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Altered Gastric Emptying and Prevention
of Radiation-Induced Vomiting in Dogs

ANDRE DUBQIS, JOHN P. JACOBUS, MICHAEL P. GRISSOM,
ROBERT R. ENG, and JAMES ]. CONKLIN

Digestive Diseases Division, Department of Medicine, Uniformed Services University of the
Health Sciences, and Nuclear Sciences Division, Armed Forces Radiobiology Ressarch Institute,

SRR

Bethesda, Maryland

The relation between radiation-induced vomiting
and gastric emptying is unclear and the treatment of
this condition is not established. We explored, there-
fore, (a) the effect of cobalt 60 irradiation on gastric
emptying of solids and liquids and (b) the possibility
of preventing radiation-induced vomiting with the
dopamine antagonist, domperidone. Twenty dogs
were studied on two separate days, blindly and in
random order, after i.v. injection of either a placebo
or 0.06 mg/kg domperidone. On a third day. they
received 8 Gy (800 rads) whole body irradiation with
cobalt 60 y-rays after either placebo (n = 10) or
domperidone (n = 10). Before each study, each dog
was fed chicken liver tagged in vivo with "™™Te¢.
sulfur colloid (solid marker), and water containing
YWin.diethylenetriamine pentaacetic acid (liquid
marker). Dogs were placed in a Pavloy stand for the
subsequent 3 h and radionuclide imaging was per-
formed at 10-min intervals. Irradiation produced
vomiting in 9 of 10 dogs given placebo but only in 1
of 10 dogs pretreated with domperidone {p < 0.01).
Gastric emptying of liquids and solids was signifi-
cantly suppressed by irradiation (p < 0.01) after
both placebo and domperidone. These results dem-
onstrate that radiation-induced vomiting is aceom-
panied by suppression of gastric emptying. Further
more, domperidone prevents vomiting produced by
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ionizing radiation but does not alter the accompany-
ing delay of gastric emptying.

Exposure to high levels of ionizing radiation pro-
duces a constellation of signs and symptoms that
characterize radiation sickness (1). These symptoms
occur after latency periods that vary with the system
involved and the dose received. If the dose is suffi-
ciently high, a hematopoietic syndrome will develop
after a few days, and can be either temporary or
permanent. lf the dose is even higher. a major
gastrointestinal syndrome wili appear after 6-10
days, characterized by diarrhea and melena. This
acute and subacute syndrome is clearly different
from the long-term effocts of irradiation, which will
not be discussed in the present paper,

During the first hours after exposure to ionizing
radiation and before any of these life-threatening
symptoms do appear. a prodromal syndrome charac-
terized by nausea and vomiling is commonly ob-
servad. These symptoms can occur after total body
exposures of 1 Gy (100 rads) or more, and usually
disappear after a few hours (2). The pathophysiology
of this syndrome as well as the concurrent motor
activity of the stomach are largely unknown,

In the present studies, we examined the correla-
tion between gastric function and vomiting after
irradiation by studying three different aspects of the
prodromal syndrome in dogs. Fiest, we evaluated the
possibility of producing vomiting after total body
frradiation with cobalt 60 yravs. In addition, we
determined the effect of total body irradiation on the
rate of gastric emptying of solid and liquid food.
Finully, we oxamined the offect of an antiemetic
agent, domperidone, on radiation-induced vomiting
and on gastric smptying.

Abbeeviations used in thas paper: G155 chomoreceplor trigger
2one ROL regions of interest; VO, vaiting center,
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Materials and Methods

The design of the study was as follows. On three
separate days and after an overnight fast, 20 male beagle
dogs weighing 10-13 kg were given, and ate avidly, a
mixed solid-liquid meal consisting of 500 g of canned meat
to which were added (a) 10 g of raw chicken liver labeled
in vivo with 37 MBq (1.0 mCi) "¥*™Tc-sulfur colloid (3) and
(b) 50 ml of tap water containing 37 MBq (1.0 mCi) of '''In-
diethylenetriamine pentaacetic acid (DTPA). Immediately
thereafter, the dogs were placed in a Pavlov stand, and
received an intravenous injection of either placebo or
domperidone (0.6 mg/kg) given blindly and in random
order. The dogs were then placed in front of a small field of
view y-camera (12-in. diameter} with a medium energy
collimator, which was interfaced with a PDP (programma-
ble data processor) 11/45 computer. Two 1.min static
images covering the dog's entire abdomen were acquired
successively for both the left and right sides, 45 min after
the start of the meal, which was taken as time zero.

