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Abstract

Background: Ischemia/reperfusion (IR) injury of the intestine is a
major problem in abdominal pathological condition and is associ-
ated with a high morbidity and mortality. The purpose of the study
is to determine whether the L-carnitine can prevent the harmful ef-
fects of small intestinal IR injury in rats.

Methods: Thirty Sprague-Dawley rats were randomly divided into
three groups. Sham operated group (S), for sham—operated, the IR
group for rats submitted to 45-minute of intestinal ischemia and
2-hour reperfusion, and IR+L group for those IR group treated with
L-carnitine before reperfusion. All the rats were given EmGFP la-
belled E. coli DH5a through gavage 2-hour before the operative
procedure. Afterwards the bacterial translocation (BT) from mes-
enteric lymph nodes (MLN), liver, spleen, lung and portal vein
blood were detected. And the colony forming units/g (CFU/g) were
counted. The TNF-q, IL-1p, IL-6, and IL-10 in serum were mea-
sured by ELISA. The morphometric study was measured by Chiu’s
classification.

Results: The levels of BT were higher in the IR group than IR+L
group (P < 0.05). The E. coli DHSa was hardly detected in the S
group. The IR+L rats had enhancement of IL-10 and suppressed
production of serum TNF-q, IL-1f and IL-6, compared to IR group
rats (P < 0.05). The degree of pathological impairment in small in-
testine was lighter in IR+L than IR group (P < 0.05).

Conclusions: The L-carnitine pretreatment has a positive effect on
reducing levels of BT, on inhibiting secretion of proinflammatory
cytokines, and on lessening intestinal mucosa injury during small
intestinal IR injury.
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Introduction

The gastrointestinal tract is a tissue which is highly sensi-
tive to ischemia-reperfusion (IR) injury in the body [1]. The
intestinal IR injury is caused by many clinical conditions,
including acute mesenteric ischemia, intestinal obstruction,
incarcerated hernia, small intestine transplantation, neona-
tal necrotizing enterocolitis, trauma, and shock [2-4]. It is
extremely dangerous and emergent for patients to have in-
testinal IR injury because it may result in an array of severe
clinical syndromes, and even death [5]. Under the normal
physiological situation, the maintenance of bacteria and their
products in the intestine depends on mucosal mucin and a
layer of epithelial cells, and the unbroken intestinal barrier
is essential for health and survival. In addition, the epithelial
cells have high metabolism activity, and it is also susceptible
to oxygen deprivation with subsequent ischemia damage to
enterocytes and their supporting structures [6]. The impair-
ment of the intestinal barrier may lead to decrease in absorp-
tion of nutrition, and the bacteria in the intestine may trans-
locate to blood and other organs due to the damage of the
intestinal barrier. The consequences of the bacterial translo-
cation (BT) and release of harmful substances produced by
the bacteria into blood circulation are to activate inflamma-
tory mediators and initiate Systemic Inflammatory Response
(SIRS) or Multiorgan Dysfunction Syndrome (MODS) [7,
8]. Thus, there is a great interest in exploring methods to
protect the small intestine from lesions. L-carnitine is an im-
portant active material, which plays a crucial role in energy
metabolism. The shortage of L-carnitine includes metabo-
lism disruption and induction of a series of disorders. Xie et
al’s study has demonstrated that L-carnitine has a protective
effect on IR injury, which is partly due to its prevention of
energy loss and its antioxidant activity [9]. Moreover, it has
a protective effect on oxidative stress-induced DNA dam-
age [10]. Oyanagi et al’s study [11] has demonstrated that
L-carnitine can maintain mitochondrial function and sup-
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press oleic acid-mediated membrane permeability transition
(MPT) of mitochondria through acceleration of beta-oxida-
tion. The opening of MPT has been proved as a key event
in cell apoptosis or necrosis after IR injury [12, 13]. It has
been suggested that L-carnitine would prevent apoptosis and
maintain functions of cell. The purpose of this experiment
is to explore the effects of L-carnitine on the rats suffering
from the small intestinal IR injury through detecting translo-
cation of EmGFP labelled E. coli from the mesenteric lymph
nodes, liver, spleen and portal vein blood. Additionally, the
small intestinal morphometric study was performed and the
levels of serum cytokines (TNF-a, IL-1pB, IL-6 and IL-10)
were investigated.

