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Influence of dietary composition on gastric emptying
and motility in dogs: Potential involvement in acute gastric

dilatation

Colin F. Burrows, B Vet Med, PhD; Ronald M. Bright, DVM, MS; Crispin P. Spencer, DVM

SUMMARY

Gastrie dilatation-volvulus is a
drematic and life-threatening dis-
eaee of large-brecd dogs. The canse
ig unknown, but ingestion of dry cer-
eal-based food is frequently incrim-
inated as a predisposing factor. The
purpose of this study was to examine
the effect of commercial diets on gas-
tric mokility end empiving in the dog,
Four large-breed dogs were fed 3 dif-
ferent diets (diet A = canned meat-
based; B = corcal-based with 77%
added water; and C = dry ceresl-
based) in & rendomized block design,
Each experiment was done in tripli-
cate, Motility was asseseed, using 5
AgAgCl electrodes and 2 strain
gauges sutured along the seross of
the stomach and proximal duo-
denum. Dogs were fed at the same
time each day and the time to change
from the fed to the fasted pattern of
gnstrointestinal molility (change-
over) was measured. Gastric emp-
tying was assessed by recording
pastric radioactivity, After feeding a
meal mixed with **~Tc-labeled resin,
the log of activity was plotted against
time, and the half-time of gastric
emptying (t,, GE} was calculated.
Mean (= SEM) times from feeding to
changeover for the 3 diets were: diet
A ST + 09 B, 105 = 0.4; and C,
11.0 = 0.8 hours. Diet had minimal
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influence on the half time of pRetric
emptying (diet &, 2.2 = 0.3; B, 2.6
= 0.4; and C, 28 = 0.3 hours; P >
0.05), The data indicate that gastric
motility and empiving in healthy
large-bireed dogs were not affected by

dietary composition. Because mmt-
large doge are fed cereal-based fond
for reasone of cost and easge of use,
these diets may have been wrongly
incriminated as a predisposing fac
tor in gastric dilatation-velvalus,

Gastric dilatation-velvulus (aov)
iz a dramatic disease in which af-
Nicted dogs are frequently presented
in sovere distress, many of which re-
guire sorgical intervention. Even
with immediate velerinary care,
however, the prognosis is ofben poor
and mortality is high,

Although the grose pethologic fea-
fures of GDV," surgical aspects of
treating the disease,® and the
pathophysiologie events that de-
velop after dilatation®® have been
deseribed, little is known of the etio-
pathogenesiz of the ooV syndrome.
Despite intense study and specula-
tion, no singhe factor has yet emerged
as to the cause of Gov, and it is gen-
erally agreed thet the cause is mul-
tifectorial.” The most frequently
incriminated predisposing factor ap-
Fun to be feeding dry cereal-based
oods in 1 large daily meal. Engorge-
ment of dry, eneily lermentable food-
stuffs, with subseguent gas ac-
camulation, failure of the nermal er-
wetation and vomiting mechanisma,
gnd inhibition of gastric emptying
(GE} has been associated with many
cases of GDV."

The source of the gas responsible
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for pastric dilatation remains con-
trovereinl. Some ltﬂdl-ﬂhfhlﬂ mri‘:i
cated that gae produced by bacte

fermentation of dietary carbehy-
drate is the major ssurce,* whereas

others have incriminated swallowed

air.'* Aerophagia has been reasoned
to be the source in most patients.®
Another hypothesis is that the in-
teraction of & greedy eater, fermen-
tive gastric flora, readily fermentable
pubstrate, management practices, or
antecedent gastric disease may com-

‘bine to permit excessive intragastric

fermentation,® particularly by clos-
tridia.”

Bacterial fermentation of earbo-
hydrate also produces volatile fatly
acids that inhibit gastric motility and
emptying in the ruminant.* The rel-
evance of ruminant studies to GOV
in doge revolves arcund the guestion
of whether, because of their physicel
compogition, dry cereal-based dog
foods are emptied more alowly from
ihe stomach than are isccaloric
guantities of meat-based foods. This
delay could permit increased fer-
mentation with production of
metabolic byproducts. These
ucts could, in turn, delay GE, cause
nauses and ae n, and initinte
& vicious cycle gy lead to dil-
atation in & I.'I:I.Iﬂl-lll

ghudy were
to evaluate I'.he of commercial
diets on gastric motility and emp-
f;:' in large-breed and to
rmine whether there is a phys-
iologic basis for incrimination of cer-
eal-based products as predisposing
factor m GDV.

