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Background: Colitis is associated with functional abnormalities in proximal non-inflamed gut areas, but
animal models to study small bowel dysfunction in colitis have limitations. This study aims to determine
small intestinal alanine absorption and cytokine expression in a novel model of colonic ulceration
induced by electro-cautery.
Methods: A descending colon ulcer was induced in rats by a bipolar electro-cautery probe. Ulcer score
was determined using Satoh’s criteria. Jejunal alanine absorption was measured immediately and at
different time intervals post ulcer induction. Levels of interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor
necrosis factor-a (TNF-a) protein and m-RNA were determined in mucosal scrapings obtained from the
colon, duodenum, jejunum and ileum at various time intervals after colonic ulcer induction.
Results: The mean ulcer score was 3 up to 48 h, followed by healing by 96 h post ulcer induction. Small
bowel histology was normal throughout. Jejunal alanine absorption was reduced by 12–34% immediately
and up to 72 h after cautery and returned to normal at 96 h. IL-1 and TNF-a mRNA increased significantly
in the colon, duodenum, jejunum and ileum 3 h post electro-cautery and returned to normal at 48 h,
while that of IL-6 increased significantly at 48 h post ulcer induction. Similarly, IL-1, IL-6 and TNF-a
protein levels increased in the duodenum, jejunum, ileum and colon up to 48 h post ulcer induction.
Conclusions: Electrically induced localized colonic injury increased production of pro-inflammatory cyto-
kines in non-inflamed segments of the small intestine and was associated with derangements of jejunal
absorptive function.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Ulcerative colitis (UC) is a chronic inflammatory condition of
the colon that commonly manifests with diarrhea, rectal bleeding,
hypoproteinemia and sometimes weight loss. These symptoms are
thought to arise directly from colonic inflammation. However,
there is evidence that colitis may be associated with structural
and functional abnormalities in the small intestine. Thus, a
decrease in intestinal water, electrolytes, D-xylose, amino acid,
glucose, fat and vitamin absorption has been reported [1–7]. These
abnormalities may contribute to the clinical manifestations seen in
severe colitis. The pathophysiology of this decrease in water and
nutrient absorption remains unknown. Although pathological
changes in the jejunum of patients with UC have been reported
[3,4], these findings have not been reproducible by others [8,9].

Human and experimental colitis has been reported to be
associated with increased production of pro-inflammatory and
anti-inflammatory cytokines in the inflamed colon as well as in
non-inflamed segments of the upper small bowel [10–12]. In addi-
tion, localized colitis results in significant structural and functional
abnormalities of enteric neurons and their reflexes in non-inflamed
areas of the proximal gut [13–16]. These are thought to contribute
to the altered small bowel motility, secretory dysfunction and pos-
sibly to nutrient mal-absorption [6,17,18]. Although the mecha-
nisms are still largely unknown, others and we have provided
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evidence for a role of capsaicin sensitive primary afferents, the
myenteric plexus, cholinergic secretomotor neurons and possible
mediation by VIP and nitric oxide [6,17].

While animal models of chemical colitis have provided valuable
information on the nature and pathogenesis of small bowel dys-
function in colitis, those models have some limitations in that
regard. These include the possibility of leakage of the chemicals
used to induce colitis to more proximal part of the intestine caus-
ing spreading of inflammation. Moreover, the systemic inflamma-
tion that ensues may alter small bowel function. Thus, inducing
localized colonic ulceration using methods other than chemicals,
such as controlled electrolytic lesions, may provide an alternative
procedure for the confirmation of the effects observed with chem-
ical agents. Bipolar electro-cautery is used daily on thousands of
patients to control bleeding lesions, and is known to produce local-
ized tissue injury and hemostasis without systemic effect [26]. A
detailed description of the technique of electrolytic lesion and its
preliminary effects on intestinal absorption and cytokine secretion
has been reported previously [19].