Materials and Methods
Animals

A total of thirty adult SD rats were obtained from the Ex-
perimental Research Center of Zhengzhou University, and
their weight is in the range of 280 - 320 g. All of the rats
were maintained under standard conditions with controlled
temperature (18 + 4 °C), 12 hours light and 12 hours dark-
ness cycle, and feeding with standard food and water. The
maintenance of the experimental rats was administrated by
licensed operators and these rats were given humane treat-
ment. This study was approved by the Ethical Committee of
Kunming Medical University.

Labeling of Escherichia coli

The Escherichia coli DH5a (donated from PHD Cao, the De-
partment of Micro-organism of Kunming Medical Univer-

Figure 1. The E. coli with GFP were detected with fluores-
cence microscope. The cells displayed rod shape and erupt-
ed fluorescent light.

sity) was selected to label with EmGFP. The brief procedures
are as follows. 1. Establishment of competent bacteria using
CaCl, method. 2. Transformation of plasmid DNA (pRSET-
EmGFP bought from the Invitrogen Company) into E. coli
using the heat shock method. A mixture of the competent
bacteria and the plasmid DNA were placed in iced bath for
30 minutes and put at 42 °C for 2 minutes (heat shock), and
then placed back into the iced bath. After transformation, the
bacteria were cultured on Luria-Bertani plate with ampicil-
lin (100 mg/L) at 37 °C for 12 hours. Four colonies were
inoculated into liquid media (200 ml) and grown at 37 °C
with agitation for 16 hours in order to ensure growth of iso-
lated colonies. The E. coli DH5a with transformed plasmid
containing EmGFP were detected by using fluorescence mi-

Table 1. The Chiu’s Score Classification of Small Intestinal Injury

Classification Pathological change
Level 0 Mucosa without changes.
Well-constituted villosities, no cellular lysis or inflammatory process, although there is
Level 1 . R o
formation of Grunhagen’s sub-epithelial space.
Level 2 Presence of cellular lysis, formation of Grunhagen’s sub-epithelial space and increased
spacing among the villosities.
Level 3 Destruction of the free villosities section, presence of dilated capillaries and inflamed cells.
Structural destruction of the villosities, only traces of some villosities, formed by inflamed
Level 4 . . . .
cells and necrotic material, with hemorrhage and basal glandular ulceration.
Level 5 Destruction of all the mucosa, no glandular structure can be seen, only the amorphous

material laying on the sub-mucosa tissue.
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Table 2. The Levels of BT From MLN, Liver, Lung, Spleen and Portal Vein Blood (CFU/g) (Mean + SD)

Groups n MLN Liver Lung Spleen Portal vein blood
S 10 1.2+1.034 0.0 +0.00% 0.0 +0.00% 0.0 +0.00* 2.0+£2.58%

R 10 25.1+3.41* 20.5 +3.03* 25.5+3.92* 152+3.01* 19.9 £3.70*
IR+L 10 11.3+2.36 10.0 £2.58 10.8 £2.25 10.3+£343 93+ 1.64

AP <0.05 compared to IR and IR+L groups
* P < 0.05 compared to IR+L group

croscope (Fig. 1). The bacteria were cultured for the study to
the density of 7.5 x 10%ml.

Intestinal IR injury model and operative procedures

The thirty healthy SD rats were randomly divided into three
groups (n = 10 for each group): sham operated group (S), IR
group (IR) and IR+L-carnitine group (IR+L). All of the ani-
mals were given the EmGFP labeled E. coli 2 ml by gavage
two hours before surgical procedures. The rats were anes-
thetized through injecting Urethane 200 mg/kg into the peri-
toneal cavity. In the S group, the rats received a 3-centime-
ter medium-length-wise laparotomy, and the small intestine
was exposed. Subsequently, the superior mesenteric artery
(SMA) was identified and dissected, and then the peritoneal
cavity was closed. In the IR group, the rats underwent intes-
tinal ischemia for 45 minutes through occlusion of the SMA
with a micro vascular clamp. The occluding clamp was re-
moved after ischemia for a reperfusion period for 2 hours. In
the IR+L group, the rats were given intervention of intestinal
ischemia, which was the same as that in the IR group, and
they were injected L-caritine 80 mg/kg suspended in saline
solution (total volume = 2 ml) through tail vein before re-
perfusion injury. Meanwhile, the rats were given 2 ml saline
solution instead of L-caritine in both the S and IR groups.

