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Response of the jejunal mucosa of dogs with
aerobic and anaerobic bacterial overgrowth to
antibiotic therapy
ROGER M BATT, LYNN McLEAN, AND JANE E RILEY

From the Department of Veterinary Pathology, University of Liverpool, Liverpool

SUMMARY Dogs with naturally occurring aerobic or anaerobic bacterial overgrowth have been
examined before and after antibiotic therapy in order to assess reversibility of damage to the jejunal
mucosa. Histological changes in peroral jejunal biopsies were relatively minor before and after
treatment, but sucrose density gradient centrifugation revealed specific biochemical abnormalities
that responded to antibiotic therapy. Aerobic overgrowth was initially associated with a marked loss
of the main brush border component of alkaline phosphatase activity; this recovered following
treatment, suggesting that aerobic bacteria may cause reversible damage to the hydrophobic region
of the brush border membrane. In contrast, anaerobic overgrowth was initially associated with a

marked reduction in brush border density, indicative of a considerable fall in the glycoprotein-to-
lipid ratio of the membrane. Density increased from 1.17 to 1.21 g/ml after antibiotic therapy,
consistent with recovery from this relatively severe damage to the brush border caused by anaerobic
bacteria. Reductions in soluble and peroxisomal catalase activities which could compromise mucosal
protection against free radicals in dogs with aerobic overgrowth, and a loss of particulate malate
dehydrogenase activity indicative of mitochondrial disruption in dogs with anaerobic overgrowth,
were also reversed after treatment. These findings indicate that aerobic and anaerobic bacterial
overgrowth can result in contrasting but potentially reversible damage to the jejunal mucosa which
would not be detected by conventional investigative procedures.

In the blind loop syndrome in man' and in
experimental animals2 - an association has been
established between chronic overgrowth of predomi-
nantly obligate anaerobic bacteria and functional
damage to enterocytes. In addition, it has been
suggested that longterm colonisation, particularly
with coliform bacteria, might play a role in the
pathogenesis of the relatively severe morphological
damage to the small intestine in chronic tropical
sprue in man.'"'I While the potential longterm
consequences of an abnormal flora on the mucosa of
the small intestine have been studied extensively,
the possibility that there may be irreversible com-
ponents to these mucosal abnormalities236'4 '5 has
received relatively little attention.
A naturally occurring disease in the dog associated

with bacterial overgrowth in the proximal small
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intestine has provided the opportunity to explore
relationships between an abnormal flora and mucosal
damage.'7 A comparison between dogs with aerobic
and anaerobic overgrowth has revealed differences in
biochemical abnormalities which indicate that the
composition of the overgrowth flora can have an
important influence on the nature of mucosal
damage.' The present study examines the effects of
antibiotic treatment on these mucosal changes in
order to determine whether damage is reversible,
and hence a direct consequence of the overgrowth.

Methods

ANIMALS
Affected animals with aerobic or anaerobic over-
growth of bacteria comprised eight German
shepherd dogs aged between five months and three
years (median 14 months) referred for an investiga-
tion of chronic diarrhoea of at least three months
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Table 1 Serum folate, serum cobalamin and total viable bacteria in the duodenaljuice ofdogs with either aerobic or
anaerobic bacterial overgrowth before and after antibiotic treatment.

Pretreatment Post-treatment

Case Initial Folate Cobalamin Bacteria Folate Cobalamin Bacteria
no overgrowth (pg/l) (ngll) (logl,ml) (4g/1) (ng/l) (log,Jml)

1 Aerobic 8-4 40 6-9 7-6 85 4-2
2 Aerobic 6-6 125 6-4 5-5 85 7-2
3 Aerobic 171 80 6-2 18-5 150 5-5
4 Aerobic 18-5 83 5-7 20-9 146 <3-0
5 Anaerobic 54 130 7-6 36-7 330 ND
6 Anaerobic 17-4 176 7-2 20-3 110 6-9
7 Anaerobic 18-9 170 6-0 7-9 185 5-9
8 Anaerobic 10-3 242 5-6 9-3 315 4.9
Control range* 4-8-13-0 200-400 <4-3 aerobes

ND not determined. *References 20 and 22.

