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Original Article 
 

Aquaporin10 Expression in 
Cadaveric Ileum with Varying 
Degrees of Mucosal Injury  
 
Abstract 
 

Objective: This study was conducted to provide an evidence for the qualitative analysis of 
AQP10 expression in cadaveric ileum and the mucosal changes that occur within first four 
hours of death.  
Study Design: Descriptive Study. 
Place and Duration: The study was conducted at Forensic Department of King Edward 
Medical University, Lahore. 
Materials and Methods: 30 specimens were collected from cadavers having an 
apparently healthy non-diseased intestine. Specimens of small intestine from cadavers with 
any obvious disease such as ulcers, injuries, deformities, obstruction due to scarring, 
cancerous states, perforations, tuberculosis and those who were shifted to the cold storage 
after 4 hours or more after death were excluded. All the specimens were immunostained 
with Fast Red TR / naphthol AS-MX Reagent. Variables studied were the presence/absence 
of AQP-10 and degree of mucosal injury.   
Results: All cases showed absence of aquaporin10 staining irrespective of any degree of 
mucosal injury. 
Conclusion: Cadaveric ileum showed absence of aquaporin10 which may be due to 
ischemia produced after death and the mucosal insult of varying degrees.  
Keywords: Cadaveric ileum, mucosal insult, Aquaporn10. 
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Introduction 
Aquaporn10 has a strong association with epithelial 
lining of ileum.  Alterations in fluid flux may contribute to 
increased susceptibility to injury to various layers of the 
small intestine specially mucosa. It is now known that 
ischemia can decrease the expression of aquaporins.  
Cadaveric ileum is being used for transplantation 
purposes and AQP10 expression in it has not been 
investigated yet. 
It is well known that fluid transport is an important 
function of small intestine.1 Discovery of water channels 
known as aquaporins and their expression in 
gastrointestinal tract suggests that aquaporins are 
playing a key role in the fluid transport there.2,3 
Mobasheri observed that aquaporin10 was expressed 
and localized in the apical membranes of absorptive 
epithelial cells, enterocytes and goblet cells lining the 
upper villi segment in the human ileum; it was attributed 
for maximal water or small solute absorption.4 The three 
glycosylation sites of aquaporin-10 provide the 
necessary signals for its location in the apical 
membranes.5  

Several experimental and clinical studies indicate that 
mucosal lesions in small intestine occur very early in 
shock.6,7,8,9,10  In experimental studies performed on the 
small intestines of rats and dogs, it was observed that 
after an ischemia of 60 minutes, the upper two thirds of 
villi were completely denuded while the lower one third 
remains relatively intact.7 Such intestinal lesions have 
also been reported in patients suffering from shock. 
Haglund divided these morphological changes in 
different grades. According to him, normal mucosa was 
graded as zero (0) and grades I till V showed increasing 
injury to mucosa. Grade I showed the presence of 
subepithelial space at the tip of villus, in grade II this 
space became extended along with epithelial lifting, 
which became more massive and extended to the sides 
of villus in grade III. Grade IV was characterized by 
denuded villus and in grade V disintegration of lamina 
propria was seen while the deeper layers of intestinal 
wall were still intact.6 

 It was suggested that detachment of epithelial cells 
from the basement membrane at the tip of villi was the 
first sign of ischemic lesion which was also 
accompanied by the presence of subepithelial blebs. 
Wagner suggested that these subepithelial spaces 
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appeared due to the seepage of cytoplasmic fluid 
accumulated in the cells due to ischemia. This fluid 
accumulation separated the epithelial cells from the 
basement membrane.9 

Similar findings were observed in the small intestine, 
commonly procured from the cadavers. It underwent an 
early ischemic injury while preserving it for 
transplantation purpose in patients suffering from small 
bowel syndrome, a condition where irreversible small 
bowel failure occurred. These were the cases where 
absorption of fluid and nutrients are insufficient to 
sustain life.  There is still no agreement which one 
among jejunum and ileum is better for this purpose as 
the ischemic changes observed are similar to those 
observed in experimental studies.10 Ischemia and 
reperfusion of the small intestine, both had been 
attributed to be responsible for similar mucosal 
lesions.11 