At the end of the procedures, one milliliter venous sys-
temic serum was collected in order to measure the levels of
TNF-a, IL-1p, IL-6 and IL-10 in venous blood using ELISA.
The rats were sacrificed and a one-centimeter segment of il-
eum was dissected and processed using standard histologi-
cal techniques including formalin fixation, dehydration and
paraffin embedding, and was subsequently cut into 4 um
sections and stained with Haematoxylin and Eosin. All of
the sections were analyzed with an optic microscope by the
pathologist who did not know which group each rat belonged
to, and they were classified according to the degree of tissue
injury in accordance to Chiu’s score classification [14] (Ta-
ble 1). The homogenate of the mesenteric lymph nodes, liv-
er, spleen, lung and half milliliter blood of portal vein were
detected for the BT. Among the homogenate, 0.1 gram was
cultured in agar culture media with ampicillin (100 mg/L) at
37 °C for 24 hours in order to count the CFU/g of bacteria.

Statistical analysis

Data was presented as mean + standard derivation (SD).
One-way analysis of variance (ANOVA) and Tukey Post
Hoc (parametric) test were used to compare serum cyto-
kines and translocation of bacteria between the three groups.
Histopathologic grades of each group were compared using

Figure 2. Normal intestinal mucosa in the S group rats
(Grade 0) (H&E, x 100).

80

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press™

Figure 3. Intestinal villus after IR in group Il rats, with lifted
epithelium, white blood cells, and monocytes in the Lamina
propria (Grade 4) (H&E, x 100).
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Figure 4. Development of Gruenhagen'’s space at tip of a vil-
lus in group Il rats (Grade 2) (H&E, x 100).

Kruskal-Wallis test and Tukey Post Hoc (nonparametric)
test. The significance level was established in P < 0.05 for
all the tests.

Results
The levels of BT in different groups

The levels of BT had a significant increase in animals dis-
tributed to the IR group, compared to animals in the [R+L-
carnitine and S groups (P < 0.05). In the S group, there were
few colony forming units in culture plates of MLN and por-
tal vein blood (Table 2).

Changes of intestinal mucosa under light microscope

The villus and glands were normal and inflammatory cell
infiltration was not observed in mucosal epithelial layer in
the sham operated group (Fig. 2). Multiple erosions, inflam-
matory cells and bleeding were observed in the IR group
(Fig. 3). Lighter edema of mucosa villus and fewer infiltra-
tion of necrotic epithelial inflammatory cells neutrophil leu-
komonocyte were found in mucosa epithelial layer in IR+L
group than the IR group (Fig. 4).

Table 3. The Levels of Chiu’s Score in Small Intestinal
Structure (Mean * SD)

Groups n Small intestinal structure
S 10 0+0.00*

IR 10 4.0+041*

IR+L 10 24+0.46

AP < 0.05 compared to IR and IR+L groups
* P < 0.05 compared to IR+L group
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Chiu’s score of small intestinal structure

In all of the three groups, the Chiu’s score was highest in the
IR group, and it was lowest in the S group (P < 0.05). The
score in the IR+L group was significantly lower than that in
the IR group (P < 0.05) (Table 3).

Changes in TNF-a and interleukins in vena systemic se-
rum

The concentrations of pro-inflammatory factors including
TNF-a, IL-1, and IL-6 in the experimental rats’ serum in
the IR and IR+L group were higher than that in the S group
(P < 0.05). And the levels of TNF-a, IL-1 and IL-6 in the
IR group rats were higher than that in the IR+L group (P <
0.05). The levels of inhibitive inflammatory factor IL-10 in
the IR+L group were lower than that in the IR group (P <
0.05) (Table 4).

Discussion

The primary functions of the intestine are to absorb nutri-
ents and exclude food debris, bacteria and their products.
The maintenance of these functions relies on the integrity
of mucosal and barrier of intestine. However, under certain
pathological circumstances such as intestinal IR injury, the
intestine may lose its barrier function so that the systemic
microbial infection, and even MODS could be induced [7].
Compared to other internal organs, the intestine is the organ
that is most sensitive to IR injury in the body [15, 16]. There
is increasing evidence from experimental and clinical stud-
ies to support the ‘intestinal hypothesis of sepsis’, which is
based on bacterial or endotoxin translocation from the intes-
tinal lumen to the extra-intestinal sites [17]. Nevertheless,
growing acceptance of the ‘intestinal hypothesis of sepsis’
was mainly triggered by indirect supports rather than con-
crete scientific evidence.