On the 2 days of the baseline studies, sach animal was
then brought to the exposure room after receiving either
domperidone or placebo, but no radiation was given (sham
irradiation). Thus, during the first baseline study, 10 dogs
received placebo and 10 dogs received domperidone.
During the second baseline study, the 10 dogs that had
received placebo received domperidone and vice versa,
On the day of the ireadiation study, total body irradiation
was administered 10-20 min after the intravenous injec.
tion of pither dumperidone or placebo. Two sats of sources
of cobalt 60 woere placed al 100 cm on each side of the
animal, producing a dose rate of 8 Gy {800 rads) per
minute in aie. Dosimetey and phantom studies demonsteat.
ad that ¢ dose of 8 Gy was received in the midline
abdomen, whersas the midline brain was exposed to 8 Gy
(600 rads). This design allows evaluation of {a) the effect of
domperidons during the baseline study in all 20 animals
and tb) the effect of irradiation in the presence o absence
of domperidane.

After roturning from the exposure room within 10 min of
uither the sham or the actual feeadintion, the anhnals were
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Preliminary in vitro and in vivo studies demonstrated that
approximately 40% of the '"!In counts spilled into the Tc
window. Therefore, 40% of the In counts were subtracted
from the Tc counts in each ROl A decay correction was
then applied to each isotope for each ROI. The geometric
means of the corrected **®Tc and '''In counts were then
calculated for the gastric and intestinal regions of interest
in the right and left images. These mean counts for
stomach and intestine were then added and the percentage
of the total counts of *™T¢ and !''!In present in the
stomach was calculated at each 10-min interval. The
gastric fractional emptying rate, which is the slope of the
exponential decline of the intragastric contents of each
isotope, was then determined for each animal. In each
group, mean values for these fraction:l emptying rates
(=SEM) were calculated. The statistical significance of
differences between groups was determined using x* and
paired t-tests,

Results

During the baseline studies, domperidone did
not produce any noticeable abnormal behavior, mo-
tor deficit, or coordination problems. Similarly,
domperidone did not significantly modify gastric
emptying of liquids (Figure 1) or solids.

In contrast, irradiation produced vomiting in 9 of
10 dogs as well as a significant (p < 0.01) delay in
the gastric emptying of liquids after administration
of a placebo (Figures 2 and 3). Similarly, gastric
emptying of solids was significantly (p < 0.01)
suppressed after radiation (Figure 4). This delay in
emplying was as prominent in the irradiated animal
who did not vomit as it was in those who did.

When an injection of domperidone was given
before radiation exposure, vomiting was observed in
only 1 of 10 dogs (p < 0.01), but gastric emptying of
both liquids and solids was still significantly de-
layed in all animals (Figures 3 and 3).

again placed in feont of the wcamers and radionuclide _
. tmuging was performed at 10-min intervals for o pariod of *
o N, Al The antmals were then taken back to their cages and Discussion ..:
o s wore closely observed during the subsequent 3 ke Thus, . DR SEARE
e o the dogs were watchad for a total of 6 h and any abnormal hese data demonstrate that total body irra- Oy
i X behavior or vamiting was recorded. Vomiting was defined — dintion with cobult 80 yrays produces emesis in DGR
s as the spasmodic expulston of radivactive material from 90% of the dogs exposed to 8 Gy, These results are - . s
the mouwth. If vomiting was obseevod, imaging was discon. consistent with those of Cooper and Mattsson (4), AP
tinund, but the aninmls continued to be obseeved for the who showed that the EDs, for vomiting was 1.7 Gy, ".‘-'.}".:-_.,-‘
usual duration of the expuriments, The exact mechanism by which ireadiation produces :~::'-Z»:-:-j'::
l‘lu.»‘lnmgns stored on dish were subsogquently analyzed s effect is unknown. In humans., vomiting may be RN
l},\‘ dedining rtmhms‘nl interest (ROY) t:urws‘p‘nmlhm 1o the induced by irradiation of varlous purts of the budy. '":1
stomach and ntestines on g vidoeo suwvn..llw nuumm‘ n.i although the efiect is greator after sxposure of the Tt Ty
radioactivity in sach RO was calculated using a PDP 11:45 A iy 1) fler axposure of the I
computur, During the acquisition of images. wa used poak upper half of l.h" _hm ) t_um attor m?p(.mnf. ol the ey
energio of 140 heV’ for ™™ and of 247 kov' for Uy, W lower l}atlf (5). Similarly, in rats, irvadiation-induced .
vertfled that using o 20% window with thesy peaks pro.  AROTEXI s most prominent after exposure of the
vented any uverlap of ™10 into the Mo window: hows  intestines, whereas irvadiation of the head or limbs is
evor, the low energy peak of "n (171 heV) and its less effective (6). Nonetheless, radiation may still
Compton scatter into the Te window requirsd correction, elicit vomiting after complete excision of the stom-
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Figure 1. Effect of domperidone on emptying of liquids during
baseline studies. Values are means * 1 SEM.

