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ABSTRACT 
Backgrounds: Aquaporins (AQPs), the mammalian 
water channels, have been localized in various organs, 
including the gastrointestinal (GI) tract. We examin- 
ed AQPs expression in rat models of massive intesti- 
neal resection to determine the functions of AQPs in 
the GI tract. Methods: Female Sprague-Dawley rats 
(n = 15) underwent 90% resection of the small intes- 
tine, and Female Wistar-Kyoto rats (n = 10), received 
subtotal colectomy, and were sacrificed following the 
operations. RNase protection assay and quantitative 
reverse transcription-polymerase chain reaction (RT- 
PCR) were performed to measure the AQPs mRNA 
expression in the GI tract. Immunohistochemistry was 
performed to confirm AQP8 protein expression. Re- 
sults: AQP8 mRNA expression (mean ± standard er- 
ror), was enhanced in the jejunum of the short bowel 
rats at days 7 and 14 (37.6% ± 1.4% and 18.5% ± 
2.4%, respectively, p < 0.01). Enhancement of AQP8 
mRNA was also observed in the remnant rectum of 
the subtotal colectomized rats at both days 21 and 42 
(116.1% ± 4.5% and 143.3% ± 7.4%, respectively, p < 
0.01). Immunohistochemistry demonstrated enhanced 
AQP8 expression in the remnant rectum of the sub- 
total colectomized rats. No intensive change was ob- 
served with other AQPs in both models. Conclusions: 
Our results suggest a compensatory role of AQP8 in 
the maintenance of intestinal fluid balance. 
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1. INTRODUCTION 
Water-selective channels (aquaporins: AQPs) have been 
identified as molecules located mainly on the plasma 
membrane of various cell types and increase water per- 
meability [1]. The mammalian water channel, AQP1, was 
first identified as a homologous protein to MIP (major 
intrinsic protein of bovine lens) in erythrocytes [1,2] and 
was also shown to be present in the proximal tubule and 
the thin descending limb of Henle in the kidney. By means 
of the homology cloning technique, AQP2 through 10 
have been cloned from various organs: AQP2 [3] and 
AQP3 [4] from the kidney, AQP4 from the brain [5], 
AQP5 from the salivary gland [6], AQP6 from the kid- 
ney [7], AQP7 from the testis [8], AQP8 from the pan- 
creas and liver [9], AQP9 from the liver [10] and AQP10 
from the small intestine [11]. 

Recent studies have demonstrated expression of seve- 
ral types of AQPs in the gastrointestinal (GI) tract, sug- 
gesting their participation in water absorption or secre- 
tion [1,4,5,9]. We have demonstrated both mRNA and 
protein expressions of AQP1, AQP3, AQP4 and AQP8 
in the rat GI tract [12,13]. However, the functions of 
AQPs in the GI tract have not yet been well elucidated. 

In the present study, we examined the mRNA expres- 
sion of AQPs in rat models of massive resection of the 
small intestine or subtotal colectomy in order to investi- 
gate the possible functions of AQPs in the GI tract during 
postoperative adaptation to intestinal resection. 

2. METHODS 
2.1. Experimental Animals 
All experiments and surgical procedures conformed to *Corresponding author. 
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the guidelines for the proper care and use of laboratory 
animals provided by the Public Health Service, National 
Institutes of Health. For the short bowel model, female 
Sprague-Dawley (SD) rats weighing approximately 270 
g were purchased from Charles River Japan (Yokohama, 
Japan). Female Wistar-Kyoto (WKY) rats weighing ap-
proximately 120 g were also obtained for the subtotal 
colectomy model. Throughout the experimental period 
except for 12 h prior to the surgical procedures, the ani-
mals were given free access to standard lab rat chow and 
tap water. Animal conditions and weights were recorded 
daily.  

