis of hydrogen per-
oxide. Decreased PON-1 activity has been
associated with increased systemic oxidative
stress [15]. The measurement of oxidative bal-
ance may reflect changes in the inflammatory
state subsequent to 10-induced BT.

Cytokines play a crucial role in the modulation
of inflammation in the gastrointestinal tract.
Pro-inflammatory cytokines such as tumor
necrosis factor-o (TNF-a), interleukin-13 (IL-1B),
and interleukin-6 (IL-6) are necessary in the
escalation of inflammatory processes [16]. A
substantial number of experimental studies
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matory response in an experimental rat

model of intestinal obstruction. The aim

of the current study was to evaluate the
therapeutic efficacy of Ankaferd in an experi-
mental model of 10.

Materials and methods
Ankaferd blood stopper®

The standardized ABS (1 vial of 100 mL) used
in these experiments was obtained from Trend
Teknoloji llac AS, Istanbul, Turkey. The solution
is a registered product of several plant extracts.
The relative ratio of each plant extraction is
shown in Table 1.

Experimental animals

The study protocol was reviewed and approved
by the Committee of Experimental Animals of
Dicle University. All of the experimental proto-
cols were performed according to the guide-
lines for the Care and Use of Laboratory Ani-
mals. Wistar albino rats were obtained from
Dicle University Health Sciences Application
and Research Center. This study included 30
male Wistar Albino rats aged 9-12 weeks with a
mean weight of 300-350 g. Animals were hou-
sed under standardized humidity (45%-50%),
lighting (12 hours of daylight/12 hours of dark),
and temperature (21+2°C) conditions. Animals
were fed with a consistent diet of laboratory
grade pellets and fresh water each day. All ani-
mals were observed carefully during the experi-
ment. A wire grate was placed in the bottom of
the cage in order to prevent coprophagy. Rats
of all groups were deprived of food for 24 h
before surgery but were given free access to
water. An effort was made to minimize animal
suffering and the number of animals used.

The experimental groups

The 30 male Wistar Albino rats were allocated
randomly to one of three equal groups (n=10
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Table 2. Levels of paraoxonase, total antioxidant capacity, total oxidant activity, and oxidative stress
index in serum samples of rat (mean * Standard deviation)

Sham? Intestinal ob- Intestinal obstruction +

(n=10) struction® (n=10)

Ankaferd® (n=10)

p

PON-1 38.39%7.15 18.09+4.22
TAC 0.87+0.08 0.65+0.09

TOA 12.23+1.41  33.29+10.51
(O8] 1423+238 5275+2204

53.30+18.20
0.79+0.10
18.27+10.73
2370+1464

@0<0.001,%°0.089, "°<0.001, **°<0.001
@0<0.001, #¢0.089, *°0.019, **°<0.001
@0<0.001, #¢0.218, °0.009, **°<0.001
#0<0.001, #°0.029, *°0.002, #>*<0.001

aGroup 1, °Group 2, °Group 3. PON-1(U/L)=paraoxanase-1, TAC (mmol Trolox Equiv./L)=total antioxidant capacity, TOA (mmol
H,0, Equiv./L)=total oxidant activity, OSI (Arbitrary Unite)=oxidative stress index.

Table 3. The serum levels of TNF-a, IL-13, IL-6 and C-reactive protein in rats untreated and treated with

Ankaferd (mean + standard deviation)

p

2.87+1.14
0.53+0.84

#<0.001, #°0.075, "°<0.001, **°<0.001
#<0.001, #°=0.043, **=0.002, **°<0.001

Sham? Intestinal ob-  Intestinal obstruction
(n=10) struction® (n=10)  + Ankaferd® (n=10)
TNF-o (pg/mL) 1.85+0.88 794+1.71
IL-1B (pg/mL)  0.43+0.10 1.72+0.54

IL-6 (pg/mL)  30.48+8.52 65.82+20.44
CRP (mg/mL) 29.29+4.91 165.26+41.05

36.97+7.34
67.19+11.71

@< 0.001,2°0.105, "< 0.001, ***<0.001
@< 0.001, < 0.001, *°< 0.001,2*°<0.001

aGroup 1, °Group 2, °Group 3. TNF-a=tumor necrosis factor-a, IL-1B=interleukin-1p, I.-6=interleukin-6, CRP=C reactive protein.

each), only one of which received ABS, as fo-
llows:

Group 1 (Sham): only ileal manipulation was
performed and no drug was given.

