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Abstract

Ruminants are not considered to experience nausea because they do not possess

the emetic reflex. This study examined the effects of administration of cisplatin

(cis-diamminedichloro platinum (II): CDDP), a common emetic agent, on the behavior

of goats. In Experiment 1, adult Shiba goats received intravenous (IV) administration

of CDDP. CDDP-administered goats spent a shorter time feeding (P < 0.01), lied

down earlier (P < 0.01), and spent a longer period lying down (P < 0.01) than the

saline-administered control goats, and sometimes, they directed their face downward

and close their eyes. These behavioral responses were followed by a significant

(P < 0.01) increase in plasma cortisol (Cor) levels, which indicated that goats experi-

enced stress. The dose dependency was found in the extent of the CDDP effects. In

Experiment 2, the effects of pretreatment of ondansetron (Ond), an antiemetic agent,

were examined. Pretreatment of Ond extended the latency of lying (P < 0.01),

shortened the time spent lying (P < 0.05), and reduced the extent of the increase in

plasma Cor levels (P < 0.01). These results suggested that CDDP administration

generated some state of stress in goats via the similar physiological mechanisms as

emesis-caused stress in emetic species.
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1 | INTRODUCTION

From the viewpoint of the wellbeing of farm ruminants, the assess-

ment for uncomfortable senses, such as pain, thermal stress, and

psychological stress have been investigated in cattle, sheep, and

goats. However, there were no reports that investigate the nausea,

one of the most common uncomfortable senses, in ruminants. In

humans, many works investigating nausea have been reported, and

almost all of them observed emesis (vomiting) as the index of

nausea, because emesis is the clearest behavioral response to

nausea. Emesis is also observed in other mammalian species, such as

nonhuman primates (Fukui et al., 1993), dogs (Kenward et al., 2015),

ferrets (Minami et al., 1997), suncus (Ito et al., 1995), and pigs

(Szelenyi et al., 1994).

Although other species, such as rodents, rabbits and horses, do

not possess the emetic reflex (Andrews & Horn, 2006; Horn

et al., 2013), rodents, however, have sometimes been used in studies

of nausea. The abnormal feeding behavior called “pica,” the

consumption of kaolin (hydrated aluminum silicate; a nonnutritive

substance) is considered an alternative index for nausea in rodents.
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Pica in rodents is induced by the administration of emetic agents

(Jonghe et al., 2009; Takeda et al., 1995), radiation exposure

(Yamamoto et al., 2002), and unfamiliar motion stimuli (Takeda

et al., 1995) that induce emesis in the emetic species (Andrews &

Horn, 2006; Conder et al., 2008; King, 1988). The validity of pica as

an alternative index for nausea is still controversial, but pica in

rodents suggests that even nonemetic species may experience

nausea, or the similar unpleasant sense.

Ruminants also are not emetic species (Horn et al., 2013); there-

fore, they are not considered to experience nausea. Meanwhile, pigs,

which are classified as Artiodactyla like ruminants, are thought to

experience nausea because they are an emetic species. Farm pigs

vomit due to infectious diseases model (Jung & Saif, 2015; Kanitz

et al., 2002), taking toxic substances such as mycotoxin (Smith &

MacDonald, 1991), or motion sickness by road transportation

(Bradshaw et al., 1999). Sometimes farm ruminants may experience

these same unpleasant events, and some behavioral and physiological

changes were observed in these situations (Aoyama et al., 2008;

Borderas et al., 2008; Gallo et al., 2015; Takeuchi et al., 1995, 1997).

If ruminants experience nausea in these situations, and if we can

assess it, we may be able to offer more sophisticated treatments to

relieve their aversion. The aim of this study is exploring the possibility

of existence of nausea sensation in ruminants.

Cisplatin (cis-diamminedichloro platinum (II): CDDP) is an effec-

tive anticancer chemotherapy, but it evokes nausea and emesis as

a side effect (Hesketh, 2008). Therefore, CDDP were used for the

studies in the mechanisms of nausea in dogs (Kenward

et al., 2014), ferrets (Minami et al., 1997), suncus (Ito et al., 1995),

pigs (Szelenyi et al., 1994), and in rats (Takeda et al., 1993). In the

present study, as the first step of an exploration into the existence

of nausea in ruminants, we examined the effects of CDDP

administration on behavior in goats. In addition, the effects of

ondansetron (Ond) on the CDDP-administered goats were also

examined. Ond is an antagonist for the serotonin receptor, and it

is used as a medication for CDDP-induced nausea for cancer

patients (Tyers, 1992).

2 | MATERIALS AND METHODS

2.1 | Animals

A total of 23 adult Shiba goats were used in the study. All

experimental procedures and the care of animals were carried out

according to “Guide for Care and Use of Laboratory Animals at

Utsunomiya University.” The experiments were approved by the

Committee of Animal Experiments at Utsunomiya University

(A10C-0018).

All experiments were conducted on the research farm at the

Faculty of Agriculture of Utsunomiya University, located in Tochigi

prefecture, Japan. The experiments were conducted during April to

July or October to December in 2011–2015 at temperatures ranging

between 9�C and 24�C.

2.2 | Experiment 1: The effects of cisplatin

2.2.1 | Animals and drug administration

A total of 15 adult Shiba goats (eight males; 25–35 kg, 2–4 years of

age, and seven females; 20–30 kg, 2–5 years of age) were used. The

animals were housed in individual pens (2.0 � 3.0 m) and fed daily

with ad libitum timothy hay, and water was always available. Fresh

hay and water were given, and the old ones removed, at 10:00 h

each day.

The 15 goats were assigned to three experimental groups (n = 6,

7 and 2, respectively) balanced by sex and age. The first group (n = 6)

was used for the “low-dose test” in which animals were

administered cis-diammineplatinum (II) dichloride (cisplatin: CDDP)

(P4394; Sigma- Aldrich, St. Louis, MO, USA) intravenously (IV)

(0.5 mg/0.25 ml saline/kg BW) at 09:00 h. The CDDP was dissolved

in saline at 70�C and cooled to 37�C before administration. The same

volume of saline was administered to the same animal as the control

test on another day, and at least 40 days separated control and CDDP

administration. Three out of six goats received CDDP first, and the

others received it second. The administration rate was 5.0–7.5 ml/min.

