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ABSTRACT. Exposure to novel objects typically evokes avoidance behavior in wild animals,
which is called neophobia. We previously found that wild brown rats (Rattus norvegicus) that
were trapped in a park in downtown Tokyo, Japan, exhibited neophobia. We also found that this
behavior was accompanied by the activation of the basolateral complex of the amygdala (BLA).
Previous studies have suggested that genetic factors are the primary determinants of neophobia.
Since rats in cities form populations with distinct genetic characteristics, it is reasonable to
assume that wild rats caught at different locations in urban centers will exhibit different levels

of neophobia. Here we assessed the intensity of neophobia in wild rats trapped at a wholesale
market in Tokyo. Although we performed exactly the same experiment in which neophobia

J. Vet. Med. Sci. was observed in wild rats trapped at the park, the presence of novel objects did not affect the
83(1): 78-83, 2021 behaviors of wild rats trapped at the market. Conversely, laboratory rats showed approach

and exploratory behaviors as seen in the previous study, suggesting that the experiment was
performed appropriately. Compared to the laboratory rats, the lack of behavioral changes in

the wild rats was accompanied by fewer Fos immunoreactive cells in the BLA. In addition, the
numbers of Fos immunoreactive cells in the bed nucleus of the stria terminalis and ventromedial
hypothalamus were similar between the two types of rats. The results demonstrated the existence
of wild rats that were indifferent to novel objects.
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Avoidance behavior is commonly evoked in wild animals that encounter novel objects for the first time, even if the objects are
small and seemingly harmless [15, 26, 36, 38]. This behavioral response was originally referred to as new-object reaction [2] and
was first described approximately 60 years ago in wild brown rats [7]. However, little progress in our understanding of new-object
reaction has been made, partly because laboratory animals typically show approach behaviors, rather than avoidance behaviors,
toward novel objects.

To obtain a better understanding of new-object reaction, we have been conducting studies on wild-trapped brown rats (Rattus
norvegicus) [31]. Laboratory rats, a domesticated form of wild brown rats, are well suited for use as control animals for wild
brown rats. Laboratory and wild brown rats are conspecific and are capable of producing hybrids [6], even though the oldest strain
of laboratory rat (Wistar strain) has been maintained in laboratories for more than 100 years [32]. We previously established an
experimental design for observing new-object reaction in home cages [30]. When we placed novel objects (two pumpkin head
plastic dolls or two plastic bear dolls) at one end of the home cage, wild and laboratory rats decreased and increased the time that
they spent in the objects’ half of the cage, respectively. The avoidance behavior in wild rats was accompanied by the activation
of brain nuclei related to defensive behaviors, such as the basolateral complex of the amygdala (BLA), ventral bed nucleus of the
stria terminalis (VBNST), and ventromedial hypothalamus (VMH), suggesting that new-object reaction is a defensive behavior.
However, the dorsal bed nucleus of the stria terminalis (ABNST) was not activated under these conditions in wild rats. Given that
defensive behaviors can be divided into dBNST-dependent anxiety responses and dBNST-independent fear responses [12, 25],
new-object reactions are considered to be a fear response, i.e., neophobia.

Although the assumption that any wild rats should show neophobia is prevalent, the findings of ecological studies have
questioned that assumption. It is known that genetic factors are primarily responsible for neophobia. For example, laboratory
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studies on the descendants of wild brown rats [2, 10, 20, 34] and wild roof rats [9, 11, 26] showed that they retained neophobia,
even after being kept in a laboratory for generations. In addition, handling by experimenters from postnatal day 10 through 110
had no effect on decreasing neophobia [17]. However, these findings did not assess whether neophobia is a ubiquitous phenotype
among wild rats. In urban environments, wild rats spend their entire lives within a small area, which produces numerous genetic
clusters of rat populations within a city. For example, in the city of Baltimore, USA, it was estimated that the kinship coefficient
was estimated zero when two rats were separated more than 1,700 m [18]. In support of this finding, the leave-one-out test using
genetic information at eight loci could correctly assign 95.3% of 277 trapped rats to one of 11 trapping areas [18]. Similarly, wild
rats in Vancouver, New Orleans, New York City, and Salvador exhibited statistically significant autocorrelation only within 200,
1,000, 1,000, and 2,500 m, respectively [8]. Therefore, it is reasonable to assume that wild rats caught at different locations within
the same city exhibit different levels of neophobia because these rats belong to genetically distinct clusters.

