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Biochemical changes in the jejunal mucosa of dogs with
a naturally occurring enteropathy associated with
bacterial overgrowth
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suMMARY The subcellular biochemical features of a naturally occurring enteropathy in the dog
associated with bacterial overgrowth have been examined. Affected animals comprised a group
of 10 German Shepherd dogs with raised serum folate and reduced vitamin B, concentrations,
mild steatorrhoea, reduced xylose absorption, and normal exocrine pancreatic function. Culture
of duodenal juice showed bacterial overgrowth with mixed flora, most frequently including
enterococci and Escherichia coli. Examination of peroral jejunal biopsies revealed
predominantly minimal histological but distinct biochemical abnormalities in the mucosa. The
specific activity of alkaline phosphatase was decreased, isopycnic density gradient centrifugation
showing a marked loss particularly of the brush border component of enzyme activity. In
contrast, y-glutamyl transferase activity was enhanced in brush border fragments of slightly
increased modal density, but there were no changes in the activities of the carbohydrases,
zinc-resistant a-glucosidase, maltase, sucrase, and lactase or of the peptidase, leucyl-2-
naphthylamidase. Activities of lysosomal enzymes were increased and there was evidence for
enhanced lysosomal fragility and mitochondrial disruption. The activities and density gradient
distributions of marker enzymes for basal-lateral membranes, endoplasmic reticulum and
peroxisomes were essentially unaltered. These findings show that bacterial colonisation of the
proximal small intestine may be associated with specific alterations in microvillus membrane
proteins and provide biochemical evidence for intracellular damage to the enterocytes.

Many anatomical and functional disorders may be
associated with bacterial overgrowth in the small
intestine in man'® and in experimental animals,>®
but the precise role of bacteria in the pathogenesis
of mucosal abnormalities is not clearly defined.
Particular attention has been focused on the blind
loop syndrome where it is now recognised that
mucosal injury may make a significant contribution
to the malabsorption of nutrients,? ¢ ' previously
considered to be solely a consequence of intra-
luminal disturbance. Possible mechanisms of
mucosal damage have been explored, for example
certain brush border abnormalities have been
related to direct effects of bacterial proteases on
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specific microvillus membrane proteins.!> '® The
situation is complex, however, and it is not clear
why some changes can only be partially corrected by
antibiotic therapy.® ® Indeed, the long term conse-
quences of small bowel colonisation are ill defined
and their possible contribution to the pathogenesis
of severe mucosal abnormalities, such as those of
chronic tropical sprue, are not well understood.!™1*
This study presents a naturally occurring enter-
opathy in the dog that provides a new approach to
the investigation of the complex inter-relationship
between an abnormal flora and mucosal damage. A
preliminary report has been published.?

Methods

CLINICAL INVESTIGATIONS
The animals with small intestinal disease comprised
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10 German Shepherd dogs, one aged nine years and
the remainder aged between five months and two
years. All animals had been referred for an
investigation of chronic diarrhoea, with or without
loss of weight, and had exhibited clinical signs for at
least three months, two cases since they were one
year old and the other dogs since they were
approximately two months old. Details of the
routine screening procedures have been E)resented
previously with relevant control data,*! % and the
findings are summarised in Table 1. All affected
animals had raised serum folate concentrations and,
excluding one animal given parenteral vitamin B,
reduced serum vitamin B;, concentrations.
Erythrocyte folate concentration was raised in one
animal but the increase in the group mean
concentration was not statistically significant
(p=0-06). Functional evidence for malabsorption by
the affected group was provided by showing mild
steatorrhoea and a reduced mean plasma xylose
concentration after oral xylose. All animals had
normal exocrine pancreatic function, assessed by the
oral administration of N-benzoyl-L-tyrosyl-p-
aminobenzoic acid?! or by the assay of serum
trypsin-like immunoreactivity.?® Faecal examination
revealed ova of Toxocara sp in one case, and
Giardia sp were seen in the faeces and duodenal juice
of two other dogs. Routine haematology showed
neutrophilia (>11-5x10%1) in one dog, lympho-
penia (<1-0%x 10%1) in a second dog and eosinophilia
(>1-25x10%1) in three other animals, none of which
had evidence of parasite infestation. Routine clinical
biochemistry revealed no abnormalities. Barium
contrast radiographic studies were performed on
eight dogs and revealed no gross anatomical
abnormalities of the stomach or small intestine.
After fasting for approximately 18 hours, jejunal
biopsies were obtained from a site just distal to the
duodenal-jejunal flexure using either a single or
multiple biopsy capsule.?* Examination by
dissecting and conventional light microscopy
revealed minimal changes apart from partial villous
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atrophy in biopsies from two animals. In seven dogs,
duodenal juice was obtained through the tubing of
the multiple capsule, positioned with the tip just
proximal to the duodenal flexure, and subjected to
quantitative and qualitative bacteriological studies
as described g)reviously.z‘s Viable counts were
greater than 10° organisms per ml of duodenal juice
(Table 2) and confirmed the presence of a bacterial
overgrowth suggested by the high serum folate and
reduced vitamin B;, concentrations.?> The
organisms responsible for the overgrowth varied,
but enterococci (including Streptococcus faecalis)
and Escherichia coli were the most frequent isolates.

