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A three-month-old, intact male Maltese dog was presented to the hospital with leth-
argy after taking a human medication, Motilitone. Physical examination, including a
neurological examination, revealed no remarkable findings, but cholinergic crisis
symptoms appeared gradually. Blood and radiological examinations showed no re-
markable findings. The dog was tentatively diagnosed with a cholinergic crisis associ-
ated with Motilitone intake. Treatment included intravenous administration of atro-
pine (0.02 mg/kg) every 30 minutes and supportive fluid therapy. After 12 hours of
treatment, the patient's clinical signs were resolved. This is the first case report de-
scribing Motilitone toxicity in a dog.
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Cholinergic crisis refers to a clinical status manifested by the overstimulation of
muscarinic or nicotinic receptors at the neuromuscular junction caused by the ex-
cessive accumulation of acetylcholine (ACh). The excessive accumulation of ACh
is usually caused by the inhibition of the acetylcholinesterase (AChE), an ACh-de-
grading enzyme [1]. The most common causes are the excessive use of medica-
tions for myasthenia gravis or exposure to organophosphates, such as herbicides,
insecticides, and other pesticides [1]. The over-accumulation of ACh at the neuro-
muscular junction causes symptoms related to the muscarinic and nicotinic recep-
tors [1,2]. Clinical findings related to the muscarinic receptors are parasympathet-
ic symptoms, such as miosis, bradycardia, bronchospasm, bronchorrhea gastroin-
testinal (GI) secretion, lacrimation, and urination. The symptoms related to the
nicotinic receptors are skeletal and respiratory muscular weakness, tachycardia,
muscle fasciculation, and flaccid paralysis. Death may result from respiratory
compromise and paralysis. The clinical findings also involve stimulation of the
central nervous system, resulting in agitation, dullness, seizure, coma, and ataxia
[1-3].

Functional dyspepsia (FD) is a complex of symptoms recognized as discomfort
in the upper abdomen and includes recurrent upper abdominal pain, excessive
fullness, and bloating [4,5]. Drugs, such as metoclopramide, a dopamine antago-
nist 1st generation drug, domperidone, a dopamine antagonist 2nd generation
drug, and cisapride, a serotonin agonist 3rd generation drug, were developed to
treat FD [5]. However, several side effects of the drugs have been reported [4].

Motilitone was developed in Korea in 2011 as a 4th generation human FD treat-
ment and was formulated as a combination of Corydalis Tuber (the root of Coryd-
alis yanhusuo) and Pharbitidis Semen (the seed of Pharbitis nill). Motilitone’s ac-
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tivity mechanism has been revealed through many studies. Its
gastric fundus relaxation effect appears to be related to the in-
creased gastric compacity by 5-HT,, agonism [4], whereas its
visceral analgesic effect appears to be related to the antinocicep-
tive effect of visceral stimuli through adrenergic o, agonism [5].
Dopamine causes inhibition of GI motility, but Motilitone is a
D, antagonist that promotes GI motile functions [6]. In addi-
tion, Motilitone’s 5-HT, agonism is related to the enhanced GI
motility and visceral analgesia [5].

To the best of our knowledge, there are no reports on the ef-
fect of Motilitone in veterinary medicine. This case study de-
scribes the management of a cholinergic crisis in a young dog
that consumed Motilitone, which induces parasympathetic ac-
tivity.

A three-month-old, intact male 1.3 kg Maltese dog was pre-
sented to the Veterinary Teaching Hospital of Kangwon Nation-
al University with lethargy after consuming Motilitone (Motili-
tone pill form; Dong-A Pharm. Co., Ltd., Korea). Physical and
neurological examinations revealed no remarkable findings on
the first visit. However, over time, the dog’s heart rate decreased
(bradycardia), postural reflexes decreased, and the cranial nerve
response gradually weakened. Other clinical symptoms, such as
pinpoint miosis, salivation, tachypnea, and persistent vocaliza-
tion, were also presented. Blood and radiological examinations
showed no remarkable findings. The dog was diagnosed tenta-
tively with acute cholinergic crisis based on the history and the
symptoms related to the enhanced parasympathetics. Treatment
started with stabilization of the airway, breathing, and circula-
tion. Oxygen supplementation, warming, and supportive intra-
venous (IV) fluid therapy (0.9% NaCl) were provided. To over-
come the cholinergic crisis, atropine administration was per-
formed. After the first 0.04 mg/kg IV atropine bolus adminis-
tration, 0.02 mg/kg IV atropine was administered at 30-minute
intervals, six times, until no cholinergic crisis-related symptoms
were detected. During treatment, the patient’s vitals were moni-
tored in real-time. No side effects from atropine, such as tachy-
cardia or mydriasis, were induced. Twelve hours after the first
atropine treatment, most of the clinical symptoms had im-
proved, and the patient left the hospital in a healthy state one
day after treatment.

For a definitive diagnosis, the concentrations of free ACh and
prolactin in the patient's serum and that of four healthy male
young (1-3 years) dogs were measured and compared. Client
consent to testing the serum of all of the study dogs was ob-
tained. All experimental protocols in this study were based on
ethical procedures and were approved by the Kangwon Nation-
al University Institutional Animal Care and Use Committee
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(approval number: KW-201117-1).