Table 2 Details ofthe bacterialflora in dogs with aerobic or anaerobic overgrowth before and after antibiotic treatment

Viable bacteria in duodenaljuice (log,Jml)
Case Initial
no overgrowth Pretreatment Post-treatment

1 Aerobic 6-5 (Ac 1), 6-4 (E), 6-1 (M spp), 5.9 (Ec), 5-6 (Pas spp), 3-7 (Ps spp), 3-6 (E), 3-5 (M sp), 3.3 (Pas sp), 3-0 (Ec)
5*4 (St spp)

2 Aerobic 6-4 (Ac a) 6-9 (Pas spp), 6-7 (N spp), 6-4 (Ps sp), 5-8 (Ac a), 5-7 (Lc sp)
3 Aerobic 5-9 (Ac 1), 5-4 (Ps spp), 5.3 (E), 5-2 (Pas spp), 3.7 (Ec), 5-5 (Ac 1), 4.5 (St spp), 3-8 (E), 3.7 (Ec), 3.2 (Bb),

3-4 (St spp) 3-2 (Ps spp)
4 Aerobic 5.6 (St e), 4-6 (St a) <3.0
5 Anaerobic >7-5 (Cl sp)*, >6.6 (Bf sp)*, 6-5 (Ec), 5.7 (E) ND
6 Anaerobic 7-1 (Lc spp), 6-51 (Cor sp)*, 6-15 (Cl spp)*, 4.9 (St spp) 6-6 (E), 6-5 (M sp), 6-0 (Cor sp), 5-8 (Ec), 5-4 (Lc sp)
7 Anaerobic 5-8 (Bac sp)*, 5.49 (Sv), 4.7 (Bs), 3-8 (Ec), 3-0 (Cl w)* 5.5 (Bac sp)*, 5.4 (Pas sp), 5.3 (Ps sp), 5-1 (N spp), 4.0 (Ec)
8 Anaerobic 5-54 (Cl w)*, 3.4 (Ec) 4-9 (Sf), 4.3 (St sp)

Ac a, Acinetobactercalcoaceticus var anitratus; Ac 1, Acinetobactercalcoaceticus var lwoffi; Bac sp, Bacteroides sp; Bb, Bordetella
bronchiseptica; Bf sp, Bifidobacterium sp; Bs, Bacillus subtilis; Cl sp(p), Clostridium sp(p); Cl w, Clostridium welchii; Corsp,
Corynebacterium sp; E, Enterococcus; Ec, Escherichia coli; Lc sp(p), Lactobacillus sp(p); M sp(p), Moraxella sp(p), N sp(p), Neisseria sp(p);
Pas sp(p), Pasteurella sp(p); Ps sp(p) Pseudomonas sp(p); Sf, Streptococcusfaecalis; St a, Staphylococcus aureus; St e, Staphylococcus
epidermidis; St sp(p) Staphylococcus sp(p); Sv, Streptococcus viridans.
*obligateanaerobes. ND not determined.

duration, accompanied in seven cases by loss of
weight. Sequential numbers in Tables 1 and 2 repre-
sent cases 4, 7, 8, 9 (aerobic overgrowth) and cases
11, 12, 15, 17 (anaerobic overgrowth) for which data
before treatment have been presented previously.'8
Investigations were repeated between two to six days
after completion of treatment with oral oxytetra-
cycline (10-20 mg/kg every eight hours for 28 days).
This treatment resulted in considerable improvement
in the incidence and severity of diarrhoea in all cases,
and weight gain in four of the seven underweight
animals.