BIOCHEMICAL STUDIES

Portions of jejunal biopsies (approximately 10-50
mg) were homogenised in sucrose medium (0-3
mol/l sucrose, 22 mmol/l ethanol, 1 mmol/l Na,
EDTA, pH 7-4) and a postnuclear supernatant
subjected to analytical subcellular fractionation by
sucrose density gradient centrifugation as described
previously.?® After centrifugation alkaline phos-
phatase was assayed immediately then the gradient
fractions were stored at —20°C before further assay.
Results are expressed in the form of frequency-
density histograms the averaging of distributions
being performed by computer.”’ Marker enzymes
for the principal subcellular organelles were assayed
as described previousl;”’ 28 Maltase, sucrase, and
lactase were assayed”’ in portions of biopsies
collected in deionised water and disrupted in a
Dounce homogeniser (Kontes Glass Co, Vineland,
New Jersey, USA) with 20 strokes of a type B
pestle. Protein was determined according to
Schacterle and Pollack® with bovine serum albumin
(Armour Pharmaceutical Co, Chicago, USA) as
standard. Control animals were clinically healthy
dogs (age six months—10 years; median two years)
with no functional or histological evidence of jejunal
abnormality. Student’s t test was used to assess the
significance of differences between the control and
affected groups.

Table 1 Summary of routine screening procedures performed on the animals with small intestinal disease.
Erythrocyte Serum Peak plasma
Serum folate folate vitamin B, Fat excretion xylose
Group (ng/l) (ng/l) (ngll) (% of intake) (mmol/l)
Intestinal diseasc 20-8+3-9 (10) 296+40 (9) 128+11(9) 12:5+1-3(8) 4-6%0-40 (10)
Control 8:9+0-6 (20) 230+13 (20) 277£14 (20) 6:6+0-5(15) 5:-5+0-2 (15)
(4-8-13-0) (160-350) (200-400) (3-10) (4-5-6-4)
Statistical significance (p) ~ <0-001 NS <0-001 <0-001 <0-05

Data are expressed as mean = SEM with the numbers of animals and control ranges in parentheses. Statistical analysis by Student’s  test.

NS=not significant (p>0-05).
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Table 2 Bacterial flora in duodenal juice of dogs with
small intestinal disease

Viable count

Case no (per ml) Organisms

1 1-6x107 Streptococcus faecalis
6-0%x10° Escherichia coli
1-0x10° Staphylococcus citreus

2 2:5%10° Escherichia coli
9-2x10° Enterococci

3 1-6x10° Acinetobacter anitratus
2:0x10* Enterococci
2:0x10* Staphylococcus epidermidis

4 >3-0x107 Clostridium spp.*

>4-0x10° Bifidobacterium spp.*

3-2x10°¢ Escherichia coli
5-2x10° Enterococci

5 6-4x10° Clostridium spp.*
3.0x10° Escherichia coli

6 6-7x10° Clostridium spp.*
2-5x10* Escherichia coli
1-6x10* Enterococci
5-0x10? Streptomyces spp.

7 4-4x10° Staphylococcus epidermidis

. " ;(‘;x }8: Staphylococcus aureus

ontro <2-0x

* Denotes obligate anaerobes.
+ From reference 25.

Results

ENZYME ACTIVITIES

Compared with the control group there are distinct
differences in the activities of specific brush border
enzymes in jejunal biopsies from the animals with
small intestinal disease (Table 3). Alkaline phos-
phatase activity is markedly reduced and y-glutamyl
transferase activity is increased. In contrast, there
are no changes in the activities of zinc resistant
a-glucosidase, maltase, sucrase, lactase, or leucyl-2-
naphthylamidase. The specific activities of marker
enzymes for the other principal subcellular
organelles are shown in Table 4. The activities of
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certain lysosomal marker enzymes (N-acetyl-p-
glucosaminidase, acid phosphatase, but not a-
mannosidase) are increased in biopsies from the
affected group. There are no changes, however, in
the activities of 5’ nucleotidase (basal-lateral
membranes), malate dehydrogenase (mitochondria,
cytosol) tris-resistant a-glucosidase (endoplasmic
reticulum) or catalase (peroxisomes).