Our aim in this study was to determine the effect of inducing an
ulcer in the colon by electro-cautery on: (1) Interleukin 1b, Inter-
leukin 6 and TNF-a mRNA expression as well as production in
the colon and in distant small intestinal sites, (2) jejunal alanine
absorption; and (3) to describe the time course of the change in
cytokine expression, production and alanine absorption in relation
to ulcer induction and healing.
2. Methods

All animal experiments were approved by the Institutional
Review Board animal Care Committee and the University Research
Board of the American University of Beirut. Adult Sprague–Dawley
rats weighing 180–220 g were used in all experiments. They were
kept under standard colony conditions (12 h light/dark cycle,
22 ± 2 �C) and fed lab chow and water ad libitum. For experimental
purposes, animals were fasted for 12 h with free access to water.
Rats were anesthetized with intraperitoneal sodium pentobarbital
(50 mg/kg) injection prior to all surgical and invasive procedures.

2.1. Reagents and chemicals

Chloroform, isopropanol, PEPC (di-ethyl pyrocarbonate) water,
agarose, and ethidium bromide were obtained from (Amresco,
Solon, Ohio). Trizol (AB gene, UK), tris, primers for the cytokines,
and RT-PCR kits were obtained from AB Gene, USA. Alanine was
obtained from sigma Chemicals, St. Louis, MO, USA and 14C-labeled
alanine from Amersham, USA.

2.2. Electro-cautery

The details of the procedure were published previously [19].
The electro-cautery probe is made of 20 cm plastic tube that covers
two cauterizing electrodes wrapped by a catheter (P 100). The elec-
trodes are made of two electrical wires insulated except for both
extremities. The ball-shape distal extremities of the wires (distance
1–3 mm) were introduced into the descending colon to be placed
in contact with the mucosa; the other extremities were connected
to the pole of a direct current generator.

Under light anesthesia, the probe is introduced through the anal
verge into the descending colon for a distance of 6.5–8.5 cm. The
correct positioning of the electrodes is verified by the finger of
the experimenter by following their trajectory in the lower abdom-
inal cavity. A direct bipolar current (3–7 mA) is delivered through
the electrodes for 30 s and then for another 30 s after reversing
the polarity of the electrodes. Then, the probe is moved for a
distance of ±0.5 cm and the current injection is repeated. In sham
rats the same procedure was repeated (introduction of the probe)
without current delivery.

2.3. Ulcer assessment and histopathological examination

Rats were sacrificed at various time intervals after electro-cau-
tery (3–96 h). The descending colon was opened to determine ulcer
severity and tissue biopsies were obtained from the duodenum,
jejunum, ileum and areas of the colon proximal or distal to the
lesion. Satoh’s criteria [20] were used to determine the severity
of colonic inflammation which was visually assessed at the end
of the experiments using a scale of 0–3; a score of zero was given
to normal mucosa, 1 to mucosal erosion, 2 to moderate lesion and
3 to deep ulcer. Segments from small and large intestines were
removed, washed with physiologic saline and fixed with 4% para-
formaldehyde. Then, they were cut into 5 lm thick sections for
light microscopy. Sections were stained with Hematoxylin and
Eosin, and Periodic Acid Schiff’s reagent. Pathologic examination
was done by an expert who was blinded to the experimental
protocols. Any change in the structure and shape of the intestinal
layers and the presence and severity of any inflammatory cell
infiltrates were recorded [19].

2.4. Jejunal alanine absorption

Measurement of alanine absorption in vivo was done using the
previously described single pass intraluminal perfusion technique
[21]. Briefly, the abdominal cavity of anesthetized rats was opened
by a midline incision and the jejunum exposed with its blood
supply kept intact.

A segment of the proximal jejunum was cannulated by an inlet
catheter placed 5 cm distal to the ligament of Treitz and an outlet
catheter placed 15–20 cm distal to it. The segment was reposi-
tioned in the abdominal cavity and covered with paraffin oil. The
temperature of the animal was kept at 37 �C. The cannulated jeju-
nal segment was perfused by a peristaltic pump at a constant rate
of 0.7 ml/min for a period of 200 min. The perfusate consisted of
modified Ringer solution [(in mM) 140 NaCl, 10 KHCO3, 1.2
K2HPO4, 1.2 MgCl2, and 1.2 CaCl2] containing 1 mM cold alanine,
10 mCi 14 C alanine, and 15 mg/l of phenol red. The non-
absorbable indicator was used to correct for any changes in alanine
absorption resulting from intestinal water transport. The effluent
solution was collected at 20-min intervals for a period of
180 min. One-milliliter aliquots of the initial and effluent solutions
were assayed for phenol red concentration and radioactivity con-
tent. Absorption was calculated from the rate of disappearance of
labeled alanine from the perfusate, taking into account water
movement as measured by the change in phenol red concentration.
Alanine absorption was measured in sham rats and in experimen-
tal rats immediately, and at 3, 12, 24, 48 and 72 h after delivery of
current.

