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Background: Questions regarding functional markers
characterizing injured intestines remain unanswered.
Brush border disaccharidases are crucial for the function-
ing of the intestines. Aims: The study was designed to
assess changes in disaccharidase activity (DA) following
intestinal injury and to compare them with morphologi-
cal changes. Methods: Wistar rats, randomly divided into
six experimental groups (each n=6), were subjected to
different ischemic/reperfusion injury. One-hour mesen-
teric ischemia followed by reperfusion for 0, 1, 2, 4, 12
or 24 hours was induced. As a control group sham-op-
erated animals were used (n=6). Intestine morphology
was evaluated using histopathological injury index (HII)
and goblet cell (GC) detection. DA (sucrase and maltase)
was studied in mucosal scrape or in entire intestinal wall
samples. Results: Moderate morphological damage (HlI,
GC) after mesenteric ischemia was detected. Deepening
of the injury was found during reperfusion with a maxi-
mum after two hours. Improved morphology with longer
reperfusion confirmed reversible damage with almost
normal mucosal structure after 24 hours of reperfusion.
Similar pattern was observed when DA was measured.
The lowest activity was detected after 2 hours of reper-
fusion followed by increasing activity in the subsequent
reperfusion periods. Physiological values after 24 hours
of reperfusion were seen only in samples of entire intes-
tinal wall. Conclusions: Significant changes in intestinal
DA were observed after intestinal ischemia/reperfusion
injury. A similar pattern was seen for morphological
characteristics. Although based on microscopic survey
the intestine seems to be fairly regenerated, some func-
tional limitation is expected to persist.
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INTRODUCTION

Sufficient functional status of transplanted intestines
is necessary for successful intestinal transplantation (IT).
Several studies confirming extreme small bowel vulner-
ability have been published recently.

The low tolerance of insult of different kinds and
range (i.e. mechanical manipulation, ischemia and reper-
fusion) causes relatively short “viability” of this organ.
Mesenteric ischemia leads to marked jejunal damage that
subsequently deepens during reperfusion — the oxygen

paradox (Su, 1998). Strong interest in the goblet cell
(GC) population in the last few years has produced sig-
nificant results. Their endogenous activity allows them
to support epithelial restitution and facilitate migration
of cells, and also through specific intestinal trefoil fac-
tor peptides they are able to block apoptosis (Taupin
& Podolsky, 2003; Kjellev, 2009). Our previous studies
(Toth e al, 2007; Varga et al., 2009, 2011) described in
detail the morphological changes at the level of particu-
lar cell populations in the intestines during IT (graft har-
vest, preservation, implementation and reperfusion) have
been described in detail (Varga ez al, 2009). Knowledge
of concurrently arising functional changes could bring
useful information.

Studies concerning disaccharidase activity (DA) in the
intestine have produced discrepant results. While some ex-
petiments found a correlation between DA and morphol-
ogy, other studies have refuted that fact (Gupta ez al, 1999;
Arcuni et al., 2000; Vieira ez al., 2000; Huang e# al, 2005; Li
et al., 2006; Oltean ¢ al., 2007; Toti ¢t al., 2007; Prasad ¢ al.,
2008; Cuong e al., 2011). Despite these discrepancies, it is
accepted that DA decrease resulting from pathological situ-
ations leads to poor nutrition status (Gebhard e/ al., 1983;
Tran et al., 2011). Fifteen years ago Plushke ef al referred
to DA as a suitable marker for detection of enterocyte ma-
turity and functional capacity (Pluske e a/, 1996). It was
confirmed by other studies that weaning is associated with
marked changes in the histology and biochemistry of the
intestines, and such changes include increased cell prolifera-
tion and differentiation (Lin e¢# a/, 1998), and altered activ-
ity of the brush border disaccharidases, sucrase and lactase
(Sabat & Veloso, 2003).

The discrepancies in the previous results demonstrate
the necessity of exact knowledge regarding DA changes
induced by pathological insults in the small intestine.
Correlation accuracy between DA and morphological
changes remains unaddressed (Gupta ez 4/, 1999). The
aim of the present study was to assess DA at different
extents of intestinal damage, and to corelate it with the
morphological changes in different cell populations as a
potential functional marker of intestinal damage.