Materials and Methods

Dogs—Four heaithy female large-brosd
dogs (1 German Shepherd Deg, 1 Golden

2609




Retriever, and 2 Shepherd cronse), 26 to
32 kg of body weight, were weed. When
net involved in the etudy, the dogs were
fed n maintenance ration of stundard
laboratory chow* at 4 M daily, The dogs
were free of gastrointesting] parasibes,
were housed in closed indoor runs, and
were exercised outdoors daily. The
remained healthy for the duration of

study.

dog was fed gach of 3 diets (A, B, and C)
in @ I"l!l'H!"DI:IL'Hﬂ block design &t isoca-

hazed dog foud®; B, dry cereal-bused chow
with water sdded to give the same per-
centage of water (TT%) as diet A; ard C,
dry cereal-besed chow= fed os gupplied.
Composition of each of the 2 basa! diets
(Table 1) wae aeseasid by 2 separate nb-
pratories, using proximate analysis.

was mensured by serially recording gas-
tric redicactivity with o scintillation
cumers after & labeled pelystyrens tri-
sthylenstetramine resin’ had bean e
with the test meal. Fesin was labeled by
mizing 1 § of resin with 20 to 100 pCi
of Ma ==Te0, in 20 m] of saline solution.
for 1 minute,

dorsa] senn Wel uking the
techmique described Thenderakis" An
area of interesl ovar o itormach was de-

fined and & count was made over this
aren every @ mimates for 1 hour. Gastric
emplying was meagured in triplicate for
&l:hhlnidilt.'l'umlnﬂmﬂ
surgery, evaluation of GE was dane in
tripticate for each dog before and at lenst

'Th[ﬁﬂmﬂmﬂ.iﬂﬂh‘lﬂ-l"ﬂh
ink, M.
n;&monnﬂﬂllﬂ?.ﬁuﬂlu. Hewask,

* Bupgdied by Dr. M. C. Theodorskis, Coliegs of
Velerinary Madiciss, Universily of Nlizais, Urbane.
¢ Picker Dona Camera 2, Cleveland, Ohic.
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ity. The logarithm of relative radicacliv-
ity in the stomach ﬂnrht'hllllﬂrinl‘y
time, and the t,, GE was calcula from
the slope of the graph.**

Gastrointestinal  motility—Gastrein.
testina! myoelectrical activily wos mea-
sured, using § moncpeler AgAgCl
clectrodes
dental merylie” Three electrodes were
gatured to the serosal surface of the
stomach and 2 to the proximal due-
depum in & line 2 o 3 cm apert along
mmmmmmmm
glong the antimesenteric border of the
du-d'lnu:n. The meet preximal electrode
was 6 to 8 cm from the pylorus. Com-
tractile &ctivity. was monitored, using
strain geuge force transducers® sutured
in the cireular plane adjscent to the Srd
and 4th slectredes, Wires from the elec-
trodes and strain gauges led to & micro-
eomuector (model MD1-16PL1Y ombedded
in  stainless steel cannuls implanted in
the dog's left flank. A reference (pround)
electrode was subeu ¥ in
the ventral wall and oon-
mectad to the microcannector, Bhielded
wires led from o matching microconnec-
tor (model MD-15SL1Y through & type
OR53A couplert to & physiograph. A belt

gewwm-nph ground the thorax allowed
simultansous recording of respira-
pinin. Meoomurements began 14 doys after

. Myoelectrical netivity was re-

with the low-frequency cutefl at

5.8 Hz end the high-lrequency cutofl at

100 He. Doge rested quietly in & modified
Pavlov sling for each recording period.

For messurement of matility, the rou-

tine 4 P feeding was wi e the

day before each experiment. Diogs ware

 RH Froducts, Madisen, Wis
f Cammon Elecisie, Sewis Ane, Calll,
c.llgﬂn-— freadie] EE11), Bensrmadics, Asahem

in o seall plotie af

fed 40 Heal/kg at T AM on the morming
of ench experiment; measurements com-
menced 4 o 5 hours later, Recordings
were made until the changeover from a
fed to u fasted puttern was obeerved. To
determine this peint, recording was con-
tinned until obesrvance of the frst ac
:Tﬁ front (phase 2) of the migrating

ility complex (apac), which charae-
terized the fasting state, was observed

ity before this quiescent peried (phase 1
was defined ae the metual point of
changeover. Myoelectrical g confras-
tile aetivity were examined concarrently
in the stomach and proximel duodenum
to fucilitate determination of change-

oweErT.