The intensity of neophobia in wild rats is thought to be affected by the human activities in that habitat. For example, intensive
culling programs using traps and rodenticides, i.e., new objects, could force wild rats to develop neophobia. Consistent with this
notion, non-pest rats, such as long-haired rats (R. villosissimus) and bush rats (R. fuscipes), did not show neophobia, even when
trapped individuals were tested in the laboratory [10]. We previously showed that brown rats caught in a park in a downtown
area of Tokyo, Japan, showed high levels of neophobia [30]. In municipalities, even a small increase in rat populations prompts
local residents to report these increases to the local public health center. Because rats are known to transmit many diseases [1, 14,
16, 29] and an increase in rat numbers in parks is hazardous to public health, the public health center undertakes ad hoc culling
exercises until all of the rats appear to have been eradicated. Therefore, wild rats in our previous study likely developed neophobia
in order to survive such culling programs. In contrast, neophobia seems to be a less adaptive behavior in habitats where people are
tolerant of rats. When the risk of being attacked by humans is low, bolder rats would obtain more food and increase the likelihood
of finding mates. In addition, more potential nesting sites are available to bolder rats. Therefore, wild rats in such places would
degrade neophobia. In a central metropolitan wholesale market in Tokyo, only two culling programs that culled approximately one
fourth of the resident rats were conducted annually. In addition, the staff at the market were also tolerant of rats. Based on these
scenarios, it was hypothesized that rats trapped in the market would show either weak or no neophobia.

To test this hypothesis, we trapped wild brown rats at the wholesale market in Tokyo and housed them individually in the
laboratory. In addition, laboratory rats were purchased and housed individually under the same conditions. We then placed novel
objects at one end of the home cage of each rat and assessed the level of neophobia by measuring the time spent in the half of the
cage containing the objects. In addition, we examined Fos expression in the BLA, dBNST, vBNST, and VMH.

MATERIALS AND METHODS

All experiments were approved by the Animal Care and Use Committee of the Faculty of Agriculture at The University of Tokyo
according to guidelines adapted from the Consensus Recommendations on Effective Institutional Animal Care and Use Committees
by the Scientists Center for Animal Welfare.

Wild brown rats (5 males) were captured at the metropolitan central wholesale market in Tokyo Japan (Tsukiji Market) using
live traps and transferred to the laboratory at Ikari Shodoku Corporation immediately. Upon arrival, the rats were weighed and kept
individually in wire mesh cages (23.5 x 40 % 16.5 cm) in a room with an ambient temperature of 20 + 5°C and a 12-hr light/dark
cycle (lights were switched on at 6:00). We allowed the rats to acclimatize to laboratory conditions for approximately 5 weeks. We
purchased laboratory rats (5 male Wistar rats) from Charles River Laboratories Japan (Yokohama, Japan) that weighed slightly less
than wild rats so that they would be weight-matched at the day of testing. The Wistar rats were treated in the same manner as the
wild rats with the exception that they were given approximately 1 week to acclimatize to laboratory conditions. Food (CE-2, Clea
Japan, Tokyo, Japan) and water were administered ad libitum to all rats. During acclimation, we occasionally observed the subjects
and assessed whether they showed any preference for one side of the cage.

Behavioral tests were conducted in the home cage of each subject between 10:00 to 15:00, as reported in our previous study
[30]. We first transferred the cage to a table in the colony room and inserted a partition into the center of the cage to confine the
subject to the non-preferred side. Two experimental conditions were tested: the with-object condition and the no-object condition.
In the with-object condition, two randomly selected novel objects were placed at the end of the preferred side of the cage. The
objects comprised two pumpkin-head plastic dolls (height 13 cm) or two plastic bear dolls (height 13.5 cm). After adding the
objects (or adding no objects in the no-object condition), the cage was returned to the original location in the colony room. We
then removed the partition and used a video camera (HDRHC9, SONY, Tokyo, Japan) to record the subject’s behavior during the
subsequent 20-min experimental period. Given the limited number of available wild rats, all subjects underwent the behavioral test
once in the no-object condition and once in the with-object condition. The two trials were separated by a 2—3-hr interval. As the
test in the with-object condition established contextual fear conditioning in the wild rats [30], all subjects were first exposed to the
no-object condition and then to the with-object condition.

