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Abstract Helicobacter pylori infection and gastritis can Introduction

cause symptoms suggestive of altered gastrointestinal

function; however, it is unclear iH. pylori inBuences Helicobacter pylori (H. pylori) infection is one of the
gastric motility. This study assessed gastric emptying ratesiost common bacterial infections worldwide, and it is
in mouse models of gastritis. Gastritis was induced inassociated with a variety of gastrointestinal problems,
C57BL/6 mice via ethanol treatment or via challenge withincluding gastritis, peptic and duodenal ulcer, gastric
H. pylori or H. felis. Gastric emptying rates of nutrient and cancer, altered hormone and acid secretion, reduced gas-
non-nutrient liquids were assessed with the non-invasivéric accommodation 1], and antral hypomotility 2]. As
13C-breath test, and the results were compared to healthyell as being caused bi. pylori infection, gastritis can
mice. Gastric emptying of the non-nutrient liquid was be induced by drugs, such as non-steroidal anti-in3am-
unaltered with the presence of gastritis; however, gastricnatory agents and alcohol. InBammatory reactions can
emptying of the nutrient liquid was accelerated after a 4-cause various clinical manifestations frequently associated
week infection withH. pylori. H. felis infection and etha- with abnormalities of the gastrointestinal tract, such as
nol treatment caused a more severe gastritis and disruptiomgausea, vomiting, or diarrhoea. Many of these gastroin-
to the normal gastric emptying. Changes to gastric emptestinal disturbances and symptoms of stomach pain,
tying in mouse models of gastritis are associated with th@ausea and bloating, which are common with pylori
presence of nutrients. Altered gastric emptying may coninfection and gastritis, suggest that there may also be an
tribute to symptoms commonly reported in humans withassociation with altered gastric emptying. Gastric empty-

gastritis. ing rates in patients wittH. pylori induced gastritis has
been previously investigate®f®], but the bndings were

Keywords Gastritis- Gastric emptying contradictory. Thus, there are no debnite conclusions as to

Helicobacter pylori - **C octanoic acid breath test whetherH. pylori is able to inBuence the motility of the

upper gastrointestinal tract. Delayed gastric emptying may
contribute to the commonly reported symptoms of nausea,
early satiety and bloating, whereas an accelerated gastric
emptying may be a contributing factor to the formation of

duodenal ulcers due to exposure of the duodenum to
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Methods emptying rates from the infected mice were compared to
age-matched non-infected mice € 10). After the breath

The gastric emptying rates of nutrient and non-nutrientest, mice were sacribced by g@sphyxiation and fol-

liquid meals were assessed in mouse models of gastritiswed by cervical dislocation and the stomachs were

that were induced by:1] H. pylori infection, 2] H. felis  excised for histology.

infection, and B] treatment with ethanol. All mice were

female C57BL/6 aged >6 week. All experiments were

approved by the Animal Ethics Committee of the Children,H. felis induced gastritis

Youth and WomenOs Health Service (North Adelaide,

South Australia). Mice (n = 20) were inoculated wittH. felis via a single

Breath tests were used to assess gastric emptying rategpgastric gavage of 100 of a H. felis suspension of

which we have previously shown in mice to be reproduc-1 - 10° cfu/ml (using McFarland turbidity standards).

ible and sensitive 10, 11]. After a 15 h overnight fast Following 8 week of infection, gastric emptying rates of

(required to empty the stomach prior to the test) mice ardooth the non-nutrient and nutrient liquids were determined

placed into the breath testing chamber and the breath test infected mice and age-matched non-infected mice as

does not proceed until the mice are settled (within 5 min).described above. After the breath test, mice were sacribced

Following this a baseline breath sample was taken, folby CO, asphyxiation and followed by cervical dislocation

lowed by the administration of the test meal. The mealsand the stomachs were excised for histology.

were the following: (a) a non-nutrient liquid meal con-

sisting of 100ul of water containing 2% hydroxypropy!

