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Fig. I Enteroscopic and radiographic findings of a case of circular
uleers in the ileum. A 78-year-old female who had been diagnosed as
rheumatoid arthritis and had been under celecoxib was examined
because of anemia. Under VCE (a) and oral BAE (b, multiple

circular uleers were found. Double-contrast barium enteroclysis
depicted the ulcers as concentric and multiple stenoses in the jleum
{¢). The findings are compatible with “pseudo-folds”

Fig. 2 Enteroscopic and radiographic findings of a case of dia-
phragms in the ileum. A 72-year-old female had been taking
diclofenac for rheumatoid arthritis for 24 months, during which
repeated abdominal pain occurred. VCE (a) and anal BAE

where appropriate. Probabilities less than 0.05 were con-
sidered to be significant.

Results
Enteroscopic Findings

The subjects were examined by 13 anal BAEs, 8 oral
BAEs, and 10 VCEs. Eleven subjects were examined by
BAE alone, and 3 patients by VCE alone. The remaining 7
subjects were examined by both BAE and VCE.

Circular ulcers (Fig. la, b), linear ulcers and small
mucosal defects were found in 12, 3 and 12 patients,
respectively. The predominant site of involvement within
the small bowel was the jejunum in 3 subjects, the ileum in
6 and both the jejunum and the ileum in 8. Three subjects
had both circular vicer and small mucosal defects. The
other 3 subjects had both linear ulcer and small mucosal
defects, while 6 subjects had small mucosal defects alone.

(b) detected concentric stenosis in the ileum. Double-contrast barium
enteroclysis showed concentric stenosis in the lower part of the ileum
(¢). The findings are compatible with condensed “psendo-folds.” This
case experienced capsule retention

Six of 12 subjects with circular ulcers had diaphragms
(Fig. 2a, b). Among 10 subjects examined by VCE, 2
experienced capsule retention, which was treated by
endoscopic balloon dilatation under BAE.

Table | compares clinical features between patients
with circular ulcers and those without. While neither
gender, age at the time of diagnosis of NSAID enter-
opathy, predominant site of involvement nor duration of
NSAID use was different between the two groups, overt
OGIB was less frequent in patients with circular ulcers
than those without the uvlcers (11 vs, 42%, P = 0.037).
There was also a trend towards less frequent cardio-
vascular disease in patients with circular ulcer as the
indication of NSAID use. Four of 12 patients with cir-
cular ulcers had been taking two NSAID species while
patients without circular ulcer had been taking a single
species of NSAID (33 vs. 0%, P = 0.08). Laboratory
data including serum protein, hemoglobin and C-reactive
protein values were not different between the two
groups.
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Table 1T Comparison of clinical

features between patients with Clinical features P.atiems wi‘th x }?fztfer{!s with@t Probability
and without circular uleers circular Vukem circular ulcers
{(n =12} (n =19)
Sex (fermale/male) 448 36 1.0
Age (range, median) (years) 46-88, 68.5 47-87, 80 (126
Indication of NSAID use
Arthropathy/CVD 12/0 6/3% 0.06
Indication for enteroscopy
Overt OGIB/others 57 8/1 0.037
Predominant site 0.81
Jejunum 2 i
Jejunum and ileum 5 3
Hleum 5 5
Laboratory data (range, median)
Hemoglobin (g/dl) 4.9-13.7. 85 5.6-135, 88 0.36
Serum protein {g/dl) 39-78,92 43-79, 88 0.52
C-reactive protein (mg/di) 0.01-11.6, 0.12 0.10-3.88, 0.73 0.10
Use of two NSAIDs species 4 0 0.08
Duration of NSAID use (.2-240, 30 1-192, 12 0.55
(range, median) (months)
NSAID species
Loxioprofen 4 3
Diclofenac 4 2
Aspirin 1 3
OGIB Obscure gastrointestinal indomethacin 2 0
bleeding, CVD cardiovascular Others 5 i
diseases

Table 2 indicates a comparison between subjects with
small mucosal defects and those without. As summarized
in the table, subjects with small mucosal defects were
taking multiple NSAID less frequently than those without
(0 vs. 44%, P = 0.02). In addition, hemoglobin value was
higher in subjects with small mucosal defect than in those
without. There was also a trend towards higher serum
protein value in the former than in the latter.

Radiography

Review of the radiographic images in 12 subjects with
circular ulcers revealed that concentric narrowing with
extremely short width was depicted in 10 patients (Figs. Ic
and 2¢). The narrowing apparently mimicked normal-
appearing folds of the jejunum. Such “pseudo-folds” was
found in multiplicity. However, the longitudinal alignment
of the pseudo-folds was irregular, and the distance inbe-
tween the folds was not uniform. The proximal part of the
bowel was not dilated in any subject with circular ulcers. In
2 of 3 subjects with linear ulcers, radiography revealed
eccentric rigid area with converging folds.

Radiography failed to depict any significant findings in
10 of 12 subjects with small mucosal defects. In 2 subjects,
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compression images showed tiny barium flecks in the lower
part of the ileum. The depiction rate of NSAID enteropathy
was thus 83% for circular ulcers, 67% for linear ulcers and
17% for small mucosal defects.

Among 10 patients examined by VCE, 2 of § subjects
with pseudo-folds experienced capsule retention. The
capsule was not retained in the other 5 subjects without the
radiographic signs.

Discussion

Our retrospective investigation revealed that DCBE could
depict circular ulcers in NSAID enteropathy, while it failed
to depict small mucosal defects. We could also show that
patients with circular ulcers complained of overt OGIB less
frequently than those without, and they tended to have been
under two species of NSAID. These observations suggest
that radiography together with clinical manifestations may
be a tool for patency in patients suspected of having
NSAID enieropathy.

in the 1980s and 1990s, diaphragms of the small bowel drew
much attention as the characteristic lesion of NSAID enterop-
athy. The diaphragms were histologically characterized by
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Table 2 Comparison of clinical

. . Clinical features Patients with Patients without Probabilit
v, e i moldees ool gt y
defects 7
Sex (female/male) 517 27 0.11
Age (range, median) (years) 47-87, 75 46-88, 67 0.30
Indication of NSAID use
Arthropathy/CVD 9/3 90 0.23
indication for enteroscopy
Overt OGIB/others 9/3 4/5 0.17
Predominant site 0.48
Jejunum i 2
Jejunum and ileum 4 4
Heum 7 3
Laboratory data (range, median)
Hemoglobin (g/dl) 5.6-13.7, 9.7 49-10.1, 8.8 0.036
Serum protein (g/dl) 4.3-79,6.2 39-7.2,54 0.051
C-reactive protein (mg/dl) 0.01-3.9,0.72 0.01-11.6, 0.06 0.12
Use of two NSAID species 0 4 0.02
Duration of NSAID use 1-240, 18 0.2-240, 24 0.97
(range, median) (months)
NSAID species
Loxioprofen 3 4
Diclofenac 3 3
Aspirin 3 i
OGIB Obscure gastrointestinal Indomethacin 6 2
bleeding, CVD cardiovascular Others 3 3

diseases

marked fibrosis with shallow ulcers at the tip of the Kerckring’s
folds [10, 11]. While 6 of our 21 subjects actually had dia-
phragms, we also found circular ulcers in those 6 patients as
well as in another 6 patients without apparent diaphragms. It is
thus suggested that circular ulcers are the most typical and
representative mucosal lesions in NSAID enteropathy. How-
ever, it is a fact that there have been cases of diaphragms, which
were missed by small bowel radiography and diagnosed by
enteroscopy [26-28]. In those reports, small bowel radiography
probably failed to depict extremely thin narrowing without
dilatation of the proximal bowel.