Control animals were clinically healthy dogs
of various pure breeds, including nine German
shepherd dogs, aged between six months and 10 years
(median two years) with no functional or histological
evidence of jejunal abnormality. Data were initially
evaluated by Levene's test for homogeneity of

variance. Significance of differences between control
and affected groups before and after treatment was
then determined either by one-way analysis of
variance and Dunnett's test, or by the Kruskal-Wallis
test. Comparisons within affected groups before and
after treatment were undertaken by use of Student's
t test for paired data or, where indicated, by
Wilcoxon's signed-rank test.

CLINICAL INVESTIGATIONS
Details of the procedures for the clinical investigation
of affected animals, including the assay of serum
folate and cobalamin, have been presented pre-
viously with relevant control data.1'92 All animals had
normal exocrine pancreatic function, assessed by the
assay of serum trypsin like immunoreactivity2' and in
seven dogs by the oral administration of N-benzoyl-
L-tyrosyl-p-aminobenzoic acid (bentiromide).19
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Treatment ofbacterial overgrowth in the dog

Routine examinations of faeces and duodenal juice
revealed no evidence of intestinal parasites apart
from ova of Toxocara sp in faeces of case 5. This
animal was included because no specific effects of this
infection on the jejunal mucosa were discernible and
biopsy findings were comparable with those in the
other animals in this anaerobic group.`1

Bacterial overgrowth was documented by quanti-
tative and qualitative bacteriological investigations
of duodenal juice obtained by peroral intubation
after fasting for approximately 18 hours.22 Jejunal
biopsy specimens for morphological and biochemical
investigations were obtained perorally from a site
just distal to the duodenal-jejunal flexure, using a
single or multiple biopsy capsule.23

BIOCHEMICAL STUDIES
Portions of jejunal biopsy specimens (approximately
10-50 mg) were homogenised in sucrose medium
(0.3 mol/l sucrose, 22 mmol/l ethanol, 1 mmol/l
Na2EDTA, pH 7.4) and postnuclear supernatant
fractions were subjected to analytical subcellular
fractionation by sucrose density gradient centrifuga-
tion either in an automatic zonal rotor24 or vertical
tube rotor.25 After centrifugation, alkaline phospha-
tase was assayed immediately and 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 done by computer.26 Marker enzymes for the
principal subcellular organelles were assayed in the
homogenates and gradient fractions as described
previously.2427 Maltase, sucrase, and lactase were
assayed in portions of biopsy specimens collected in

distilled water.28 Protein was assayed29 with bovine
serum albumin (Armour Pharmaceutical Co,
Chicago, USA) as standard.

Results

CLINICAL INVESTIGATIONS
Table 1 shows that before treatment serum folate
concentrations were raised in five cases, and serum
cobalamin concentrations were reduced in seven
cases, findings consistent with synthesis of folate
and binding of intraluminal cobalamin by enteric
bacteria. After antibiotic therapy, serum folate con-
centrations decreased in five dogs while cobalamin
concentrations increased in six dogs.

Tables 1 and 2 show that total viable bacterial
counts in duodenal juice before treatment were
greater than 105 organisms/ml in all affected dogs,
comprising exclusively aerobic bacteria in four cases
and predominantly obligate anaerobic bacteria,
particularly Clostridia spp, in the other four cases.
The most notable changes after treatment included a
reduction in total viable counts in three of the four
animals that had aerobic overgrowth, and a loss
particularly of Clostridia spp in the duodenal samples
taken from the dogs that had anaerobic overgrowth
before treatment.

Dissection and light microscopy of peroral jejunal
biopsy specimens revealed minimal morphological
damage, which included partial villous atrophy in
specimens from cases 1, 2, and 7, and prominent
lymphocyte/plasma cell infiltrates in the lamina
propria of specimens from cases 1, 7, and 8. Treat-
ment resulted in some improvement in the morpho-

Table 3 Activities ofbrush border marker enzymes in jejunal biopsy specimensfrom controls and dogs with aerobic or
anaerobic overgrowth before and after antibiotic treatment

Aerobic overgrowth Anaerobic overgrowth
Enzyme
(ECno) Control Pre-treatment Post-treatment Pre-treatment Post-treatment