2.5. Tissue processing and IL-1, IL-6 and TNF-a protein determination

Full thickness strips of duodenal, jejunal, ileal or colonic
segments (next to the induced ulcer) weighing 0.08–0.12 g per
strip were homogenized on ice in PBS [0.818 g of NaCl, 0.02 g of
KCl, 0.02 g of KH2PO4 and 0.115 g of Na2HPO4 in 100 ml DDW
(pH = 7.2–7.4)] modified by adding 2.3376 g of NaCl, 0.5% of Bovine
Serum Albumin, 0.05% of Tween 20 and protease inhibitor cocktail
tablets for the complete inhibition of protease during tissue pro-
cessing. Homogenates were then centrifuged at 4 �C for 1 h at a
speed of 11,000 rpm, and samples were taken from the
supernatant and used for protein determination and cytokine



Fig. 1. Ulcer scores at different time points following electro-colitis. Each point
represents the average score of lesion ± SEM of determinations made in sham rats
(n = 20) and in rats subjected to electro-cautery (n = 6) for each time interval.
Reported values are based on the averaged scores made by two independent
observers and on blinded photos of the sites of injury. Determination of significance
of difference was made with reference to values obtained in sham animals
(***P < 0.001).
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assay. A similar procedure was followed for mucosal scrapings
which were prepared as described previously [21].

The two sites ELISA technique was used for the determination of
the concentration of the various cytokine proteins (TNF-a, IL-6, and
IL-1b) in the supernatant, prepared from the intestinal tissues (full
thickness strips and mucosal scrapings) of animals subjected to
electro-cautery or sham treatment, according to methods
described previously [22,23]. Briefly, standards and samples
(100 ll of each) were added to Nunc maxisorp immunoplates in
duplicate, and coated with affinity-purified polyclonal sheep
anti-rat IL-1b, IL-6 or TNF-a antibody. After overnight incubation
(4 �C) and washing, biotinylated polyclonal sheep anti-rat IL-1b
(100 ll), IL-6 or TNF-a were added as recognition antibodies to
all the wells and the plates were incubated overnight at 4 �C. Fol-
lowing washing of the plates, 100 ll of IgG-HRP conjugate was
added to all the wells and the plates were incubated for half an
hour at room temperature. After washing, color was developed
using tetramethylbenzidine and optical density measured at
450 nm. Cytokine levels are expressed in picograms per milligram
protein as previously described [23,24].

Protein determination was done using a kit from Biorad (BioRad
assay) according to the standard procedure.

2.6. Determination of cytokine m-RNA levels in intestinal mucosal
scrapings

2.6.1. RNA extraction
RNA was extracted using the Trizol method (Invitrogen).

Homogenates of mucosal scrapings were obtained from different
segments of the colon and the small intestine. RNA was obtained
and quantified in the nano drop machine using a 260/280 absor-
bance ratio method. Reverse transcriptase (RT)-PCR was performed
using specific primers to monitor the expression of IL-1, IL-6, and
TNF-a as described before [25].

2.6.2. RT-PCR
RNA was dissolved and mixed with sense and anti-sense prim-

ers and with reverse transcriptase enzyme. Samples from the
colon, duodenum, jejunum and ileum of sham and experimental
rats were put in the PCR machine. The amplified cDNA was electro-
phoresed using standard methods. Genes were normalized by
comparing them to actin which was used as a housekeeping gene.
The ratio was determined using the Image J (NIH Image Software).

2.6.3. Real time PCR
RNA was reverse transcribed to cDNA by using Absolute MAX

QRTase (AB gene, USA) following manufacturer’s instructions.
Amplification of cDNA was then performed using QPCR SYBR
Green Mix. Quantitative PCR was done using the i-cycler machine
(BioRad, USA). Expression of genes of the cytokines was deter-
mined in sham rats and rats treated by electrocautery at 3, 24
and 48 h. All genes were normalized by comparing them to B actin.
Results were analyzed with iCycler software (BioRad, USA) and
quantification was done using Q-Gene core module 1.2 software.