Immunohistochemistry for Fos protein was performed as described previously [27, 28]. After the behavioral test, the home
cage was left undisturbed for an additional 40 min so that the subjects were exposed to the novel objects for a total of 60 min.
Each subject was then deeply anesthetized with sodium pentobarbital, weighed, and intracardially perfused with 0.9% saline
followed by 4% paraformaldehyde in 0.1 M phosphate buffer. The brains were sampled and immersed in the same fixative
overnight before being placed in 30% sucrose/phosphate buffer for cryoprotection. We then prepared four successive 40-um
coronal sections containing the dBNST and vBNST (Bregma —0.12 mm), VMH (Bregma —1.80 mm), and lateral (LA) and basal
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amygdala (BA) (Bregma —3.12 mm). The sections were incubated with a primary rabbit antibody to c-Fos protein (ABE457; EMD
Millipore, Temecula, CA, USA) for 65 hr at 4°C, and with a secondary biotinylated goat antibody to rabbit IgG (BA-1000, Vector
Laboratories, Burlingame, CA, USA) for 2 hr at room temperature. The sections were then processed with the avidin-biotinylated
peroxidase complex (VECTASTAIN Elite ABC kit, Vector Laboratories) for 2 hr at room temperature and developed using a
diaminobenzidine solution with nickel intensification.

Data analysis and statistical procedures

Data were expressed as the mean =+ standard error of the mean. P<0.05 was considered to represent significance for all statistical
analyses.

Since the novel objects occupied a substantial section of the cage (5 cm), we divided the remaining area equally into close and
distal zones (17.5 cm each). The close zones were located adjacent to the novel objects. A researcher recorded the time spent in
each zone (the center of the hind paws was used to indicate the location of the rat), the duration of object exploration (e.g., the rat
touched the object with its forepaw and/or nose, or sniffed the object within a distance of 1 mm), and the number of transitions
between the zones. Microsoft Excel-based Visual Basic software was used to record the duration and number of key presses on a
computer keyboard [23, 24]. The differences between the no-object and with-object conditions in each population of subjects (i.e.,
wild rats and laboratory rats) were analyzed using a paired #-test. To compare the data between the two types of rats, we expressed
the time spent in each zone and the number of transitions in the with-object condition as a percentage of that in the no-object
condition. The percentage of these behaviors, as well as the duration of exploration, was analyzed using a Student’s #-test. Body
weight was analyzed using a Student’s #-test.

For the immunohistochemical analyses, each nucleus was photographed using a microscope equipped with a digital camera
(DP30BW, Olympus, Tokyo, Japan). To analyze Fos expression, an experimenter who was blind to the group identity of the
subjects counted the number of Fos immunoreactive cells within a 0.5-mm square positioned bilaterally within each nucleus. When
the designated area was smaller than the boundaries of the 0.5-mm square, only the cells in the region of interest were counted.
Counts were prepared for four sections using ImagelJ 1.45 software. The mean number of cells in the LA and BA was considered
to be the number of cells in the BLA. We calculated the density of the immunoreactive cells in each nucleus and analyzed the data
using a Student’s #-test.

RESULTS

We confirmed that body weight was similar between the wild (205.8 = 21.8 g) and laboratory rats (202.4 + 8.9 g).

In the wild rats, the time spent in the close and distal zones in the with-object conditions was similar to that in the no-object
condition (Fig. 1A). The number of transitions was similar between the conditions. In the laboratory rats, the time spent in the close
and distal zones in the with-object condition was longer (P<0.05) and shorter (P<0.05), respectively, compared to that in the no-
object condition. The number of transitions in the with-object condition was less than that in the no-object condition (P<0.01). In
addition, the duration of exploration was shorter in the wild rats compared with the laboratory rats (P<0.01).

To directly compare behaviors between the two populations of subjects, we expressed the time spent in each zone and the
number of transitions in the with-object condition as percentages with respect to the data obtained in the no-object condition.
Statistical analysis showed that the percentage of time spent in the close and distal zones was lower (£<0.05) and higher (£<0.05),
respectively, in the wild rats compared with the laboratory rats (Fig. 1B). In contrast, the percentage of transitions was similar
between the two rat populations.

After the behavioral test, we analyzed Fos expression in the brain. Statistical analysis revealed that the density of Fos immunoreactive
cells in the LA (P<0.05) and BA (P<0.01) was lower in the wild rats compared with the laboratory rats (Fig. 2). When we
calculated the density of Fos immunoreactive cells in the BLA, the density was also lower in the wild rats compared with the
laboratory rats (P<0.01). In contrast, the densities in the dBNST, vBNST, and VMH were similar between the two rat populations.