In the literature, the radiographic features of NSAID-
induced diaphragms have been discussed in symptomatic
patients who were examined by barium follow-through
study [19, 21, 22]. Zalev et al. [22] analyzed four symp-
tomatic cases of diaphragms and found that lifesaver-like
stricture and babel-like configuration were depited by small
bowel radiography. Although those descriptions were het-
erogeneous with regards to the width of the narrow septae,
they are in concert with respect to concentric and multiple
stenoses [19-22]. Our results indicated that the circular
ulcers, as well as diaphragms, were depicted as apparently
normal folds when the affected small bowel was insuffiated
with an appropriate amount of air under DCBE. It thus

seems likely that the radiologic finding referred to as
“pseudo-folds” sign may be applicable and specific to the
diagnosis of NSAID enteropathy.

It has been reported that VCE detected small mucosal
defects even in healthy subjects after short-term NSAID use
[29-31]. However, DCBE failed to depict most of small
mucosal defects in our subjects with NSAID enteropathy.
With this regard, VCE or BAE is the procedure of choice for
the diagnosis of the disease. Even though VCE has advan-
tages as to safety and convenience, it has also been shown
that NSAID enteropathy is one of the major conditions
associated with capsule retention [14, 15]. A conspicuously
high incidence of capsule retention in NSAID enteropathy
seems to be a consequence of undiagnosed diaphragms.
Small bowel radiography thus seems to have a role as a
patency tool for VCE in patients suspected of having NSAID
enteropathy. In fact, capsule retention did occur in 2 of our 5
patients with pseudo-folds sign, while none of the subjects
without the sign experienced the adverse event.

Despite a worldwide, huge population exposed to
NSAID, cases of diaphragm are encountered infrequently.
In addition, clinical features predisposed to diaphragms are
poorly understood except for long-term NSAID use
[10-13, 19-22, 26-28]. Although the difference did not
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reach statistical significance, our analyses of the subjects’
demographics revealed that the simultaneous use of two
NSAID species was associated with the occurrence of
circular ulcers. In addition, subjects with circular ulcers
experienced overt OGIB less frequently than those without.
Conversely, subjects with small mucosal defects had less
severe anemia and hypoproteinemia, and they had been
taking only a single NSAID. These observations strongly
suggest that circular ulcers are the consequence of chronic
and repeated exposure to NSAID. Accordingly, the history
of NSAID intake and clinical manifestations seem to
be predictive of circular ulcers, and presumably, of
diaphragms.

Recently, patency capsule system for patients at a high
risk of capsule retention has become available [16-18].
Although the system has been shown to be a sensitive
procedure [16—-18], it requires at least 30 h for the final
decision. There are also difficulties in determining the
localization of the patency capsule under radiographs or by
the scanners [17]. Even though Postgate et al. [17] reported
that small bowel radiography was normal or minimally
abnormal in patients in whom the patency capsule was
retained, they did not include any case of NSAID enter-
opathy. It thus seems possible that DCBE with a special
reference to psendo-folds sign may be a convenient tool for
the determination of luminal patency in patients taking
NSAID. ;

Maglinte et al. [32] proposed double-contrast enteroc-
lysis to be equal or superior to VCE for the evaluation of
mucosal details such as aphthous lesions and scarred ulcers
in Crohn’s disease. Qur results showed that this was not the
case for NSAID enteropathy, probably due to the differ-
ence in the number and the depth of diminutive lesions
between Crohn’s disease and NSAID enteropathy. In
addition, CT- and MR-enterographies have become alter-
native to and more informative than small bowel radiog-
raphy for the evaluation of transmural or stenotic lesions in
Crohn’s disease [33-37]. Since CT- and MR-enterogra-
phies are also able to depict mucosal alterations, these
procedures may be other candidates as a patency tool for
NSAID enteropathy.

In conclusion, an analysis of clinical and radiographic
features of 21 patients with NSAID enteropathy revealed
DCBE to be applicable as a patency tool prior to VCE for
subjects suspected of having the disease. On that occasion,
the pseudo-folds sign may be suggestive of circular ulcers
and the diaphragms. Given such circumstances, BAE with
a preparation of endoscopic balloon dilatation would be
practically preferred to VCE [9, 38]. The value of small
bowel radiography in comparison with patency capsule
should be examined in the area of widespread use of
NSAID including aspirin.
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Summary

Background and objective: Capsule endoscopy (CE} is a comfortable for the patients; however,
CE review is time-consuming. The aim of this study was (1} to evaluate the effectiveness of the
CE software in reducing the CE reading time and the number of false negatives by beginners,
and (2) to determine the learning curve for reading CE images.

Methods: Capsute endoscopic images were captured by Pillcam SB (Given Imaging Ltd, Tokyo,
Japan}, and analyzed using the proprietary RAPID 5 software. Comparison of CE reading using
different software modes: manual mode, automatic mode, and QuickView (QV) mode. Three
trainee endoscopists participated as CE readers. Each participant watched CE videos in which
positive findings had been predefined by trained endoscopists. Each participant read the same
CE record by using one of three different software modes. These were blinded on clinical history
of patients. CE reading time was recorded, and the number of false negatives was counted. Each
trainee endoscopist read a total of 45 CE videos, in five steps divided into nine videos per step.
Results: There was no significant reader associated difference between the results for the
different maodes. The QV software did miss some positive findings. Therefore, the total number

* N.H. designed this study, analyzed the data, and wrote the paper. JE R., H.1., TK. edited the paper, and supervised the study.
R.B., R.l., Y.I. participated in the study as CE reader. M.N. judged the result. H.0. and T.H. helped conceive and supervise the study.
* Corresponding author. Tel.: +81 3 3353 1211; fax: +81 3 3357 2778.
E-mail address: hogata@z8.keio.jp (H. Ogata).
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of instances of FN by the software plus the reader in the QV mode was significantly higher
than the others. The reading times in the automatic mode and the QV mode were significantly
shorter than that in the manual mode. After the second step, the number of instances of false

negatives significantly decreased.

Conclusions: CE software is useful for reducing the reading time. Experience of approximately
20 CE readings can be considered as the first step to becoming an expert.

© 2011 Elsevier Masson SAS. All rights reserved.

Introduction

Capsule endoscopy (CE) was first reported in 2000 [1] and is
a useful method of detecting and diagnosing small-bowel
diseases such as obscure gastrointestinal bleeding [2,3],
small-bowel tumors [4], and inflammatory bowel disease
[5,6]. In the CE procedure, patients are only required to
swallow the capsule, which can take two pictures per second
while traveling from the mouth to the anus. CE is a comfort-
able procedure for the patients; however, for the CE reader,
it is time-consuming to review more than 50,000 images.
This step contributes to the overall cost of CE. Recently, CE
systems have been produced by several companies, notably
Given Imaging [7-11] and Olympus Medical Systems [12].
These CE providers have introduced several features in the
CE software to reduce the time required for analyzing the
results of CE and minimize the possibility of missing lesions.
These software can reduce the total number of images by
combining similar images or by identifying the most unusual
image, however, only a few studies [7-9] have assessed the
usefulness of these in clinical settings; as a result, the prac-
tical usefulness of these features is still undetermined.