2.7. Statistical analysis

The variation in each cytokine level and its corresponding
mRNA as well as changes in alanine absorption were determined
by averaging the values obtained for each group of rats at the indi-
cated time interval. The experimental values were compared to
controls (sham rats) and statistical analysis was done using one-
way ANOVA followed by Bonferroni post hoc test. GraphPad Prism
4 and Instat 3 software were used for statistics and graphics
(GraphPad Software Inc., San Diego, CA, USA). Data was expressed
as means ± SEM for each group of rats that consisted of 5–10 rats.
3. Results

3.1. Ulcer score index and colonic and small intestinal histology

The average ulcer score was 0.3 ± 0.1 in sham rats. In rats trea-
ted with electro-cautery, it was 3.0 ± 0.1 immediately after current
delivery and for the first 24 h (Fig. 1). It then decreased gradually
and became similar to the score in sham rats at 96 h. As reported
previously [19], there was colonic ulceration of the epithelium
with complete loss of crypts, heavy infiltration of inflammatory
cells, and edema at the site of the cautery. There was complete
ulcer healing by 96 h. No evident signs of inflammation were
detected in duodenal, jejuna and ileal segments up to 48 h after
current delivery [10,11,19].

3.2. Effect of colonic electrocautery on jejunal alanine absorption

Basal alanine absorption was 0.21 ± 0.016 l mole/20 min cm
(n = 10 rats). It decreased significantly to 0.17 ± 0.016 (19%), imme-
diately after current delivery (Fig. 2A). The decrease reached a pla-
teau effect during the first hour and persisted during the 2 h of
perfusion following current injection. As shown in Fig. 2B, there
was a significant decrease in alanine absorption ranging from 12–
34% at 3, 12, 24, 48 and 72 h post colonic ulcer induction. Absorp-
tion returned to normal by 96 h (0.20 ± 0.02 l mole/20 min cm).

3.3. Effects of electrocautery on cytokine protein levels

3.3.1. IL-1b
Basal IL-1b level was 65 ± 4, 81 ± 10, 67 ± 9 and 80 ± 20 pg/mg

protein in the duodenum, jejunum, ileum and the colon of sham
rats, respectively. There was a significant increase in IL-1b level
3 h after electro-cautery in the colon as well as in the duodenum,
jejunum and ileum (Fig. 3). The increase peaked at 6 h (P < 0.01)
and the level, despite some fluctuation, followed a decreasing pat-
tern towards basal value observed in sham rats by 48 h.

3.3.2. TNF-a
As shown in Fig. 4, basal TNF-a level was 6.5 ± 0.7, 5.1 ± 1,

5.7 ± 0.7, and 5.1 ± 0.8 pg/mg protein in the duodenum, jejunum,



Fig. 2. Time course of alanine absorption in sham control rats (n = 10) and in rats
subjected to electro-cautery (A) or at different time intervals following colon injury
(B). (A) Alanine absorption was measured in vivo (n = 6 rats) every 20 min, and
averaged for each time interval. Means of values ± SEM are plotted vs time
(*P < 0.05, **P < 0.01). (B) Average ± SEM of alanine absorption in separate groups of
rats (n = 6–10) at each indicated time interval following electro-cautary induced
colonic injury. Each bar represents the average measurement of alanine absorp-
tion ± SEM over a period of 60 min.
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ileum and colon of sham rats, respectively. There was a significant
increase in TNF-a level 3 h after electro-cautery in the colon as
well as in the duodenum, jejunum and ileum. The increase peaked
at 6 h and decreased thereafter, but the level remained elevated up
to 48 h after electric current delivery.

3.3.3. IL-6
As shown in Fig. 5, Basal IL-6 level was 8.77 ± 1, 8.5 ± 0.9,

6.5 ± 0.5, and 6.9 ± 0.86 pg/mg protein in the duodenum, jejunum,
ileum and colon of sham rats, respectively. There was a significant
increase in IL-6 level 3 h after electro-cautery in the colon as well
as in the duodenum, jejunum and ileum (Fig. 5). The increase
peaked at 6 h in the colon and ileum, and at 3 h in the duodenum
and jejunum (P < 0.01), and the level decreased thereafter towards
basal value observed in sham rats by 48 h.