One to 2 days before each test, a catheter was fitted to the jugular

vein of each animal for IV administration and blood sampling.

The second group (n = 7) was used for the “high-dose test” in

which animals were given 1.0 mg/0.5 ml saline/kg BW of CDDP.

Three out of seven goats received CDDP first, and other four received

it second. The administration rate was the same as the low-dose test.

The third group (n = 2) was used for the hyper-dose test

(3.0 mg/1.5 ml saline/kg BW).

Each animal could see, hear, and smell other goats kept in the

neighboring pens. Only one animal was used for the test per day.

2.2.2 | Behavior observation

The behavior of each goat was videotaped between 09:00 and

13:00 h for subsequent observation and analysis. We focused in par-

ticular on the behavior after 10:00 h, when goats were presented new

hay and usually they started to feed immediately and kept feeding

until the end of observation. The analyzed behavioral parameters

were “latency from the administration to lying down after 10:00 h,”
“total time spent lying down between 10:00 and 13:00 h”, and “total
time spent feeding”. If a goat never lied down throughout the obser-

vation, the latency was regarded as 240 min, because the observation

period was 4 h. The latency from the administration to lying before

10:00 h was also observed. In this parameter, if a goat never lied

down, the latency was regarded as 60 min.

2.2.3 | Cortisol assay

Plasma concentration of cortisol (Cor) was measured as the

stress indicator. Blood samples were collected at 08:30, 09:00
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(just before the administration), 10:00, 11:00, 12:00, and 13:00 h.

Each sample was immediately transferred to a polypropylene tube

containing sodium heparin and stored in an ice bath. Within 60 min

from the collection, plasma samples were separated by centrifuga-

tion (1400g, 4�C, 10 min) and stored at �30�C. The detailed proce-

dure for the Cor assay was presented in our previous article

(Aoyama et al., 2009). In brief, before the assay, Cor was extracted

from the plasma with diethyl ether. The Cor concentrations were

measured by RIA using the anti-cortisol antibody (FKA-404;

CosmoBio Co., Ltd., Tokyo, Japan) and [3H]-labeled hydrocortisone

(NET-396; Perkin Elmer Inc., Waltham, MA, USA). After incubation

at 4�C for 36–48 h, free Cor was removed by a dextran-coated

charcoal solution containing dextran (Dextran T-70 V; Pharmacia

Corporation, Peapack, NJ, USA) and charcoal (Norit sx-3; Wako Co.,

Ltd., Osaka, Japan). The intra- or inter-assay CV was 6.7% and

12.1%, respectively.

2.3 | Experiment 2: The effects of ondansetron

2.3.1 | Animals and the administration of drugs

Eight adult Shiba goats were used (four males; 25–40 kg, 3–5 years

age, and four females; 20–35 kg, 2–5 years age). The source and usual

managements for the animals were the same as in Experiment 1.

Based on the results obtained in Experiment 1, we adopted

1.0 mg/kg BW as the CDDP dose. The time frame of each test was

almost the same as in Experiment 1. At 08:30 and 09:00 h (just

after the first and second blood collection, respectively), the

Ondansetron injection solution (Sandoz; Sandoz K. K., Tokyo, Japan)

was given via IV to each goat. The dose of Ond was 0.1 mg/0.05 ml

solution/kg BW for each administration; thus, the total dose was

0.2 mg/kg BW. The same volume of saline was administered on

another day as the control. Each goat received four combinations of

the drug treatments: saline and saline (Sa-Sa), Ond and saline

(Ond-Sa), saline and CDDP (Sa-CDDP), and Ond and CDDP

(Ond-CDDP). The order of the treatments was designed as the

Latin-square design in each sex, and the interval of each test was

longer than 40 days.

2.3.2 | Behavior observation and cortisol assay

All procedures were the same as in Experiment 1.

2.3.3 | Data analysis

In Experiment 1, the differences in each behavioral parameter between

the CDDP- and saline-administered tests and the dose of CDDP were

analyzed using repeated measures of two-way (treatment � dose)

analysis of variance (ANOVA). Prior to the statistical analysis, the

behavioral data were converted to common logarithmic values to fit

normal distribution. The differences in plasma Cor levels between the

CDDP- and saline-administered tests and the time periods were

compared by repeated measures of two-way (treatment � time)

ANOVA within each dose. The data in the hyper-dose test were not

included in the analysis because only two goats were used in this test.

In Experiment 2, the effects of CDDP or Ond were analyzed using

repeated measures of two-way (with or without CDDP � with or

without Ond) ANOVA. To examine the effects of Ond on plasma Cor

levels, the difference between Sa-Sa and Ond-Sa, or between

Sa-CDDP and Ond-CDDP treatments, were analyzed using repeated

measures of two-way (with or without Ond � time) ANOVA.

When a significant difference was found, Tukey’s test was used

for a post hoc test.

3 | RESULTS

There were no clear differences between sexes in any parameters,

thus the results of both sexes were combined and analyzed together.

3.1 | Experiment 1: The effects of cisplatin

3.1.1 | The effects of cisplatin on behavior

The results of the behaviors in Experiment 1 are represented in

Table 1. In the first hour after administration (09:00–10:00 h), goats’

T AB L E 1 The effects of intravenous administration of cisplatin on behavior in goats

Dose of cisplatin

0.5 mg/kg BW (n = 6) 1.0 mg/kg BW (n = 7)

Control Cisplatin Control Cisplatin

Latency to lying down before feed change (min) 34.5 � 5.4 46.5 � 6.4 32.9 � 6.7 40.6 � 5.37

Latency to lying down after feed change (min) 236.3 � 2.3 196.0 � 14.0* 231.3 � 7.1 128.9 � 10.3**##

Total time spent lying down (min) 2.7 � 1.7 12.7 � 4.1* 1.21 � 1.1 47.7 � 13.9**#

Total time spent feeding (min) 171.3 � 2.8 107.5 � 11.2 156.7 � 17.0 51.6 � 14.1**##

Note: Cisplatin was dissolved in saline at a concentration of 1.0 mg/0.5 ml. In the control, the same volume of saline was administered. Each value

represents the average � standard error.