DISCUSSION

In the present study, the presence of novel objects did not affect behavioral responses in the wild rats. Conversely, under the
same conditions, laboratory rats showed clear approach and exploratory behaviors toward the novel objects, suggesting that the
experiment was performed appropriately. Further, compared to the laboratory rats, the lack of behavioral changes in wild rats was
accompanied by a lower number of Fos immunoreactive cells in the BLA. The numbers of Fos immunoreactive cells in the vBNST
and VMH were similar between the two rat populations. These results demonstrated the existence of wild brown rats that were
indifferent to novel objects.

Combined with the findings of our previous study [30], we propose that rats from different locations exhibit different responses
to novel objects. Therefore, large-scale ecological analyses are crucial to assess whether the observed phenotype is shared among
wild rats. Wild rats are widely considered to be a valuable tool for investigating and understanding phenotypes that are not present
in laboratory rats. One such phenotype is the resistance to anticoagulant agents used to control rodent pests. Analyses in wild rats
revealed that mutations in the vitamin K epoxide reductase complex subunit 1 gene yield this phenotype [21]. Neophobia could be
another representative phenotype that laboratory rats do not have. The importance of BLA was suggested based on our previous
studies using wild rats [30]. We consider that examining the underlying physiological and/or neural mechanisms of the phenotypes
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Fig. 1. Results of behavioral tests. (A) Time spent in the close and distal zones, the number of transitions in each condition, and the duration
of exploration in the with-object condition (mean £ SEM) of the wild and laboratory rats. (B) Data in the with-object condition expressed as
percentages with respect to the data obtained in the no-object condition. *P<0.05 with paired #-test or Student’s ¢-test.

would be valuable because wild rats showing the same phenotypes would share the same underlying mechanisms. However, such
analyses provide no information regarding how widespread these phenotypes are in wild populations. Indeed, while neophobia was
observed in rats trapped at the park in our previous study, no neophobia was observed in rats trapped at the market in this study. We
should therefore be careful when extrapolating characteristics from a small number of wild rats as being representative of all wild rats.
As opposed to our assumption, compared to the wild rats, the laboratory rats showed higher levels of Fos expression in the BLA.
One possible reason for this could be that the BLA plays an important role in exploratory behavior. It has been demonstrated that
the exploration of novel objects is rewarding for laboratory rats [4]. For example, when given a choice, rats prefer to stay in areas
where they had explored a novel object previously [3]. This novel-object conditioned place preference has been shown to share the
same neural mechanisms as when the conditioned place preference has been established with addictive drugs [5]. It has also been
reported that an anticipation of access to novel objects can produce a conditioned increase in activity [5] in a way that is similar to
food and psychomotor stimulants [33, 35]. Recently, it was clarified that the BLA plays important roles in behavioral responses, not
only to negative valence stimuli, but also to positive valence stimuli. For example, two spatially segregated populations of neurons
in the BLA have been shown to be specifically activated by negative valence stimuli (e.g., shocks, predator odor, and bitterness) and
positive valence stimuli (e.g., females, peanuts, and sweetness), respectively [22]. In addition, the activation of each population of
neurons plays an important role in a wide variety of behavioral responses to each of the valence stimuli [22]. It is therefore possible
that exploratory behavior towards novel objects was elicited by the activation of positive valence-specific neurons in the BLA.
Based on the findings of the present and previous studies [30], we hypothesize that an individual’s response towards novel
objects is determined by two variables. Most studies in the literature have attempted to explain the response towards novel objects
using only one variable. For example, it was proposed that the degree of novelty determines the response towards novel objects.
Thus, intense novelty may elicit an avoidance response while mild novelty may elicit an approach response in wild rats [19].
Another variable that has been proposed is the stress status of the animal. Wild rats in states of high or low stress may show
avoidance or approach responses towards novel objects, respectively [37]. However, to the best of our knowledge, no attempts
have been made to explicitly test these hypotheses. In addition, these explanations cannot account for the indifference observed in
the wild rats of the present study. Specifically, we have demonstrated that wild rats kept and tested in the same condition showed
different behaviors towards the same objects. Therefore, we consider that it would be more appropriate to hypothesize that two
variables affect an individual’s response towards novel objects. Specifically, we propose that an individual’s response towards novel
objects can be expressed as an integration of vertically connected vectors for the repellent and appetitive drives [13]. Under such
a scenario, an individual exhibits an avoidance or approach response when the direction of the summation vector is closer to the
repellent or appetitive vector, respectively. In addition, the length of the summation vector represents the intensity of the response.
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Fig. 2. Results of brain analyses. Representative photomicrographs showing Fos immunoreactive cells in the lateral (LA) and basal (BA) amyg-
dala, and the density of Fos immunoreactive cells (mean + SEM) in the LA, BA, basolateral complex of the amygdala (BLA), dorsal (AIBNST)
and ventral bed nucleus of the stria terminalis (VBNST), and ventromedial hypothalamus (VMH) of the wild and laboratory rats. The number
of Fos immunoreactive cells within a 0.25-mm? square (dotted square in photomicrographs) was counted. Mean density of Fos immunoreactive
cells in the LA and BA was considered to be the density of cells in the BLA. Horizontal bar indicates 500 pm. *P<0.05 with Student’s #-test.