Group 2 (10): ileal manipulation and ligation; no
drug was given.

Group 3 (10 + ABS): ileal manipulation and liga-
tion, with 3 ml of ABS solution after 1:3 dilu-
tions with saline delivered intraperitoneally at
the end of the experimental study.

Animal preparation

Rats were anesthetized with 50 mg/kg ket-
amine hydrochloride (Ketalar®, Parke Davis,
Eczacibasi, Istanbul, Turkey) and 10 mg kg xyla-
zine (Rompun®; Bayer AG, Leverkusen, Ger-
many) via intramuscular injection. Rats were
then placed supinely on a pad. A 10% povidone
iodine solution (Betadine®) was applied for
shaved skin cleansing.

Surgical procedure

During laparotomy, a 2 cm midline incision was
performed on all the rats under sterile condi-
tions. The terminal ileum was isolated and ligat-
ed [18]. The distal ileum was ligated with a 3-0
silk suture at 1 cm proximal to the caecum,
obstructing the passage without ligation of the
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mesenteric vessels. After the operation, 3 ml of
the normal saline (NS) was injected into the
peritoneum, and the incision was closed in a
single layer. Twenty-four hours later, blood sam-
ples were collected from the anaesthetized
rats by cardiac puncture under sterile condi-
tions. Instantly after cardiac puncture, the rats
were sacrificed and repeat laparotomies were
performed. Before collecting blood and tissue
specimens, a peritoneal swab was taken for
culture from the peritoneal cavity with a sterile
swab chopstick. For microbiological analyses, 1
ml blood samples were collected from the infe-
rior vena cava, mesenteric lymph nodes (MLNSs),
liver, and spleen tissues. The latter allowed for
the collection of liver tissues and ileal seg-
ments 2-3 cm in diameter proximal to the liga-
tion for subsequent histopathological examina-
tions. Serum was obtained following centri-
fugation of the blood and rapidly transferred to
Eppendorf tubes for biochemical analyses, and
stored at -80°C. Furthermore, the tissues were
prepared for histopathological evaluation. For-
eign tissue residues and blood were removed,
washed with saline, and put into plastic con-
tainers containing 10% formaldehyde solution.

Microbiological evaluation

Blood samples were collected from the inferior
vena cava and cultured aerobically and anaero-
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Figure 1. Histological images of the small intestine of rats. A. Sham group. Mild mucosal inflamation (HE stain,
x200); B. Intestinal obstruction group. Severe inflammation and edema in the mucosa with subtotal villous atrophy
(HE stain, x200); C. Intestinal obstruction + ankaferd group. Mild to moderate inflammation and edema in mucosa
of the villi, some of which show slightly blunted ends (HE stain, x200).

bically utilizing BacTec™ Peds cruets (Bectone-
Dickinson Diagnostic Inc., Sparks, MD, USA).
Identification was completed using the BD-
Phoenix 100 TM system. Peritoneal swabs and
positive cultures were plated out on blood agar,
chocolate agar, eosin methylene blue agar, or
Sabouraud dextrose agar. Simultaneously, ML-
N, spleen, and liver tissue was removed and
placed in sterile glass bottles containing sterile
brain-heart infusion medium. The bottles were
re-weighed and tissue homogenates were pre-
pared in 2 ml brain-heart infusion medium us-
ing a sterile muller and pestle. A portion (0.1
ml) of each homogenate was cultured on blood
agar, chocolate agar, eosin methylene blue
agar, or Sabouraud-dextrose agar. All agar pla-
tes were analyzed after 24 and 48 h of incuba-
tion at 37°C. The incidence of bacterial translo-
cation was calculated by determining the num-
ber of rats with positive bacterial culture divi-
ded by the total number of rats studied.

Biochemical analyses

PON-1, TAC, TOA, TNF-«, IL-1B, IL-6 and C-rea-
ctive protein (CRP) were measured in the serum
samples. In addition, the OSI was calculated.

Measurement of the paraoxonase (PON-1):
Serum PON-1 activity was measured spectro-
photometrically using a modified Eckerson
method [19]. The PON-1 results were expressed
in terms of U/L.