3.4. Effects of electro-cautery on cytokine m-RNA levels in the colon
and small intestine

To determine whether there is any alteration in pro-inflamma-
tory cytokine expression, mucosal scrapings from duodenum, jeju-
num, ileum and colon were obtained from sham and experimental
rats at different time intervals after induction of colitis. Thereafter,
m-RNA levels of those cytokines were determined by reverse
transcriptase PCR and confirmed by real time PCR.
3.4.1. IL-1b
As shown in Fig. 6, there was low expression of IL-1b in mucosal

scrapings of duodenum, jejunum, ileum and colon of sham rats with
ratios to actin of 0.024 ± 0.004, 0.044 ± 0.011, 0.030 ± 0.003 and
0.024 ± 0.004. After electro-cautery, IL-1b expression increased sig-
nificantly in all gut segments, and peaked at 3 h to 0.093 ± 0.016,
0.147 ± 0.047, 0.182 ± 0.045 and 0.147 ± 0.047; P < 0.05 for all. Lev-
els returned gradually to baseline by 48 h (Fig. 6).

3.4.2. TNF-a
As shown in Fig. 7, there was a basal expression of TNF-a in

mucosal scrapings of duodenum, jejunum, ileum and colon of
sham rats with ratios to actin of 0.590 ± 0.171, 0.488 ± 0.125,
0.634 ± 0.180 and 0.457 ± 0.158, respectively. After electro-cau-
tery, TNF-a expression increased significantly in all gut segments
at 3 h and became 1.235 ± 0.192 (P < 0.01), 1.212 ± 0.226
(P < 0.01), 1.370 ± 0.211 (P < 0.05) and 0.71 ± 0.141 (P < 0.01),
respectively. Levels returned to baseline by 24 h (Fig. 7).

3.4.3. IL-6
As shown in Fig. 8, there was low expression of IL-6 in mucosal

scrapings of duodenum, jejunum, ileum and colon of sham rats
with ratios to actin of 0.059 ± 0.012, 0.063 ± 0.014, 0.052 ± 0.014
and 0.035 ± 0.0118, respectively. After electro-cautery, IL-6 expres-
sion increased significantly in all gut segments, peaked at 3 h
(P < 0.001), and persisted at 24 h in all segments. This increase
remained significant at 48 h in the colon only (Fig. 8).

3.5. Proinflammatory cytokine expression by real time PCR

Amplification specificity was assessed by using the melting
curve for the 4 used genes: IL-1b, IL-6, TNF-a and b-actin.
Amplification efficiency for the 4 genes was also checked by using
c DNA standards which were handled in the same way as the
samples. The standard pool was diluted over a 100 fold range in
a four point standard curve.

Basal expression of IL-1b in mucosal scrapings from the duode-
num, jejunum, ileum and colon was 2.7 4E � 08 ± 7.62E � 09,
1.01E � 07 ± 2.79E � 08, 8.79E � 08 ± 1.49E � 08 and 6.80E � 07 ±
1.74E � 07, respectively. Three hours post electro � cautery, the
level increased significantly to: 1.71E � 07 ± 6.61E � 08 (P < 0.05),
1.06E� 06 ± 1.50E� 07 (P < 0.01), 1.89E� 07 ± 6.86E� 08 (P < 0.01)
and 2.17E � 06 ± 3.07E � 07 (P < 0.05), respectively. A return to
basal level was observed after 24 h. A similar pattern was noted
for TNF � a, where basal level in mucosal scrapings from the
duodenum, jejunum, ileum and colon was 2.38E � 09 ± 3.37E � 10,
1.40E � 09 ± 7.96E � 11, 3.04E � 09 ± 5.71E � 10 and 6.68E � 09 ±
5.10E � 10, respectively. The expression increased significantly
at 3 h and became: 7.85E � 09 ± 2.18E � 09 (P < 0.01), 2.79E � 08 ±
5.86E � 09 (P < 0.01), 1.39E � 08 ± 2.61E � 09 (P < 0.01) and
5.04E � 08 ± 1.06E � 08 (P < 0.01), respectively. At 24 h TNF-a
m-RNA expression returned to basal level and remained low at 48 h.