2.2. Short Bowel Model 
The rats were divided into three groups. The Group SB 
(n = 15) underwent an operation to resect about 90% of 
the small intestine with primary anastomosis. Group 
Sham-SD (n = 15) underwent a sham operation, and 
Group N (n = 4) acted as a normal control without any 
surgical procedure. Animals were denied food for 12 
hours and were anesthetized by inhalation of diethylether 
and intraperitoneal injection of pentobarbital. In Group 
SB, ~90% of the small intestine was resected from 5 cm 
distal to the ligament of Treitz to a point 5 cm proximal 
to the ileocecal valve, and underwent jejunoileal anasto- 
mosis. In Group Sham-SD, the jejunum was divided at 5 
cm distal to the ligament of Treitz, and underwent jeju- 
nojejunal anastomosis without removal of the small in- 
testine. All bowel anastomoses were completed with five 
interrupted 5 - 0 silk sutures. The abdominal wound was 
closed in two running layers, using 2 - 0 silk. 

Two rats of Group SB and 2 of Group Sham-SD died 
from anesthesia failure, and 2 rats of Group SB and 1 of 
Group Sham-SD died from anastomosis failure. 

The animals of both Group SB and Group Sham-SD 
were sacrificed at day 7 (n = 4 and n = 4, respectively), 
day 14 (n = 3 and n = 4, respectively), and day 28 (n = 4 
and n = 4, respectively) after the operation. In Group N, 
the animals were sacrificed at day 28. Total RNAs were 
isolated from the lower portions of the jejunum, ileum, 
and proximal and distal colons using a modified acid gu- 
anidiniumthiocyanate phenol-chloroform extraction me- 
thod by using TRIzol (GIBCO BRL, Life Technologies, 
Rockville, MD, USA) as described previously [12]. 

2.3. Subtotal Colectomy Model 
Female Wistar-Kyoto rats weighing about 120 g were di- 
vided into two groups. Group TC (n = 10) underwent 
subtotal colectomy with primary anastomosis, and Group 
S-WKY (n = 8) underwent a sham operation. Animals 
were denied food for 12 hours and were anesthetized as 
described above. In Group TC, a short segment of the 
ileum and all the large intestine was resected from 2 cm 

proximal to the ileocecal valve to 2 cm proximal to the 
anal verge, and underwent ileorectal anastomosis. In Group 
S-WKY, the ileum was divided at 2 cm proximal to the 
ileocecal valve, and underwent ileoileal anastomosis with- 
out removal of the small or the large intestine. All bowel 
anastomoses were completed as described above. 

One rat of Group TC and one in Group S-WKY died 
from anesthesia failure; however, no rat died from anas-
tomosis failure. 

The animals of both Group TC and Group S-WKY 
were sacrificed at postoperative day 21 (n = 4 and n = 4, 
respectively) and day 42 (n = 5 and n = 3, respectively). 
Total RNAs were isolated from the jejunum, the middle 
portion of the small intestine, the ileum, and the remnant 
rectum as described above. 

2.4. PCR Cloning of Rat Aquaporins 
Rat AQP1 (356 bp; +226 ~ + 581), rat AQP3 (377 bp; 
+256 ~ +632) and rat AQP4 (330 bp; +302 ~ +631) 
cDNA fragments were obtained from the rat colon 
(AQP1 and AQP3) or ileum (AQP4) by the PCR-based 
cloning method using the nested, degenerate oligonuc-
leotide primers for the AQP family as reported previous-
ly [12]. The PCR products were subcloned into pGEM T- 
vectors (Promega Japan Inc., Tokyo, Japan) and their se- 
quences were verified using an automated DNA sequenc- 
er (Perkin Elmer, Foster City, CA, USA). A partial frag- 
ment of rat glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) cDNA of 123 bp was inserted in pGEM 3Z 
(Promega). Rat AQP8 cDNA (315 bp; +701 ~ +1015) 
was subcloned into pGEM 11Z (Promega) using a me-
thod reported previously [9,12]. 

The plasmids inserted with the rat AQP genes were li-
nearized with appropriate restriction enzymes and used 
as templates for the in vitro transcription of [32P]-labeled 
antisense cRNA probes. 