Experimental studies are being conducted on different 
aquaporins expressing tissues to see the effects of 
ischaemia. Downregulation of aquaporin1 is known in 
endocardium of heart after ischemia and hypoxia.12 

Aquaporin4 is normally expressed by the cardiac 
myocytes and its deletion is protective in acute 
myocardial ischemia-reperfusion. Hence, this molecule 
might be a future target in the treatment of acute 
myocardial infarction.13 
 Similarly, mucosal aquaporin10 expression reflects 
enterocyte integrity and was observed as a monitor of 
the extent of intestinal autolytic injury.  There is no 
evidence, as yet, of histological examination of 
cadaveric ileum studied in this way. Therefore, the 
objective and rationale of this study was the qualitative 
analysis (presence/absence) of AQP-10 and the 
mucosal changes in cadaveric ileum.  

 Materials and Methods 
Thirty cadaveric ileal specimens were collected within 2-
4 hours after death, at autopsy from Forensic 
Department of King Edward Medical University, Lahore, 
through purposive non-probability sampling technique 
after due permission from ethical committee and donor’s 
family. It was a descriptive study conducted in Pakistani 
population irrespective of gender and with age range 
from 20 – 40 years.  
To procure ileal specimens, ileocaecal junction was 
identified, and the ileal specimens, each measuring 2 
inches in length were obtained from the distal ileum 
adjacent to this junction. Each specimen was washed 
with tap water to clear its luminal contaminants and then 
fixed in 10% formaline before being brought to the 
Department of Anatomy, University of Health Sciences 
Lahore. Pieces, measuring 2×0.5cm, were cut from 
each specimen and placed in bottles containing 10 % 
formaline solution, for a further period of 48 hours.  
Tissue processing and embedding were done in the 
recommended way. The sections (5µm thick) for 

immunohistochemistry were mounted on the barcoated 
slides; while those for haematoxylin/ eosin staining were 
placed on the recommended glass slides.   
Haematoxylin and eosin staining was done in a usual 
way. These sections were examined under a light 
microscope for the histological changes in cadaveric 
ileum and mucosal lesions were graded according to the 
system suggested by Haglund.6 

Fast Red TR/ naphthol AS-MX alkaline phosphatase 
immunohistochemical technique was used to stain 
aquaporin-10. Sections were placed vertically in an oven 
for 20 min at 560C to de-wax the sections. Slides were 
rehydrated and were immersed in phosphate buffer 
saline (PBS), after taking them out from 50% alcohol. 
Endogenous alkaline phosphatase activity was blocked 
by covering the sections completely with 1.25 mM of 
levamisole solution. Non-specific proteins were also 
blocked by treating the sections with 10% normal goat 
serum (NGS). The sections were then incubated with 
primary antibodies, washed with PBS, treated with 
secondary antibodies conjugated to alkaline 
phosphatase; sections then were washed with PBS and 
treated with the substrate, Fast Red TR / naphthol AS-
MX reagent. Lastly, the sections were counterstained 
with Mayer’s haematoxylin and mounted with glycerol 
gelatin.  
The entire slide was scanned through light microscope 
at different magnifications for the presence/absence of 
AQP-10 and the mucosal injury. Results were recorded. 
For positive and negative controls intestinal biopsies 
from healthy individuals were taken. The slides for 
negative controls remained untreated with primary 
antibodies while the remaining procedure was same as 
for the rest of the slides immunostained for aquaporin-
10.   
The sections for  positive control (Figure.1) showed red 
staining of aquaporin10 on the apical aspect of epithelial 
cells lining the villi; however, the red staining was 
interrupted at sites where the goblet cells were in the 
process of pouring out their secretion; also the staining 
gradually decreased towards the deeper parts of crypts 
where it was absent. In negative control (Figure.2), 
where primary antibodies had been omitted during the 
process of immunostaining, no red staining was present 
on the apical side of the lining epithelial cells. 
The intestinal tissue procured from cadavers was also 
examined for epithelium, lamina propria, submucosa 
and muscularis externa under a light microscope.   