There was very low expression of IL-6 in mucosal scrapings
from the duodenum, jejunum, ileum and colon of sham rats
(2.18E � 09 ± 7.89E � 10, 6.23E � 08 ± 1.45E � 08, 1.64E � 08 ±
3.39E � 09 and 5.43E � 08 ± 1.27E � 08, respectively). At 3 h, post
electro-cautery, a significant increase in its expression was
observed only in the colon and duodenum, but not in the jejunum
and ileum. Interestingly, a delayed but significant increase in IL-6
expression in all segments was noted 48 h after electro-cautery.
4. Discussion

This study shows that a brief local application of bipolar
electrical current produces an acute reversible colonic ulceration



Fig. 3. IL-1b levels in homogenate of mucosal scrapings of various segments of the gut in electro-cautery induced colitis, and time course of the change in IL-1b levels in
electro-cautery treated rats. Each bar represents mean ± SEM of determinations made in separate groups of animals for each time interval. Determination of the significance
of difference was made with reference to values obtained from sham animals. (*P < 0.05, **P < 0.01).
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associated with significant inflammation and with a substantial
increase in the expression and production of pro-inflammatory
cytokines in the colon as well as in proximal non-inflamed seg-
ments of the small intestine. Furthermore, this colonic ulceration
is accompanied with small bowel dysfunction manifested as signif-
icant reduction in alanine absorption. The bipolar current produces
a thermal effect that is localized only to the tissue in direct contact
with the target electrode without any known systemic effects, and
hence does not require grounding [19,26].

Patients with chronic ulcerative colitis may suffer from chronic
diarrhea, weight loss, malnutrition and hypoproteinemia [27,28].
Those symptoms are thought to result largely from colonic inflam-
mation. However, increased small bowel production of cytokines
and reduced absorption of nutrients might contribute to the
clinical manifestations of colitis.

There are multiple animal models of colitis, namely, the sponta-
neous, the chemically induced, the genetically engineered (the
transgenic and the knockout) and the T cell transfer models
[29,30]. Those models have provided great insight into the patho-
genesis and mechanisms of inflammatory bowel diseases and
helped in the design of novel therapies. They have, however, cer-
tain limitations. As discussed previously [19], our novel electrocau-
tery-induced colonic injury model does not involve the
administration of toxins or chemicals to the host, altering its
genetic make-up or transferring immune cells to it, and it was
shown to produce a well localized lesion restricted to a small part
of the colon. It was used here to study the colonic and small intes-
tinal response to a very brief electrical insult in a normal host.

Ulcer induction was accomplished in all rats treated with elec-
tro-cautery. The course of electrically induced colonic injury was
rather similar to that induced by iodoacetamide [2], although onset
of ulceration was swifter, more severe and healing occurred faster.
Hence, our model is valid and complements other models. It allows
the study of local and distant effects of colonic ulceration in an ani-
mal that is free of the systemic effects of chemicals, toxins and
genetic manipulation.

The decrease in jejunal alanine absorption in our model
occurred swiftly after colonic injury, peaked at 24 h and returned
to baseline by 96 h concomitant with healing of the colonic ulcer.
This confirms and expands on studies by others and in our Lab
suggesting that human and experimental colitis is associated
with significant dysfunction in proximal non-inflamed segments
of the bowel including altered motility, delayed gastric emptying,
mal-absorption of fluids, fat, amino acids, glucose, D-xylose and
electrolytes, as well as increased small bowel permeability
[1–7,31]. However, further studies are needed to determine
whether electro-cautery induced colitis is associated with reduced
absorption of carbohydrates, lipids or other amino acids.

Localized electrically induced colonic injury in this study was
associated with significant and reversible increase in the expres-
sion of IL-1b, IL-6 and TNF-a in the apparently non-inflamed small
intestine as well as in the inflamed colon. Although, the peak of
increase of all cytokine levels was reached between 3 and 6 h,
the temporal development of this increase and recovery varied
depending on the cytokine and the intestinal segment. Interest-
ingly, IL-1b production in the colon and jejunum peaked at
3–6 h, decreased at 8 h and increased again at 24–48 h. The reason
for this biphasic increase in IL-1b is not clear. Somewhat similar
results were noted for IL-6. This may be due to targeting of IL-6
by IL-1b which has been described in experimental colitis. The
increase in cytokine protein levels in our model appears to corre-
late well with their mRNA expression that showed an earlier peak