ach, small intestine, and colon (7). Radiation-in-
duced vomiting is prevented by the surgical resec-
tion or thermal coagulation of an area of the medulla
located immediately under the floor of the fourth
ventricle, the chemoreceptor trigger zone (CTZ) (8.9).
In contrast, shielding of the CTZ does not prevent
vomiting {10). Based on these observations, it is
possible that ionizing radiations stimulate the CTZ
indirectly, either through the activation of the pe-
ripheral end of afferent nerves or through the release
of one or several humoral factors. By analogy with
vomiting produced by apomorphine and certain car-
diac glycosides, the CTZ would then send impulses
to the vomiting center (VC), which is located in the
lateral raticular formation. The VC would then initi-
ate the complex motor events characterizing retching
and vomiting.

The present results also demonstrate that gastric
emptying of liquids and solids is suppressed within
2 h of exposure to fonizing radiation. Such a sup-
pression of emptying after irradiation had been pro-
viously reported only in rodents, a species that does
not vomit (11--13), In the dog, gastric emptying was
found to be normal 2 and 3 days after irvadiation, but

g
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Figure 2. Effoct of freadiation on empiving of lquids. Values are
means * 1 SEM.
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Figure 3. Effect of irradiation (**Co) and domperidone. alone or
in combination, on the fractional emptying rate for
liquids. **p < 0.01 compared with corresponding
baseline study.

no study was done on day 1 (14). The mechanism of
this effect is unclear. Vomiting produced by apomor-
phine or other stimuli is preceded by slowing of the
pacesetter potentials (slow waves), suppression of
the spiking activity (15), and relaxation of the stom-
ach, the latter being abolished by vagotomy (16,17).
Apomorphine-induced vomiting is also preceded by
initial suppression of the electrical activity of the
duodenum, followed by bursts of antiperistaltic ac-
tivity (18,19). These effects produce gastric relax-
ation, increased intraduodenal pressures (20), and,
consequently, a delay of gastric emptying. These
changes in gastrointestinal activity after apomor-
phine administration are likely to be induced by
central mechanisms involving the central vagal nu-
clei, which are in the immediate vicinity of the CTZ
and VC. It is possible, therefore, that stimulation of
afferent nerves or the release of humorsi factors that
cause radiation-induced vomiting are also responsi-
ble for the activation of the vagal nuclei or other
contral nervous system centers. In turn, these centers
would delay gastric emptying either through the
stimulation of the inhibitory fibers of the vagus
nerve (16) or through the release of humoral agents.

Our studies demonstrate that domperidone does
not prevent the radiation-induced suppression of

(MEANS = 88)
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Figure 4. Effect of frradiation (*Co) and domperidone, alone or
in combination, on the fractional empteing rate for
solids, **p o« 0.00 compared with correspanding base-
line study.
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gastric emptying. In contrast, domperidone was
shown to suppress the delay of gastric emptying
induced by apomorphine (21) or dopamine (22), as
well as to improve gastroduodenal coordination in
the isolated perfused guinea pig and rat stom-
ach (23.24). Qur observation, therefore, indicates
that the dopaminergic receptors of the CTZ or of the
stomach are not involved in the radiation-induced
delay of gastric emptying. In addition, since the
radiation-induced delay of gastric emptying was not
improved when vomiting was suppressed by dom-
peridone, it appears that the two symptoms are
independent of each other. Alternatively, the dopa-
mine receptors involved in the two phenomenons
may have a different sensitivity threshold.

In the present studies, preirradiation administra-
tion of domperidone was found to effectively pre-
vent the vomiting caused by ionizing radiation. This
effect is similar to that produced by resection of the
CTZ (8) and is compaiible with a direct effect of the
drug on that area of the brain. Indeed, domperidone
has been shown to bind with cerebral dopaminergic
receptors. When given intravenously or orally, how-
ever, its concentrations in the medulla, cerebellum,
and thalamus are threefold those found in the stria-
tum or cortex (25). Domperidone, therafore, could
act on the CTZ, but is relatively devoid of extrapyra-
midal side effects such as the ones observed after
administration of other antidopaminergic agents,
such as haloperidol or metoclopramide. In addition,
contrary to neuroleptic agents, it does not modify the
state of vigilance. Thus, domperidone could be used
to prevent radintion-induced vomiting. One study
performed in humans (26) has suggoested that dom.
peridone was indeod effective in decreasing nausea
and vomiting encountered during radiotherapy. Un.
fortunately, no double-blind design was used, and
thiz shortcoming may be very important in a situa-
tion where paychologic factors are known to be very
importunt. Thus, additional studies should be per-
formed in hamans using double-blind administra-
tion of domperidone and other antinauseating agents
or placebo.
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