Measurement of the total antioxidant capacity
(TAC): TAC was determined in the supernatant
fractions using a novel automated measure-
ment method developed by Erel [20]. Here, the
antioxidative effect of the sample against the
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potent free radicals, as initiated by hydroxyl
radical production, is measured. The results
are expressed as mmol Trolox equiv./L.

Measurement of total oxidant activity (TOA):
The TOA of supernatant fractions was deter-
mined using a novel automated measurement
method developed by Erel [14]. The assay is
calibrated with hydrogen peroxide and the
results are expressed in terms of umol H,0,
equiv./L.

Oxidative stress index (OSl): OSl is a parameter
indicating the degree of oxidative stress as fol-
lows: OSI (arbitrary units)=[TOA/TAC] x100*,

Measurement of TNF-«, IL-13, IL-6, and CRP:
Circulating TNF-«, IL-1B, and IL-6 (Diasource,
Nivelles, Belgium) cytokines were measured
using an enzyme amplified sensitivity immuno-
assay method. The serum CRP levels (DRG, NJ,
USA) were determined using an enzyme-linked
immunosorbent assay method.

Histopathological analysis: The liver tissues
and ileal segment were fixed in 10% formalin in
phosphate buffer for 48 hours and embedded
in paraffin blocks. Then paraffin blocks were
placed in a microtome (EM UC7, Leica, Germany)
and tissue sections were cut into 5 uym slices.
The tissue sections were deparaffinized, hydrat-
ed using a series of xylenes and graded alco-
hol, and stained with hematoxylin-eosin (H&E).
After the staining process was completed, the
sections were examined. The H&E stained sec-
tions of liver and ileal segments were examined
for graded inflammatory cell infiltration and the
degree of ileal mucosal injury. Histological
slides were examined under a light microscope
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Figure 2. Histopathological changes in liver tissue (A) Minimal vascular congestion without inflammation in the liver
parenchyma was shown in sham group (HE stain, x200); (B) Moderate portal inflammation and vascular congestion
were shown in intestinal obstruction group (HE stain, x200); (C) In intestinal obstruction + ankaferd group liver tis-
sue seemingly normal other than to minimal portal inflammation (HE stain, x200).

(Nikon ECLIPSE 80i). All histomorphological
analyses described below were performed by
an experienced and blinded pathologist (Dr.G.T.)
without knowledge of the animal treatment
groups. The degree of tissue injury was classi-
fied as (0) normal-no damage, (1) mild damage,
(2) moderate damage and (3) severe damage
[21, 22]. Ten microscopic fields were analyzed
on each slide. In addition, all tissue sections
were stained with Giemsa and examined under
a light microscope for evaluation of bacterial
translocation.

Statistical analysis

All biochemical findings are presented as mean
+ standard deviation (SD) and the histopatho-
logical scores are presented as median values.
A one-sample Kolmogorov-Smirnov test was
performed in order to evaluate the data distri-
bution relative to a normal distribution. Inter-
group comparisons were performed using the
Kruskal-Wallis and Mann-Whitney U-test. The
Chi-square test was used for the comparison of
categorical variables between groups. A P value
of less than 0.05 was considered statistically
significant. All data were processed using the
statistical package SPSS 18.0 for Windows
(IBM Corporation, Armonk, NY).

Results

No mortality observed within the 24 h following
the experimental procedures.

Comparison of oxidative and antioxidative
parameters

According to the biochemical analyses of oxida-
tive and antioxidative serum parameters there
were significant differences in PON-1, TAC, TOA
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and OSlI levels in the 10 group relative to the to
the sham group (p<0.001 for all differences in
oxidative parameters). The 10 group exhibited
significantly lower PON-1 and TAC levels, and
higher TOA and OSI levels compared relative to
the sham group (p<0.001, for both) (Table 2).
When Ankaferd was administered to rats with
experimental 10 (intestinal obstruction plus
Ankaferd group) a significant increase in PON-1
and TAC (p<0.001 and p=0.019, respectively)
and significant decreases in TOA and OSl levels
were observed relative to the group with
untreated 10 (p=0.009 and p=0.002, respec-
tively) (Table 2). No significant differences in
PON-1, TAC, or TOA values between the Sham
and Intestinal obstruction + Ankaferd groups
were found (p>0.05) (Table 2).