The increasing use of CE has led to the demand for train-
ing of CE beginners. The utility of computer-aided training
for CE reading has been reported [13]. However, there is
little information about the actual educational benefit of
training and the CE learning-curve [14].

The primary aim of this prospective study was to eval-
uate the effectiveness of the CE software in reducing the
reading time for a trainee endoscopist and in minimizing
the probability of missing lesions. The secondary aims were
to assess the impact of experience and to determine the
learning-curve for CE,

Material and methods

Study design

This study was approved by the ethics committee at Keio
University Hospital. Three trainee endoscopists {(R.B., R.1.,
and Y.1.) participated as CE readers. The participants had
graduated 5~7 years prior, and all of them had performed
CE reading less than five times before participating in this
study. All the participants were blinded to the patients’ clin-
ical history. Each participant watched the CE video in which
positive findings (the reference standard) were predefined
by two well-trained endoscopists (N.H., M.N.) who had each
performed more than 150 CE examinations. The assignment
list and flowchart of CE readings is shown in Fig. 1. Fach
step consisted of nine CE readings. Each participant read
the same CE record by using one of three different software

modes, namely, manual mode, automatic mode, and Quick-
View {(QV) mode. The CE reading time, which was defined as
the interval between the appearance of the first duodenal
image and the first cecal image, was recorded. After each
step, the CE reading results were judged and the number of
false negatives (FN} was counted by trained endoscopists.
A FN was defined as an instance where a trainee failed to
recognize a lesion that had been identified by the experts.
Simultaneously, the number of instances of FN caused by
the CE software in the automatic mode and the QV mode
was counted by trained endoscopists to evaluate the effec-
tiveness of the CE software. Feedback on the CE readers’
performance was shared with them after every step. A total
of five steps of nine videos each, comprising 45CE readings
were prospectively conducted.

Capsule endoscopy procedure and software

From July 2008 to August 2009, 95 CE procedures were per-
formed using Pillcam S$B (Given Imaging Ltd, Tokyo, Japan) at
Keio University Hospital. From these, 45 CE recordings were
randomly selected for this study. The indications for per-
forming CE were obscure gastrointestinal bleeding, chronic
diarrhea, use of non-steroidal anti-inflammatory drugs,

Casepumber|  Trainee A Trainee B Trainee C
STEP I -1 A Q s
i-2 M A Q
1-3 Q N A
I-4 A 4] j34
i-5 M A Qg »-[Step i
1-6 Q M A
1.7 A o A
T8 7 A &)
I-9 Q B A Feed
STEPH -1 A Q AL Y baek
#Ha M A Q
-3 Q i3 A -
[P A [s) M ”foép ﬂ

¥ Total of Ssteps with 45 cases I

Figure 1 Assignment list and flowchart of the CE reading pro-
tocol. Each step included nine CE readings. in each step, the
participants read the same CE record by using different soft-
ware modes. For example, in the stepl-1, trainee A read the
video by using the automatic mode; traineeB, using the Quick-
View mode; and trainee C, using the manual mode. After each
step, the CE reading time and the number of false negatives
were judged by experts; the results of the experts’ assessments
were shared with the trainees, and the next step was started.
M manual mode; A: automatic mode; Q: QuickView.
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Table 1 The predefined findings in the capsule endoscopy video.

Predefined findings Step 1 Step2 Step 3 Step 4 Step B Total
Erosion 30 31 21 28 18 128
Lymphangiectasia/Lymphangioma 14 7 10 10 2 43
Redness 7 7 12 6 8 40
Ulcer 2 9 6 6 3 26
Petechia 4 3 4 2 1 14
Varix 0 1 2 2 7 12
Bleeding 4 2 4 0 1 11
Scar 1 3 1 z 3 10
Angioectasia 0 2 0 2 6 10
Tattooing 0 1 0 1 7 9
Others 11 5 2 0 1 19
Total 73 71 62 59 57 322

suspected inflammatory bowel disease. Obscure gastroin-
testinal bleeding was the main indication for performing
CE. CE was performed after a 12-hour fasting period. The
recorded digital information was downloaded from the
recorder into the computer, and the images were analyzed
using the proprietary RAPID 5 software. All participants read
the CE video using the Quad View viewing format with a
frame rate of 25frames per second. The reader could not
slow the frame rate down, could pause the images, review
the images. The manual, automatic, and QV (sampling rate:
normal) modes of the software were used in the analysis.
In the manual mode, CE reading was performed without
assistance of the CE software. In the automatic mode, the
software reduces the total number of images by combining
similar images [8]. In the QV mode, the software reduces the
number of recorded images by identifying the most unusual
image and presenting the selected images sequentially for
review [5,9].

Predefined findings

The gold standard for positive findings was the experts’
consensus. The predefined findings in the CE videos are
shown in Table 1. Small findings, such as redness, lymphang-
jectasia, petechia and tattooing, were included as positive
findings in this study. The number of predefined findings was
not significantly different between each step.

Statistical analysis

Statistical analysis was performed using PASW version17
software (SPSS Inc., Tokyo, Japan). All data showed a non-
normal distribution. The data matched pairs were compared
using the Wilcoxon matched pairs signed ranks test to
assess statistical significance. Another non-matched data
was applied the Mann-Whitney U test. it is recognized that
there was multiple testing of outcome data arising from indi-
vidual CE images reviewed by individual participants. The
method of Bonferroni was used to correct P-values to recog-
nize multiple testing of outcome data. However, as this study
was meant to highlight differences, each outcome was ana-
lyzed separately meaning that the method of Bonferroni was

applied only to multiple considerations of data within each
outcome variable. Thus, in order for statistical significance
to be associated with a P-value less than 0.05, after Bonfer-
roni correction, we require that the nominal P-values, shown
here uncorrected, to take values less than 0.01 to be consid-
ered statistically significant after Bonferroni correction for
multiple testing.

Results

Few false positives defined as a trainee detected a lesion
that had not been identified by the experts were recog-
nized in each step. Therefore, we mainly evaluated lesion
detecting ability and false negatives (FN).

The type of lesions and the total number of FN are shown
in Tabte 2. The total number of FN by the three beginners
was 179. Distributions of the number of FN for each software
mode is shown in Fig. 2. There was no significant reader
associated difference between the results for the differ-
ent modes, There were no instances of FN caused by the
automatic mode software. in contrast, the QV software did
miss some positive findings. Therefore, the total number of
instances of FN by the software plus the reader in the QV
mode was significantly higher than the corresponding num-
bers for the manual and automatic modes.

Table 2 Types of lesions and the total number of false
negatives.