Zn-resistant a-glucosidase 6-2 (0.2) 6-8 (1.0) [NS] 7-1 (0.7) INS] 6-5 (1.2) (NS) 6-7 (0-8) INS]
(3.2.1.20) [23] [NS] [NS]
Maltase 347 (19) 368 (75) [NS] 405 (46) [NS] 309 (41) [NS] 361 (50) [NS]
(3.2.1.20) [18] INS] [NS]
Sucrase 77.5 (5.5) 99.5 (13) [NS] 94.5 (26) [NS] 68-7 (13) [NS] 84-2 (11) INS]
(3.2.1.48) [18] [NS] [NS]
Lactase 31-3 (3.2) 26-2 [4.4] [NS] 21-9 (3.3) INS] 26-6 (6.2) [NS] 27-4 (1.9) [NS]
(3.2.1.23) 1717 INS] INS]
Alkaline phosphatase 125 (11) 69-5 (21) [<0-051 98-4 (29) [NS] 73-1 (6-7) [<0-05] 85.2 (6.3) [NS]
(3.1.3.1) 121] [NS]
Aminopeptidase N 95-1 (6.7) 77-2 (9.0) [NS] 77-1 (7.9) [NS] 84-7 (22) [NS] 132 (34) [NS]
(3.4.11.1) [22] [NS] [NS]
y-Glutamyltransferase 111 (0.4) 117 (1.8)[NS] 100 (1.4) INS] 118 (4.2) [NS] 144 (2.1) [NS]
(2.3.2.2) 121] [NS] INS]

Data (mU/mg protein) are expressed as mean (SE). Numbers between square brackets indicate number of control animals and statistical
differences between control and affected groups [to the side] and within affected groups (n=4) before and after treatment [below]. [NS]=not
significant (p>005).
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Table 4 Activities oforganelle marker enzymes in jejunal biopsy specimensfrom controls and dogs with aerobic or
anaerobic overgrowth before and after antibiotic treatment

Aerobic overgrowth Anaerobic overgrowth
Enzyme
(ECno) Control Pre-treatment Post-treatmentt Pre-treatment Post-treatment

5-Nucleotidase 2 7 (0.22) 3.6 (0.67) [NS] 5.1 (1.6) [NS] 1.8 (0.3) INS] 2.9 (0.5) INS]
(3.1.3.5) 117] INS] [NS]
N-Acetyl-4-glucosaminidasc 4-0 (0.3) 5-2 (0.4) INS] 5-8 (0.4) [p<O0051 3 4 (0.4) INS] 4-1 (0.3) INS]
(3.2.1.30) 122] INSI INS]
Acid phosphatase 5 3 (0.6) 7.0 (0.7) INS] 8X8 (1.5) [p<0.05] 4 7 (0.6) [NS] 4-8 (0.9) INS]
(3.1.3.2) [18] [NS] INS]
Malatedehydrogenase 2450 (160) 2640 (41) INS] 2300 (330) INS] 2100 (250) [NS] 2180 (360) [NS]
(1.1.1.37) [17] INS] INS]
Tris-resistanta-glucosidase 07 (0-04) 13 (0.2) [p<0.01] 14 (0.2) [p<0.01] 065 (0.1) INS] 09 (0.1) INS]
(3.2.1.20) [22] INS] [NS]
Catalase 8.0 (0.6) 3-23 (0.4)Ip<000] 6-3 (1.6) INS] 7.0 (1.8) [NS] 9-1 (1.9) [NS]
(1.11.1.6) [22] [NS] [NS]

Data (mU/mg protein) are expressed as mean (SE). Numbers between square brackets indicate number ofcontrol animals and statistical
differences between control and affected groups [tothe side] and within affected groups (n=4) before and aftertreatment (below). [NS] =not
significant (p>0.05).

logical appearance of biopsy specimens from cases 1
and 2: in the former, there was a marked reduction in
the considerable cellular infiltration of the epithelium
and lamina propria observed before antibiotic
therapy. The morphological appearance of biopsy
specimens from the other dogs was essentially
unaltered after treatment.