METHODS

This experiment was approved by the Committee for
Ethics on Animal Experiments at the Faculty of Medi-
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Abbreviations: DA, disaccharidase activity; HIl, histopathological
injury index; GC, goblet cell.
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cine, P.J. Safirik University, Kosice, Slovakia and the
experimental protocol was approved by the State Vet-
erinary and Food Administration of Slovak Republic No.
72 2843/08-221a.

Design of the experiment. In this experiment, 42
healthy male Wistar rats weighing 250 £30 g were used.
All the animals were housed in standard conditions with
free access to water and commercial chow and labora-
tory temperature of 21°C. After 5 days of quarantine the
animals were fasted overnight in cages with raised floors
to minimize coprophagy. Water was provided ad libitum.
Random distribution into 6 experimental groups (JO, J1,
]2, J4, J12 and J24; each n=0) was carried out, and in
the sham-operated control (SO; n=06) biopsies of intact
jejunum were taken immediately after midline laparotomy.

The animals were anesthetized with intraperitoneal in-
jection of ketamine 60-80 mg/kg (Narketan 10 inj. ad us.
vet., Vétoquinol S.A., Lure Cedex, France), and xylazine
8-10 mg/kg (Xylatiem inj. ad us. vet., Riemser Arzneimit-
tel, Greifswald-Insel Riems, Germany). After 1 hour 1/3
of the total dose was added intramuscularly. During the
whole procedure body temperature was maintained by a
heating pad set to 37°C. Using sterile techniques, 6 cm
midline laparotomy was cartied out. The small intestine
was carefully mobilized to minimize injury induced by me-
chanical manipulation, subsequently the cranial mesenteric
artery (CMA) was isolated and ischemia was induced by
its occlusion using an atraumatic microvascular bulldog-
clamp for 1 hour. At the end of ischemia the artery was
unclamped, and this was followed by periods of reperfu-
sion in accordance with the experimental design. The sh-
am-operated animals underwent laparotomy with isolation
of CMA without its clamping and immediately the intact
samples were taken. The abdominal incision was closed
in two layers with Silon 2.0 EP suture (Chirmax, Prague
— Modfany, Czech Republic) for all operations. After the
given reperfusion period, the animals were sacrificed and
jejunal samples were taken at 0, 1, 2, 4, 12 and 24 hours
of reperfusion for the experimental groups JO, J1, ]2, J4,
J12 and J24, respectively.

Morphological assessment. Bioptic samples of the
jejunum, 1-2 cm long, were taken after the prescribed
reperfusion periods 10 c¢cm from the ligament of Tre-
itz. Harvested samples were immediately rinsed in cold
saline and fixed in 4% para-formaldehyde. The tissues
were then embedded in paraffin, cut into 4-5 um sec-
tions, and mounted. The histopathological injury index
(HII) of the intestine was examined blindly, and is-
chemia-reperfusion (IR) injury was evaluated on a grad-
ing scale from 0 to 8 according to the Park/Chiu scot-
ing system adapted by Quaedackers ez a/. (2000), as we
have previously described (Varga ¢z af, 2010). This index
is based on the extent and severity of histopathological
abnormality or lesion in the section; briefly: 0=normal
mucosa; 1 =subepithelial space at villus tip, often with
capillary congestion; 2=more extended subepithelial
space with moderate epithelial lifting; 3 =epithelial lifting
along villus sides; 4 =denuded villi; 5 =loss of villous tis-
sue; 6 =crypt layer destruction; 7 =transmucosal infarc-
tion; 8 =transmural infarction.

Histochemical analysis of goblet cell population.
The population of goblet cells (GC) present in the in-
testinal mucosa was detected using the alcian blue histo-
chemical staining method. Alcian blue 8GX solution (pH
2.5; Sigma-Aldrich, St. Louis, MO, USA) stains both sul-
phated and carboxylated acid mucopolysaccharides and
sulphated and carboxylated sialomucins (glycoproteins).
Excessive amounts of non-sulphated acidic mucosubstanc-
es were seen in the cytoplasm of secretory GC. Strongly

acidic mucosubstances in the cytoplasm were stained blue,
while nuclei were counterstained pink to red by nuclear
red stain. Alcian blue/neutral red-stained tissues were ac-
quired, and the number of alcian blue- positive GC was
determined in 10 intestinal villi in each sample.