2.5. Ribonuclease Protection Assay 
Ribonuclease (RNase) protection assay was carried out 
as described previously [9,12]. In brief, 10 g of each total 
RNA sample was hybridized with the AQP and GAPDH 
probes containing a specific radioactivity of 1 × 105 cpm 
each in 10 ml of hybridization buffer (80% formamide, 
40 mM PIPES, 0.4 M NaCl, 1 mM EDTA) overnight at 
48˚C. Unhybridized probes were then digested with 
RNase A and RNase T1 at 30˚C for 1 hour, and the 
RNases were digested with proteinase K at 37˚C for 30 
minutes. After phenol/chloroform extraction, the hybri-
dized probes were precipitated with ethanol, denatured at 
85˚C, and electrophoresed on 6% polyacrylamide gels. 
The dried gels were exposed to X-ray films (Fuji Photo 
Film Co., Kanagawa, Japan) for 3 days. After developing, 
the autoradiography films were optically scanned by HP 
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ScanJet 3C (Hewlett- Packard Co., Greeley, CO, USA) 
and the density of each band was analyzed by a compute- 
rized densitometry using Power Macintosh 9500/132 
(Apple Computer, Cupertino, CA, USA) employing NIH 
Image software version 1.59 (NIH Division of Computer 
Research and Technology, Bethesda, MD, USA). The da- 
ta are represented as mean ± standard error (SE) of ratios 
(AQP/GAPDH mRNA densitometric unit) × 100%, as 
reported previously [12].  

2.6. Quantitative RT-PCR 
Because significant changes were observed only in 
AQP8 mRNA expression in both experimental models by 
the RNase protection assay, further examination of AQP8 
mRNA expression of both experimental models by quan-
titative RT-PCR assay was performed. 

Total RNA (1 g) of each sample was reverse-trans- 
cribed at 42˚C for 1 h by using an oligo (dT) primer and 
Superscript II reverse transcriptase (GIBCO BRL) in a 
volume of 20 µl. Each reverse-transcript was used as a 
template for multiplex quantitative PCR to measure each 
AQP mRNA and GAPDH expression in a single well by 
means of an ABI PRISM 7700 Sequence Detection In-
strument (PE Biosystems Japan, Chiba, Japan).  

The AQP8-specific primers were  
5’-GGCAGGTGGTGGGATCTCT-3’ and  
5’-GCCTAATGAGCAGTCCCACAA-3’, and the fluo 
rogenic probe was  
5’-TGGATCTACTGGCTGGGCCCACTC-3’. A  
GAPDH TaqMan Rodent GAPDH Control Reagent 
VICTM Probe (PE Biosystems Japan) was used for ampli- 
fying rat GAPDH for use as an internal control. 

Amplification reactions (50 µl) contained a reverse- 
transcript (1 µl), 1 × TaqMan Universal PCR Master Mix 
(PE Biosystems), 900 nM of each AQP8 primer, 250 nM 
of AQP8 fluorogenic probe, 100 nM of rodent GAPDH 
primers, and 250 nM of rodent GAPDH fluorogenic 
probe. All quantitative 2 step-PCR reactions were per-
formed, according to manufacturer’s instructions under 
the following thermocycler conditions: 50˚C hold for 2 
min, 95˚C hold for 10 min followed by 40 cycles of 95˚C 
for 15 s, and 60˚C for 1 min. Template-negative controls 
were run on each PCR plate. A calibrator reverse-tran- 
script sample was amplified in parallel on all plates in 
order to allow comparison of samples run at different 
times. The data were analyzed using Sequence Detection 
Software (PE Biosystems Japan), and the values were 
represented as mean ± standard error (SE) of ratios 
(AQP/GAPDH mRNA amplicon) × 100%. 