ENZYME ACTIVITIES
The specific activities of brush border enzymes in
jejunal biopsy specimens from control and affected
dogs before and after antibiotic therapy are shown in
Table 3. Activity of alkaline phosphatase was initially
reduced in both affected groups, and increased
following treatment in seven of the eight affected
dogs (p<O0O5, Wilcoxon's signed-rank test) to mean
values which were not significantly different in either
group from that of the controls. In contrast, specific
activities of disaccharidases, aminopeptidase N and
y-glutamyl transferase were not significantly affected
by antibiotic therapy, and were comparable in the
control and affected groups both before and after
treatment.
Table 4 shows that treatment had relatively little

effect on the specific activities of marker enzymes for
basolateral membranes (5'-nucleotidase), lysosomes
(N-acetyl-,3-glucosaminidase, acid phosphatase),
mitochondria (malate dehydrogenase), or endo-
plasmic reticulum (Tris-resistant a-glucosidase) in
jejunal biopsy specimens from affected animals with
either aerobic or anaerobic overgrowth. Mean
specific activities of lysosomal and endoplasmic
reticular enzymes were higher in the dogs with
aerobic overgrowth than in the controls before and
after treatment, although for the lysosomal enzymes

these differences before treatment did not reach
statistical significance. In contrast, mean catalase
activity (peroxisomes), which was initially reduced in
the group with aerobic overgrowth, had doubled
following treatment and was then not significantly
different comparing these affected with the control
animals. In the animals with anaerobic overgrowth,
mean specific activities of all these organelle marker
enzymes were comparable to those in the control
group both before and after treatment.

ANALYTICAL SUBCELLULAR FRACTIONATION
Figures 1 to 5 show the relative specific activities and
density gradient distributions of marker enzymes in
jejunal biopsy specimens from control and affected
dogs before and after antibiotic therapy. Data before
treatment and relevant control data have been
presented previously. 8 Figure 1 shows that treatment
of the dogs with aerobic overgrowth was associated
with marked recovery of the main brush border
component of alkaline phosphatase activity which
was severely reduced before treatment; there was
now a distinct peak at modal density 1-21 g/ml
comparable with that in the controls. In contrast,
antibiotic therapy had relatively little effect on the
distributions of the other brush border marker
enzymes. Apart from relatively minor increases in
the main brush border components of zinc-resistant
ca-glucosidase (maltase) and aminopeptidase N activi-
ties after antibiotic, distributions both before and
after treatment were comparable with those in the
control group.

Figure 2 shows that antibiotic therapy had a major
effect on the severe brush borders abnormalities in
biopsy specimens from animals with anaerobic over-

Batt, McLean, and Riley476
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Treatment ofbacterial overgrowth in the dog
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Fig. 1 Distributions ofbrush border enzymes after
subcellularfractionation ofjejunal biopsy specimensfrom
control dogs (solid line, n 8) and affected dogs with aerobic

overgrowth (shaded, mean ±SE, n-=4) before and after
antibiotic treatment. For each enzyme the areas comparing

these control and affected animals are proportional to

enzyme specific activity (m U/mg protein). Density span

1 05-1.10 represents soluble enzyme activity. Mean

percentage recoveries for control and affected animals

pre-treatment and post-treatment respectively with relative

specific activities in parentheses are: zinc-resistant

ca-glucosidase 97, 83 (1.1), 87 (1.2), alkaline phosphatase 75,

97(0.6), 93 (0.9), aminopeptidaseN92, 85 (0-8), 81 (0.8),

y-glutamyltransferase, 92, 89(10), 95 (09).

growth. While the initial distributions of all four

enzymes indicated a considerable reduction in brush

border density, after antibiotic treatment there was a

marked increase in the modal density of each of these

enzymes from 1 17 to 1 .21 g/ml, a value now identical

to that of the controls.