Type of lesion Number
Erosion 61
Lymphangiectasia/Lymphangioma 39
Petechia 20
Redness 20
Ulcer 14
Angiectasia 9
Scar 8
Stenosis 4
Tatooing 4

Total 179
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Figure 2 Distributions of the number of FN in each software
mode. The number of FN by the readers was not significantly
different across modes. The automatic mode did not cause any
instances of FN. However, the QV mode was responsible for
some instances of FN; the number of FN by the software plus
reader in the QV mode was significantly higher than the cor-
responding values for the manual and automatic modes. The
data were analyzed by multiple-testing analysis. Bonferroni’s
method was used to recognize the issue of multiple testing of
outcome data for this outcome, requiring that only a nominal
P-value less than 0.01 could be taken as statistically significant
after correction. The box plots show median value, interquar-
tile ranges (IQRs), and 95% ranges {extremes and outliers are
not shown). The median number of FN for the manual, auto-
matic, QV, and QV (software + reader) modes were 1, 1, 1, and
3, respectively. The interquartile ranges of FN for the manual,
automatic, QV, and QV (software + reader) modes were 1, 2, 1,
and 5, respectively. N.S.: not significant.

The reading time of the video for each software mode
is shown in Fig. 3. The data represent the time required
to read 1minute of the video. The data for reading time
was not normally distributed. The median reading times for
the manual, automatic, and QV modes were 7.26, 4,38, and
1.35s, respectively. The reading times for the automatic and
QV modes were significantly shorter than that for the manual
mode. The reading time for the QV mode was significantly
shorter than that for the automatic mode.

Learning curve

The average number of FN in each step is shown in Fig. 4.
The sequential line graph shows more than 1 FN per review
instep 1 and step 2. However, in step 3 and later, the average
number of FN was less than one per review. The differ-
ence between the values for stepsZ and 3 appeared to be
substantial, and statistical analysis was performed. The dis-
tributions of the number of FN in steps 1-2 and steps 3—5 are
shown in Fig. 5. The number of FN in steps 3—5 was signif-
icantly lower than the corresponding number in steps 1—2.
We also evaluated the reading time in each step, However,

{sec)
15 4

10 A

¥ T

Manual Antomatic QuickView

Figure 3  Thereading time of the video by using each software
mode. The data represent the time required to read 1minute
of the video. This was determined by the following formula:
the total reading time divided by the total recording time. The
data were analyzed by multiple-testing analysis. Bonferroni’s
method was used to recognize the issue of multiple testing of
outcome data for this outcome, requiring that only a nominal
P-value less than 0.01 could be taken as statistically significant
after correction. The box plots show median value, interquartile
ranges (IQRs), and 95% ranges {extremes and outliers are not
shown}. The median reading times for the manual, automatic,
and QV modes were 7,26, 4.38, and 1.35s, respectively. The
interquartile ranges of FN for the manual, automatic, QV modes
were 2.68, 1.97, 1.365s, respectively.

()
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[

Step 1 Step 2 Step 3 Step 4 Step §

Figure4  The sequential line graph showing the average num-
ber of FN in each step. In step 1 and step 2, more than one FN
occurred in each CE reading. However, in step 3 and later, the
average number of FN was less than one in each CE reading.

the reading time for each step was not significantly different
(data not shown).

Discussion

First, we attempted to evaluate the efficacy of the CE soft-
ware. We hypothesized that the CE software facilitated
CE reading for beginners and compensated for the lack of
CE-reading abilities. To our knowledge, only a few reports
[9~11] have confirmed the efficacy of CE software. West-
erhof et al. [7] suggested that CE software packages are
time-saving tools, but they also stated that the QV mode
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Figure 5  Distributions of the number of FN in steps1~2 and

steps 3—5. The number of errors in recognition in steps 3—5 was
significantly lower than that in steps 1—2. Box plots show median
value, interquartile range {IQRs), and 95% ranges {extremes and
outliers are not shown). The median number of FN in steps 1-2
and steps 3-5 were 1, 1, respectively. The interquartile ranges
of FN in steps 12 and steps 3--5 were 2, 1, respectively.

is associated with considerably high rates of incorrect diag-
nosis. Moreover, they concluded that these technigues may
be applicable only if diffuse lesions are suspected. in our
results, the CE software could reduce the CE reading time
but could not reduce the incidence of errors in recognition.
The reading time in the automatic mode was significantly
shorter than that in the manual mode. However, the num-
ber of FN in the automatic mode was not higher than that
in the manual mode. Our study was not an equivalence
study. These data could not directly confirm the equivalence
between the manual and automatic modes. However, these
data suggest the possibility that the automatic mode can
reduce the reading time without increasing the instances of
FN.

The reading time in the QV mode was significantly shorter
than that in the manual and automatic modes. However,
in the QV mode, the number of FN significantly increased
because of an increase in the number of software-associated
FN. QV is essentially a technique for previewing video. Thus,
QV is not appropriate for identifying small lesions.

The second aim was to assess the educational effect of
the CE software and to determine the learning-curve for CE.
Postgate et al. [13] reported the efficacy of the computer-
aided learning system for CE reading. They showed the
significance of CE training by using an E-learning sys-
tem. Sidhu et al. [14] inferred that 30CE readings were
required to achieve competency in CE reading. Our data
suggested the combined efficacy of reading experience and
feedback-based education. Experience of approximately
20 CE readings with feedback-based education significantly
reduced the possibility of missing lesions. However, the
reading time did not decrease after step 2. We believed that
this was because the use of the Quad View at 25 frames per
second was too fast for a beginner. Therefore, experience
and education affected only the number of FN with each
step. Our results suggest that the first step in becoming a
CE expert is training with approximately 20 CE readings. In

the second step, training with more than 50 CE readings may
reduce the reading time, as suggested by Sidhu et al. [14].
In conclusion, CE software was useful for reducing the CE
reading time. Experience of approximately 20 CE readings
can be considered as the first step to becoming an expert.
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Lemon Grass (Cymbopogon citratus) Ameliorates Murine
Spontaneous lleitis by Decreasing Lymphocyte Recruitment to the
Inflamed Intestine
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*Department of Internal Medicine, National Defense Medical College, Saitama, Japan; "Department of Internal

Medicine, School of Medicine, Keio University, Tokyo, Japan

ABSTRACT

Objective: Aberrant leukocyte migration has been implicated in the pathogenesis of inflammatory
bowel disease (IBD). Lemon grass is a natwral herh that eontains cigral, which suppresses lympho-
eyte expression of gut homing molecules by inhibiting retinoic acid formation. We therefore hypoth-
esized that lemon grass intake could ameliorate excess migration of leukocytes to the inflamed
intestine in chronie ileitis.

Methods: Migration of fluorescence-labeled T cells to microvessels in the ileal mucosa of SAM-
P1/Yit mice was monitored using intravital mieroscopy. In some mice, lexon grass solution was
administered for two weeks. For evaluation of the effects on chronie ileitis, mice were treated with
lemon grass for 26 weeks.

Results: Sxface expression of B7 and CCRY on T lymphooytes was stronger in SAMP1/Yit mice
than in AKR/T mice. Lemon grass treatment attenuated the surface expression of B7-integrin und
CCRY. The number of adherent lymphocytes to microvessels in chronic inflamed ileum was signi-
ficantly few when lymphocytes were isolated from lemon grass treated mice. Long-term lemon grass
treatment improved ileitis in SAMP1/Yit mice, which was assesseid by body weight, histological
changes and the infiltration of B7-positive cells.