IR injury of the intestine is a complex, multifactorial,
and pathophysiological process that involves the dysfunc-
tion of absorption, BT, actions of oxygen-derived free radi-
cals, cytokines, nitric oxide, and PMNs [18]. IR injury to the
small intestine causes local production of the ROS, which
is known to play an important role in gut epithelial damage
[19]. Intestinal mucosal mast cells (IMMC) are particularly
frequent in close proximity to epithelial surfaces, where they
are strategically located for optimal interaction with the en-
vironment and for their putative functions of host defense
[20]. Previous studies have demonstrated that the degranula-
tion of IMMC can be induced by oxidants generated in the
post-ischemic gut, and the released inflammatory mediators
such as histamine and tumor necrosis factor-o (TNF-a) could
aggravate the injury to intestine after reperfusion [21, 22]. In
line with general IR-induced cell damage, also in intestinal
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Table 4. The Levels of TNF-a and Interleukins in Arterial Serum (pg/ml)

Groups n TNF-a IL-1 IL-6 IL-10

S 10 53.82 +£8.944 195.52 +£52.26* 259.89 + 89.414 359.38 +76.32%
IR 10 575.02 = 50.56* 601.29 + 58.33* 567.25 £ 69.62* 126.06 + 50.37*
IR+L 10 104.86 + 10.61 291.58 +76.88 258.75 +77.58 254.65 +67.91

AP < 0.05 compared to IR and IR+L groups
* P < 0.05 compared to IR+L group

IR, apoptosis is the major mode of cell death in the destruc-
tion of epithelial cells [23].

The intestinal IR injury can lead to mucosal cells en-
ergy exhaustion and is also associated with decrease in ATP
synthesis [24-26]. Mitochondrium is one of the most impor-
tant organelle and regarded as a “dynamic factory”, and it is
vulnerable to injury due to IR. Undoubtedly, the damage of
mitochondria will induce energy exhaustion and failure of
maintenance of cellular basic functions. The defective mi-
tochondrial oxidative phosphorylation and metabolic com-
promise play an important role in IR injury [27]. Increased
ROS changes the mitochondrial membrane permeability and
results in opening of mitochondrial permeability transition
(MPT) [28]. The opening of MPT is a key event in cell death
after ischemia-reperfusion [12, 13, 29]. Opening of the non-
specific mitochondrial permeability transition pore (mPTP)
in the inner mitochondrial membrane results in the collapse
of the membrane potential (Aym), uncoupling of the respira-
tory chain, and efflux of cytochrome ¢ and other proapop-
totic factors that may lead to either apoptosis or necrosis
[30]. Opening of the mPTP is triggered by Ca’" overload and
excessive production of ROS in the early minutes of reflow,
which is crucial event in reperfusion injury [31, 32]. Griffiths
and Halestrap’s study [33] have demonstrated that in isolated
rat heart, the mPTP remained closure throughout ischemia
but opened at the time of reperfusion.

L-Carnitine can carry long-chain fatty acylgroups into
mitochondria for beta-oxidation. And it acts as a scavenger
of oxygen free radical, relief of oxidative stress, and reduc-
tion of lipid peroxidation [34]. Therefore, L-Carnitine plays a
protective role in metabolic disorders. Virmani and Gaetani’s
study [35] revealed that L-carnitine could maintain the MPT
and modulate the activation of the mitochondrial permeabil-
ity transition pores (mPTP), especially the cyclosporin-de-
pendent mPTP. Furthermore, their preliminary experiments
also showed that LC may reduce the peroxynitrite levels and
protect against the underlying mechanism of methamphet-
amine toxicity [36].

In this study, the hypothesis that enhancement of mi-
tochondrial energy metabolism by using L-carnitine could
prevent the generation of inflammatory factors and protect
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the integrality of mucosal barrier was tested. Moreover, the
levels of TNF-a, IL-1p, IL-6, and IL-10 in serum (Table 4).
The translocation of the E. Coli DH5a from extra-intestinal
sites was examined in the study (Table 2) in order to obtain
direct support for using L-carnitine that protects the intesti-
nal barrier.

In conclusion, the increase of L-carnitine density in IR
intestine is a protective event. Mucosal injury and BT were
reduced in the L-carnitine group, compared with the IR
group (P less than 0.05). And L-carnitine effectively inhib-
ited releasing of pro-inflammatory factors, compared with IR
group (P less than 0.05). In addition, L-carnitine can protect
intestine from IR injury because it can improve absorption of
nutrients and prevention of BT. Nevertheless, clinical inves-
tigations will be required in order to confirm the effective-
ness of L-carnitine as a therapeutic agent in clinical practice.
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