Data anolyses—The €, GE and the time
from feeding to chengewver were eom-
wﬂmmmmmumm

ol variopes and the T B
puide for 1982 To exgmine the infla-
ence af gu on GE, data from the 3
evnluations and 3 gvalontiones afler
empiying were , aalng the Blu-
dent’s ¢ test. All dnte were expressed as
the mean + SEM and wore pemmicERnd

significant if P < 0.05.

Resuits
Clastric emplying—When fed iso-
ealorically, canned meat-based food,

dry cereal-based food, and cereal-
based food mixed with water emp-
tied from the stomach st the same
rate (Table Zi. The mesaf 1,, GE pro-
gressively increaged in the arder: (1}
canned meat-based, (2) dry cereal-
based plus water, and (3) dry cereal-
based (Table ), but the increases
were not significant. There was,
however, & significant variation -
tween each dog fod the same diet P
< (.01; Table 2), Surgery had no =g-
nificant offect on the rate of emply-
ing.

(Gastrointestinal motility=Dietary
composition hed no effect on the du-
raticn of the fed pattern of motility
dﬂ:hla 4). The time Tiy feeding .ﬁ

ngecver progreasi incres

from (1) canned meat-based, (2} dry
cereal-based plus water, and (3) dry
corenl-based (Table 4), but the in-
crepses were not signifieant. There
was also & wide varistion in the time
to changeover Delwesn individual
dogs (P < 0.01; Table 4).
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TABLE 2—EMecl of diet on hall-lime of gasirc

ARG

Doy Dt

M A n [
9 =05 A= 1¥ 4008
8 s 0E* 20= 05 LB EQW
L4307 26z0¥ L1=0F

mean 1.0 = DO i._!i'lﬂ.d id =03

* Dhse 1o teckeims] dilfioutties, anly 3 of the 4 dogs
wiere used for Bhis part of the stody.

Mumsters with Sl rees Jetlenod superainipis are
rignifiantly different (F < 000} from one smather.
Theere i & significent dilfereare betwern sech do.
bl st betwecn the J dista

Tiafe mre papreeesd s e niegon £ SEM fime in

TABLE 3—Wnfuence ol surgery of hal-lime of

gaairic emptying

Do Time fin hears

Hi Dijet

1 A 48 = i 24 & 08
2 C 2.5 = 4R 15 + 0%
H B 24 = 08 PR R ]
& & A48 = BB FRAERE]
Burgery hald s effeot on the mbs of emplying.

fiwts ame expresssd s the mess = ST,

TABLE 4—Irdisance ol died on duration ol the
Hpﬂnmwm
Tims in hsiirs

Ha Didet & D=t B Dbt

H1l=08 1NE=0T 184z 14

BEf =10 04+03 11705

BA =08 BF:08 A5=08
g4 =03 8600

e P e

Grand
memn ST =08 I0b =04 110 =08

[Kfepitoes wers aignificant P < 0005) betsaen

wach dag, beat pob bitevsen diets. Dath sxpresssd as
the Eeih + SEM LR 0 houm

Discussion

Results of the present study indi-
cate that the physicochemical eom-
position of the diet does not influence
the rate of GE or the duration of the
fed pattern of canine geetrointes-
tinal motility. This renders unlikely
gition influences gestric function and
predisposes to dilatation.

Mechaniagma that conirol GE are
complex; acidity, osmolarity, and fat
or content of the diet all
influence the rate af 0. "™ Liguids are
aleo emptied more rapidly than are
golids, which must be broken down
to particles < 1 mm in diameter be-
fore they can pess through the py-
lorue! It was for all these reasons
that we lated that 2 meals of
entirely different physicochemical
composition, such as canned meat-
based food and dry cereal-based food,
may leave the stomach at different
rates, However, Hunt and Stubbs"™

demenstrated thot the rate of emp-

tying of & meal in people can be pre-
i by its nutrient density, and
gince the menls in our study were
isoccaloric, even though differing in
volume, it is perhaps, in retrospect,
not garprising that we were unable
to identify any difference in the rate
of emptying. The total time taken for
meals 1o empty (2 to 3 hours) would
probebly provide ample time for gas-
trie secretion and antral contrae-
tions to newtralize differences in
physicochemical composition.