ANALYTICAL SUBCELLULAR FRACTIONATION

The Figure shows the relative specific activities and
density gradient distributions of marker enzymes in
jejunal biopsies from control and affected animals.
The activities and distributions of the brush border
enzymes zinc resistant a-glucosidase and leucyl-2-
naphthylamidase are comparable in the two groups,
but there is a slight shift in the modal density of the
particulate component of these enzymes from 1-20
in the control to 1-21 in the affected group. This
density change is reflected in the distribution of
y-glutamyl transferase indicating that the enhanced
activity of this enzyme is predominantly associated
with brush border fragments of increased density. In
contrast, the distribution of alkaline phosphatase
clearly shows a marked reduction in the brush
border component of this enzyme activity in biopsies
from affected animals. There is a loss of the major
brush border peak of modal density 1-19 present in
the control animals. The residual activity has a
broad shallow distribution, with shoulders at
densities 1-12 and 1-18 corresponding approximately
with the peak activities of the basal-lateral
membrane and endoplasmic reticular marker
enzymes respectively.

The density distributions of 5’ nucleotidase
(basal-lateral membranes) are not markedly
different comparing the control and the affected
groups. The subcellular distributions of N-acetyl-g-
glucosaminidase, however, are distinctly different,
for although the particulate lysosomal activities are
almost identical there is a marked increase in soluble

Table 3  Activities of brush border marker enzymes in jejunal biopsies from animals with intestinal disease and controls

Zinc-resistant Alkaline Leucyl-2- y-Glutamyl
Enzyme a-glucosidase  Maltase Sucrase Lactase phosphatase naphthylamidase  transferase
EC no 3.2.1.20 3.2.1.20 3.2.1.48 3.2.1.23 3.1.3.1 34.11.1 2322
Intestinal discase 6-2+0-7 33144 79£10 24-9+3-6 77-3+14 86-5+8-5 19-2+4-6
(10) (10) (10) (10) (10) (10) (10)
Control 6-2+0-2 329+25 67+5-1 33-5+3-8 134+9-8 102+8-5 10-9£0-5
(17) (12) (12) (12) (15) (16) (15)
Statistical
significance (p) NS NS NS NS <0-01 NS <0-04

Data (mU/mg protein) are expressed as mean * SEM with the number of animals in parentheses.

Statistical analysis by Student’s ¢ test.
NS=not significant (p>0-05).
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Table 4 Activities of marker enzymes in jejunal biopsies from animals with intestinal disease and controls .
N-acetyl-f- Acid Malate Tris-resistant
Enzyme 5" nucleotidase  glucosaminidase ~ phosphatase a-mannosidase  dehydrogenase  a-glucosidase Catalase
ECno 3.1.35 3.2.1.30 3.1.32 3.2.1.24 1.1.1.37 3.2.1.20 1.11.1.6
Intestinal 3.5+0-9 4.3+0-2 8:0+1-2 1:3+0-1 2730190 0-71£0-02 7-5+1-1
disease (10) 9) 9) (9) (10) (10) )
Control 2:7+0-3 3-6+0-2 4.0+£0-4 1-2+0-1 2510+230 0-7£0-04 8:6+0-7
(12) (16) (12) (16) (11) (16) (16)
Statistical
significance (p) NS <0-04 <0-01 NS NS NS NS

Data (mU/mg protein) are expressed as mean + SEM with the number of animals in parentheses.

Statistical analysis by Student’s ¢ test.
NS=not significant (p>0-05).

activity in the group with intestinal disease. The
specific activity of malate dehydrogenase is
unaltered in this group, but the density gradients
show some reduction in the particulate mito-
chondrial component and an increase in the soluble
component of this enzyme activity. The distribution
of tris-resistant a-glucosidase (endoplasmic
reticulum) shows a shift in the modal density of the
particulate component towards the denser fractions
in the group with intestinal disease. The activities
and density distributions of catalase (peroxisomes,
not shown) revealed negligible differences between
the two groups.

Discussion

The application of serum folate and vitamin B,
estimations to the investigation of naturally
occurring malabsorption in the dog has assisted the
diagnosis of chromc small intestinal abnormalities in
this species.’? As in man, a raised serum folate
accompanied by a reduced serum vitamin B,
concentration has been shown to be associated with
a bactenal overgrowth in the proximal small
intestine,? and the present study has examined the
subcellular biochemical changes in the jejunal
mucosa of affected animals.