methyl cellulose (15000cp, Aldrich, Milwaukee, WI, USA) Ethanol induced gastritis

and 1pl/ml *3C-acetic acid (99% enrichment, Cambridge

Isotope Laboratories, Andover, MA, USA), and (b) aHealthy mice ¢ = 7) were gavaged with 100% ethanol

nutrient liquid meal consisting of 100l of 20% Intralipid (100 pl) to induce gastritis. Gastric emptying rate of the

(Kabi Pharmacia AB, Stockholm, Sweden) anduiml nutrient liquid was determined before and 24 h after gas-

13C-octanoic acid (99% enrichment, Cambridge Isotopdtritis was induced so that there were three days between the

Laboratories, Andover, MA, USA). After the liquid meal breath tests being performed. Only the emptying of the

was gavaged to the mice, breath samples were collected atitrient liquid was assessed due to the results obtained with

2.5 min intervals up to 10 min, followed by collection at the H. felis infected mice. After the Pnal breath test, the

5 min intervals until 30 min, and then collection at 15 min mice were sacribced by G@sphyxiation and followed by

intervals until 120 min. To collect breath samples, micecervical dislocation and the stomachs and duodenums were

were placed in individual breath collection chambers with aremoved for histology.

continual Bow of air as described previoush]. In order

to obtain a breath sample the airRow through the chamber

was stopped for 120 s to allow G@vels to accumulate to Histology

>1%. At the end of the breath accumulation period, 10 ml

of breath was syringed out of the chamber and the air3owhe stomachs were cut along the greater curvature and then

was restored. Breath samples were injected into evacuatedashed in saline. Half of the stomach was retained for

10 ml Exetainer tubes (Labco Limited, High Wycombe, histology. The duodenum was removed from the small

England) for later analysis. Each mouse was maintained imtestine at the ligament of Treitz. The tissues were Pxed in

the chamber for the total sampling period. Body weight10% formalin for 24 h and embedded in parafpn wax.

was assessed at the completion of the breath test. Gastritis was assessed by using a modibed Sydney grading
system for gastritis]2]. BrieRRy, parafbn-embedded tissues
were cut at a thickness of dm and stained with haemat-

H. pylori induced gastritis oxylin and eosin. Severity of damage was assessed blindly
by an impartial observer in the body, transitional zone and

Mice were inoculated withd. pylori (Sydney strain 1) viaa antrum regions of the stomach, and in the duodenum.

single orogastric gavage of 1Q0 of a H. pylori suspen- Gastritis was assessed in the lamina propria (superbcial and

sion of 1- 10°cfu/ml (using McFarland turbidity basal layer), submucosa, muscularis propria and serosa of

standards). Gastric emptying rates of the non-nutrienéach region of the stomach for both acute and chronic

liquid and the nutrient liquid were assessed in mice ainBammatory cells. The inBammatory cells were graded as

4 week 6 =10) and at 7 weekn(= 10) post-infection. 0 for none, 1 for occasional, 2 for multi-focal, 3 for dis-

The tests were performed on separate days. The gastrdontinuous band and 4 for continuous band. The duodenal
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segments were scored from 0 to 3 for histological featureSable 1 Gastric half excretion time i. pylori infected mice
such that the maximum sev_erlty score indicated the most t, 4 week t, 7 week
damage 13]. Features examined of the duodenal mucosa infection (min) infection (min)
included villus fusion and stunting, enterocyte disruption,
reduction in goblet cell numbers, reduction in mitotic bg- Non-nutrient
ures, _crypt and crypt cell d|srupt|qn,. crypt. abscessControl 0= 10) 19.60 + 111 10.85 + 1.83
formation, lymphocyte and neutrophil inbltration, and :

. L . H. pylori (n = 10) 23.06 + 2.01 20.37 £ 1.70
capillary and lymphatic dilatation, whereas the submucosa

and muscularis were examined for thickening.