*P < 0.05 (significant difference from the control within each dose). **P < 0.01 (significant difference from the control within each dose). #P < 0.05

(significant difference from the test of 0.5 mg/kg BW dose).
##P < 0.01 (significant difference from the test of 0.5 mg/kg BW dose).
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behavior did not seem to differ among the treatments, and there were

no difference in the latency to the lying down between saline and

CDDP treatment in both of low and high dose test. Although we

cannot represent as the numerical data, all goats of each treatment

performed rumination in this period.

In the saline-administered control test, goats began to feed imme-

diately after the new hay was given at 10:00 h and spent much of their

time feeding. The CDDP administrated goats also started to feed on

new hay at 10:00 h. However, after a while, goats stopped feeding and

showed the specific behavioral responses represented in Figure 1.

Sometimes goats stood looks normally but without feeding or ruminat-

ing (Figure 1a), but other times, they stood directed toward the wall

(Figure 1b). Finally, almost all goats laid down, generally directing their

faces down and closing their eyes (Figure 1c), and some goats did not

stand up when we approached them for blood collection (Figure 1d).

In the control test, goats laid down little between 10:00 and

13:00 h, but all the CDDP-administered goats laid down except one

female in the low-dose test. The latencies to lying down of the

CDDP-administered goats were shorter than those of controls in both

the low- (P < 0.05) and high- (P < 0.01) dose test. The goats that

received a high dose of CDDP lay down significantly earlier than goats

that received low dose (P < 0.01).

The total time spent lying down among CDDP-administered goats

was significantly longer than those in the controls in both the low-

(P < 0.05) and high- (P < 0.01) dose test, and the goats that received a

high dose of CDDP spent a significantly longer time lying than goats

that received a low dose (P < 0.05).

The time spent feeding among goats that received the low dose

of CDDP did not differ statistically from that of the control, but the

goats that received the high dose of CDDP spent a significantly

shorter time feeding than the control goats (P < 0.01) and goats that

received the low dose (P < 0.01) (Table 1).

We found that all goats in the high-dose test and some goats in

the low-dose test breathed faster than usual when they stopped

feeding and showed behavioral changes represented in Figure 1.

Unfortunately, we could not always obtain the picture of the detailed

facial expressions nor the accurate breathing rate from the video

recording, so we analyzed only feeding and lying behavior statistically

in this study.

In the low- and high-dose tests, all goats had recovered from

the effects of CDDP by the next day; they showed normal feeding

and rumination and no longer displayed the behavior represented in

Figure 1. Meanwhile, in the hyper-dose test, in which goats received

3.0 mg/kg BW of CDDP, a male and female goat showed behavioral

changes 70 and 45 min after the CDDP administration, respectively,

and still had not recovered by the next day; they fed little on hay

and performed little rumination for 2 to 3 days. We gave them an

IV drip and decided to cease further hyper-dose testing for ethical

reasons.

3.1.2 | The effects of cisplatin on plasma cortisol
levels

The results of the plasma Cor levels are represented in Figure 2. In the

first 60 min after administration, plasma Cor levels did not change by

CDDP. In the low-dose test, plasma Cor levels at 120 min after CDDP

administration still did not differ from the control, and it became sig-

nificantly higher than the control at 180 and 240 min (P < 0.01)

(Figure 2a). Meanwhile, in the high-dose test, plasma Cor levels in

CDDP-administered goats had already increased significantly at

120 min after administration (P < 0.01) (Figure 2b). The remarkable

increase in plasma Cor levels were seen even when the goats stood

looks normally like represented in Figure 1a.

F I G UR E 1 Examples of the behavioral
changes induced by intravenous administration of
cisplatin in goats. (a) A male goat stood looks
normally but did not feed or ruminate. (b) A
female goat stood without feeding or ruminating,
directed toward the wall. (c) A female goat lay
without ruminating, facing downward with eyes
closed. (d) A male goat continued lying down
even when a researcher approached him for
blood collection
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3.2 | Experiment 2: The effects of ondansetron

3.2.1 | The effects of ondansetron on behavior

The results of the behavior in Experiment 2 are represented in

Table 2. There was no difference in the latency to lying down before

10:00 h among the treatments.

Comparing the Sa-Sa and Ond-Sa treatments, no differences in

any behavioral parameters were found throughout the observation

periods.

CDDP-administered goats began to feed on hay immediately at

10:00 h, but they stopped feeding and displayed behavioral changes

like Experiment 1 after a while. All behavioral parameters in the

Sa-CDDP or Ond-CDDP treatments differed significantly from those

in the Sa-Sa or Ond-Sa treatments, respectively (P < 0.01 for all

parameters) (Table 2).

The latency to lying after 10:00 in the Ond-CDDP treatment was

significantly longer than that in Sa-CDDP treatment (P < 0.01). The

total time spent lying in the Ond-CDDP treatment was significantly

shorter than that in the Sa-CDDP treatment (P < 0.05). The total time

spent in feeding in the Ond-CDDP treatment was slightly longer than

that in Sa-CDDP treatment, although the difference was not statisti-

cally significant.

3.2.2 | The effects of ondansetron on the plasma
cortisol level

There were no significant changes in plasma Cor levels in the Sa-Sa

nor Ond-Sa treatment throughout the observation period (Figure 3).

CDDP administration increased plasma Cor levels significantly in both

of Sa-CDDP and Ond-CDDP treatments. In the Sa-CDDP treatment,

plasma Cor levels at 120 min were significantly higher than those

before administration (P < 0.01), and elevated plasma Cor levels were

maintained until 240 min. Meanwhile, in the Ond-CDDP treatment,

plasma Cor levels at 120 min did not differ from those before adminis-

tration and were lower than those in the Sa-CDDP treatment at the

same time (P < 0.01). At 180 and 240 min after CDDP administration,

plasma Cor levels in Ond-CDDP treatment were significantly

increased (P < 0.01), although significantly lower than those in the

Sa-CDDP treatment at the same time (P < 0.01).