The distributions of marker enzymes for baso-

lateral membranes (5'-nucleotidase) lysosomes (N-

acetyl-13-glucosaminidase), mitochondria (malate
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Fig. 2 Distributions ofbrush border enzymes after
subcellularfractionation ofjejunal biopsy specimensfrom
control dogs (solid line, n =8) and affected dogs with

anaerobic overgrowth (shaded, mean ±SE, n=-4) before and

after antibiotic treatment. For each enzyme the areas

comparing these control and affected animals are

proportional to enzyme specific activity (m U/mg protein).

Density span 1.05-1.10 represents soluble enzyme activity.

Mean percentage recoveriesfrom control and affected

animals pre-treatment and post-treatment respectively with

relative specific activities in parentheses are: zinc-resistant

ct-glucosidase 97, 97(1.1), 87(1 -1), alkaline phosphatase 75,

68 (0.6), 91 (0.7), aminopeptidaseN92, 102 (0.9), 74 (1.4),

y-glutamyltransferase, 92, 105 (1.0), 84(1.3).

dehydrogenase), and endoplasmic reticulum (Tris-

resistant c-glucosidase) show that densities of these

subcellular organelles in biopsy specimens from dogs
with aerobic (Fig. 3) and anaerobic overgrowth (Fig.

4) were relatively unaffected by antibiotic treatment.

In the latter group (Fig. 4), however, there was some

recovery of the particulate mitochondrial component

of malate dehydrogenase activity, while the particu-
late distribution of Tris-resistant ct-glucosidase was
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Fig. 3 Distributions oforganelle marker enzymes after
subcellularfractionation ofjejunal biopsy specimensfrom
control dogs (solid line, n=8) and affected dogs with aerobic
overgrowth (shaded, mean ±SEn=4) before and after
antibiotic treatment. For each enzyme the areas comparing
these control and affected animals areproportional to
enzyme specific activity (mU/mgprotein). Density span
1.05-1]10 represents soluble enzyme activity. Mean
percentage recoveriesfor control and affected animals
pre-treatment andpost-treatment respectively with relative
specific activities in parentheses are: 5'-nucleotidase 85, 111
(1.2), 112 (1.7), N-acetyl-i-glucosaminidase 70, 86 (1 3), 75
(1.4), malate dehydrogenase 75, 92 (1 1), 81 (0.9), Tris-
resistant a-glucosidase 109, 89 (1.7), 93 (1.9).
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Qty

Fig. 4 Distributions oforganelle marker enzymes after
subcellularfractionation ofjejunal biopsy specimensfrom
control dogs (solid line, n=8) and affected dogs with
anaerobic overgrowth (shaded, mean ±SE, n=4) before and
after antibiotic treatment. For each enzyme the areas
comparing these control and affected animals are
proportional to enzyme specific activity (mUlmgprotein).
Density span 1 05-1 10 represents soluble enzyme activity.
Mean percentage recoveriesfor control and affected animals
pre-treatment andpost-treatment respectively with relative
specific activities in parentheses are: 5'-nucleotidase 85, 83
(0.6), 101 (1.0), N-acetyl-4-glucosaminidase 70, 91 (0.8), 84
(1.0), malate dehydrogenase 75, 100 (0.9), 84 (0.9), Tris-
resistant ca-glucosidase 109, 125 (0.9), 94 (1.3).

skewed into the denser fractions. In addition, Figure
5 shows that there was a major change in the
distribution of catalase activity in biopsy specimens
from the dogs with anaerobic overgrowth, reflecting
some decrease in soluble activity and recovery of a
particulate peroxisomal peak of modal density 1-21,
comparable with that in the controls. Figure 5 also
shows that recovery of catalase activity in dogs with
aerobic overgrowth represented increases in both

soluble and particulate peroxisomal components of
enzyme activity.