A variety of technigues have been
used Lo assens GE, mihdh:ﬂ: intuba-
tion and pericdic sampling, centrast
radiography, and radioisstope tech-
nigues, using external scanning.'®
Intubative technigques have the die-
gdvantage of only allowing the study
of liguid meals. Radiologic methods
that use liquid contrast materials
have the same disadvantage; har-
jum food mixtures sre only vseful for
the detection of gross abnormalities
and preclude accurate quantifica-
tion of emptying.'* Radicisctopes of-
fer a relntively eany, noninvasive, and
accurate method for the study of
GE'®*% however, do mot
take inty account the fraction of the
isotope that is released inte the lig
uid phese due to elution of the label
ar grinding." The resin technigque
used in the present study overcame
this problem and indicated empty-
ing of the total mesl because tuﬁ
netium (™ Te) is tightly bound to the
reein, which, due to its particle size
(= 0.5 mm), ie well dispersed
throughout the meal.'

Previous studies of GE in the dog
have not involved the use of & com-
mercial diet; however, individual in-
gredients such as fat, carbohydrate,
protein, and liquid have been ex-
armined,®

Gastrie emptying values were rel-
atively coneistent for each dog (Ta-
ble 1), The significant difference
hetween GE in exch dog has also been
reported by others,™ which high-
lights the problems associated with
developing normal criteria for eval-
untion of GE in doge. Fear or excile-
ment probubly did net induce delayed
GE; the dogs were accustorned to the
technique, eech having been used in
peveral pilot studies before measure-
ment began, and they usually elept
in the sling. However, even il accli-
matization was & factor, the experi-
meninl design precluded bins in favar
of & particalar diet.
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Feeding disrupts the fasted pet-
tern af mwﬁuf:uﬁhw in the dog
and initiates ndiﬂ’-nntﬂtmmihlt
lasts for 8 to 14 hours.™* A linear
relationship exists between the
quantity of food ingested (expressed
&8 kilocalories per kilogram of body
weight) and the durntion of MMOC dis-
ruption.® Duration of the fed state

also depends on dietary tion.
When fed isccalorically, iluEltaﬁ na-

trients such as mrachis cil, sucrose,
and milk protein, induce & feeding
pettern for periods thet are related
to the nature of the food, with ar-
achis ofl having the greatest effect.”
Therefore, we assumed thet 2 com-
mercial dog foods (1 with a fat con-
tent of 26% and the other of 10%,
and each contrasting dramatically
from the other in phyeicochemical
composition) would have markedly
different effects on the duration of
the fod stete. Thess assumptions,
however, were unfounded. Resalts of
the present study indicated that the
effect of & normal mixed nmﬁaﬁ
on testinal motility in
ﬂm the aect of the diet's
individual components.

The definition of exactly when
changeover opcurs on the
segment of intestine studied. Bueno
el al®* reported that in the dog, the
activity front (or phase §) of the Mmc
develops first in the jijunum & to 10
hours after feeding, and approxi-
mately 1 hour later in the duo-
denum, at which time thers is a
trangient decrease in antral motil-
ity. Buenc ¢t &l did not observe a dis-
tinet period of antral motility
consistent with an nctivity front pre-
ceding that in the doodenum. There-
fore, the crigin of the activity front
iphase 3) wanders, moving to more
orad sites after prolonged periods of
festing. Failure to detect an antral
MMC was In disagreement with find-
inga of Itoh et al,™ who, in chronic
24.hour studies of the stomach, de-
fined distinct digestive and inter-

igeati with the time from

to the appearance of the first
activity front ranging from 14 to 16
hours. lich et al stressed the impor-
tance of regular daily feedinge in the
maintenance of this pattern. Doge in
the present study missed a meal Lhe
day before each experiment, wh
may explain the variation in the time
to changeover.

Commercial dog foods, when fed
isocalorically to large-breed dogs, did
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not influence the rate of GE or the
time to change from the fad to the
fagted pattern of gagtrointestinal
matility. Therefore, cereal-based diets
may have been wrongly incrimi-
nated BB & ispoging faetor for GOV
in large-breed dogs.
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