For example, wild rats in our previous study exhibited neophobia because they had a long repellent vector and a short appetitive
vector. Similarly, wild rats in the present study were indifferent to novel objects because both of the vectors were short. Conversely,
laboratory rats approached novel objects because they had a short repellent vector and a long appetitive vector. The additional
advantage of this model is that it can be used to illustrate the intensity of the conflict between the repellent and appetitive drives,
which can be represented as the area between the vectors [13]. However, since little is currently known about wild rats that are
indifferent to novel objects, further research is required in order to verify this hypothesis.

In summary, we found that rats that had been trapped in a metropolitan central wholesale market in Tokyo were indifferent
to novel objects. The results show that rats from different locations exhibit different responses to novel objects. Analyses of
individuals enabled us to obtain detailed information regarding the phenotype of wild rats. However, as we demonstrated in the
present study, the existence/intensity of phenotypes in individuals can vary among populations. In contrast, ecological studies could
identify environmental factors that contribute to the establishment of different phenotypes and/or clarify the prevalence of the target
phenotype within a population. Therefore, the combination of both types of studies (i.e., analyses of individuals and of populations)
is considered necessary to better understand the behavior of wild rats.

POTENTIAL CONFLICTS OF INTEREST. The authors have nothing to disclose.

ACKNOWLEDGMENT. This study was supported by JSPS KAKENHI (20H03160 and 20H04766).

J. Vet. Med. Sci. 83(1): 78-83, 2021 82



The Journal of

Veterinary

Medical

Science INDIFFERENCE TO NOVEL OBJECTS IN RATS

REFERENCES

1.

10.
11.
12.

17.
18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.
37.
38.

Banzai, A., Tanikawa, T., Kimura, G., Sakai, T. and Kawakami, Y. 2018. Parasitic helminths collected from the brown rat, Rattus norvegicus, in Chuo
ward, Tokyo, Japan. Jap. J. Sanit. Zool. 69: 171-176. [CrossRef]

Barnett, S. A. 1958. Experiments on neophobia in wild and laboratory rats. Br. J. Psychol. 49: 195-201. [Medline] [CrossRef]

Bevins, R. A. and Bardo, M. T. 1999. Conditioned increase in place preference by access to novel objects: antagonism by MK-801. Behav. Brain Res.
99: 53—60. [Medline] [CrossRef]

Bevins, R. A. and Besheer, J. 2005. Novelty reward as a measure of anhedonia. Neurosci. Biobehav. Rev. 29: 707-714. [Medline] [CrossRef]

Bevins, R. A., Besheer, J., Palmatier, M. L., Jensen, H. C., Pickett, K. S. and Eurek, S. 2002. Novel-object place conditioning: behavioral and
dopaminergic processes in expression of novelty reward. Behav. Brain Res. 129: 41-50. [Medline] [CrossRef]

Boreman, J. and Price, E. 1972. Social dominance in wild and domestic norway rats (Rattus norvegicus). Anim. Behav. 20: 534-542. [CrossRef]
Chitty, D. and Shorten, M. 1946. Techniques for the study of the Norway rat. J. Mammal. 27: 63-78. [Medline] [CrossRef]

Combs, M., Byers, K. A., Ghersi, B. M., Blum, M. J., Caccone, A., Costa, F., Himsworth, C. G., Richardson, J. L. and Munshi-South, J. 2018. Urban rat
races: spatial population genomics of brown rats (Rattus norvegicus) compared across multiple cities. Proc. Biol. Sci. 285: 285. [Medline]