Results 
Expression of AQP10 in Cadaveric Ileum: The sections 
from cadaveric specimens were examined under a light 
microscope for AQP10 immunostaining. In the present 
study, out of a total of 30 cadaveric sections, all (100%) 
were negative for aquaporin-10 staining irrespective of 
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the degree of mucosal injury.  Histological Changes 
Seen In Cadaveric Ileum 
The ileal tissue from cadavers showed mucosal damage 
varying from grade I to grade V (Table I).  
Table.I. Grades of mucosal lesions in intestinal 
wall. 

Grades of 
mucosal lesion 

No. of Cases 
n 

% age out of 
total 

 
0 0 0.0% 
I 2 6.7% 
II 4 13.3% 
III 7 23.3% 
IV 8 26.7% 
V 9 30% 

Discussion 
The significance of aquaporins is becoming evident 
especially in relation to their localization.14 Water follows 
the osmotic gradient in various cell lines via paracellular 
and the aquaporin water channels. A number of 
pathologic conditions characterized by disrupted fluid 
transport can, therefore, alter the expression of the 
aquaporins present in the gastrointestinal tract.15 No 
data appeared in the literature on the expression of 
water channels in cadaveric ileum which is 
characterized by early disruption of mucosa. The 
present study was an attempt to localize aquaporin-10 in 
cadaveric ileum showing various grades of mucosal 
injury.  
Various experiments showed the location of 
aquaporin10 at different sites.4, 16, 17, 18 Laforenza also 
reported presence of aquaporin-10 in the brush-border 
of the absorptive epithelial cells of human duodenum.16 
Most of the secretary activity is believed to be performed 
at the crypts in small intestine while absorption takes 
place at the villi. Hence, aquaporin10 was attributed a 
role in absorption of water from these sites.19   
When these sections were examined for their histology, 
a mucosal injury of varying grades was observed. A 
normal ileal wall is composed of epithelium, lamina 
propria, muscularis mucosa, submucosa, muscularis 
external and serosa (Figure. 3). In sections showing 
grade I mucosal injury (6.7%), there was a prominent 
subepithelial space closer to the tips of villi (Figure. 4). 
In these sections AQP10 was absent inspite of an intact 
epithelium. This may indicate that even grade I mucosal 
injury may affect the expression of aquaporin10 on 
intestinal epithelium. In sections (13.3%) with grade II 
injury (Figure.5) epithelial lifting from the villus tip 
became evident and its separation from the underlying 
lamina propria became more marked. In (23.3%) cases 
with grade III mucosal injury (Figure.6) there was 
massive epithelial lifting and further disintegrated lamina 

propria.  In mucosal injury of grade IV (26.6%) (Figure. 
7) and grade V (30%) (Figure. 8) tips of villi were 
denuded exposing the underlying disintegrating lamina 
propria. In all these sections the deeper layers were 
devoid of tissue damage. As regards the pathogenesis 
of these lesions, the villous tip is supposed to be the 
part affected first by the anoxia due to decreased blood 
flow or none at all. Furthermore, the presence of luminal 
contents is an important factor in the pathophysiology of 
intestinal mucosal lesions seen in both shock and in 
cadavers.  

 
Figure.1. Posittive control: A photomicrograph of a section 
from human ileal biopsy showing the presence of aquaporin10 
staining (red) at the apical aspect of the epithelial (E) cells 
lining the mucosa at the top of villi (black arrows). The staining 
is also positive (green arrows) on the apical aspects of the 
goblet cells (G) with an intact apical membrane while it is 
absent (red arrows) on those goblet cells which have burst to 
pour out their secretions. Aquaporin10 staining is absent in the 
crypts (C) and lamina propria (L). Stained IHC X200. 
 