4 | DISCUSSION

This study revealed that CDDP administration induces the

remarkable behavioral changes in goats. There were no remarkable

F I GU R E 2 The effects of cisplatin (CDDP) administration on
plasma cortisol levels in goats. The administered dose was 0.5 (a) or
1.0 mg/kg BW (b). The same volume of saline was administered for
the control. Each value represents the average � standard error of six
(a) or seven (b) goats. *: Significant difference from the controls at the
same time (P < 0.05). a, b, c: Lack of the same letter indicates a
significant difference among sampling times within the test (P < 0.05)

T AB L E 2 The effects of preadministration of ondansetron on cisplatin-induced behavioral changes in goats

Treatment Sa-Sa Ond-Sa Sa-CDDP Ond-CDDP

Latency to lying down before feed change (min) 42.8 � 7.4 44.6 � 8.0 33.6 � 6.7 39.5 � 8.1

Latency to lying down after feed change (min) 240.0 � 0.0 240.0 � 0.0 115.4 � 7.3* 156.1 � 8.0*##

Total time spent lying down (min) 0.0 � 0.0 0.0 � 0.0 61.8 � 8.5* 31.3 � 6.5*#

Total time spent feeding (min) 159.4 � 8.7 160.5 � 8.1 50.0 � 7.7* 75.0 � 8.2*

Note: Ondansetron (Ond) was administered at 30 min and just before cisplatin (CDDP) administration. The dose of each Ond administration was

0.1 mg/0.05 ml solution/kg BW, and the dose of CDDP was 1.0 mg/kg BW. The same volume of saline (Sa) was used as the control for Ond and CDDP.

Each treatment was represented as the combination of the administered substances. Each value represents the average � standard error (n = 8).

*P < 0.01 (significant difference from the Sa-Sa or Ond-Sa treatment). #P < 0.05 (significant difference from the Sa-CDDP treatment).
##P < 0.01 (significant difference from the Sa-CDDP treatment).
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behavioral changes during the first 1 h after the administration, but

approximately 120 min after the 1.0 mg/kg BW of CDDP administra-

tion, all goats had stopped feeding on hay and lied down, whereas

the control goats remained in a standing position and continued to

feed. When CDDP-administered goats had stopped feeding, they

sometimes showed the specific condition (lowered head, closed eyes:

Figure 1c) and rapid breathing. The movements of goats became

slower, and the extent of their responses to external stimuli became

lower, such that some goats did not stand up even when we touched

them for blood collection (Figure 1d). Kenward et al. (2015) indicated

some nausea-induced behavioral changes other than emesis, such as

“rapid breathing,” “dropping the head,” and “closing the eyes” in

dogs. Although we did not obtain as the analytic data, some

responses of goats to CDDP administration might resemble to those

in dogs.

At the same time as the behavioral changes, CDDP administra-

tion increased plasma Cor levels significantly. A similar increase in

plasma glucocorticoids levels was also reported in dogs and rats:

Kenward et al. (2014) reported that CDDP administration to dogs

increased plasma Cor levels simultaneously with the vomiting.

Similarly, Tohei et al. (2011) reported that the administration of

cyclophosphamide, another emetic agent, induced pica, and a signifi-

cant increase in plasma corticosterone levels in rats. The blood levels

of corticoids are the most popular physiological indicator of the

stress. The major system that increases the plasma glucocorticoid

level is the hypothalamus–pituitary–adrenal (HPA) axis: when some

stimulus that induce stress are given to animals, corticotropin

releasing hormone (CRH) is released from the hypothalamus, and

adrenocorticotropic hormone (ACTH) released from the pituitary, and

consequently, glucocorticoids is released from the adrenal cortex.

We hypothesized that the administration of CDDP might induce

some unpleasant state to goats, and consequently, the behavioral

changes and the activation of the HPA axis were induced. Mean-

while, Malik et al. (2006) reported that CDDP administration failed

to affect the hypothalamic CRH mRNA expression in rats. This report

is opposes to the report by Tohei et al. (2011) in which cyclophos-

phamide significantly increase the plasma corticosterone levels in

rats. The failure in the increasing hypothalamic CRH mRNA expres-

sion might be the relatively longer period from the administration to

the sampling: in Maliks’ report (2006), the samples were corrected

no earlier than 2 days after CDDP administration. The expression of

the hypothalamic CRH mRNA at the earlier period might be

increased.

Although it is still unclear the pharmacological mechanisms

of administrated CDDP in goats, there were some similarities among

the results in this study and the previous works investigating the

CDDP-induced emesis in emetic animals or pica in rats.

Firstly, previous reports have indicated that CDDP administration

induced emesis in a dose-dependent manner. The number of emetic

episodes per animal and latency to the first emesis depended on

the dose of CDDP in dogs (Kenward et al., 2015), ferrets (Endo

et al., 1993), and pigs (Szelenyi et al., 1994). Similarly, in rats, the dose

of CDDP influenced the amount of kaolin consumed (Takeda

et al., 1993). Similar dose dependency in responses to CDDP

administration was also seen in this study; the low dose of CDDP

(0.5 mg/kg BW) was effective, although weaker, and it required a

longer time to be expressed comparing with the high dose test.