Cowan, P. E. 1976. The new object reaction of Rattus rattus L: the relative importance of various cues. Behav. Biol. 16: 31-44. [Medline] [CrossRef]
Cowan, P. E. 1977. Neophobia and neophilia: new-object and new-place reactions of three Rattus species. J. Comp. Physiol. Psychol. 91: 63—71. [CrossRef]
Cowan, P. E. and Barnett, S. A. 1975. The new-object and new-place reactions of Rattus rattus L. Zool. J. Linn. Soc. 56: 219-234. [CrossRef]

Davis, M., Walker, D. L., Miles, L. and Grillon, C. 2010. Phasic vs sustained fear in rats and humans: role of the extended amygdala in fear vs anxiety.
Neuropsychopharmacology 35: 105-135. [Medline] [CrossRef]

Fendt, M., Parsons, M. H., Apfelbach, R., Carthey, A. J. R., Dickman, C. R., Endres, T., Frank, A. S. K., Heinz, D. E., Jones, M. E., Kiyokawa, Y.,
Kreutzmann, J. C., Roelofs, K., Schneider, M., Sulger, J., Wotjak, C. T. and Blumstein, D. T. 2020. Context and trade-offs characterize real-world threat
detection systems: A review and comprehensive framework to improve research practice and resolve the translational crisis. Neurosci. Biobehav. Rev.
115: 25-33. [Medline] [CrossRef]

Firth, C., Bhat, M., Firth, M. A., Williams, S. H., Frye, M. J., Simmonds, P., Conte, J. M., Ng, J., Garcia, J., Bhuva, N. P,, Lee, B., Che, X., Quan, P. L.
and Lipkin, W. I. 2014. Detection of zoonotic pathogens and characterization of novel viruses carried by commensal Rattus norvegicus in New York
City. MBio 5: €01933—e14. [Medline] [CrossRef]

Fischer, C. P,, Franco, L. A. and Romero, L. M. 2016. Are novel objects perceived as stressful? The effect of novelty on heart rate. Physiol. Behav. 161:
7—-14. [Medline] [CrossRef]

Frye, M. J., Firth, C., Bhat, M., Firth, M. A., Che, X., Lee, D., Williams, S. H. and Lipkin, W. I. 2015. Preliminary Survey of Ectoparasites and
Associated Pathogens from Norway Rats in New York City. J. Med. Entomol. 52: 253-259. [Medline] [CrossRef]

Galef, B. G. Jr. 1970. Aggression and timidity: responses to novelty in feral Norway rats. J. Comp. Physiol. Psychol. 70: 370-381. [Medline] [CrossRef]
Gardner-Santana, L. C., Norris, D. E., Fornadel, C. M., Hinson, E. R., Klein, S. L. and Glass, G. E. 2009. Commensal ecology, urban landscapes, and
their influence on the genetic characteristics of city-dwelling Norway rats (Rattus norvegicus). Mol. Ecol. 18: 2766-2778. [Medline] [CrossRef]
Hughes, R. N. 2007. Neotic preferences in laboratory rodents: issues, assessment and substrates. Neurosci. Biobehav. Rev. 31: 441-464. [Medline] [CrossRef]
Inglis, I. R., Shepherd, D. S., Smith, P., Haynes, P. J., Bull, D. S., Cowan, D. P. and Whitehead, D. 1996. Foraging behaviour of wild rats (Rattus
norvegicus) towards new foods and bait containers. Appl. Anim. Behav. Sci. 47: 175-190. [CrossRef]

Ishizuka, M., Tanikawa, T., Tanaka, K. D., Heewon, M., Okajima, F., Sakamoto, K. Q. and Fujita, S. 2008. Pesticide resistance in wild mammals—
mechanisms of anticoagulant resistance in wild rodents. J. Toxicol. Sci. 33: 283-291. [Medline] [CrossRef]

Kim, J., Pignatelli, M., Xu, S., Itohara, S. and Tonegawa, S. 2016. Antagonistic negative and positive neurons of the basolateral amygdala. Nat.
Neurosci. 19: 1636-1646. [Medline] [CrossRef]

Kiyokawa, Y., Takahashi, D., Takeuchi, Y. and Mori, Y. 2016. The right central amygdala shows greater activation in response to an auditory
conditioned stimulus in male rats. J. Vet. Med. Sci. 78: 1563—1568. [Medline] [CrossRef]

Kiyokawa, Y., Kodama, Y., Kubota, T., Takeuchi, Y. and Mori, Y. 2013. Alarm pheromone is detected by the vomeronasal organ in male rats. Chem.
Senses 38: 661-668. [Medline] [CrossRef]