Conclusion: Lemon grass ameliorated ileitis through decreasing lymphocyte migration by inhib-
iting B7-expression., snggesting its therapeutic usefulness for IBD.
Microciveulation (2010) 17, 1-12. doi: 10.1111/4.1549-8719.2010.00032.x

KEY WORDS: retinoie acid, lvmphoeytes, p7-integrin, CCR9, intestinal microvessels

AssrREVIATIONS: IBD, inflammatory bowel disease; RA, retinoic acid; SBAMP/Yit, senescence-aceele-
rated; CCR, chemokine receptor; DC, dendritie eell; TECK, thymus-expressed chemokine; ECAM,
endothelial cell adhesion molecule; CD, Crohn's disease; ADH, aleohol debiydrogenase; RALDH,
retinal dehydrogenase; MLN, mesenteric lviph node; PP, Peyer’s pateh; HPLC, high-performanee
liquid chromatography; ATRA, all-trans retinoie acid.

INTRODUCTION

Recirculation of lymphocytes through the body is
critical for immune regulation, and the compart-
mentalization of mucosal and systemic immune
responses is mainly based on the selective expres-
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sion of homing receptors by lymphocytes [3]. For
the preferential homing of T cells to the gut, expres-
sion of integrino4B7 [11] and the chemokine recep-
tor CCRY is induced by antigenic stimulation with
dendritic cells (DC) from gut-associated lymphoid
organs. They will localize to the small intestinal
mucosa, where their appropriate ligands (mucosal
addressin cell adhesion molecule-1 [MAJCAM-1]
and CCL25 [thymus-expressed chemokine: TECK],
respectively) are expressed by postcapillary ven-
ules and intestinal mucosa [5,19,21]. It has been
shown in both experimental animals and humans
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[N

that inflammation is associated with enhanced
expression of endothelial cell adhesion molecules
(ECAMs) in the intestine [18]. The expression of
MAJCAM-1 in Crohn’s disease suggests that leuko-
cyte recruitment is strongly mvolved in CD [2].
Enhanced expression of ECAMs causes aberrant
leukocyte migration, leading to extension of inflam-
matory response. Blocking of leukocyte recruitment
as a strategy for treating intestinal inflammation
was successful in animal models of Crohn’s ileitis
[1,8,13]. In clinical studies, therapeutic compounds
divected against trafficking of leukocytes have been
designed and are being developed as a novel class

of drugs for treatment of inflammatory diseases,
especially €D [24,29]. Although these biological
modifiers have promising effects, there are rela-
tively high risks of side effects such as anaphylaxis
known as infusion reaction and formation of human
auti-chimeric antibody is responsible for decrease
in long-term efficacy [29].

Recently, the mechanisms by which intestinal DCs
induce up-regulation of gut-tropic adhesion mole-
cules on lymphocytes have been clarified [11,14].
It is due to their unique expression of retinoid
hydrogenase enzymes that convert dietary vitamin
A to retinoic acid (RA). which has been shown to
directly up-regulate a4B7 and CCR9 expression on
T cells [9]. RA is converted from retinol by alcohol
dehydrogenases (ADHs) and retinal dehydro-
genases (RALDHs). RALDH has three isoforms
dnd the distribution of the three isoforms has organ
specificity. Iwata ef o/ found that mesenteric
lymph node-dendritic cell expressed ADH class 11
and RALDH2 and that Peyer’s patch-dendritic cell
expressed ADH class 1, I, III, and RALDH1 protein
[9]. RA is widely distributed throughout the body
and may have various functions to the body. On
the other hand, excess intake of vitamin A has been
suggested to increase the risk of inflammatory
bowel disease (IBD) [22]. Because of the organ-
specific isoform distribution of RALDH, it is pos-
sible to control RA concentration Iomlly by using
an RALDH isoform-specific inhibitor, leading to
decrease in excessive adhesion molecule expressien.
Cymbopagon citrates, known as “lemon grass”, i

commonly used in Thai and Vietnamese coe)km«
Lemon grass also has been used for medical
purposes, especially in cases of diarrhea, for many
years in West Africa and India, though the
mechanisms of its actions have not been clarified.
Its principal ingredient, citral, has been reported to
have two distinct functions, an anti-microbacterial

activity against bacteria or fungi [17] and inhi-
bition of RALDH activity {‘i} Therefore, we
hypothesized that intake of natural food rich in
citral may control aberrant lymphocyte recruitment
to the gut and may control intestinal inflammation.

To assess this hypothesis, we chose senescence-
accelerated mice (SAMP1/Yit) that develop chronic
ileitis spontaneously, especially at the end of the
ileum, }ngtalowmaﬂv resembling (D, with virtually
100% penetrance at the age of 30 weeks [12]. In
this study, we investigated the effect of lemon grass
treatment on }mphmvte recruitment to m‘resmml
microvessels. In addition, the effect of long-term
treatment of lemon grass on severity of ileitis in
SAMP1/Yit mice was also investigated.

MATERIALS AND METHODS

Animals and Administration of Lemon Grass

SAMP1/Yit mice (kindly provided by Dr. Satoshi
Matsumoto, Yakult Central Institute for Micro-
biological Research, Tokyo, Japan) and control
AKR/T (9-35 weeks) mice (Japan Clea Co., Tokyo,
Japan) were maintained in an animal wlonv at
National Defense Medical College (NDMG), Saifam-
a, Japan. They were housed in a specific pathogen-
free animal facility. Freshly prepared lemon grass
solution was added to drinking water. To eliminate
difference of citral concentration between batches of
lemon grass (imported from Thailand and distrib-
uted by MIMURO, Shizuoka, Japan), we prepared
7500 g of lemon grass and mixed it thoroughly and
we pdoked 5¢in ecwh package and stored carefully
in cool dark plcu,e until just before use. The lemon
grass was boiled and added to the drinking water at
thf: concentration of 25 g/500 mL. This concentra-
tion was chosen in refexen{,e to lemon grass tea and
tom yam soup. In a lemon grass tea, one tea spoon
of lemon grass (2-3 g) is used in one r,up of boiling
water (200 mL). In tom yum soup, 25 g of lemon
grass is used (for aromatic ac'\cht:u)n) in about
300 mL of the soup.

For lymphocyte trafﬁcking study, T lymphocytes
were isolated from mice which received lemon grass
treatment for two weeks (n = 5 in each Q;I‘Oup) To
evaluate the effects of long-term treatment on activ-
ity of ileitis, SAMP1/Yit mice received lemon grass
treatment for 26 weeks from nine weeks of age until
35 weeks of age (n = 9in each group). Because the
environment affects the development of ileitis, we

Microcirendation 2010, 17, 1-12
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studied control group and treatment study simulta-
neously. Mice of the same age were divided inuto two
groups. We sacrificed at 26 weeks for the histological
evaluation. Observation of body weight was contin-
ued until 35 weeks. The expcmmcntal protocol was
approved by the Animal Research Committee of
NDMC(: (No. 7504), and the care and use of labora-
tory animals were in accordance with the guideline.