Light microscopy revealed morphological
abnormalities comparable to those described in the
blind looP sryndrome in man'’ and in experimental
animals’ where villous atrophy can be a
consequence of bacterial overgrowth but most
frequently histological changes are minimal. Ultra-
structural changes,”!! impaired monosaccharide
transport,” and biochemical abnormalities,® 2! 32
however, have been well documented and provide
definite evidence for mucosal damage in the blind
loop syndrome. Similarly, in this study there were
striking biochemical changes in the mucosa particu-
larly in the brush border where there were distinct
but selective alterations in the activities of specific

marker enzymes. In the affected group the activities
of the carbohydrases, zinc resistant a-glucosidase,
maltase, sucrase and lactase and of the peptidase,
leucyl-2-naphthylamidase, were unchanged. The
specific activity of alkaline phosphatase was
decreased, however, subcellular fractionation
showing a marked loss particularly of the brush
border component of enzyme activity, while y-
glutamyl transferase activity was increased. These
findings contrast markedly with the brush border
changes described in the experimental blind loop
syndrome where damage appears to be less specific
and disaccharidase activities in particular are
generally reduced® ® 1274 32 ajthough alkaline
phosphatase activity can be relatively spared.*
These apparent differences may be related not only
to the numbers but also to the types of bacteria
isolated. In the blind loop syndrome there are
considerably increased numbers particularly of
obligate anaerobes, notably Bacteroides and
Clostridium spp, whereas in the present study viable
counts were generally lower than in the blind loop
syndrome and aerobic rather than anaerobic
organisms frequently predominated. Indeed
anaerobes have been specifically implicated in the
disaccharidase deficiences of the experimental blind
loop syndrome and are thought to mcrease brush
border degradation of these enzymes either by
their release from'S or destruction in the
membrane.'® In a recent study,”® however, it was
suggested by Schjonsby et al that extrapolation from
the experimental to the human blind loop syndrome
was largely speculative and had not previously been
pursued by the assay of mucosal enzymes. Indeed
their findings in patients with the blind loop
syndrome were in closer agreement with the present
study, for although alkaline phosphatase activity
was not reduced, activities of carbohydrases and of
leucyl-2-naphthylamidase also appeared unaffected
and y-glutamyl transferase activity was increased.®
The effects of bacteria on alkaline phosphatase
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Figure Isopycnic
centrifugation of postnuclear 20
supernatant fraction from
jejunal biopsy specimens from
control (solid line) and affected
animals (stippled). Graphs
show the relative frequency-
density distributions of eight
marker enzymes. For each
enzyme areas of distributions
comparing the two groups are
proportional to enzyme specific
activity. Frequency is defined as
that portion of total recovered
activity present in individual
fraction divided by density span
covered by that fraction.
Relative frequency

(mean * SEM, n=5) was
derived by multiplving
frequency data for affected
animals by relative specific
activity (mU/mg protein) of
these affected compared with

Relative fequency

alkaline phosphatase

leucy! - 2 - naphthylamidase
20 Y

N - acetyl - B - glucosaminidase

malate dehydrogenase

control animals. Percentage
recoveries for control and
affected animals respectively,
with relative specific activities
between parentheses, are: zinc-
resistant a-glucosidase 81, 84
(1-2); alkaline phosphatase 58,
70 (0-4); leucyl-2-
naphthylamidase 79, 73 (1-0);
y-glutamyl transferase 84, 88
(1-5); 5' nucleotidase 79, 88
(0-9); N-acetyl-f3-

tris - resistant «- glucosidase

glucosaminidase 68, 70 (1-3);
malate dehydrogenase 87, 83
(1-1); tris-resistant a-
glucosidase 107, 98 (1-0).
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activity appear to be variable, for although in the
experimental blind loop syndrome reduced levels
have been described'* * brush border activity may
not be affected.® Susceptibility to degradative
enzymes may depend not only on the accessibility of
appropriate bonds to attack but also on their
importance in maintaining either the active