Kiyokawa, Y., Mikami, K., Mikamura, Y., Ishii, A., Takeuchi, Y. and Mori, Y. 2015. The 3-second auditory conditioned stimulus is a more effective
stressor than the 20-second auditory conditioned stimulus in male rats. Neuroscience 299: 79-87. [Medline] [CrossRef]

Kiyokawa, Y., Tanaka, K. D., Ishii, A., Mikami, K., Katayama, M., Koizumi, R., Minami, S., Tanikawa, T. and Takeuchi, Y. 2017. Two strains of roof
rats as effective models for assessing new-object reaction. J. Vet. Med. Sci. 79: 702-708. [Medline] [CrossRef]

Kobayashi, T., Kiyokawa, Y., Arata, S., Takeuchi, Y. and Mori, Y. 2013. c-Fos expression during the modulation of sexual behavior by an alarm
pheromone. Behav. Brain Res. 237: 230-237. [Medline] [CrossRef]

Kodama, Y., Kiyokawa, Y., Takeuchi, Y. and Mori, Y. 2011. Twelve hours is sufficient for social buffering of conditioned hyperthermia. Physiol. Behav.
102: 188-192. [Medline] [CrossRef]

Koizumi, N., Muto, M., Tanikawa, T., Mizutani, H., Sohmura, Y., Hayashi, E., Akao, N., Hoshino, M., Kawabata, H. and Watanabe, H. 2009. Human
leptospirosis cases and the prevalence of rats harbouring Leptospira interrogans in urban areas of Tokyo, Japan. J. Med. Microbiol. 58: 1227-1230.
[Medline] [CrossRef]

Koizumi, R., Kiyokawa, Y., Tanaka, K. D., Tanikawa, T. and Takeuchi, Y. 2019. Novel objects elicit greater activation in the basolateral complex of the
amygdala of wild rats compared with laboratory rats. J. Vet. Med. Sci. 81: 1121-1128. [Medline] [CrossRef]

Koizumi, R., Kiyokawa, Y., Mikami, K., Ishii, A., Tanaka, K. D., Tanikawa, T. and Takeuchi, Y. 2018. Structural differences in the brain between wild
and laboratory rats (Rattus norvegicus): Potential contribution to wariness. J. Vet. Med. Sci. 80: 1054-1060. [Medline] [CrossRef]

Lindsey, J. R. and Baker, H. J. 2006. Historical foundations. pp. 1-52. In: The Laboratory Rat (Suckow, M. A., Weisbroth, S. H. and Franklin, C. L.
eds.), Elsevier Academic Press, Burlington.

McFarland, K. and Ettenberg, A. 1999. Haloperidol does not attenuate conditioned place preferences or locomotor activation produced by food- or
heroin-predictive discriminative cues. Pharmacol. Biochem. Behav. 62: 631-641. [Medline] [CrossRef]

Mitchell, D. 1976. Experiments on neophobia in wild and laboratory rats: a reevaluation. J. Comp. Physiol. Psychol. 90: 190-197. [Medline] [CrossRef]
Palmatier, M. I, Fung, E. Y. and Bevins, R. A. 2003. Effects of chronic caffeine pre-exposure on conditioned and unconditioned psychomotor activity
induced by nicotine and amphetamine in rats. Behav. Pharmacol. 14: 191-198. [Medline] [CrossRef]

Sunnucks, P. 1998. Avoidance of novel objects by rabbits (Oryctolagus cuniculus L.). Wildl. Res. 25: 273-283. [CrossRef]

Tanas, L. and Pisula, W. 2011. Response to novel object in Wistar and wild-type (WWCPS) rats. Behav. Processes 86: 279-283. [Medline] [CrossRef]
Visalberghi, E., Janson, C. H. and Agostini, I. 2003. Response toward novel foods and novel objects in wild cebus apella. Int. J. Primatol. 24: 653—675.
[CrossRef]