Measurement of Citval Concentration and Evaluation
of All-Trans Retinoic Acid Formation

The concentration of citral in lemon grass solution
and in the serum was measured bv high-perfor-
mance liquid chromatography (HPLC) [30].
All-trans retinoic acid (ATRA) formation from
all-trans retinal was also evaluated in mesenteric
lymph nodes (MLNs) by HPLC. In brief, MLNs
were sonicated and 500 ug of protein was incubated
with 3.0 mg of all-trans retinal (Sigma Chemical
Co., St Louis, MO, USA) dissolved in 30 mL
dimethyl sulfoxide in 20 mM HEPES buffer, pH 7.5
containing 150 mM KCl and 2 mM lediﬂlioﬂlreb
tol, of which the total volume was 1500 mL. After
incubation at 37.8°C for 20 minutes, 500 mL satu-
rated ammonium sulfate was added to 500 mL of
reaction mixture to stop reaction. Then, 500 mL
ethanol, 2 ml. pure water and 4 mL of a solution
containing n-hexane, acetic acid and dichlorome-
thane (80 9:1). were ‘added to the mixture. In each
sample 20 mM  arotinoid ethylsulfone (Kindly
dormted by Hoffmamm-La Roche [Basel, Switzer-
land]) was added as an internal standard. After
samples were shaken well for 10 minutes, centri-
fuged at 2700 g for four minutes and the organic
LdVﬁI’ was ec)ﬂegmd After evaporation the extracts
were re-dissolved in 200 mlL n-hexane, and 50 uL
of the solution was used for HPLCU quantitation.
The areas under the curves of various retinoids,
including ATRA and arotinoid ethylsulfone, were

then calculated using a chromato-integrator.

Analysis of RALDH2 mRNA Expression by RT-PCR

DCs were isolated from MLNs by magnetic cell
sorting system (MACS:; Miltenyi Biotee, Auburn,
CA, USA) with Pan DC MicroBeads (130-092-465;
Miltenyi Biotec). MicroBeads were conjugated to
monoclonal anti-mouse CD11e¢ (N418) antibodies
(isotype: hamster Ig(s) and anti-mRDCA-1 ant-
bodies (isotype: rat IgG1). Total BNA was
extracted from isolated DCs using the RNeasy Mini
isolation kit (Qiagen, Hilden, (;t:rmanv) Ahquotb

Microcireidation 2010, 17, 1-12
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of total RNA were reversely transcribed using
SuperSeriptll  Reverse Transcriptase (Invitrogen
Co., Carlsbad, CA, USA). Primers aud probes for
RALDH2 were performed by using Assays-on-
Demand Gene Expression probes (Mm00501306)
(Applied Biosystems, Foster (mcy CA, USA).
TagMan RT-PCR was performed in tn;}h(,atc for
each sample using the ABI PRISM 7700 Sequence
Detector (Applied Biosystems). To standardize the
quantitation of RALDH2 gene, GAPDH from each
sample was quantified on the same plate with the
target genes by using TagMan Rodent GAPDH
Countrol Reageuts VIC (Applied Biosystems).

Isolation of T Lymphocytes and Analysis of Surface
Adhesion Molecules by Fluorescence-Activated Cell
Sorter

AKR/T and SAMP1/Yit mice spleen were isolated
and red blood cells were lysed in ammonium phos-
phdtc/dﬂcmde lysis buffer. A whole cell population
of 2x107 lymphocytes in 3 mL RPMI medium
with 1% fetal calf serum was incubated in 1 g of
nylon wool (Wako Pure Chemical, Osaka, Japan)
in a column for one hour at 37°C, and the eluted
fraction was designated as the T cell. Purity of T
cells was confirmed by CD3 positive cells by flow-
cytometry and was at least more than 95%. For
immunofluorescence staining, anti-mouse MAbs
against mouse P7-integrin (FIB27) (PharMingen,
San Diego, CA, USA) and CCR9 (#242503) (R&D
hystems‘ Mnmedpohs MN, USA) were used. Flow
cytometric analysis was performed using FACScali-
bar (Becton Dickinson, Mountain View, CA, USA).

tymphocyte Labelling with Carboxyfluorescein
Diacetate Succinimidy! Ester and Intravital
Observation of Lymphocyte Migration in Murine
Small Intestinal Mucosa

Carboxyfluorescein diacetate succinimidyl ester
(CFDSE; Molecular Probes, Eugene, OR, USA)
was used for lymphocyte labeling as previously
described [5]. After an intraperitoneal injection of
pentobarbital sodium (50 mg/kg), the five-cm ileal
segment was gently placed onto the plate. A longi-
tudinal incision was made by microcautery along its
anti-mesenteric border. The intestine was kept
warm and moist by continuous superfusion mth
warmed phyamlﬂwm} saline. Lymphocytes (2 x 107

dissolved in 0.2 mL. RPMI) were injected into the
jugular vein of the recipient mice for three minutes.
The cell kinetics of infused labeled lymphocytes in
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villus microcirculation was observed from the
mucosal surface by an inverted fluorescence micro-
scope (Diaphot TMD-28; Nikon, Tokyo, Japan)
equipped with a silicon-intensified target camera
with a contrast-enhancing unit (C-2400-08; Ham-
amatsu Photonics, Shizuoka, Japan) [5,13] and
recorded at ten-minute intervals for 60 minutes. We
defined the sticking lymphocytes as the lymphocytes
that adhered to the wall at the same position in the
microvessels without moving away for more than 30
seconds [5,13]. We measured the number of stick-
ing lymphocytes to the ileal microvessels per mm?.

Effect of Long-Term Lemon Grass Treatment on
Spontaneous Heitis of SAMP1/Yit Mice

After long-term lemon grass treatment, terminal
ileum was removed at 26 weeks of age, and histo-
logical changes were evaluated in H&E stained sec-
tions in a blinded fashion.

The MAdACAM-1 expression in vascular endo-
thelium and P7-integrin positive cell infiltration
were assessed immunohistochemically by using the
labeled streptavidin biotin method. Small intestine
of mice were removed and fixed in periodate lysine
paraformaldehyde. Cryostat sections were incu-
bated with mAb against MAACAM-1 (MECA-367;
0.5 mg/mL) (PharMingen) or B7-integrin (FIB27;
0.5 mg/mL) (PharMingen) diluted 50 times with
PBS overnight at 4°C. Sections were visualized by
FITC-conjugated  streptavidin - (Amersham)  for
30 minutes at room temperature. These sections
were observed under a confocal microscope (Carl
Zeiss Inc., Oberkochen, Germany).

Statistics

All results were expressed as means = SD. The data
were analyzed using an one-way ANova with Fish-
er’s post hoc test. Statistical significance was set at
p < 0.05. Student’s £-test was used when only two
groups were compared. Statistical significance was
set at p < 0.05.

RESULTS

Effect of Oral Intake of Lemon Grass Solution on
Citral Concentration and Formation of ATRA in
AKR/J Mice

We first examined whether oral intake of lemon
grass solution affects the physical condition of con-

trol AKR/T mice. There was no difference in solution
consumption between lemon grass treated AKR/J
mice group and control water AKR/J mice group
(each 7.5 ml/day). There was no difference in diet
consumption and there was no difference in weight
gain and general appearance between two groups
during observation period for two weeks. The con-
centration of citral in the blood of lemon grass-trea-
ted AKR/J mice was 24.8 + 13 ng/mL by HPLC
assay (Figure 1A).