Comparison of inflammatory cytokines and
C-reactive protein

Following biochemical analyses of the inflam-
matory cytokines, the 10 group exhibited higher
TNF-a, IL-1B and IL-6 expression levels com-
pared with the sham group (p<0.001 for all
cytokines). In animals treated with Ankaferd (10
+ Ankaferd group), TNF-a, IL-13, and IL-6 was
significantly decreased relative to the 10 group
(p<0.001, p=0.002 and p<0.001, respective-
ly). Significantly higher CRP levels were found in
the 10 group compared with the sham or 10 +
Ankaferd groups (p<0.001). However, CRP lev-
els in ABS group were significantly lower than in
the 10 group (p<0.001 for each) as indicated in
Table 3.

Comparison of histomorphological findings

Significant inflammatory pathology was obser-
ved in the intestinal obstruction group. In con-

Int J Clin Exp Med 2014;7(9):2677-2686



Role of Ankaferd in rats with intestinal obstruction

Table 4. The histopathologic grading of liver and ileum in rats according to groups [Values are median

(minimum-maximum)]

Intestinal ob-
struction® (n=10)

Sham? (n=10)

Intestinal obstruction
+ Ankaferd® (n=10)

p

Liver inflammation score  0.00 (0.0-1.0) 1.50 (1.0-2.0)
lleum inflammation score 1.0 (0.0-1.0) 3.0 (1.0-3.0)
0.00 (0.0-0.0) 1.50 (1.0-3.0)

lleal injury score

0.00 (0.0-1.0) #<0.001,%°0.481, "*<0.001, ***<0.001
1.0 (1.0-2.0) #0<0.001, #°0.190, ®°0.001, **°<0.001
1.0 (0.0-2.0) #»<0.001, #°0.002, **0.052, ***<0.001

aGroup 1, °Group 2, °Group 3.

trast to the sham rats (Figure 1A), moderate to
severe inflammation, swelling of the intestinal
mucosa and intense edema of the lamina pro-
pria, and vacuolization of the epithelial cells
were observed in the small intestine of 10 group
rats (Figure 1B). In addition, the intestinal villi
were dramatically blunted and shortened. The
animals treated with the Ankaferd exhibited sig-
nificant preservation of the intestinal tissue
structure (Figure 1C). In H&E staining of the
liver tissue sections, the sham group exhibited
minimal vascular congestion and no inflamma-
tory activity (Figure 2A). Moderate portal
inflammation and vascular congestion in the
liver tissue were observed in the 10 group
(Figure 2B). Hepatic histomorphologic findings
were consistent with suppressed inflammatory
activity in the 10 + ABS group relative to the 10
group (Figure 2C).

The histopathological grading of the liver and
ileum are summarized in Table 4. According to
the histopathological evaluation, ileum and
liver tissue inflammatory scores were signifi-
cantly higher in the 10 group compared with the
sham of 10 + ABS groups (p<0.001 and
p<0.001, respectively). The ileal mucosal histo-
logical damage scores for animals in the IO
group were also significantly higher than in the
sham group (p<0.001). There was no differ-
ence in liver inflammatory scores between the
10 + ABS and sham groups, (p=0.481). However,
the liver and ileum inflammation scores in the
10 + ABS group were significantly lower than in
the 10 group (p=0.001 and p<0.001, respec-
tively) (Table 4).

Comparison of microbiological findings

The culture results, expressed as the number
of rats with positive bacterial culture divided by
the total number of rats, are presented in Table
5. No significant difference in peritoneal culture
results was observed among the three treat-
ment groups. Comparison of the 10 group with
the sham and |0 + Ankaferd groups revealed a
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significantly higher proportion of positive cul-
ture results in the blood (p=0.004), liver (p<
0.001), spleen (p=0.018), and MLN (p=0.002)
cultures of the 10 group (Table 5). Ankaferd
treatment significantly decreased the propor-
tion of positive MLN and liver cultures (p=0.007
and p=0.007, respectively). However, no signifi-
cant differences in the proportion of positive
peritoneal, spleen, or blood cultures in the 10 +
ABS group relative to the 10 group (p=0.074 for
each).