All the tissue sections were examined and photo-
graphed using an Olympus BX50 light microscope with
Olympus SP350 camera (Olympus, Tokyo, Japan) and
were evaluated blindly by two independent histologists.

Disaccharidase activity assay. Two main disac-
charidases, maltase and sucrase, were chosen to assess
the functional status of the injured intestine. The bi-
optic samples for biochemistry were obtained ecither as
scrape of the mucosa or as entire intestinal wall from
the proximal part of the jejunum where the biopsies for
morphology assessment were taken. The samples of mu-
cosal scrape were taken using a scalpel. Careful scraping
of the epithelium including crypts up to tela submucosa
was carried out. The samples of entire intestinal wall
were then harvested from an adjacent intestinal seg-
ment. The samples of small intestine (2 cm long) were
homogenized in saline solution (500 pl) by mechanical
homogenizer T10 basic ULTRA-TURRAX (IKA, Ger-
many). During homogenization the samples were chilled
in ice. Homogenate (60 ul) was diluted 1:20 with saline
(1020 ul). Diluted samples of homogenate (50 ul) were
pipetted into Eppendorf tubes for measurement of su-
crase and maltase activity with addition of an appropri-
ate disaccharide substrate (50 pl). The mixture was in-
cubated at 37°C for 60 minutes in a thermoblock. The
enzymatic reaction was stopped at 100°C. The content
of released glucose was determined using the enzymatic
glucose oxidase Bio-La-Test (Lachema, Brno) by adding
1 ml of working solution (glucose oxidase, peroxidase,
3-methylphenol, 4-aminophenazone, phosphate buffer
pH =8). The mixture was incubated at 37°C for 15 min-
utes and absorbance was read at A =490 nm against a
blank containing 1 ml of working solution for measure-
ment of glucose and distilled water (100 pl). The DA,
ie.; the activities of sucrase and maltase, were assessed
following Dahlqvist (1968). Protein content in homogen-
ates (10 ul) was determined with Briliant Blue dye (1 ml)
at A =595 nm according to Bradford (1976). The specific
activity was calculated as the activity divided by the con-
centration of total protein. The activities of disacchari-
dases were expressed as pkat/mg of protein.

Statistical analysis. The statistical analysis was per-
formed using GraphPad InStat version 3.01 (GraphPad
Software, San Diego, CA). Semi-quantitative results (his-
topathological injury index, HII) were set as medians
with 50th percentile intervals. Time-dependent changes
were analyzed using Friedman’s non-parametric test with
post-test for related samples, and box plots show me-
dian (50th percentile), inter-quartile range (lower and
upper quartiles), maximum and minimum values. Quan-
titative results (goblet cell, disaccharidase activity) were
evaluated using one-way ANOVA with a multiple-com-
parison Tukey-Kramer post hoc test. All the results are
expressed as mean £ SEM. P values less than 0.05 were
considered significant.

RESULTS

Morphological characteristics

Nearly intact jejunal mucosa according to HII was
detected in the sham-operated control group SO
(8O =0.21 £0.08). One hour of oxygen deprivation alone
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Table 1. Intestinal morphology and disaccharidase activity.

Histological analysis

Disaccharidases analysis

Group Maltase activity Sucrase activity
HIl GC number (ukat/mg protein) (ukat/mg protein)

Mucosa Entire wall Mucosa Entire wall
SO 0.21+0.08 40.3+2.07 55.19+2.32 1.3+0.27 5.11+£0.32 1.75+£0.24
Jo 2.38+0.63 29.19+2.02 19.8 £0.99%** 0.83+0.07 2.27 +0.42** 1.39+0.16
N 4.2+0.7%** 13.7£2.92** 12.67 £0.07*** 0.77+0.16 2.02+0.01** 1.33+0.04
J2 4.5+£0.271%** 11+£1.98** 11.43£0.67*** 0.66+0.08 1.82£0.64%** 1.09+0.06*
J4 4.13+0.63 20.33+£2.91** 14.4+1.45% 0.99+0.19 1.62£0.371%** 1.49+0.19
J12 1£0.1 30.47+0.77 16.38+1.86*** 1.1£0.22 2.37+0.25%* 1.5+0.17
J24 0.44+0.06 31.2+2.02 18.37 £3.92%** 1.12+0.02 2.39+0.74** 1.76 £0.06