RALDH2 mRNA is expressed in DC of MLNs in
AKR/J mice as well as in SAMP1/Yit mice. The
level of RALDH2 mRNA expression in DC from
MLNs was not changed by lemon grass treat-
ment (data not shown). RALDH2 catalyzed the
irreversible pathway from retinal to all-trans RA
and 9-cis-RA. Both all-trans RA and 9-cis-RA are
physiologic RA, although physiologic activity of
9-cis-RA is much less than that of «ll-trans RA.
We also determined by in witro experiments
whether conversion of retinal into RA occurs in
MENs of AKR/I mice. All-trans retinal was
converted into ATRA by the addition of protein
extract from MLNs (Figure 1B). Conversion of
ATRA was significantly attenuated by adding citral
to them.
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Figure 1. (A) Peak curve of citral in murine serum
detected by nsing high-performance liqnid chvomatogra-
phy (HPLC). (B) Formation of all-trans retnoic acid
from all-trans retinal by inenbation with protein extract
from mesenteric lymaph nodes of AKR/I mice using
HPLC and the effect of cial. Representative data from
four individual measurements are shown.
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Effect of Oral Intake of Lemon Grass Solution on
Expression of Gut-Homing Molecules on T cells by
Fluorescence-Activated Cell Sorter

Citral has been shown to attenuate the expression
of B7-integrin and CCRY on T lymphocytes co-cul-
tured with DC in vitro [14]. We therefore investi-
gate whether oral administration of lemon grass
rich in citral to mice affects the expression of
cut-homing molecules on lymphocytes in vivo.
Figure 2A shows the expression of B7-integrin on
T lymphocytes isolated from AKR/J mice and
SAMP1/Yit mice. Percentage of B7-integrin™#"
expression positive cells of AKR/I mice was

>
100

Regular water

U 1

Lemon grass ameliorates ileitis
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decreased by lemon grass treatment for two weeks
compared with that in the controls, suggesting
that a decrease in B7-integrin™®" expression level
occurred even in AKR/T mice. The expression level
of B7-integrin™®" in non-treated SAMP1/Yit mice
(diseased controls) was significantly higher than
that in AKR/T mice. In SAMP1/Yit mice treated
with lemon grass, however, B7-integrin™® expres-
sion was successfully attenuated to a level almost
the same as that in AKR/J mice. Figure 2B shows
the effect of lemon grass treatment on expression of
CCRY levels. Similar to the observation of B7-inte-
arin™®  expression, lemon grass treatment

decreased the expression level of CCRY in AKR/J
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Figure 2. Expression of B7-integrin (A) and CCR9 (B} on T lymphocytes determined by flow cytometric analysis.
Representative data from four individual measurements are shown.
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mice, although the degree of deuedbe was less
observed ti}au that of ﬁ'ﬁmteﬂmx}“ '. The increased
level of GCRY expression in SAMP1/Yit mice (dis-
eased control) was also significantly reduced to a
level comparable to that in AKR/T mice.

in vivo Observation of Lymphocyte Migration to
lleal Microvessels and the Effect of Lemon Grass
Treatment

To investigate the functional significance of
changes in gut-homing molecules, adhesive inter-
action of labeled T lymphocytes with ileal micro-
vessels was observed. Lymphocytes were isolated
from the spleens of AKR/I mice. In order to
examine the effect of oral lemon grass solution
intake, AKR/J] mice were treated for two weeks
before isolation of lymphocytes. In these experi-
ments, the numbers of lymphocytes entering ileal
microvessels were not significantly different among
the treatment groups at 10 minutes after infusion
(data not shown). The number of lvmphocyteb
adhering to intestinal microvessels increased in a
time- dependem; manmer and reached almost a sat-
urated condition at 40-60 minutes. Figure 3A-C
shows representative microscopic images 60 min-
utes after cell infusion. Consistent with significant
ileitis, a remarkable enhancement of lymphocyte
adherence was observed in the ileal mucosa of
SAMP1/Yit mice (Figure 3B) compared with that
in AKR/J auimals (Figure 3A). However, interest-
ingly, when we used lymphocytes isolated from
lemon grass treated animals, the increased lym-
phocyte recruitment to microvessels was abrogated
in SAMP1/Yit mice (Figure 3C)) and the number
of adhering lymphocytes remained small as was
comparable to that in contol AKR/] mice
(Figure 3D). Although we showed that lemon
grass treatment decreased T cell recruitment to
inflamed intestinal mucosa by using T cells from
AKR/J mice in this study, we observed in our pre-
liminary study that lemon grass treatment
decreased T cell recruitment to inflamed intestinal
mucosa by using T cells from SAMP1/Yit mice
also (data not shown).

Preventative Effect of Long-Term Lemon Grass
Treatments Against Development of leitis in
SAMP1/Yit Mice

Next we investigated the preventative effect of
long-term lemon grass treatment against develop-
ment of ileitis. At the time of weaning, there was

B

SAMPLIYi

Figure 3. Representative images of distribution of fluo-
rescence-labeled lymphoeytes in the ileal microvessels
after infusion of T lymphoeytes isolated from spleen of
AKR/J mice with or withont lemon grass weatment for
two weeks. (A) Adherent lvmphoevtes in AKR/I mice
(Bar: 100 wm). (B) Increased adhierent Iymphoeytes in
SAMP1/Yit mice. (C) Decreased number of adhierent
Iymphoeytes from lemon grass treated AKR/J mice to
SAMP1/Yit mice. (D) ?\mmher of lymphocytes sticking
in the 1 mm” observation field in AKR/T mice and "»AM-
P1/Yit mice. T lymphoeytes isolated from AKR/] mice
without lemon grass treatment: (open bar). T lympho-
cytes isolated from AKR/J mice with lemon grass teat-
ment : (closed bar). Values are expressed as means £ SD
for five animals. *p < 0.05 vs. without lemon grass
treatment,

no histological evidence of ileitis in SAMP1/Yit
mice. As previously reported [19], mild to moder-
ate ileitis was first found in SAMP1/Yit mice at
20 weeks of age and reached 100% penetration by
30 weeks. As :.hown in Figure 4, body weight of
SAMP1/Yit mice without receiving treatment (dis-
eased controls) stopped increasing at about
20 weeks of age and gradually decreased after
25 weeks of age. However, body weights of SAM-
P1/Yit mice treated with lemon grass continued to
increase after 25 weeks.

Histological changes in the ileum are shown in
Figure 5. SAMP1/Yit mice at 20 weeks showed
dmrd(,temsmc features in the ileum, decreased vil-
lus  height (Figure 5B), submucosal thickening
{(Figure 5E) and increased size of muscular layer
(Figure Z)H) compared with those in control
AKR/T mice (Figure 5A,D,G). On the other hand,
these histological alterations were runmkabiv
attennuated in the ileal mucosa of SAMP1/Yit mice
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Figure 4. Time course of changes in body weight of
SAMP1/Yit mice receiving regular water or lemon grass
treatment. Body weight was expressed as percentage of
weight at 18 weeks. Solid line represents lemon grass
drinking, and dotted line for regular water drinking.
Data are means £ SD for nine animals. *p < 0.05 vs.
SAMP1/Yit mice receiving regular water.

that received long-term lemon grass treatment
(Figure 5C,F.I). The level of histological changes
remained small as was comparable to that in con-
trol AKR/J mice (Figure 51.K.L). Figure 5] shows
villus height. SAMP1/Yit mice showed signifi-
cantly shortened villus height than those in AKR/J
mice. Lemon grass treatment in SAMP1/Yit mice
significantly attenuated the shortness of the villus
height. Figure 5K,L showed the thickness of sub-
mucosal and muscular layer. SAMP1/Yit mice
showed significantly greater thickness than those
in AKR/J mice. Lemon grass treatment also effec-
tively attenuated those parameters in SAMP1/Yit
mice.