2.7. Immunohistochemistry 

Because the results of mRNA quantification revealed en- 
hanced AQP8 expression in the remnant rectum of the  

subtotal colectomy group, immunohistochemistry for the 
remnant rectum of the subtotal colectomy group and for 
the rectum of the sham-operated group was carried out as 
described previously [13]. In brief, rat rectum samples 
were cut and fixed with methyl-Carnoy’s fixative (60% 
methanol, 30% chroloform, 10% acetic acid) overnight, 
dehydrated with ethanol, embedded in paraffin, and sec-
tioned at 4 µm. The slide-sectioned tissues were deparaf-
finated with xylene and ethanol, hydrated in distilluted 
water, then blocked with normal goat serum (1:20 dilu-
tion) for 1 hr. After rinsing with PBS three times, the 
slides were incubated with anti-AQP8 antibody (2.0 µg/ 
ml) (Alpha Diagnostic Intl. Inc., San Antonio, TX) for 1 
hr at 37˚C followed overnight at 4˚C. then rinsed with 
PBS three times, and incubated with goat anti-rabbit im- 
munoglobulins conjugated to peroxidase labeled polymer 
(En Vision, DAKO, Kyoto, Japan), and colored by dia- 
minobenzidine reaction. After being rinsed with distillut- 
ed water, the slides were counterstained with hematoxy- 
lin for observation. 

2.8. Statistical Analysis 
Mann-Whitney U-test was performed to compare the dis- 
tributions between two groups. Kruskal-Wallis test was 
used to the equality of more than two group means and 
Bonferroni’s correction to account for pairwise multiple 
comparisons. A two-tailed P value of <0.05 was consi- 
dered to indicate statistical significance. 

3. RESULTS 
3.1. Overall Animal Health 
The rats in both Group SB and Group Sham-SD lost bo- 
dy weight compared with normal animals (Group N). 
The body weight loss was more severe in Group SB 
compared to Group Sham-SD; however, it recovered at 
the end of the experiment (Figure 1). The subtotal co- 
 

 
Figure 1. Body weight change in the short bowel model. The 
values are expressed as mean ± SE. *p < 0.05 and ‡p < 0.01 
among the groups using Mann-Whitney U-test with corrected 
level of significance by Bonferroni method. 
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lectomy model also showed marked body weight loss in 
Group TC compared to Group S-WKY (data not shown). 

Watery stool was observed for 10 days postoperatively 
in both models of bowel resection (Group SB and Group 
TC) but was not observed in either model without bowel 
resection (Group Sham-SD and Group S-WKY). 

3.2. RNase Protection Assay 
In the short bowel model, the results of RNase protection 
assay showed no significant difference on AQP1, AQP3, 
AQP4 or AQP8 between the Group SB and Group Sham- 
SD (Tables 1-4). In the Group SB, neither AQP1 nor 
AQP3 mRNA expression changed periodically during 
the experimental periods (Tables 1 and 2), however, both 
AQP4 and AQP8 mRNA expressions of the jejunum were 
elevated at day 7 followed by a gradual decrease during 
the experimental period (Table 3 and 4). 

In the subtotal colectomy model, the AQP8 mRNA ex- 
pression level was changed by bowel removal; AQP8 
mRNA expression in the remnant rectum was obviously 
enhanced in Group TC at both day 21 and day 28, com-
pared to Group S-WKY (Figure 2). No significant chan- 
ges in AQP1, AQP3, and AQP4 mRNA expression were 
observed between Group TC and Group S-WKY (data 
not shown). 

3.2. Quantitative RT-PCR 
By significant quantitative RT-PCR analyses, no changes 
in AQP1, AQP3, and AQP4 mRNA expression were ob-
served between Group SB and Group Sham-SD in the 
short bowel model, or between Group TC and Group S- 
WKY in the subtotal colectomy model (data not shown), 
however, AQP8 mRNA expression showed statistically 
significant changes in both animal models. 