Discussion

Intestinal obstruction of the small bowel is rela-
tively common, despite advances in diagnosis
and the treatment. Bowel obstruction remains
a significant cause of morbidity and mortality,
particularly among critically ill patients [2].
Bacterial translocation at the intestinal barrier
and invasion of the systemic circulation has
been proposed as one of the primary pathoge-
netic mechanisms of sepsis and multi-organ
dysfunction among critically ill patients with 10
[7]. In spite of the well-known anti-oxidative,
anti-inflammatory, and anti-microbial effects
associated with Ankaferd, this is the first report
to demonstrate that Ankaferd ameliorates the
detrimental effects of experimental 10. Our
results demonstrate that Ankaferd suppresses
BT and oxidative damage caused by 10.

Obstruction of the intestine without interrup-
tion of blood flow results in important modifica-
tions of intestinal physiology, characterized pri-
marily by bowel distension. Obstruction-induced
intestine distension is correlated with the accu-
mulation of fluid and gas in the intestinal lumen
due to swallowing and bacterial fermentation,
resulting in part from disrupted absorptive
function and augmented bacterial growth in the
obstructed intestine [3]. In addition, |0 may
injure intestinal mucosa and increase intestinal
permeability to bacteria and endotoxins, result-
ing in BT and sepsis [23]. As a result of disrupt-
ed intestinal flow during 10, we observed bacte-
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Table 5. Positive microbiological culture results according to groups

effects [28]. Vitis vinifera

seed extract is associated

Sham Intestinal ob-  Intestinal obstruction i

(n=10) struction (n=10)  + Ankaferd (n=10) with an extensive spectrum
Peritoneal culture  2/10 7/10 3/10 0.054 Of pharmacological effects
MLN culture 1/10 8/10 2/10 0.002 including antioxidative, anti-
Spleen culture  1/10 7/10 3/10 0.018 It?r:?cn:org?atrg%eaciggg?i\ 7‘ ”’
Liver culture 0/10 8/10 2/10 <0.001 ) L AP

nia officinarum also has

Blood culture 0/10 7/10 3/10 0.004

antimicrobial and antioxi-

MLN: Mesenteric lymph node.

rial overgrowth following 10 in agreement with
previous reports by El-Awady et al. and Citak et
al. [24, 25].

The agar gel diffusion test is widely used as an
in-vitro method for evaluation of antimicrobial
activity of various chemicals [26]. This may sug-
gest an alternate method of evaluating antimi-
crobial activity associated with Ankaferd.
During periods of increased intestinal permea-
bility, microorganisms may invade the systemic
circulation, MLN and liver. In the present study,
BT was demonstrated in cultures of blood,
spleen, MLN, and liver samples obtained from
animals with 10. However, no evidence of BT
was observed in animals in the sham group.
This difference in BT rates between the experi-
mental and sham groups was statistically sig-
nificant. Furthermore, our results showed that
Ankaferd significantly reduced BT in MLN and
liver cultures when compared with the 10 group.
The reduction in BT associated with Ankaferd
may result from the preservation of the intesti-
nal barrier and maintenance of intestinal imper-
meability. The mechanism through which
Ankaferd protects against BT is unclear; further
studies are required to clarify these mecha-
nisms and open the way for the use of Ankaferd
in co-therapeutic treatments.

Ankaferd includes a standardized preparation
of the plants Thymus vulgaris, Glycyrrhiza gla-
bra, Vitis vinifera, Alpinia officinarum, and
Urtica dioica [9]. Each of these herbs has
known effects on the endothelium, blood cells,
angiogenesis, cell proliferation, and other phys-
iologic mediators [8]. Thymus vulgaris has anti-
microbial activity and anti-oxidative properties,
including the inhibition of lipid peroxidation
[27]. Recent studies have demonstrated that
Glycyrrhiza glabra has antifungal, antimicrobi-
al, antioxidant, and powerful anti-inflammatory
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dant activity [30]. However,

Urtica dioica has been re-
ported as an antimicrobial agent in pharmaceu-
tical and food industry [31].