*p<0.05; **p<0.01 and ***p <0.001

caused moderate morphological damage (JO=2.38 £0.63)
expressed by local epithelial lifting along villus sides. Sig-
nificant mucosal damage was detected in the reperfusion
periods, i.e., after one hour of reperfusion (J1 =4.2+0.1;
»<0.001 J1 »s SO), with a maximum damage after
2 hours after starting of reperfusion (J2=4.5210.21;
»<0.001 J2 »s SO). Denuded villi and loss of villous tis-
sue were recorded, but the crypt compartment of the
lamina propria mucosae was not affected. This could be
considered as reversible damage, which was confirmed
in the following reperfusion periods by a decrease of
the HII to an almost normal mucosal structure after 24
hours of reperfusion (J24=0.44£0.06; p<0.001 J24 s
J1; p<0.001 J24 »s J2) (Table 1, Fig. 1, Fig. 2).

One hour of anoxia led to a decrease in GC num-
bers in comparison with the sham- operated control
group SO, where physiological numbers were detected
(SO =40.3+2.07; J0=29.19£2.02). A rapid deple-
tion of GC was found immediately after reoxygenation
(J1=13.7£2.92; p<0.01 J1 25 SO), and the lowest num-
ber of GC was observed after 2 hours of reperfusion
(J2=11%1.98; p<0.01 J2 s SO). Thereafter a progres-
sive increase in GC numbers was recorded, reflecting in-
testinal mucosa regeneration. A GC population reduced
by almost 25% compared to control was observed after
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Figure 1. Histopathological injury index (HIl) of intestines sub-
jected to IR injury after H&E staining (***p<0.001 SO vs J1, SO vs
J2, )24 vs J1 and J24 vs J2).

Figure 2. Microphotographs showing histopathological and his-
tochemical findings

(A) Normal histology of intestinal wall in sham-operated control
group (SO, H&E). (B) Normal distribution of goblet cell population
in control group (SO, Alcian blue & Nuclear red). (C) Massive lift-
ing down of intestinal villi as well as some denuded villi after 1 h
of reperfusion (J1, H&E). (D) Disruption of goblet cell population
after 1 h of reperfusion (J1, Alcian Blue & Nuclear red). (E) Regen-
eration of intestinal mucosa after 24 h of reperfusion (J24, H&E).
(F) Renewal of mucin-producing goblet cells after 24 h of reperfu-
sion (J24, Alcian blue & Nuclear red). Scale bars (A-F) represent 50
pm.
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Figure 3. Goblet cell (GC) population in experimental and SO
groups after Alcian Blue staining (**p<0.01 SO vs J1, SO vs J2
and SO vs J4).

24 hours of reoxygenation (J24=31.2+2.02), but the
difference with the SO group was not statistically signifi-
cant. (Table 1, Fig. 2, Fig. 3).

A significant decrease in sucrase activity meas-
ured in mucosal scrape samples was detected imme-
diately after one hour of mesenteric ischemia relative
to the physiological value measured in the SO group
(SO=5.1110.32 pkat/mg; J0=227%0.42 pkat/mg;
<0.01 JO »s SO). A gradual decrease in the activity
was observed during reperfusion, reaching a minimum
at 4 hours of reperfusion (J4=1.62£0.31 ukat/mg;
»<0.001 J4 »s SO). Thereafter the activity increased
slightly to approximately half of the control value
(J24 =2.39 £0.74 pkat/mg; p<0.01 J24 »s SO). The dif-
ferences between the experimental groups at various
time periods of reperfusion were not significant.

A similar course was observed for the maltase activity
measured in the mucosal scrape. One-hour ischemia led

to a significant decrease (J0=19.8£0.99 ukat/mg) when
compared to the SO group (SO =55.19 £2.32 ukat/mg;
»<0.001 JO »s SO). The decrease in the enzyme activ-
ity continued through the first hours of reperfusion
(J1=12.67+0.01 pkat/mg; p<0.001 J1 25 SO), with the
lowest value at 2 hours following oxygen supply restora-
tdon (J2=11.43£0.67 pkat/mg; p<0.001 J2 »s SO). Then
a gradual moderate increase was observed, although the
values reached were still significantly lower than in the
SO group. After 24 hours of reperfusion, the maltase ac-
tivity was still significantly lower than in the SO group
(J24=18.37 £3.92 ukat/mg; p<0.001 J24 »s SO). The
differences between the experimental groups at vatious
time periods were not significant.