Nutrient
Control ( = 10) 29.91 + 151 36.24 + 3.85
H. pylori (n = 10) 22.44 + 1.65 33.97 + 2.62

Data analysis
Gastric half excretion time {f) of the non-nutrient liquid and the

13 . . . nutrient liquid after 4 week and 7 weék pylori infection compared
Breath ~“CO, content was determined by isotope ratio to non-infected control mice. Data are mean + SE.<0.05 com-

mass spectrometry (Europa Scientibc, Crewe, Englandjared to control
and the measuretfCO, recovery was expressed as per-
centage excretion per hour of the givEiC dose. The C®

production rate of the mice was assumed to be 40 ml/kg

min based upon normal values for resting metabolicI tocti thH. feli ted i derat itis (dat
parameters measured in C57BL/6 micel][ The 3co, | octon with™. 1elis resuited in a moderate gastrl Is (data

excretion data were analysed by non-linear regressioHOt shown) with no damage fo the duodenum. There were

analysis for curve btting and for calculation of the gastricno signipcant differences between the gastric emptying of

. . . : the non-nutrient liquid of the control mice and thk felis
emptying parameters of gastric half excretion timgyJt . . . . .
[15]p ying p gastr Xered imea infected mice (Table). Following the nutrient liquid, the

Gastric emptying data are expressed as mean + SE gg\stric .ernptyir_lg curves obFained from the infected mice
they displayed a normal distribution (KolmogorovE)Smir-Were divided into two obvious groups: one group that

nov test). Unpaired Student@tests were used to compare consisted of a OtypicalO gastric emptying curve shape

data between control artd. felis mice, a paired StudentOs ((jn :b|12), anlg the_ gth(la:r_ grloquco?_mstmg ?f. curves with
t-test was used to analyse gastric emptying rates before afquo € peaxs (=8, Fig.1). Gastric emptying curves

after ethanol treatment, and one-way ANOVA with a Tu- usually consist of one peak and can be btted by a curve

key post hoc test was used to compare gastric emptyinéVh'Ch has a correlation of > 0.95 with the measured

rates at different infection duration. MannBWhitney rank a!uels. The prlestgnce Woizg%ugli peak t\;]vaspct:thzractensed
sum tests were used to compare gastritis scores between tl?r\é' (1) a correlation o ' etween the blied curve
nd the measured values, and (2) a time interval of at least

roups as these data were non-parametricall distributec;. . L
g < 805 was considered signibcgnt y 0 min between the two peak4fd]. In H. felis infected

mice 40% of the gastric emptying curves were found to
consist of two distinct peaks. The brst peak occurred at
4.06 + 0.46 min and the second peak occurred at

;—L felis induced gastritis

Results

H. pylori induced gastritis Table 2 Gastric half excretion time id. felis infected mice

The presence dfi. pylori infection at 4 week and 7 week tuz (min)
post-infection resulted in a mild gastritis which did not

signibcantly change over time (data not shoRrs 0.05),  Non-nutrient

whereas non-infected control mice had no gastritis. Thereontrol ( = 10) 19.85 + 1.83
were also no apparent morphological changes to the ducH. felis infected @ = 20) 19.36 + 1.51
denum of the infected mice. Gastric emptying of the non-