The most commonly isolated bacteria in cases
of BT is Escherichia coli. The antimicrobial
activity of Ankaferd has been tested against
many pathogens [26]. The in vitro antibacterial
activity of Ankaferd has been studies using the
agar well diffusion test and is highly effective
against several gram-positive and gram-nega-
tive bacteria including common food borne
pathogens [32]. Ankaferd inhibits growth of
several common sources of nosocomial infec-
tion, including vancomycin-resistant enterococ-
ci (VRE), imipenem-resistant Acinetobacter,
and methicillin-resistant Staphylococcus aure-
us (MRSA) isolates [10]. Another recent study
demonstrated in vitro antibacterial activity of
Ankaferd against other multi-antibiotic resis-
tant bacteria, such as E. coli, Enterococcus
spp., Pseudomonas spp., and Klebsiella spp.,
as well as fungi including Candida albicans,
Mucor spp., and Aspergillus spp. [33]. E. coli
was found to be the most commonly translo-
cated bacteria in our study. The proportion of
positive cultures in the MLN, spleen, and liver
were significantly lower in the Ankaferd treat-
ment group than in the 10 group. These results
suggest that Ankaferd inhibits the in vivo
growth of gram-positive and gram-negative
bacteria. Exposure to Ankaferd may promote
enhanced oxygenation through erythrocyte
aggregation [26, 33, 34].

TAC, TOA and OSI are important biochemical of
oxidative status. In this study, TOA and OS| were
higher in the serum of experimental 10 rats
than among the control group. These data sug-
gest that during 10 the production of oxygen
free radicals is elevated. Therefore, administra-
tion of antioxidants may limit the harmful
effects of oxygen free radical production in 10.

Int J Clin Exp Med 2014;7(9):2677-2686
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PON-1 is a high-density lipoprotein (HDL) asso-
ciated enzyme with antioxidant properties.
PON-1 levels are an indicator of the antioxidant
defense system [35]. In the present study,
PON-1 and TAC levels were decreased in 10 rats
relative to the control and ABS-treated groups.
These results suggest that the antioxidant
properties of Ankaferd may limit oxidative dam-
age following 10.

TNF-a is an inflammatory cytokine known to
induce increased epithelial permeability [16].
The level of TNF-a was elevated following 10,
which may contribute to the induction of intesti-
nal barrier damage. IL-13 and IL-6 are potent
inflammatory cytokines up-regulated during
bowel obstruction. In the present study, TNF-q,
IL-1B and IL-6 were elevated in the 10 group
relative to the control group. However, adminis-
tration of Ankaferd decreased expression of
pro-inflammatory cytokines. In an experimental
model of 10, CRP was elevated relative to con-
trol animals [36]. Similarly, the present data
demonstrate a significant increase in CRP lev-
els in the 10 group. We also found that Ankaferd
treatment was associated with significantly
decreased CRP expression. Taken together, the
results are evidence of the anti-inflammatory
function of Ankaferd in an experimental bowel
obstruction model.

The histological results of the current study
demonstrate that bowel obstruction by mecha-
nical ligation caused mucosal injury and gut
barrier damage. Damage to the ileal mucosa
seen in the 10 group may be attributed to
increased intra-luminal hydrostatic pressure
and compression of the intestinal mucosal villi
as a consequence of obstruction [37]. The his-
tological damage in our IO rats was similar to
other models of mechanical obstruction, with
pronounced swelling and edematous villous
structure [38, 39]. In the Ankaferd treatment
group, the histopathological changes resulting
from the bowel obstruction damage were nota-
bly less severe relative to the 10 group. The
mechanism of anti-inflammatory activity follow-
ing Ankaferd administration remains unclear.

Conclusion

The data from this study clearly demonstrate
that oxidative stress parameters are elevated
in experimental 10 relative to sham treatment.
Ankaferd was found to be protective against
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the oxidative damage in 10. Furthermore, Anka-
ferd inhibited production of pro-inflammatory
cytokines. Interestingly, Ankaferd limited histo-
logical damage to the ileum and liver during 10.
Taken together, our results demonstrated the
potential protective effects of Ankaferd as an
antioxidant, antimicrobial, and anti-inflammato-
ry agent. This herbal mixture may improve prog-
nosis in patients who are at potential risk of BT
following 10. The mechanisms by which Anka-
ferd prevents BT should be investigated by
future studies.
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