Almost the same character of changes was observed
when the DA was measured in samples of entire intes-
tinal wall. Regarding sucrase, a decrease in comparison
to the SO group (SO =1.75%0.24 pkat/mg) was detect-
ed immediately after declamping (J0=1.3910.16 pkat/
mg). After reperfusion started the decline continued
(J1=1.33£0.04 1.09£0.06 pkat/mg; p<0.05 J2 »s SO)
followed by a slow increase in the remaining groups. A
physiological activity of sucrase was regained after 24
houts of repetfusion (J24=1.76 £0.06 pkat/mg).

The activity of maltase in entire intestinal wall samples
of the SO group was similar to that observed for sucrase
(SO=1.3%0.27 pkat/mg). The course of changes durin
the various periods of reperfusion was similar as well.
A prominent decrease in the activity was detected at the
beginning of reperfusion (J0=0.83+0.07 pkat/mg). The
progressing damage due to reperfusion was expressed by
a further decrease in maltase activity during the first rep-
erfusion periods, with the lowest value after 2 hours of
repetfusion (J2=0.66£0.08 pkat/mg), and then a grad-
ual increase in maltase activity with increasing time of
reperfusion. Near physiological values were observed at
the end of reperfusion (J24=1.12+0.02 pkat/mg). De-
spite that tendency, the differences between the experi-
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A. Histopathological damage vs. disaccharidases activity (DA)
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B. Histopathological damage vs. disaccharidases activity (DA)
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Figure 5. Relationship between morphological and functional
characteristics of injured intestines.

(A) Histopathological injury index (HIl) vs maltase activity in mu-
cosal scrape samples (maltase_ms). (B) HIl vs sucrase activity in
samples of mucosal scrape (sucrase_ms) and samples of entire in-
testinal wall (sucrase_ew), and maltase activity in entire intestinal
wall samples (maltase_ew).

mental groups and the SO group were not statistically
significant (Fig. 4).

Correlation between morphological and functional
characteristics

Similar correlation was observed between HII, GC
and DA. The injury after one hour of ischemia was ex-
pressed by an increased HII, a decrease in GC numbers
as well as decrease in DA, both in the mucosal scrape
and the entire wall samples. The deepening of the injury
due to reperfusion in the next two hours was confirmed
by further alteration in mucosal morphology and DA
decrease. The improvement of tissue morphology and
enhancement in DA in subsequent reperfusion periods
showed the expeditious start of regeneration processes.
Near physiological values of HII and GC were achieved
after 24 hours of reoxygenation, while physiological in-
testinal wall (Fig. 5, Fig. 0).

DISCUSSION

This pilot study was conceived to observe the rela-
tionship between DA changes and the degree of mor-
phological damage in the intestine suffering IR injury.

The changes in intestinal morphology resulting from
IR injury of the small bowel have been documented
clearly by many authors (Stallion ez 4/, 2002; Yildiz ez al.,
2009 and 2010; Varga ez al., 2010; Grootjans ¢f al., 2010).
In our experiment almost complete regeneration was ob-
served after just 24 hours of reperfusion, suggesting an
extraordinary reparative-regenerative capacity of the in-

B.Goblet cell population (GC) vs. disaccharidases activity (DA)
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Figure 6. Relationship between morphological and functional
characteristics of injured intestines.

(A). Goblet cell (GC population) vs maltase activity in mucosal
scrape samples (maltase_ms). (B) GC vs sucrase activity in samples
of mucosal scrape (sucrase_ms) and samples of entire intestinal
wall (sucrase_ew), and maltase activity in entire intestinal wall
samples (maltase_ew).

testines when reversible damage is inflicted (Varga ef al,
2010).