Fig. 4. TNF-a level in homogenate of mucosal scrapings of various segments of the gut in electro-cautery induced colitis, and time course of the change in TNF-a level in
electro-cautery treated rats. Each bar represents mean ± SEM of determinations made in separate groups of animals for each time interval. Determination of the significance
of difference was made with reference to values obtained from sham animals. (*P < 0.05, **P < 0.01).
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and faster recovery. These cytokines are secreted by a variety of
intestinal cells in response to stimuli such as bacteria, viruses,
parasites, endotoxins, oxygen radicals and other cytokines. They
have receptors on a multitude of intestinal cells where they exert
autocrine, paracrine and endocrine functions [32–34]. The fact that
the results observed in this model are similar to the ones obtained
with the iodoacetamide and TNBS models strongly suggests that it
is the colonic injury, rather than the method of inducing it, that
initiates the changes in small bowel cytokine expression and
absorptive function.

The low level baseline production of pro-inflammatory cytokine
expression in sham rats might reflect the low-grade inflammation
in the healthy gastrointestinal tract in response to the presence of
foreign antigens in the lumen [33]. Studies on cytokine levels in
biopsy specimens and stools obtained from healthy people have
produced similar results [35,36].

Increased expression of pro-inflammatory cytokines in patients
with IBD and animals with colitis in affected areas of the gut has
been extensively reported [37–41]. Our findings substantiate these
results in a new model of electrically induced acute colonic injury
and support the previously reported changes in non-inflamed seg-
ments of the gut [10]. We also provide a detailed account of the
time course of the variations in the expression of these cytokines.

The increased expression of mRNA for the 3 cytokines strongly
suggests increased local production despite absence of inflamma-
tion by gross inspection and by histologic analysis. Thus, increased
transcription of genes encoding those cytokines occurs with the
onset of colonic ulceration. The increased expression of TNF-a
and IL-1b occurred immediately after electro-cautery, was maxi-
mal at 3 h and returned to baseline value by 48 h, despite persis-
tence of colonic ulceration up to 72 h. On the other hand, there
was persistent increased expression of IL-6 by 48 h. The increased
level of the cytokine proteins at and beyond 48 h despite normal
mRNA levels at those time points raises the possibility that there
is also increased translation of the cytokine mRNA, which can be
related to the delayed expression of IL-6 mRNA, or to the transport
from the blood to the intestines. Our study was not designed to
address this issue.

Our data suggests that small intestinal latent inflammation and
dysfunction induced by or following colonic injury is not model
specific and not due to spreading or diffusion of the chemicals used
to induce colitis. It is known that injury in one segment of the
bowel may be associated with significant dysfunction in other
non-injured segments. A recent study reported increased produc-
tion of TNF-a and IL-1b in the ileum in patients with left sided
ulcerative colitis, despite absence of ileal inflammation [12]. Inter-
estingly, decreased ileal fluid and electrolyte absorption occurs in
acetic acid-induced colitis, despite absence of ileal inflammation
and normal ileal histology [42]. In addition, increased permeability
and myoelectric activity of the ileum in trinitrobenzene sulfonic
acid (TNBS)- and ethanol-induced colitis have been reported
[13,43,44].

The effect of local bowel injury on remote gut segments is sup-
ported by altogether different models. One example is the field
effect [45], where surgical manipulation of the jejunum induces
up regulation of pro-inflammatory cytokines expression in non-
manipulated stomach and colon, which might contribute to the
postoperative delay in gastric emptying and ileus [46]. In that
model, there was increase in myeloperoxidase activity in non-
manipulated segments suggesting the presence of neutrophilic
infiltration. Another example is the increased IL-1 expression in
the non-inflamed muscularis propria in patients with ulcerative
colitis, which might contribute to abnormal colonic motility [46].
In animal models of Trichinella and Nippostrongylus infestation,



Fig. 5. IL-6 level in mucosal scrapings of various segments of the gut in electro-cautery induced colitis, and time course of the change in IL-6 level in electro-cautery treated
rats. Each bar represents mean ± SEM of determinations made in separate groups of animals for each time interval. Determination of the significance of difference was made
with reference to values obtained from sham animals. (*P < 0.05, **P < 0.01).