In the short bowel model, AQP8 mRNA expression in 
the jejunum of Group SB, compared to that of Group 
Sham-SD, was enhanced at both day 7 (37.6% ± 1.4%, 
vs Sham-SD, p < 0.05) and day 14 (18.5% ± 2.4%, vs 
Sham-SD, p < 0.05) (Figure 3). In Group SB, AQP8 
mRNA expression in the jejunum was decreasing gradu-
ally, and was normalized by day 28 (37.6% ± 1.4%, 18.5% 
± 2.4%, and 16.3% ± 4.4%, Kruskal-Wallis test, p < 0.01) 
(Figure 3). AQP8 mRNA of Group SB, compared to that 
of Group Sham-SD, was also enhanced in the proximal 
colon at day 7 (20.7% ± 4.8%, vs Sham-SD, p < 0.05), and 
was normalized by day 14 (1.6% ± 0.8%) (Figure 3). 

In the subtotal colectomy model, significant enhance-
ment of AQP8 mRNA expression was observed in the 
remnant rectum of Group TC at both days 21 and 42 
(116.1% ± 4.5%, p < 0.01, and 143.3% ± 7.4%, p < 0.01, 
respectively) compared to Group S-WKY (Figure 4). 

3.3. Immunohistochemistry 
Immunohistochemistry using the anti-AQP8 antibody  

 
Figure 2. Expression of AQP8 mRNA in the remnant rectum in 
the subtotal colectomy model as examined by RNase protection 
assay. Group TC, subtotal colectomy group; Group S-WKY, 
sham-operated group, N; normal rat. 
 

 
Figure 3. RT-PCR quantification of AQP8 mRNA expression 
in the jejunum, ileum, proximal colon, and distal colon in the 
short bowel model. The values are expressed as mean (SEM) of 
ratios (AQP/GAPDH mRNA amplicon) × 100%. Kruskal-Wal- 
lis test is used to compare the distributions of three periods, and 
Mann-Whitney U-test with corrected level of significance by 
Bonferroni method used for pairwise multiple comparisons. * 
and ‡ represent p < 0.05 and p < 0.01, respectively. 
 
demonstrated prominent AQP8 protein expression in 
Group TC. AQP8 was expressed mainly in the cytoplasm 
of columunar epithelial cells of the remnant rectum 
(Figures 5(a) and (b)). AQP8 staining was negligible in 
the rectums of sham-operated rats (Figures 5(c) and 
5(d)). 

4. DISCUSSION 
Since the discovery of AQP1, 13 mammalian AQPs have 
been recognized, and clinical or physiological impor- 
tance of AQPs has been shown or suggested; AQP0 mu- 
tations have been identified in some forms of congenital 
cataracts [14]. AQP1-null individuals have shown limited  
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Table 1. Quantification of AQP1 mRNA expression in the short bowel model by RNase protection assay. 

 Group N Group SB Group Sham-SD 
  Day 7 Day 14 Day 28 Day 7 Day 14 Day 28 

Jejunum 3.9 ± 1.8 10.6 ± 4.2 23.8 ± 7.7 6.3 ± 1.1 4.3 ± 1.7 28.7 ± 12.0 6.7 ± 1.3 
Ileum 16.8 ± 4.1 3.0 ± 1.6† 8.9 ± 2.2 14.1 ± 3.1 16.7 ± 9.4 23.4 ± 2.3 33.1 ± 4.1 

Proximal colon 11.3 ± 2.4 4.9 ± 1.8 6.9 ± 1.6 10.7 ± 2.6 5.4 ± 1.8 6.2 ± 0.3 11.3 ± 2.4 
Distal colon 7.7 ± 0.6 10.2 ± 2.3 15.8 ± 4.3 13.4 ± 0.9 7.0 ± 1.9 22.0 ± 1.7 13.2 ± 1.0 

The values are expressed as mean ± SE of ratios (AQP/GAPDH mRNA densitometric unit) × 100%. In the Group SB, †p < 0.05 between Day 7 and Day 28, by 
Mann-Whitney U-test and Kruskal-Wallis method. 
 