Discussion

Jejunal biopsy specimens taken from dogs with
aerobic overgrowth before treatment showed a
severe loss of the main brush border component of
alkaline phosphatase activity. Subcellular fractiona-
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Treatment ofbacterial overgrowth in the dog
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Fig. 5 Distributions ofcatalase aftersubcellularfractionation ofjejunal biopsy specimensfrom control dogs (solid line,
n=8) and affected dogs (shaded, mean ±SE, n=4) with either aerobic or anaerobic overgrowth before and after antibiotic
treatment. For each enzyme the areas comparing these control and affected animals areproportional to enzyme specific
activity (mU/mgprotein). Density span 1 05-1 10 represents soluble enzyme activity. Mean percentage recoveriesfor control
and affected animals with aerobic or anaerobic overgrowth respectively with relative specific activities in parentheses are:

pre-treatment 83, 74 (0.4), 65 (0.9), post-treatment 83, 83 (0.8), 66 (1.2).

tion clearly showed recovery of brush border activity
after antibiotic therapy, while there was little effect
on the lighter membranous and soluble components
of enzyme activity. This indicates that the initial
decrease in brush border alkaline phosphatase
activity was not an underlying or coincidental abnor-
mality, and supports the suggestion that a loss of
alkaline phosphatase reflects a direct effect on the
brush border membrane,`7 by a mechanism involving
bacteria, bacterial secretions, or perhaps bacterial
metabolites such as deconjugated bile salts and
hydroxy fatty acids.2 Indeed, it seems unlikely that an
indirect consequence of bacterial overgrowth - for
example, a specific nutritional deficiency affecting
enterocyte maturity, rate of enzyme synthesis or

enzyme activity - could have such a specific effect on
brush border but not on other subcellular com-
ponents of alkaline phosphatase activity. Certainly,
activities of brush border enzymes do not appear

to be reduced by caloric or protein deprivation
alone."3' In addition, although malnutrition has
been shown to accelerate the development of dis-
accharidase deficiencies in the experimental blind
loop syndrome, this effect is thought not to be
indirect but to be mediated by luminal bacteria,
perhaps after alteration to the luminal environment
or to mucosal defences. 2

In contrast with findings in the experimental blind
loop syndrome, in the present study disaccharidase
activities were not affected in the animals with
aerobic overgrowth either before or after treatment,
emphasising the specificity of the changes in brush
border alkaline phosphatase. Because alkaline phos-
phatase appears to have a strong lipid association32
and to be more resistant to release from the mem-
brane than disaccharidases, which are relatively
exposed at the membrane surface,3334 it seems most
likely that the effects on brush border alkaline

5
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phosphatase activity before and after treatment
reflect damage and subsequent recovery of the
hydrophobic region of the brush border membrane.

Antibiotic therapy also resulted in considerable
improvement in the relatively severe damage to the
brush border in the dogs with anaerobic overgrowth.
Damage was evidenced by a decrease in modal
density, suggestive of a marked fall in the
glycoprotein-to-lipid ratio of the brush border mem-
brane. Restoration of normal brush border density
after treatment was associated with an alteration in
the composition rather than a marked decline in the
magnitude of the overgrowth flora, with a notable
loss of Clostridia spp. In these dogs, and also in the
dogs with aerobic overgrowth, it is possible that total
numbers of bacteria might have been more markedly
reduced during the treatment period than was

evident from the samples obtained after treatment.
Some recolonisation might have occurred between
last antibiotic administration and resampling, a

period intended to minimise interference from any

direct effect of oxytetracycline on the mucosa.

Nevertheless, a loss of specific obligate anaerobic
bacteria, notably Clostridia spp, may be particularly
relevant to the recovery of normal brush border
density after treatment of the dogs with anaerobic
overgrowth. This association is consistent with a

normal brush border density in dogs with aerobic
overgrowth." Furthermore, anaerobes have been
particularly implicated in the synthesis of glyco-
sidases in the experimental blind loop syndrome,"
and in the present study these enzymes could have
been responsible for removal of oligosaccharides
from surface glycoproteins or glycolipids resulting in
the decreased brush border density observed in the
dogs with anaerobic overgrowth before treatment.