The GC function of mucus production and thus the
first-line protective barrier manifests the extreme impor-
tance of these defence cells. Kim and Ho (2010) have
shown that not just secretory mucin glycoproteins as a
major component of the mucus layer but also bioactive
molecules such as epithelial membrane-bounds mucins

lay important roles in mucosal protection. As early
as 1995, Taguchi et al. showed that a decrease in GC
population and villus cell mucus content during intesti-
nal graft preservation is an important sign of poor graft
viability. Recently we have confiromed this fact in our
study of GC changes during cold storage of intestines.
With a lengthening time of preservation, graft mucosal
alteration increased at a rate which correlated with the
decrease in GC numbers (Varga ef al., 2011). In the pre-
sent study, the tendency in GC development during in-
testinal IR injury was similar to HII. The reduction in
GC is in close connection with disintegration due to epi-
thelial lifting along the villous sides, denudation of the
villi, and loss of villous tissue (T6th e al, 2011). Tkeda
et al. (2002) clearly demonstrated that GC resist being
detached along with the enterocytes from the villi sub-
jected to short-term injury. Such higher resistance of GC
could be partially explained by differences in the integrin
family of cell surface receptors between GC and absorp-
tive enterocytes (Perreault ¢z al, 1996). In any case, the
relatively high resistance of GC to ischemic injury and
the production of trefoil factor peptides with a direct
influence on the epithelial restitution make GC a very
important part of the intestinal healing processes.
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The cleavage of oligosaccharides and disaccharides
takes place in the small intestine through a-glycosidases.
Brush border glycosidases are transmembrane glycopro-
teins passing through the whole membrane of entero-
cytes. The a-glycosidases (sucrase, maltase, lactase, and
trehalase) are located in the brush border of the jejunum
and part of the ileum, either separately or in complexes.
The lowest activities are found at the crypts and increase
continuously to the villus tips (Porter e al, 1982). Pri-
marily, ischemia causes blockage of the ATP supply and
initiation of catabolic processes. One of the first changes
in this phase is the release of the tight junction and thus
also disruption of the continuity of surface epithelial cell
(Varga et al., 2011). The majority of the catabolic reac-
tions are catalysed by enzymes activated through calcium
cations, and so ischemia leads also to releasing of cal-
cium cations. The calcium activates phospholipase, dis-
turbing the integrity of the cytoplasmic membrane and
thus also affecting disaccharidases. The third mechanism
of the damage is production of oxygen and nitrogen rad-
icals, mainly during reperfusion (Yeh ef al, 2000). These
pathological processes affect mucosal morphology as
well as DA.

Two kinds of bioptic samples are usable for DA de-
tection in the intestines, the mucosal scrape and the
entire intestinal wall. The activity of disaccharidases is
expressed as pkat/mg of total protein, thus when the
entire intestinal wall is used, higher amounts of protein
are expected in samples. On the other hand, technically
easier sample harvesting is involved when a scrape of
mucosa is taken with no (Aramayo, 1983; Raul, 1988).

A clear variance regarding different disaccharidase
types can be observed. While in a population sucrase
and maltase show consistent activity, the activity of
lactase varies depending on vatious factors, for example
age. These facts were confirmed by previously undertak-
en studies, where differences in lactase activity were veri-
fied while in the case of sucrase and maltase consistent
values were detected (Teitelbaum ez @/, 1989; Fernandez
et al., 1997; Vieira et al, 2000). For that reason lactase
activity was not studied in this experiment.

In our experiment, DA was significantly affected by
IR injury, in particular in mucosal scrape samples. Al-
tered morphology after ischemia causes rapid decrease
in monitored DA, which was even more prominent
during the first hours of reperfusion. The peak of the
damage based on HII and GC population was reached
2 hours after reoxygenation. Clear violation of the je-
junal brush border as well as a substantial decrease in
DA was seen. The lack of appropriate environment
caused the lowest DA, both for sucrase and maltase
in both types of samples. Prolonged reperfusion pro-
vided for improved morphology (HII and GC) as well
as DA (maltase and sucrase). GC showed an evident
increase in numbers due to their higher resistance to
IR injury, although after 24 hours of reperfusion they
still did not reach the control values (40.3 »s 31.2) thus
showing incomplete mucosal restoration. After reaching
the lowest values (J2 group) the HII increased during
further reperfusion. The improved HII was expressed
mostly by “crawling” of remaining enterocytes, not by
their proliferation or maturation. This indicates that the
morphology status expressed by HII is underscored
as, “crawling” of enterocytes represents something like
mimicry increase in brush border disaccharidases was
seen, but in mucosal scrape samples they remained sig-
nificantly lower when compared to the SO controls.
At the end of the experiment, at 24 hours of reper-
fusion, the levels of both measured enzyme activities