115 120 125 130 1-05 110

115 1120 1-25 130
Density

conformation of the enzyme or its attachment to the
microvillus membrane. Alkaline phosphatase does
appear to be less susceptible than the disacchari-
dases to release either by proteases or detergent**’
apparently consistent with a relative resistance to
bacterial degradation.'® '° 32 Although only a rela-
tively small proportion was released, however, a
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75% loss of alkaline phosphatase activity was
observed when brush borders were incubated with
an extract from Clostridium perfringens."> This
suggests that destruction in situ rather than release
might be more relevant to the degradation of
alkaline phosphatase by specific bacteria, and this
property could be pertinent to the specific loss of
brush border activity in the present study. Possible
mechanisms include direct damage by bacteria or
their secreted products, and the metabolism of
intraluminal contents to potentially toxic products,
for example deconjugated bile salts and hydroxy
fatty acids.” These may have a direct effect on the
enzyme, or could act by perturbation of associated
membrane lipids resulting in an alteration of the
hydrophobic domain. In these affected dogs other
factors, however, including a decrease in the rate of
enzyme synthesis, and perhaps zinc deficiency,*®
could be responsible for the low activity of alkaline
phosphatase in the microvillus membrane.

The effects of bacteria on brush border peptidases
have received relatively little attention; however, in
the experimental blind loop syndrome they may be
affected gy non-specific damage to the brush
border.’* ¥ In the present study, not only the
disaccharidases but also the activity of the peptidase
leucyl-2-naphthylamidase appeared to be unaffected
in the dogs with intestinal disease. In marked
contrast, there was an increase in the activity of
brush border y-glutamyl transferase: the reason for
this is not clear, but a specific inductive change does
seem more likely than a decreased rate of degra-
dation. Intraluminal disturbances® might act as a
stimulus, and this response could be beneficial in a
potentially hostile environment, a possibility
discussed in relation to the increased activities of
this enzyme in certain neoplastic tissues.*’ High
levels of y-glutamyl transferase have also been
found in association with secreted immunoglobulins,
but the suggestion that this enzyme represents
secretory component*' has been refuted.*> Conse-
quently, although a role in translocation remains a
possibility,** at present the functional significance of
this enzyme in the small intestine remains uncertain.
Interestingly, raised y-glutamyl transferase activities
have been documented in biopsies from human
patients with the blind loop syndrome, and it has
been suggested that this ﬁndmg might reflect
enhanced proliferative activity.>

The basal-lateral membranes appeared to be
relatively unaffected in the present study, support-
ing the suggestion that intraluminal events may be of
particular importance in the derivation of the
specific changes at the exposed surface of the
enterocyte plasma membrane. There was evidence
for intracellular damage, however, particularly
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affecting the lysosomes and mitochondria. Activities
of specific lysosomal enzymes were enhanced and
for N-acetyl-B-glucosaminidase this increase was
associated with the soluble fractions of the density
gradients, a finding suggestive of an increased
lysosomal fragility. Enhanced lysosomal enzyme
activity has been shown hlstochemrcal]y in the
experimental blind loop syndrome'? but lysosomal
changes are not specific and have been described in
other intestinal diseases.***® The mitochondrial
component of malate dehydrogenase activity was
reduced and the soluble component increased,
consistent with release of matrix contents because of
mitochondrial damage, an ultrastructural change
documented in the blind loop syndrome.® ' !* The
increased modal density of the endoplasmic reticular
marker enzyme suggested a greater proportion of
rough to smooth endoplasmic reticulum in entero-
cytes from affected dogs. This could reflect a
relatively enhanced rate of synthesis of proteins
destined for export or membrane insertion.*’ Indeed
it is possible that, apart from alkaline phosphatase,
enhanced synthesis might have compensated for any
increased loss of protein from the brush border, as
has been suggested for the less contaminated
segments m the experimental blind loop
syndrome.*? This could be a consequence of a more
mature population of enterocytes, although bacteria
might be expected to have the reverse effect by
accelerating the turnover and migration of entero-
cytes.*® Vitamin B, deficiency, however, should not
be 1gnored as this can have an effect on the jejunal
mucosa® and may have contributed to the bio-
chemical changes described here.

This study emphasises that the absence of distinct
histological abnormalities does not exclude the
possibility of damage to the small intestinal mucosa,
an observation stressed previously particularly in the
blind loop syndrome.®”'! The changes contrasted
markedly with those described recently in older dogs
with an enteropathy resembling chronic tropical
sprue in man*® in which villous atrophy was accom-
panied by generalised biochemical damage to the
microvillus membrane. As the German Shepherd
breed seems to be particularly susceptible to both
diseases it is conceivable that long standing over-
growth might result in these more serious and
perhaps 1rreverstble mucosal changes, a possibility
discussed in man.’ ' The possible derivation of the
overgrowth has been discussed in detail
previously;?® although disordered motility and
achlorhydria cannot be excluded, preliminary
studies do suggest that there may be an underlying
immunological disorder.”
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