nutrient liquid was not signibcantly different to control Nutrient

mice at 4 week or 7 week post-infectionP & 0.05, Control (1 = 10) 36.24 + 3.85
Table1). The gastric emptying following the nutrient H. felis infected @ = 12) 26.91 £ 3.01
solution was signiPcantly accelerated after 4 week Ofgastric half excretion time {t) of the non-nutrient liquid and the
infection (P < 0.05), but there were no differences at nutrient liquid after 8 weekH. felis infection compared to non-
7 week post-infection compared to controls (Tal)e infected control mice. Data are mean + SE.
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Fig. 1 Examples of the typical
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44.38 + 5.21 min. These peaks occurred at signibcantlinfection was found to accelerate the gastric emptying of
earlier and later times, respectively, compared to the timeéhe nutrient liquid compared to non-infected mice, but this
at which the control gastric emptying curve peakedwas only observed in the initial weeks of infection.
(10.45 + 1.29 minP < 0.001). There were no signibPcant Infection with H. felis and treatment with ethanol resulted
differences between the gastric emptying of the singlein approximately 40% of the mice displaying double
peaked curves compared to control mice following ingespeakedCO, excretion curves that may be indicative of an
tion of the nutrient test meal (Tab®. There were also no abnormality to gastric emptying. The alteretfCO,
signibcant differences between the median gastritis scoresccretion curves only occurred following the nutrient
of the H. felis infected mice with abnormal gastric emp- containing liquid.
tying curves compared to those with normal gastric Many of the gastrointestinal disturbances which are
emptying @ > 0.05). common with H. pylori infection include stomach pain,
nausea and bloating, which suggests that there may be
altered gastric emptying resulting in these symptoms;
Ethanol induced gastritis however, it is not known iH. pylori is able to inBuence
gastrointestinal motility. Previous investigations have
Ethanol treatment resulted in a mild gastritis with no Sig'reported delayed7] 8], unaltered B, 5, 9], and accelerated
nibcant damage to the duodenum. Following the nutrienE4, 6] gastric emptying irH. pylori positive patients when
solution, 43% of the gastric emptying curves for the eth-compared to non-infected controls. These varying results
anol treated mice consisted of double-peaks, whereas all Qﬁay be due to different meal composition, unsuitable
the gastric emptying curves prior to ethanol treatmeniontrol subjects and small groups of subjects. Physiological
consisted of only one peak. The gastric emptying paramstdies of infected patients are difbcult due to the large
eters of the single peaked curves were not signibcantliterindividual variation, which may lead to problems with
different compared to before ethanol treatment (Ted)le interpretation of results since the symptoms between
Dividing the ethanol treated mice into groups of normalpatients will differ as will the duration of infection (time of
gastric emptying (single peaked curves) and abnormahcquisition of H. pylori is usually unknown). Varying
gastric emptying (double peaked curves) and comparingastric emptying results may also be due to different
the median gastritis scores of the different regions ShoweF’neasuring techniques used. Breath tests using stable iso-
no signibcant difference$(> 0.05). topes have been recently developed to assess
gastrointestinal function and motility. THEC breath tests
_ _ that are now used to assess gastric emptying rates can
Discussion replace the arduous or invasive nature of other measuring
techniques. An additional advantage of assessment of
This study has shown that gastric emptying of a nutrienyastric emptying with the breath test is that the results show
solution is altered with the presence of gastritis.pylori the dynamics of Row since they are expressed as a rate
curve. The O0gold standardOO gastric emptying measuring
Table 3 Gastric half excretion time following ethanol treatment technique of radioscintigraphy and many other techniques

t1/> (Min) express the results only as the percentage of the initial
amount of test meal still remaining in the stomach and

Control (1 = 7) 28.01£2.84  therefore represents cumulative data and not the dynamics
Ethanol treatedr(= 4) 3574+ 253  of Row. This therefore does not allow any conclusions
Gastric half excretion time {}) of the nutrient solution before and regarding the rate or pattern of gastric emptying. Gastric