Next we investigated how lemon grass treatment
affected the infiltration of B7-integrin-positive cells
and the expression of MAACAM-1, a counter ligand
for B7-integrin, in the ileal mucosa of SAMP1/Yit
mice. In control AKR/] mice, some B7-integrin-
positive cells were found i the lamina propria, and
MAdCAM-1 was also weakly expressed constitu-
tively in the small venules. In SAMP1/Yit mice, on
the other hand, a significant increase in the number
of B7-integrin-positive cells (Figure 6B,F) with
increased expression of MAACAM-1 (Figure 6C.G)
were demonstrated by immunohistochemistry. With
or without lemon grass treatment, no difference
was observed in the expression level of MAdCAM-1
in SAMP1/Yit mice (Figure 6(.D,G). However,
lemon grass treatment significantly inhibited the
increase in B7-integrin-positive cells in the ileum of
SAMP1/Yit mice (Figure 6B,E) to levels almost
comparable to those in AKR/I mice (Figure 6F).
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DISCUSSION

In this study, we first demonstrated that oral
administration of lemon grass, which contains cit-
ral, a RALDH2-specific inhibitor, successfully
attenuated  lymphocyte  recruitment to  the
inflamed small intestinal mucosa by attenuating
the expression of B7-imtegrin and CCR9 on T
cells. We further demonstrated that long-term
lemon grass treatment significantly attenuated the
development of ileitis in SAMP1/Yit mice, a mur-
ine model for CD. Among the vitamin A metabo-
lites, RA is the most powerful substance for
activating B7-integrin expression on T cells [10].
In addition, the concentration of RA is controlled
by RALDH locally. Thus it is possible to control
tissue RA concentration by the use of an RALDH
inhibitor. It is well known that citral is a natural
RALDH?2 inhibitor [4], and it has recently been
reported that citral has the ability to attenuate
the expression of gut-tropic homing molecules on
lymphocytes in vitro by decreasing RA [9].
Although citral blocked RALDH2 activity, the
expression of RALDH2 mRBNA itself was not
inhibited by citral treatment in this study. As
RALDH2 is distributed specifically in MLNs [9],
local control of the concentration of RA in MLNs
is thought to be an effective strategy for attenua-
tion of T cell recruitment to the inflamed gut.
However, in this study, we also observed
decreased expression of gut-homing molecules in
splenic T lymphocytes after lemon grass treatment
for two weeks. As the spleen is a secondary lym-
phoid tissue through which trafficking of many
lymphocytes occurs, we speculate that a signifi-
cant amount of lvmphocytes migrated from MLNs
to the spleen via systemic circulation after expres-
sion of homing molecules or receptors.

It is generally accepted that control of lymphocyte
recruitment to the inflamed intestinal mucosa is an
effective strategy for treatment of IBDs. Actually,
we previously reported that control of T cell
recruitment by using an antibody against MAd-
CAM-1 ameliorated ileitis in the same SAMP1/Yit
mice [13]. In a clinical setting, much interest has
been shown in the therapeutic benefit of endothe-
lium-leukocyte interaction for patients with IBD,
and several agents have been investigated in pla-
cebo-controlled trials in IBD patients. The use of
anti-o4 integrin antibody therapy for the wreatment
of CD with the humanized antibody natalizumab,
which targets the od-integrin  on leukocytes
expressing 04B1 as well as 04B7 has been most
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Figure 5. Histological changes of the lenm as determined in hematoxylin and eosin stained sections. (Bar: 100 wn)
(A, D & G). Control AKR/T (B, E & H) SAMP1/Yit mice at 26 weeks show discontinuous inflammation, character-
ized by distorted villons architecture (A and B), expansion of lamina propria (D and E), and thickening of museular-
is propria (G and H). (C, F & I) SAMP1/Yit mice at 26 weeks with long-term lemon grass drinking. These
histological changes are significantly attenuated. Histological determination of villus height (J), submucosal thickness
(K), and thickness of musenlar laver (L) in control AKR/J mice (open bar), SAMP1/Yit mice drinking water (dis-
eased control) (closed bar), and lemon grass drinking SAMP1/Yit mice (eross-hatched har). Values are expressed as
weans = SD for four animals. *p < 0.05 vs. SAMP1/Yit mice drinking regular water. ¥p < 0.03 vs. AKR/J mice.

extensively investigated. [6,24,29]. Although natal-
izumab showed benefit in a subset of patients dur-
ing an induction and maintenance trial in Crohn’s
disease [23], the emergence of a life-threatening JC
viral reactivation encephalitis interrupted pivotal
trials in 2005, and the potential development of
natalizumab remains in question, largely due to
these safety issues [31].

Moreover, the CCL25/CCRY chemokine ligand/
receptor pair has been reported to play an impor-
tant role in lymphoid cell trafficking in the small

bowel [7]. As CCL25 expression is limited to the
small iutestine and CCL25 is not expressed in the
colon in physiological or inflamed conditions,
CGCL25/CCRY play a significant role in small bowel
inflammation. Actually, aberrant small bowel
expression of CCL25 in patients with €D and
increased proportion of CCRI(+) T cells in peri-
pheral blood of patients with small bowel inflam-
matory diseases such as CD and celiac disease have
been reported [20]. Saruta et al. recently demon-
strated that CCR9(+) T cells in small bowel CD
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Figure 6. B7-integrin positive cells and MAJCAM-1 expression in the ilenm as detenmined by imunoldstochemistry.
(Bar: 100 pm) As a control, using the IgG staining image in ileal mucosa of BAMP1/Yit mice (A). Immmmostaing for
B7-integrin (B, E) and MAdCAM-1 (C. D) in SAMP1/Yit ileitis mice with control water treatment (B, €) and 5AM-
P1/Yit mice with lemon grass treatment (D, E) at the age of 26 weeks. The mumber of B7-positive cells is expressed
as cells per millimeter of musenlaris mucosa (F) in control AKR/J mice (open bar), SAMP1/Yit mice drinking water
(diseased control) (closed bar), and lemon grass drinking SAMP1/Yit mice (cross-hatched bar). The MAdCAM-1
positive vessels are quantified by using an image analyzer, and expressed as area of positively stained vessels per mil-
limeter musenlaris mucosa (G). Values are means £ 8D for four animals. *p < 0.05 vs. SAMP1/Yit mice drinking
regular water. Tp < 0.05 vs. AKR/J mice.

are pro-inflammatory, supporting the rationale for However, we must emphasize that care must be
the use of CCR9 antagonists for treatment of taken in the use of antibodies against adhesion
human small bowel CD [25]. molecules or syuthetic antagonists of chemokine
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