 
Figure.2. Negative control: A photomicrograph of a section 
from human ileal biopsy (primary antibodies had been 
omitted). The apical surfaces of the epithelium (E) lining the 
top of villi are negative for aquaporin 10 staining (red arrows). 
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Various components of the mucosa (M) of ileum include 
epithelium (E), lamina propria (LP), crypts (C) and muscularis 
mucosa (MM). Submucosa (SM) and  blood vessels (BV) can 
also be identified. Stained IHC X50.  
  

 
Figure.3. A photomicrograph of a section that shows the 
arrangement of various layers of the wall of human ileum. 
Mucosa (M) with simple columner epithelium (E) and goblet 
cells, lamina propria (LP), crypts (C), muscularis mucosa 
(MM), submucosa (SM), muscularis externa (ME) arranged as 
an inner circular layer (IL) and an outer longitudinal (OL) layer 
of smooth muscles, myenteric plexus (MP) of nerves, and 
serosa (S) can be seen. Stained H&E: X50. 
 

 
Figure.4. A photomicrograph exhibiting a cadaveric ileum with 
grade I mucosal injury and absent aquaporin10 (red arrow). 
There is an intact epithelial layer (E). Subepithelial space 
(SEsp) is evident where the overlying epithelium is detached 
from the underlying lamina propria, while the rest of the lamina 
propria (L) is still intact. Stained IHC X50. 

 

Figure.5. Photomicrograph of cadaveric ileum with grade II 
mucosal injury. There is lifting of epithelium (E) at tip of the 
villus. Underlying lamina propria (L) is still intact. AQP10 is 
absent (red arrow). Stained IHC X50. 

  

 
Figure.6. A photomicrograph from cadaveric ileum which is 
negative for aquaporin 10 immunostaining (no red staining, 
indicated by a red arrow). It also shows a mucosal injury of 
grade III, evident by changes such as; massive lifting of 
epithelium (E) at the villus tip, presence of subepithelial space 
(SEsp), and lamina propria (L) can be identified. The most 
affected parts being the villi when compared with the deeper 
layers having crypts (C), muscularis mucosa (MM) and 
submucosa (SM) which are not showing disintegration. 
Stained IHC X100.  
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Figure.7. A photomicrograph with grade IV mucosal injury and 
absent aquaporin10 (red arrow). Villi with denuded epithelium 
(E) and disintegrating lamina propria (L) are visible. Stained 
IHC X25.  
 
Despite the fact that the present study provided an 
evidence for the absence of aquaporin10 on the mucosa 
of cadaveric ileum, it still remains unclear whether the 
absence of this  aquaporin plays any protective role in 
the course of ischemia/ hypoxia or not. Further, there is 
a need to investigate how the other aquaporins 
especially aquaporin 3, 9 and 8, expressed in ileum, are 
affected by ischemia/hypoxia. It can be anticipated that 
the absence of one of them may play a protective role 
against ischemia and injury following it, just as 
aquaporin4 absence had been rendered protective to 
myocardial ischemia. This may help in making the ileum 
a better choice for transplantation by protecting it from 
mucosal injury.    

Conclusion 
Our results indicated that aquaporin-10 staining was 
absent on the epithelial cells occurring at the luminal 
side of the villi in cadaveric ileum. It may be due to 
ischemia that renders the mucosal insult initiated at very 
early stages after death or vice versa. Histological 
examination confirmed varying grades of mucosal injury. 
It may also be inferred that absence of aquaporin10 may 
lead to non-absorption of water and hence the cadaveric 
ileum should not be considered fit for transplantation 
purposes.   
This study emphasizes the need to investigate other 
aquaporins expression that may also alter after death 
during postmortem changes.  
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