Secondly, in our study, the pretreatment of Ond significantly

relieved (at least, delayed) the CDDP-induced behavioral changes and

the increase in plasma Cor levels in goats. Ond is a medicine to relieve

CDDP-induced nausea for cancer patients (Tyers, 1992). The previous

reports indicated that the pretreatment of Ond reduced the number

of animals that showed emesis, reduced the number of the emetic epi-

sodes per animal, and elongated the latency to the first emesis in

CDDP-administered dogs (Fukui & Yamamoto, 1999), ferrets (Rudd &

Naylor, 1994), suncus (Sam et al., 2003), and pigs (Szelenyi

et al., 1994). Additionally, Ond reduced the amount of kaolin intake in

CDDP-administered rats (Takeda et al., 1993). CDDP and some other

emetic agents are thought to induce emesis by stimulating serotonin

(5-hydroxytryptamine; 5-HT) release from the enteroendocrine cells

in the digestive tract (Hesketh, 2008; Minami et al., 2003). The

increased-5-HT release is thought to stimulate the afferent projection

of the vagal nerve that terminates to the brain stem to generate eme-

sis. Ond is an antagonist of the serotonin 5-HT type 3 receptor, and it

is believed that this substance relieves CDDP-induced nausea by

blocking 5-HT binding to the receptor in the small intestine

F I GU R E 3 The effects of intravenous preadministration of
ondansetron (Ond) on the cisplatin (CDDP)-induced increase in
plasma cortisol levels in goats. Ond was administered at 30 min and
just before CDDP administration, and the dose of each Ond
administration was 0.1 mg/kg BW. The dose of CDDP was 1.0 mg/kg
BW. The same volume of saline (Sa) was used as the control for
ondansetron or cisplatin. Each treatment was represented as the
combination of the administered substances. Each value represents
the average � standard error of eight goats. a, b, c: Lack of the same
letter indicates a significant difference among sampling times within
Sa-CDDP treatment (P < 0.05). x, y: Lack of the same letter indicates a
significant difference among sampling times within Ond-CDDP
treatment (P < 0.05). #: Significant difference from the Sa-CDDP
treatment at the same time (P < 0.05)
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(Hesketh, 2008; Tyers, 1992). Our results suggested that the

CDDP-induced responses in goats might be generated through the

similar physiological mechanisms as emesis in emetic species.

Thirdly, CDDP administration required a certain latency to

induce the behavioral and physiological changes. In this study,

CDDP-induced changes in goats did not occur just after the adminis-

tration, but it took about 120 min to express. Previous reports indi-

cated that CDDP has a relatively longer latency to induce emesis

compared with other emetic agents; although it depended on the

dose and dosage, the reported latencies from CDDP administration

to emesis were 70–90 min in dogs (Kenward et al., 2014; Yamakuni

et al., 2002), 60–100 min in ferrets (Minami et al., 1997; Yamakuni

et al., 2002), 20–120 min in suncus (Ito et al., 1995), and 36–84 min

in pigs (Szelenyi et al., 1994). Other emetic agents, such as cyclo-

phosphamide or copper sulfate, induced emesis within the shorter

latencies in ferrets (Minami et al., 1997), and suncus (Ito et al., 1995).

As we discussed previously, CDDP and some other emetic agents are

thought to induce emesis by stimulating 5-HT release from the enter-

oendocrine cells in the digestive tract (Hesketh, 2008; Minami

et al., 2003). Some emetic agents, including CDDP, stimulate 5-HT

release by increasing biosynthesis enzyme activity and inhibiting met-

abolic enzymes activity in the ileum (Endo et al., 1993), but the effi-

ciency of these effects differed among the agents, and CDDP may

require a longer period in order to accumulate a sufficient amount of

5-HT compared with other emetic agents. Although we have not

examine the effects of other emetic agents, the latency from CDDP

administration to the onset of behavioral and physiological changes

in goats was similar to that in previous reports regarding emetic

species.

These similarities in the effects among the results in this study

and the previous reports suggest that the CDDP-induced behavioral

changes in goats might be evoked via the similar physiological mecha-

nisms as emesis in emetic species, at least in parts.

Some previous reports indicated that CDDP could induce not

only the nausea but also some other harmful conditions, such

as cardiovascular diseases (Bano et al., 2013), renal failure (Miller

et al., 2010), or auditory disorder (Rybak et al., 2007). In addition, the

direct action of CDDP on the brain might be possible. Charest

et al. (2013) reported the uptake of CDDP in the brain was observed

by IV administration of CDDP in rats. These other effects of CDDP do

not seem to be the major cause of the goats’ responses to CDDP in

this study because there were no reports indicating the effects of

Ond treatment on these other CDDP-induced effects, but we could

not perfectly exclude the possibility of these other effects. These

other effects might contribute to the CDDP-induced changes in goats

in this study, at least partially. Ond treatment had failed to inhibit the

effects of CDDP perfectly, even if it was effective.

The behavioral changes induced by CDDP in goats in this study

partially resembled those observed in sick animals. For example,

some of the behavioral and physiological responses, such as the

increase in inactive lying, reduction in the feeding, or increase in

plasma Cor levels, to administration of lipopolysaccharide (LPS) to

goats (Takeuchi et al., 1995, 1997) or calves (Borderas et al., 2008)

were similar to those induced by CDDP in goats. LPS is the molecules

in the cell membrane of the gram-negative bacteria, and its adminis-

tration could mimic infection disease in animals. The nausea is

thought to be one of the symptoms induced by LPS, because its

administration induced emesis in dogs (Yu et al., 2012) and pigs

(Kanitz et al., 2002). It is still unclear whether the CDDP-induced

sense to goats was similar to nausea or not, because LPS might induce

some other unpleasant state. But the similar senses that induce

emesis in pigs or dogs might be induced also in goats, and it might

contribute the behavioral changes and the increase in the plasma Cor

in some degree.

Despite the fact that some similarities were seen between

CDDP-induced emesis in emetic species and the CDDP-induced

behavioral changes in goats, whether or not goats truly experience

nausea is still unknown. The behavioral aspects induced by CDDP

might also resemble to the behavior induced by pain. In goats, pain

induced behavioral changes, such as lying down or standing and

looking depressed, lack of appetite, rapid breathing, and increase in

plasma Cor level (Alvarez et al., 2015; Hendrickson et al., 1996). It

may be difficult to discriminate between nausea and pain perfectly

only by the behavior. Furthermore, some relationships between nau-

sea and visceral pain were suggested (Andrews & Horn, 2006). Fur-

ther studies are required to reveal what type of sensation goats

experience with CDDP administration.