in samples of entire intestinal wall were nearly normal,
reflecting the nearly restored intestinal morphology,
while in the mucosal scrape samples they remained
still significantly affected. These reductions could be
caused by prolonged time of functional differentia-
tion and maturation of enterocytes, as during the first
24 hours after ischemia the “crawling” of enterocytes
was the main source of HII improvement. Thus still
lower than physiological values of disaccharidases were
detected in mucosal scrape samples, accurately showing
the status of intestinal mucosa. By contrast, in samples
of entire intestinal wall, near physiological values were
measured. The inclusion of all crypts, where entero-
cyte proliferation starts, in samples of entire intestinal
wall probably ensured the physiological values found.
The higher protein concentration as well as affecting
of crypts in entire intestinal wall samples caused low-
er DA comparing to mucosal scrape samples. Similar
activities of maltase and sucrase have been measured
also in a study of Oku ez a/ (2011) where samples of
mucosal scrape were used (Oku e al, 2011). Therefore
samples of entire intestinal wall are inappropriate for
determination of DA. Since the villi (mainly at the top)
remained still devoid of new enterocytes even after one
day of reperfusion, significantly decreased values were
detected in mucosal scrape samples. Longer reperfusion
will lead to the continuation of enterocyte proliferation
and maturation eventually producing physiological val-
ues of DA. An indirect evidence of correlation between
HII and DA was provided by Oltean e a/. (2007) using
pre-treatment of were observed in comparison to non-
treated grafts. Promising results of DA changes regard-
ing intestinal graft rejection have been shown in other
studies, although discrepant results ate secen as well.
While Kaufman ez a/. (1998) showed that assessment of
mucosal disaccharidase activity provides no additional
useful information concerning efficacy of anti-rejection
therapy as compared to histologic analysis alone, other
studies recommend DA assessment as an appropriate
marker for study and verification of acute (Kuusanmaki
et al., 1996) as well as chronic rejection (Kuusanmiki e#
al., 1997). Notably a correlation with morphological sta-
tus was detected for sucrose and maltase, but not when
lactase was measured (Teitelbaum ef al, 1989). Simul-
taneous changes in DA and morphology of the small
intestine can also be induced by other states where an
IR insult is not present. Nowadays, the influence of di-
etary changes is the main focus of experimental studies
regarding disaccharidases, producing discrepant data as
well. A few such studies have found changes in mor-
phology as well as in DA (Duff & Ettarh, 2002; Payne
et al., 2006; Hedemann ez al., 2006; Tran et al, 2011).
On the other hand, there are papers showing no struc-
tural changes despite alterations in DA (Fernandez ef
al., 1997; Vieira et al., 2000). Studies of ethanol influ-
ence on DA give discrepant results as well. Whereas
Huang ez al. (2005) observed decrease in DA and in-
crease in jejunal lipase with no histological changes
with long-term ethanol consumption, other studies did
not confirm that fact (Cunningham & Spach, 1987,
Rodriguez-Castilla ez al, 1996). An in vitro study has
confirmed that ethanol at low concentrations (1-3%)
may increase DA (Nano e al., 1990).

The obtained results show a close correlation between
the morphological status and DA in IR injured intestine.
Maturation and proliferation of enterocytes is probably
the key point of DA renewal. The well-known behavior
of GC has been confirmed in our study, correlating with
the “crawling” of enterocytes. The determination of in-
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testinal morphology using just HII leads to the mucosal
underscoring. Thus the state of DA could provide infor-
mation about intestinal mucosal renewal, mainly reflect-
ing the enterocyte population. Mucosal scrape samples
seem to be better suited for the assessment of intestinal
disaccharidases, sucrase and maltase, than intestinal wall
samples.

CONCLUSION

A limited numbers of studies report DA investiga-
tion. It has previously been clearly shown that patho-
logical insults lead to changes in DA. Inconsistencies
and discrepancies in reported data demand clarification
regarding DA changes arising from pathological attacks.
The knowledge of correlation between morphological
changes and DA has crucial importance for subsequent
experiments. The IR syndrome as a classical pathologi-
cal situation leads to alteration in morphology as well as
DA changes. For detailed investigation of the relation-
ship between morphology and functional parameters,
further studies are needed. It seems important to moni-
tor DA activity, particularly maltase and sucrase, in mu-
cosal scrape samples, which give more precise informa-
tion about the functional condition of the injured intes-
tine. Although based on microscopic survey the intestine
seems to be fairly regenerated, functional limitations can
be assumed to persist.
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