Table 2. Quantification of AQP3 mRNA expression in the short bowel model by RNase protection assay. 

 Group N Group SB Group Sham-SD 
  Day 7 Day 14 Day 28 Day 7 Day 14 Day 28 

Jejunum 1.9 ± 0.3 4.7 ± 1.3† 8.1 ± 2.7 0.9 ± 0.7 3.1 ± 0.6 6.2 ± 0.8 0.6 ± 0.4 
Ileum 15.0 ± 0.6 5.5 ± 1.3 6.2 ± 0.6 2.0 ± 0.9 3.5 ± 3.1 6.0 ± 1.9 4.3 ± 1.9 

Proximal colon 5.4 ± 1.5 1.4 ± 0.6 4.3 ± 1.3 1.9 ± 0.6 5.7 ± 3.0 5.9 ± 0.7 4.7 ± 1.5 
Distal colon 13.0 ± 1.3 5.4 ± 2.2† 7.7 ± 2.2# 26.0 ± 2.9 4.7 ± 4.1 8.7 ± 1.5 26.1 ± 2.8 

The values are expressed as mean ± SE of ratios (AQP/GAPDH mRNA densitometric unit) × 100%. In the Group SB, †p < 0.05 between Day 7 and Day 28, and 
#p < 0.05 between Day 14 and Day 28, by Mann-Whitney U-test and Kruskal-Wallis method. 
 
Table 3. Quantification of AQP4 mRNA expression in the short bowel model by RNase protection assay. 

 Group N Group SB Group Sham-SD 
  Day 7 Day 14 Day 28 Day 7 Day 14 Day 28 

Jejunum 2.6 ± 0.7 3.9 ± 1.0† 2.9 ± 0.3# 0.5 ± 0.3 1.3 ± 1.3 3.4 ± 0.4 0.6 ± 0.6 
Ileum 11.2 ± 2.6 5.3 ± 0.2 1.8 ± 0.7 6.7 ± 1.6 8.6 ± 0.9 3.6 ± 0.5 12.0 ± 2.0 

Proximal colon ND ND ND ND ND ND ND 
Distal colon ND ND ND ND ND ND ND 

The values are expressed as mean ± SE of ratios (AQP/GAPDH mRNA densitometric unit) × 100%. In the Group SB, †p < 0.05 between Day 7 and Day 28, and 
#p < 0.05 between Day 14 and Day 28, by Mann-Whitney U-test and Kruskal-Wallis method. ND: not detected. 
 
Table 4. Quantification of AQP8 mRNA expression in the short bowel model by RNase protection assay. 

 Group N Group SB Group Sham-SD 
  Day 7 Day 14 Day 28 Day 7 Day 14 Day 28 

Jejunum 5.8 ± 0.6 11.1 ± 2.2† 8.4 ± 1.1# 2.9 ± 0.6 5.3 ± 1.4 4.8 ± 0.1 4.5 ± 1.4 
Ileum ND ND ND ND ND ND ND 

Proximal colon 12.7 ± 3.1 7.5 ± 1.6 4.0 ± 0.9 2.6 ± 0.3 9.1 ± 1.9 4.1 ± 1.0 2.5 ± 0.4 
Distal colon 35.2 ± 4.8 33.5 ± 6.9 35.6 ± 4.7 29.0 ± 4.7 8.6 ± 1.9 22.9 ± 5.2 18.0 ± 5.1 

The values are expressed as mean ± SE of ratios (AQP/GAPDH mRNA densitometric unit) × 100%.In the Group SB, †p < 0.05 between Day 7 and Day 28, and 
#p < 0.05 between Day 14 and Day 28, By Mann-Whitney U-test and Kruskal-Wallis method. ND: not detected. 
 
ability to maximally concentrate urine under water de- 
prived conditions [15], and have shown decreased pul- 
monary vascular permeability [16]. AQP2 mutation cau- 
ses clinical congenital diabetes insipidus [17], and AQP3 
and AQP4 seem to play a role in urinary concentration in 
knockout mice studies [18,19]. Abnormalities of AQP5 
distribution have shown to be related to Sjogren’s syn- 
drome [20]. Although several experimental models using 
transgenic mice lacking AQPs have been examined pre- 
viously [21], the functions of AQPs in digestive organs 
remain unclear.  