4.1 | Conclusions

CDDP administration did not induce vomiting in goats, but it evoked

some specific behavioral changes and a significant increase in plasma

Cor levels, which indicates they might experience some stress. These

CDDP-induced responses could be relieved by preadministration of

Ond. These results indicated that CDDP administration might gener-

ate some kind of unpleasant state in goats via the similar physiological

mechanisms as emesis in emetic animals. Although further studies are

required to confirm this, CDDP administration may cause goats to

experience nausea or some similar senses.

ACKNOWLEDGMENTS

We are grateful to Mr. Satoshi Yoshida, Miss Shoko Hisatomi and

Miss Ayuko Matsuda for their technical assistance.

FUNDING INFORMATION

This work was supported by Grant Aid for Scientific Research from

the Ministry of Education, Science, Culture, Sports and Technology of

Japan (20580291 and 23580365).

CONFLICT OF INTEREST

The authors declare there is no conflict of interest that could be per-

ceived as prejudicing the impartiality of the researches reported.

ORCID

Masato Aoyama https://orcid.org/0000-0003-3617-1242

AOYAMA ET AL. 7 of 9

https://orcid.org/0000-0003-3617-1242
https://orcid.org/0000-0003-3617-1242


REFERENCES

Alvarez, L., Luna, J. B., Gamboa, D., Reyes, M., Sanchez, A., Terrazas, A.,

Rojas, S., & Galindo, F. (2015). Cortisol and pain-related behavior in

disbudded goat kids with and without corneal nerve block. Physiology

and Behavior, 138, 58–61. https://doi.org/10.1016/j.physbeh.2014.
10.026

Andrews, P. L. R., & Horn, C. C. (2006). Signals for nausea and emesis:

Implications for models of upper gastrointestinal diseases. Autonomic

Neuroscience: Basic & Clinical, 125, 100–115. https://doi.org/10.

1016/j.autneu.2006.01.008

Aoyama, M., Maejima, Y., Suzuki, T., Iigo, M., & Sugita, S. (2009). Androgen

suppresses corticotropin-induced increase in plasma cortisol level

but enhances the increase in plasma aldosterone level in goats. The

Journal of Veterinary Medical Science, 71, 281–285. https://doi.org/
10.1292/jvms.71.281

Aoyama, M., Negishi, A., Abe, A., Maejima, Y., & Sugita, S. (2008). Short-

term transportation in a small vehicle affects the physiological state

and subsequent water consumption in goats. Animal Science Journal,

79, 526–533. https://doi.org/10.1111/j.1740-0929.2008.00559.x
Bano, N., Najam, R., & Qazi, F. (2013). Adverse cardiac manifestations of

cisplatin—A review. International Journal of Pharmaceutical Sciences

Review and Research, 18, 80–85.
Borderas, T. F., de Passille, A. M., & Rushen, J. (2008). Behavior of dairy

calves after a low dose of bacterial endotoxin. Journal of Animal

Science, 86, 2920–2927. https://doi.org/10.2527/jas.2008-0926
Bradshaw, R. H., Randall, J. M., Forsling, M. L., Rodway, R., Goode, J. A.,

Brown, S. N., & Broom, D. M. (1999). Travel sickness and meat qual-

ity in pigs. Animal Welfare, 8, 3–14.
Charest, G., Sanche, L., Fortin, D., Mathieu, D., & Paquette, B. (2013). Opti-

mization of the route of platinum drugs administration to optimize

the concomitant treatment with radiotherapy for glioblastoma

implanted in the Fischer rat brain. Journal of Neuro-Oncology, 115,

365–373. https://doi.org/10.1007/s11060-013-1238-8
Conder, G. A., Sedlacek, H. S., Boucher, J. F., & Clemence, R. G. (2008).

Efficacy and safety of maropitant, a selective neurokinin 1 receptor

antagonist, in two randomized clinical trials for prevention of

vomiting due to motion sickness in dogs. Journal of Veterinary Phar-

macology and Therapeutics, 31, 528–532. https://doi.org/10.1111/j.
1365-2885.2008.00990.x

Endo, T., Takahashi, M., Minami, M., Yoshioka, M., Saito, H., &

Parvez, S. H. (1993). Effects of anticancer drugs on enzyme activities

and serotonin release from ileal tissue in ferrets. Biogenic Amines, 9,

479–489.
Fukui, H., & Yamamoto, M. (1999). Methotrexate produces delayed emesis

in dogs: A potential model of delayed emesis induced by chemother-

apy. European Journal of Pharmacology, 372, 261–267. https://doi.
org/10.1016/S0014-2999(99)00219-8

Fukui, H., Yamamoto, M., Sasaki, S., & Sato, S. (1993). Involvement of

5-HT3 receptors and vagal afferents in copper sulfate- and cisplatin-

induced emesis in monkeys. European Journal of Pharmacology, 249,

13–18. https://doi.org/10.1016/0014-2999(93)90656-3
Gallo, A., Giuberti, G., Frisvad, J. C., Bertuzzi, T., & Nielsen, K. F. (2015).

Review on mycotoxin issues in ruminants: Occurrence in forages,

effects of mycotoxin ingestion on health status and animal perfor-

mance and practical strategies to counteract their negative effects.

Toxins, 7, 3057–3111. https://doi.org/10.3390/toxins7083057
Hendrickson, D. A., Kruse-Elliott, K. T., & Broadstone, R. V. (1996). A com-

parison of epidural saline, morphine, and bupivacaine for pain relief

after abdominal surgery in goats. Veterinary Surgery, 25, 83–87.
https://doi.org/10.1111/j.1532-950X.1996.tb01382.x

Hesketh, P. J. (2008). Chemotherapy-induced nausea and vomiting. The

New England Journal of Medicine, 358, 2482–2494. https://doi.org/
10.1056/NEJMra0706547

Horn, C., Kimball, B. A., Wang, H., Kaus, J., Dienel, S., Nagy, A.,

Gathright, G. R., Yates, B. J., & Andrews, P. L. R. (2013). Why can’t

rodents vomit? A comparative behavioral, anatomical, and physiolog-

ical study. PLoS ONE, 8, 1–16.
Ito, C., Isobe, Y., Kijima, H., Kiuchi, Y., Ohtsuki, H., Kawamura, R.,

Tsuchida, K., & Higuchi, S. (1995). The anti-emetic activity of

GK-128 in Suncus murinus. European Journal of Pharmacology, 285,

37–43. https://doi.org/10.1016/0014-2999(95)00372-R
Jonghe, B. C., Lawler, M. P., Horn, C. C., & Tordoff, M. G. (2009). Pica as

an adaptive response: Kaolin consumption helps rats recover from

chemotherapy-induced illness. Physiology and Behavior, 97, 87–90.
https://doi.org/10.1016/j.physbeh.2009.02.009

Jung, K., & Saif, L. J. (2015). Porcine epidemic diarrhea virus infection: Eti-

ology, epidemiology, pathogenesis and immunoprophylaxis. The Vet-

erinary Journal, 204, 134–143. https://doi.org/10.1016/j.tvjl.2015.