The levels of free Ach [7] and prolactin [8] in the serum were
estimated using ELISA kits (MBS011705 for free Ach,
MBS2604244 for prolactin; MyBioSource, Inc., USA). For ELI-
SA, the serum dilution factors were 1:100 in the ACh ELISA
and 1:1 in the prolactin ELISA. All ELISA procedures were con-
ducted according to the manufacturer’s instructions. Upon
completion of the ELISA procedures, the plate wells were read
at 450 nm using a SpectraMax ABS Plus Microplate Reader
(Molecular Devices, LLC, USA). Serum was obtained from four
healthy dogs, and the average free ACh level was 20.969 + 9.903
nmol/L in healthy dogs. Before treatment, the patient’s ACh level
was 31.771 nmol/L, which was higher than the healthy group av-
erage. Twelve hours after treatment, the patient’s ACh level was
23.903 nmol/L. Twenty-four hours after treatment, the patients
ACh level was 19.391 nmol/L, which was similar to the average
level of the healthy group (Fig. 1).

The average prolactin concentration in the four healthy dogs
was 2.383 £ 0.323 ng/mL. Before treatment, the patient’s pro-
lactin level was 2.811 ng/mL, which was higher than the average
of the healthy group. Twelve hours after treatment, the patient’s
prolactin level was 2.684 ng/mL. Twenty-four hours after treat-
ment, the level was 2.311 ng/mL, which was similar to the aver-
age level of the healthy group (Fig. 2).

Motilitone is a widely used botanical drug for treating FD in
humans in Korea and is made from Corydalis Tuber and Phar-
bitidis Semen. Both of those materials have been used tradition-
ally in Korea, China, and Japan for digestive diseases.

Previous studies have shown that Corydalis Tuber and Phar-
bitidis Semen, the raw materials of Motilitone, have AChE inhi-
bition effects [9,10]. The suppression of AChE results in the ac-
cumulation of ACh in the brain and other tissues, and it may
appear in blood [11].

Dopamine is a hormone that suppresses the secretion of pro-
lactin. Therefore, the action of Motilitone as a D, receptor an-
tagonist can lead to hyperprolactinemia. Kwon and Son [5] ex-
amine blood prolactin levels after the oral administration of
Motilitone and reported that the concentration of prolactin in
the blood increased with an increasing drug dosage in rats.

The present study confirmed that Motilitone caused an initial
increase in ACh and prolactin in the patient's blood followed by
decreases in the concentrations of ACh and prolactin over time.
Based on the results of this study, a diagnosis of a cholinergic
crisis caused by Motilitone toxicity was made. The diagnosis
was supported by the evidence of Motilitone poisoning ob-
tained by measuring the serum concentrations of ACh and pro-
lactin.
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Fig. 1. Serum acetylcholine (ACh) levels in healthy dogs and the
patient. The level of ACh in 4 healthy dogs (closed dots) was
20.969 + 9.903 nmol/L. The blank circles represent the changes
over time (0, 12, and 24 hours after treatment) in the patient's
ACh level. Before treatment, the ACh level of the patient (31.771
nmol/L) was higher than the average of the healthy dogs. The level
decreased with continued treatment (23.903 nmol/L at 12 hours
after treatment) and was similar to the average level of healthy
dogs after 24 hours (19.391 nmol/L).

Several studies have examined the effects of Motilitone in an-
imal models. A gastric prokinetic effect was observed in rats
[12] and dogs [12,13], a gastric relaxation effect was confirmed
in dogs [6,12] and rats [4,6], and a visceral analgesic effect was
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Fig. 2. Serum prolactin levels in healthy dogs and the patient. The
prolactin level in 4 healthy dogs (closed dots) was 2.383 + 0.323
ng/mL. The triangles indicate the changes over time (0, 12, and
24 hours after treatment) in the patient's prolactin level. Before
treatment, the prolactin level of the patient was higher than the
average of the healthy dogs (2.811 ng/mL). The level decreased
with continued treatment (2.684 ng/mL at 12 hours after treat-
ment) and was similar to the average level of healthy dogs after
24 hours (2.311 ng/mL).

demonstrated in rats [14]. Various doses have been applied in
studies evaluating the efficacy of FD treatments through animal
models. In the reported studies, doses of 0.03 to 10 mg/kg orally
(PO) in rats and 0.1 to 3 mg/kg PO in dogs were used, and no
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side effects were observed. The Motilitone manufacturer
(Dong-A Pharm. Co., Ltd.) reported that after repeated admin-
istration for 26 weeks in rats, the no observable adverse effect
level (NOAEL) was 150 mg/kg and the LD50 (lethal dose 50%)
was greater than 2,000 mg/kg as a single administration in rats.
In dogs, it was reported that the NOAEL was 100 mg/kg/day
when administered repeatedly for 13 weeks and 200 mg/kg/day
with repeated administration for 26 weeks [4]. In this study’s
patient, the ingested dose was approximately 46 mg/kg, which is
less than that reported in a previous toxicity study. On the other
hand, considering the patient’s age-related metabolic function
status, it was presumed that the injested dose was sufficiently
toxic. Additional veterinary safety, toxicity, and dosage studies
of Motilitone should be undertaken.

The possible treatment options for a cholinergic crisis are ad-
ministering anticholinergic drugs, such as atropine, catechol-
amines, such as dopamine, dobutamine, noradrenaline, and
adrenaline, or performing hemodialysis or mechanical ventila-
tion in the case of inhaled gases [1,3]. Atropine is an anti-mus-
carinic anticholinergic drug that competes with ACh on post-
synaptic muscarinic receptors and is used widely to treat cho-
linergic crisis in human medicine [3,15]. In this patient, atro-
pine was administered along with supportive care, with the at-
ropine dosage based on the occurrence of organophosphate
poisoning and in accord with the clinical signs [15].

Cholinergic crisis is a life-threatening condition that rarely
occurs in human and veterinary fields. This case study is the
first report of a cholinergic crisis in a young dog that occurred
after taking Motilitone, a human FD medication.
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