Fig. 6. Time course of IL-1b mRNA transcription level in mucosal scrapings of various segments of the gut in sham (n = 7) and electro-cautery treated rats (n = 8). Each bar
represents mean ± SEM of determinations made in separate groups of animals for each time interval. Determination of the significance of difference was made with reference
to values obtained from sham animals (*P < 0.05, **P < 0.01, ***P < 0.001).
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Fig. 7. Time course of TNF-a mRNA transcription level in mucosal scrapings of various segments of the gut in sham (n = 7) and electro-cautery treated rats (n = 8). Each bar
represents mean ± SEM of determinations made in separate groups of animals for each time interval. Determination of the significance of difference was made with reference
to values obtained from sham animals (*P < 0.05, **P < 0.01).

Fig. 8. Time course of IL-6 mRNA transcription level in mucosal scrapings of various segments of the gut in sham (n = 7) and electro-cautery treated rats (n = 6). Each bar
represents mean ± SEM of determinations made in separate groups of animals for each time interval. Determination of the significance of difference was made with reference
to values obtained from sham animals (*P < 0.05, **P < 0.01, ***P < 0.001).
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alteration in glucose absorption, smooth muscle function and epi-
thelial mitosis were reported in worm free regions of the gut and
were attributed to the host’s inflammatory response [47–49].
Finally, noradrenalin release from the myenteric plexus was
reduced in non-inflamed areas of the gut in two independent mod-
els of colitis [14]. In that study, alteration of enteric nervous system
function occurred in areas that were normal by histology and mye-
loperoxidase activity.

Colitis may be associated with extra-intestinal manifestations
such as arthritis, hepatitis, uveitis and pancreatitis [50,51], which
may involve up regulation of pro-inflammatory cytokines in the
involved organ [52]. In 3 models of colitis (iodoacetamide, TNBS
and electro-cautery induced), elevated tissue level of pro-inflam-
matory cytokines in the small intestine was not associated with
any evident small bowel injury or inflammation. Our data and
those of others suggest that both longitudinal and vertical trans-
mission of signals from an injured or inflamed area of the intestine
to another may occur, leading to the initiation of a ‘‘latent’’ inflam-
matory cascade elsewhere in the gut. This might serve as a molec-
ular substrate to the alterations in proximal intestinal function
seen in patients with UC and animals with experimental colitis.
As examples, we recently found a decrease in jejunal amino acid
and fluid absorption in iodoacetamide-induced colitis in rats
[2,6], in addition to the reported up-regulation of jejunal pro-
inflammatory cytokine levels [10].

The prompt change in jejunal amino acid absorption and cyto-
kine expression in the non-inflamed small intestine following colo-
nic injury suggests that humoral and/or neural signals may be
transmitted to the small bowel from the colon. Alternatively, the
increased level of pro-inflammatory cytokines may alter the func-
tion of the small intestine through an effect on the enteric nervous
system (ENS) [53] and on intestinal nutrient transport [54]. Changes
in ENS structure and function as well as in gut extrinsic innervation
in colitis have been reported in inflamed and non-inflamed gut seg-
ments. As illustration, increased c-Fos in myenteric neurons and in
parts of the CNS [55], loss of enteric neurons [56], increased ileal
myoelectric activity [13], decreased noradrenaline release [14],
vagus nerve dysfunction [57], changes in the neural circuitry and
decreased alpha-A2 adrenoceptors expression in non-inflamed
regions of the bowel [16], enhanced excitability of ileal myenteric
AH neurons [15], as well as reduced synaptic transmission in ileal
non-cholinergic secretomotor neurons [17] have all been described.
In addition, abnormal neurotransmitter coding occurs in non-
inflamed areas of the gut in colitis [58–60]. These neural abnormal-
ities might underlie the wide spectrum of functional abnormalities
seen in the non-inflamed small intestine in colitis, including the
dysmotility, impaired absorption of fluids and nutrients, as well as
reduced enterocyte secretion [2,6,13–18,58–62].

5. Conclusions

The present study provides a full characterization of the tempo-
ral evolution of the change in jejunal amino acid absorption as well
as the upregulation of proinflammatory cytokine levels in the
intestines in a new model of electro-cautery induced colitis. We
also demonstrate that, in this model of colitis, increased produc-
tion of cytokines occurs locally in the small intestines. The reported
findings might help understand some of the clinical manifestations
of colitis. Further studies are needed to elucidate the role of the
ENS and extrinsic gut innervation in those changes.
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