02.017

Kanitz, E., Tuchscherer, M., Tuchscherer, A., Stabenow, B., &

Manteuffel, G. (2002). Neuroendocrine and immune responses to

acute endotoxemia in suckling and weaned piglets. Biology of the

Neonate, 81, 203–209. https://doi.org/10.1159/000051535
Kenward, H., Pelligand, L., & Elliott, J. (2014). Assessment of low-dose

cisplatin as a model of nausea and emesis in beagle dogs, potential

for repeated administration. Experimental Brain Research, 232,

2685–2697. https://doi.org/10.1007/s00221-014-3961-6
Kenward, H., Pelligand, L., Savary-Bataille, K., & Elliott, J. (2015). Nausea:

Current knowledge of mechanisms, measurement and clinical impact.

The Veterinary Journal, 203, 36–43. https://doi.org/10.1016/j.tvjl.

2014.10.007

King, G. L. (1988). Characterization of radiation-induced emesis in the fer-

ret. Radiation Research, 114, 599–612. https://doi.org/10.2307/

3577130

Malik, N. M., Moore, G. B. T., Smith, G., Lin, Y. L., Sanger, G. J., &

Andrews, P. L. R. (2006). Behavioral and hypothalamic molecular

effects of the anti-cancer agent cisplatin in the rat: A model of

chemotherapy-related malaise? Pharmacology Biochemistry and

Behavior, 83, 9–20. https://doi.org/10.1016/j.pbb.2005.11.017

Miller, R. P., Tadagavadi, R. K., Ramesh, G., & Reeves, W. B. (2010). Mecha-

nisms of cisplatin nephrotoxicity. Toxins, 2, 2490–2518. https://doi.
org/10.3390/toxins2112490

Minami, M., Endo, T., Hirafuji, M., Hamaue, N., Liu, Y.,

Hiroshige, T., Nemoto, M., Saito, H., & Yoshioka, M. (2003).

Pharmacological aspects of anticancer drug-induced emesis with

emphasis on serotonin release and vagal nerve activity. Pharmacology

and Therapeutics, 99, 149–165. https://doi.org/10.1016/S0163-

7258(03)00057-3

Minami, M., Endo, T., Tamaki, H., Ogawa, T., Hamaue, N., Hirafuji, M.,

Monma, Y., Yoshioka, M., & Hagihara, K. (1997). Antiemetic effects

of N-3389, a newlysynthesized 5-HT3 and 5-HT4 receptor antago-

nist, in ferrets. European Journal of Pharmacology, 321, 333–342.
https://doi.org/10.1016/S0014-2999(96)00974-0

Rudd, J. A., & Naylor, R. J. (1994). Effects of 5-HT3 receptor antagonists

on models of acute and delayed emesis induced by cisplatin in the

ferret. Neuropharmacology, 33, 1607–1608. https://doi.org/10.

1016/0028-3908(94)90136-8

Rybak, L. P., Whitworth, C. A., & Mukherjea, R. V. (2007). Mechanisms of

cisplatin-induced ototoxicity and prevention. Hearing Research, 226,

157–167. https://doi.org/10.1016/j.heares.2006.09.015
Sam, T. S., Cheng, J. T., Johnston, K. D., Kan, K. K., Ngan, M. P., Rudd, J. A.,

Wai, M. K., & Yeung, J. H. (2003). Action of 5-HT3 receptor antago-

nists and dexamethasone to modify cisplatin-induced emesis in

Suncus murinus (house musk shrew). European Journal of Pharmacol-

ogy, 472, 135–145. https://doi.org/10.1016/S0014-2999(03)

01863-6

Smith, T. K., & MacDonald, E. J. (1991). Effect of fusaric acid on brain

regional neurochemistry and vomiting behavior in swine. Journal of

Animal Science, 69, 2044–2049. https://doi.org/10.2527/1991.

6952044x

8 of 9 AOYAMA ET AL.

https://doi.org/10.1016/j.physbeh.2014.10.026
https://doi.org/10.1016/j.physbeh.2014.10.026
https://doi.org/10.1016/j.autneu.2006.01.008
https://doi.org/10.1016/j.autneu.2006.01.008
https://doi.org/10.1292/jvms.71.281
https://doi.org/10.1292/jvms.71.281
https://doi.org/10.1111/j.1740-0929.2008.00559.x
https://doi.org/10.2527/jas.2008-0926
https://doi.org/10.1007/s11060-013-1238-8
https://doi.org/10.1111/j.1365-2885.2008.00990.x
https://doi.org/10.1111/j.1365-2885.2008.00990.x
https://doi.org/10.1016/S0014-2999(99)00219-8
https://doi.org/10.1016/S0014-2999(99)00219-8
https://doi.org/10.1016/0014-2999(93)90656-3
https://doi.org/10.3390/toxins7083057
https://doi.org/10.1111/j.1532-950X.1996.tb01382.x
https://doi.org/10.1056/NEJMra0706547
https://doi.org/10.1056/NEJMra0706547
https://doi.org/10.1016/0014-2999(95)00372-R
https://doi.org/10.1016/j.physbeh.2009.02.009
https://doi.org/10.1016/j.tvjl.2015.02.017
https://doi.org/10.1016/j.tvjl.2015.02.017
https://doi.org/10.1159/000051535
https://doi.org/10.1007/s00221-014-3961-6
https://doi.org/10.1016/j.tvjl.2014.10.007
https://doi.org/10.1016/j.tvjl.2014.10.007
https://doi.org/10.2307/3577130
https://doi.org/10.2307/3577130
https://doi.org/10.1016/j.pbb.2005.11.017
https://doi.org/10.3390/toxins2112490
https://doi.org/10.3390/toxins2112490
https://doi.org/10.1016/S0163-7258(03)00057-3
https://doi.org/10.1016/S0163-7258(03)00057-3
https://doi.org/10.1016/S0014-2999(96)00974-0
https://doi.org/10.1016/0028-3908(94)90136-8
https://doi.org/10.1016/0028-3908(94)90136-8
https://doi.org/10.1016/j.heares.2006.09.015
https://doi.org/10.1016/S0014-2999(03)01863-6
https://doi.org/10.1016/S0014-2999(03)01863-6
https://doi.org/10.2527/1991.6952044x
https://doi.org/10.2527/1991.6952044x