after treatment with ethanol. Data are mean + SE emptying rates that we have measured have been showing
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altered patterns of gastric emptying that with any othelinBammatory changes, rather than a substance secreted from
technigue would not have been detected. the bacteria or an action of the bacteria such as metabolism
H. pylori infection in the mouse model acceleratedof the **C-octanoic acid in the stomach. The abnormal
gastric emptying of the nutrient liquid but only in the initial gastric emptying curves may be due to alterations in gastric
stage of infection. Since the majority of studies have beemcid secretion, receptive relaxation, or pyloric function. A
performed in humans that have an unknown duration ofrevious study found similar results such that the emptying
H. pylori infection, these studies are unable to investigateof liquids was not quantitatively different from controls but
what physiological changes occur in the early stages oit was faster within the prst 30 mi24]. The mechanism for
infection. One study, however, suggested that during théhis was thought to be disturbed sensitivity of duodenal
initial stages of gastritis there is a temporary suppression afeceptors, but this may not be the mechanism for the results
gastric acid secretion which appears to facilitate colonisaef the current study, since no apparent morphological
tion of H. pylori organisms in the stomachT]. It has also changes to the duodenum were found.
been shown that in the early stages of infection in animals, The initially rapid gastric emptying that caused the brst
the number of bacteria will decrease by the eleventh weepeak of the**CO, excretion curve may be due to a pyloric
[18], which suggests that other inBammatory changes maglysfunction, allowing the liquid to empty faster than nor-
also be occurring in the initial stages of infection. Gas-mal, or an altered function of the proximal stomach.
trointestinal hormone levels, such as CCK, somatostatiGastritis patients have reduced receptive relaxation and
and gastrin, are altered with the presence of gast@tigd,| accommodation]], which may increase intragastric pres-
6, 19, 20]. CCK is a hormone which is released by fat in the sure following a meal and accelerate emptyi2§][ Once
intestine that causes inhibition of gastric secretion andhe meal is in the duodenum, the duodenal receptors will be
emptying R1]. A previous study found that liquid gastric activated, creating the negative feedback to slow the
emptying was accelerated, prompting the authors to speemptying of the rest of the meal, causing the second section
ulate that it was due to impaired action of CCB].[It has  of the **CO, excretion curve.
also been shown that the type A CCK-receptor antagonist The reason that abnormal gastric emptying did not occur
accelerates the gastric emptying of Intralipid and elimi-in all of the H. felis and ethanol treated mice is unknown,
nates its inhibitory effect 42]. This may explain why but may be due to pathologic differences between the mice.
gastric emptying was accelerated only for the nutrientdt is unlikely that it is related to gastritis severity, because
containing liquid in the current study. The impaired actioncomparison of gastritis scores between the mice with and
of CCK may only occur during the initial stages &f.  without abnormal gastric emptying showed no differences.
pylori infection. This should be investigated in future It is also unlikely that the abnormal gastric emptying is due
studies by measuring circulating CCK levels, or itsto morphological changes to the small intestine because it
expression in the tissue, at different stagesieficobacter  has been previously reported that the bacteria does not
infection. reside here 36|, and no apparent histological changes in
H. felis is a close relative oH. pylori and will colonise  the small intestine were found.
the stomach of mice, which provides a convenient small In conclusion, these studies have shown that the changes
animal model. Long-term infection of mice witH. felis  to gastric emptying in gastritis mouse models are associ-
results in the development of low-grade B-cell gastricated with the presence of nutrients, whether it is the initial
lymphomas indistinguishable to those found hh pylori  infection with H. pylori causing an acceleration to gastric
infected humans Z3]. Infection with H. felis in mice  emptying, or the double-peaked gastric emptying curves
results in a gastritis that is possibly the best animal modebbserved withH. felis infection or ethanol treatment. The
in which to study human gastritis, but gastric emptyingcurrent study only assessed gastric emptying of liquid
rates have not been previously assessed in this mouseeals, but it will be important to measure emptying of
model. After 8 week ofH. felis infection, the mice had a solid meals in future studies. If accelerated gastric emp-
moderate severity of gastritis and abnormaCO, excre-  tying is found to occur in humans with gastritis, this may
tion curves following ingestion of the nutrient liquid in be important in the pathogenesis of duodenal ulcers
40% of the mice. The difference of these results to thehrough exposure of the duodenum to gastric adid.
H. pylori results may be due to the strains of bacteriapylori infection is associated with over 90% of duodenal
having different characteristics or causing varied topo-ulcer but the mechanism responsible for ulcer formation is
graphic distribution and severity of gastritis. unclear p]. Altered gastric emptying may also contribute
Ethanol treatment also caused abnormal nutrient gastrito the other gastrointestinal symptoms commonly reported
emptying curves, which did not occur prior to treatment. Thein humans with gastritis. Abnormalities to gastric emptying
mechanism for these results observed for bothHhéelis  should be taken into account when designing trials and may
and ethanol treated mice would, therefore, be related ttead to more effective therapeutic strategies.
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