Previously we have shown the expression, distribution, 

and localization of AQPs in rat digestive organs includ- 
ing the GI tract: Generalized expressions of AQP1 and 
AQP3 mRNA are expressed widely along the gastroin- 
testinal tract, AQP4 mRNA is expressed selectively in 
the lower portion of stomach and the small intestine, and 
AQP8 mRNA is expressed more selectively in the jeju- 
num and colon [12,13]. We have also cloned AQP10 from 
the human jejunum. AQP10 was selectively expressed in 
upper sites of the small intestine such as the duodenum 
and jejunum in humans [11]. 

In the present study, we performed a quantitative inves- 
tigation using both RNase protection assay and RT-PCR 
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Figure 4. RT-PCR quantification of AQP8 mRNA expression 
in the jejunum, middle portion of small intestine, ileum, and re- 
mnant rectum in the subtotal colectomy model. The values are 
expressed as mean (SEM) of ratios (AQP/GAPDH mRNA am- 
plicon) × 100%. *p < 0.05 and ‡p < 0.01 between the two groups 
by Mann-Whitney U-test. 
 

 
Figure 5. Immunohistochemistry of AQP8 protein expression 
in the rectum of the subtotal colectomy model. (A) remnant 
rectum of Group TC at day 21. (B) remnant rectum of Group 
TC at day 42. (C) rectum of Group S-WKY at day 21. (D) rec- 
tum of Group S-WKY at day 42. (magnification (A) and (C): 
100×; (B) and (D): 400×). Enhanced AQP8 protein expression 
(arrow) was detected in the apical membrane of remnant rec-
tum of Group TCat both day 21 and day 42. 
 
to elucidate the changes of AQP family gene expression 
of mRNA in the rat gastrointestinal tract after bowel re- 
moval. One of our results showed increased AQP8 mRNA 
expression in the jejunum of the short bowel model at an 
early stage of the postoperative course, suggesting that  

AQP8, in the jejunum, plays a role of water movement 
between jejunal mucosa and lumen in order to dilute/ 
absorb the intestinal contents under short bowel condi- 
tion. Another result, prominent enhancement of AQP8 
mRNA expression in the remnant rectum of the subtotal 
colectomized rats, suggests that AQP8, in the rectum, is 
useful for water movement in the short length of the co- 
lon. 

On the other hand, no significant changes of AQP1 and 
AQP4 mRNA expression were observed in the GI tract in 
either experimental model (data not shown). Moreover, 
AQP3 has been suggested to function in the small and the 
large intestine by previous studies [22,23]. However, sig- 
nificant change of AQP3 mRNA expression was not de- 
monstrated in the present models. 

We also used immunohistochemistry to confirm the 
enhancement of AQP8 protein in the rectum of the sub- 
total colectomized rats being in accordance with the en- 
hancement of AQP8 mRNA expression. Our results show- 
ed prominent AQP8 protein on the columunar epithelial 
cells of the rectum of the subtotal colectomized rats, 
while the staining was negligible in the sham-operated 
rats. The cytoplasmic localization of AQP8 in the present 
study was different from that described in our previous 
report, in which AQP8 was localized on the apical mem- 
brane of the columunar jejunum and colonic epithelial 
cells [12,13]. It is not clear about this discrepancy of 
AQP8 localization. Further studies including an AQP8 
knockout model are expected to elucidate AQP8 function 
and localization. 

Physiological roles of water channels in water trans-
portation through the epithelial cell layer in the GI tract 
are still unclear. However, our results suggest an impor- 
tant role of AQP8 in the maintenance of intestinal fluid 
balance, and for adaptation to postoperative conditions. 
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