Szelenyi, I., Herold, H., & Gothert, M. (1994). Emesis induced in domestic

pigs: A new experimental tool for detection of antiemetic drugs and

for evaluation of emetogenic potential of new anticancer agents.

Journal of Pharmacological and Toxicological Methods, 32, 109–116.
https://doi.org/10.1016/1056-8719(94)90062-0

Takeda, N., Hasegawa, S., Morita, M., Horii, A., Uno, A., Yamatodani, A., &

Matsunaga, T. (1995). Neuropharmacological mechanisms of emesis.

I. Effects of antiemetic drugs on motion- and apomorphine-induced

pica in rats. Methods and Findings in Experimental and Clinical Pharma-

cology, 17, 589–590.
Takeda, N., Hasegawa, S., Morita, M., & Matsunaga, T. (1993). Pica in rats

is analogous to emesis: An animal model in emesis research. Pharma-

cology Biochemistry and Behavior, 45, 817–821. https://doi.org/10.
1016/0091-3057(93)90126-E

Takeuchi, Y., Kikusui, T., Kizumi, O., Ohnishi, H., & Mori, Y. (1997). Patho-

physiological changes evoked by lipopolysaccharide administration in

goats. The Journal of Veterinary Medical Science, 59, 125–127.
https://doi.org/10.1292/jvms.59.125

Takeuchi, Y., Kikusui, T., & Mori, Y. (1995). Changes in the behavioral

parameters following the lipopolysaccharide administration in goats.

The Journal of Veterinary Medical Science, 57, 1041–1044. https://
doi.org/10.1292/jvms.57.1041

Tohei, A., Kojima, S., Ikeda, M., Hokao, R., & Shinoda, M. (2011). Effects of

cyclophosphamide on the kaolin consumption (pica behavior) in five

strains of adult male rats. The Journal of Veterinary Medical Science,

73, 901–906. https://doi.org/10.1292/jvms.10-0433

Tyers, M. B. (1992). Pharmacology and preclinical antiemetic properties of

ondansetron. Seminars in Oncology, 19, 1–8.
Yamakuni, H., Sawai-Nakayama, H., Imazumi, K., Maeda, Y., Matsuo, M.,

Manda, T., & Mutoh, S. (2002). Resiniferatoxin antagonizes cisplatin-

induced emesis in dogs and ferrets. Europian Journal of Pharmacology,

442, 273–278. https://doi.org/10.1016/S0014-2999(02)01541-8
Yamamoto, K., Takeda, N., & Yamatodani, A. (2002). Establishment of an

animal model for radiation-induced vomiting in rats using pica.

Journal of Radiation Research (Tokyo), 43, 135–141. https://doi.org/
10.1269/jrr.43.135

Yu, D. H., Kim, B., & Park, J. (2012). Pathophysiologic and immunologic

changes in a canine endotoxemia over a period of 24 hours. The

Journal of Veterinary Medical Science, 74, 537–544. https://doi.org/
10.1292/jvms.11-0321

How to cite this article: Aoyama, M., Shioya, M., Tsukamoto,

Y., Hasegawa, H., & Sugita, S. (2021). The effects of cisplatin,

an emetic agent, on behavior and plasma cortisol levels in

goats. Animal Science Journal, 92(1), e13607. https://doi.org/

10.1111/asj.13607

AOYAMA ET AL. 9 of 9

https://doi.org/10.1016/1056-8719(94)90062-0
https://doi.org/10.1016/0091-3057(93)90126-E
https://doi.org/10.1016/0091-3057(93)90126-E
https://doi.org/10.1292/jvms.59.125
https://doi.org/10.1292/jvms.57.1041
https://doi.org/10.1292/jvms.57.1041
https://doi.org/10.1292/jvms.10-0433
https://doi.org/10.1016/S0014-2999(02)01541-8
https://doi.org/10.1269/jrr.43.135
https://doi.org/10.1269/jrr.43.135
https://doi.org/10.1292/jvms.11-0321
https://doi.org/10.1292/jvms.11-0321
https://doi.org/10.1111/asj.13607
https://doi.org/10.1111/asj.13607

	The effects of cisplatin, an emetic agent, on behavior and plasma cortisol levels in goats
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Animals
	2.2  Experiment 1: The effects of cisplatin
	2.2.1  Animals and drug administration
	2.2.2  Behavior observation
	2.2.3  Cortisol assay

	2.3  Experiment 2: The effects of ondansetron
	2.3.1  Animals and the administration of drugs
	2.3.2  Behavior observation and cortisol assay
	2.3.3  Data analysis


	3  RESULTS
	3.1  Experiment 1: The effects of cisplatin
	3.1.1  The effects of cisplatin on behavior
	3.1.2  The effects of cisplatin on plasma cortisol levels

	3.2  Experiment 2: The effects of ondansetron
	3.2.1  The effects of ondansetron on behavior
	3.2.2  The effects of ondansetron on the plasma cortisol level


	4  DISCUSSION
	4.1  Conclusions

	ACKNOWLEDGMENTS
	  FUNDING INFORMATION
	  CONFLICT OF INTEREST
	REFERENCES