Study of a larger group of dogs with overgrowth'8
has indicated that while alkaline phosphatase activity
is reduced in animals with aerobic overgrowth this is

not a consistent finding in dogs with anaerobic
overgrowth. Similarly, alkaline phosphatase activity
has been reported to be affected in some9 "' but not
other" 12 studies of animals with anaerobic over-

growth in experimental blind loops. The present
study emphasises that although alkaline phosphatase
activity may be reduced in individual cases, anaero-

bic overgrowth can be associated with severe,

generalised, and potentially reversible damage to the
brush border membrane which would not be detected
by coventional biochemical investigations, such as

the assay of disaccharidase activities.
Apart from an effect on peroxisomes discussed

below, antibiotic treatment resulted in relatively
little alteration to the other principal subcellular
organelles in either group of dogs with overgrowth.
In the dogs with aerobic overgrowth, activity of

particulate Tris-resistant a-glucosidase remained con-
siderably raised, suggesting that a proliferation of the
endoplasmic reticulum might be present before and
after treatment. In the dogs with anaerobic over-
growth, Tris-resistant a-glucosidase was skewed into
the denser particulate fractions after treatment,
suggesting some increase in the proportion of rough
to smooth endoplasmic reticulum. At present, the
importance of these findings is speculative. The
former, however, would provide an enhanced
capability to synthesise new cellular constituents
including protein and membrane lipid, while the
latter could reflect a relatively enhanced rate of
synthesis of proteins destined for the brush border, as
plasma membrane proteins are synthesised and
assembled in the rough endoplasmic reticulum.`m In
addition, a specific increase in particulate malate
dehydrogenase activity in the animals with anaerobic
overgrowth provided evidence for recovery of the
mitochondrial damage implicated by the loss of this
activity before treatment.
These changes in endoplasmic reticular and mito-

chondrial enzymes after treatment were relatively
minor compared with the effects on catalase. Indeed,
alterations in the activities and density gradient
distributions of catalase clearly showed considerable
recovery of particulate peroxisomal activities in
biopsy specimens from both affected groups. Acting
in concert with enzymes such as superoxide
dismutase, catalase can play a fundamental role in
protection against oxygen free-radicals which might
otherwise cause considerable cellular damage - for
example, by lipid peroxidation and release of fatty
acids from membranes.` In the dogs with aerobic
overgrowth, soluble and peroxisomal catalase activi-
ties were reduced before treatment, changes that
might compromise a local protective role of this
enzyme. The significance of this loss of catalase in
vivo, however, obviously depends on many factors,
particularly on whether this reduced activity is rate
limiting in the turnover of the hydrogen peroxide
presented. The latter could be produced by many
potential substrates of bacterial origin - for example,
by the metabolism of ethanol and acetaldehyde,'8
both of which have been demonstrated in experi-
mental blind loops.`9 In the animals with anaerobic
overgrowth, there was a marked loss of peroxisomal
and increase in soluble catalase activity before treat-
ment. While the origin of soluble catalase is unclear`
these findings might reflect interference with the
transport of catalase into peroxisomes; alternatively
they could reflect fragility of the peroxisomal
membrane permitting release of catalase from
peroxisomes either in vivo or during the homogenisa-
tion procedure. A severe loss of particulate catalase
activity in vivo could be particularly important
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and could interfere specifically with the ability of
peroxisomes to deal with free radicals. The marked
improvement after treatment indicates that these
abnormalities affecting catalase did not play a
primary role in the mucosal damage in dogs with
either aerobic or anaerobic overgrowth. A secondary
role remains a possibility, but at present the deriva-
tion of these abnormalities and their relationship to
the pathogenesis of the mucosal changes in these
affected animals remain unclear.

This study has shown that major biochemical
abnormalities in the jejunal mucosa of dogs with
aerobic and anaerobic overgrowth can be largely
reversed by antibiotic treatment. The findings
indicate that while bacteria can have a major effect
on the brush border other subcellular organelles may
also be affected, and provide strong evidence that
this damage is a direct consequence of the over-
growth.
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