J. Vet. Med. Sci. 83(1): 78-83, 2021 83


http://dx.doi.org/10.7601/mez.69.171
http://www.ncbi.nlm.nih.gov/pubmed/13572791?dopt=Abstract
http://dx.doi.org/10.1111/j.2044-8295.1958.tb00657.x
http://www.ncbi.nlm.nih.gov/pubmed/10512572?dopt=Abstract
http://dx.doi.org/10.1016/S0166-4328(98)00069-2
http://www.ncbi.nlm.nih.gov/pubmed/15876456?dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2005.03.013
http://www.ncbi.nlm.nih.gov/pubmed/11809493?dopt=Abstract
http://dx.doi.org/10.1016/S0166-4328(01)00326-6
http://dx.doi.org/10.1016/S0003-3472(72)80018-6
http://www.ncbi.nlm.nih.gov/pubmed/21020477?dopt=Abstract
http://dx.doi.org/10.2307/1375143
http://www.ncbi.nlm.nih.gov/pubmed/29875297?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1252217?dopt=Abstract
http://dx.doi.org/10.1016/S0091-6773(76)91095-6
http://dx.doi.org/10.1037/h0077297
http://dx.doi.org/10.1111/j.1096-3642.1975.tb00265.x
http://www.ncbi.nlm.nih.gov/pubmed/19693004?dopt=Abstract
http://dx.doi.org/10.1038/npp.2009.109
http://www.ncbi.nlm.nih.gov/pubmed/32439371?dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2020.05.002
http://www.ncbi.nlm.nih.gov/pubmed/25316698?dopt=Abstract
http://dx.doi.org/10.1128/mBio.01933-14
http://www.ncbi.nlm.nih.gov/pubmed/27072510?dopt=Abstract
http://dx.doi.org/10.1016/j.physbeh.2016.04.014
http://www.ncbi.nlm.nih.gov/pubmed/26336309?dopt=Abstract
http://dx.doi.org/10.1093/jme/tjv014
http://www.ncbi.nlm.nih.gov/pubmed/5461490?dopt=Abstract
http://dx.doi.org/10.1037/h0028719
http://www.ncbi.nlm.nih.gov/pubmed/19457177?dopt=Abstract
http://dx.doi.org/10.1111/j.1365-294X.2009.04232.x
http://www.ncbi.nlm.nih.gov/pubmed/17198729?dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2006.11.004
http://dx.doi.org/10.1016/0168-1591(95)00674-5
http://www.ncbi.nlm.nih.gov/pubmed/18670159?dopt=Abstract
http://dx.doi.org/10.2131/jts.33.283
http://www.ncbi.nlm.nih.gov/pubmed/27749826?dopt=Abstract
http://dx.doi.org/10.1038/nn.4414
http://www.ncbi.nlm.nih.gov/pubmed/27320818?dopt=Abstract
http://dx.doi.org/10.1292/jvms.16-0255
http://www.ncbi.nlm.nih.gov/pubmed/23821727?dopt=Abstract
http://dx.doi.org/10.1093/chemse/bjt030
http://www.ncbi.nlm.nih.gov/pubmed/25934035?dopt=Abstract
http://dx.doi.org/10.1016/j.neuroscience.2015.04.055
http://www.ncbi.nlm.nih.gov/pubmed/28202879?dopt=Abstract
http://dx.doi.org/10.1292/jvms.17-0002
http://www.ncbi.nlm.nih.gov/pubmed/23026375?dopt=Abstract
http://dx.doi.org/10.1016/j.bbr.2012.09.042
http://www.ncbi.nlm.nih.gov/pubmed/21056050?dopt=Abstract
http://dx.doi.org/10.1016/j.physbeh.2010.10.025
http://www.ncbi.nlm.nih.gov/pubmed/19528143?dopt=Abstract
http://dx.doi.org/10.1099/jmm.0.011528-0
http://www.ncbi.nlm.nih.gov/pubmed/31270283?dopt=Abstract
http://dx.doi.org/10.1292/jvms.19-0040
http://www.ncbi.nlm.nih.gov/pubmed/29760315?dopt=Abstract
http://dx.doi.org/10.1292/jvms.18-0052
http://www.ncbi.nlm.nih.gov/pubmed/10208369?dopt=Abstract
http://dx.doi.org/10.1016/S0091-3057(98)00218-4
http://www.ncbi.nlm.nih.gov/pubmed/1249271?dopt=Abstract
http://dx.doi.org/10.1037/h0077196
http://www.ncbi.nlm.nih.gov/pubmed/12799520?dopt=Abstract
http://dx.doi.org/10.1097/00008877-200305000-00002
http://dx.doi.org/10.1071/WR97038
http://www.ncbi.nlm.nih.gov/pubmed/21215302?dopt=Abstract
http://dx.doi.org/10.1016/j.beproc.2010.12.018
http://dx.doi.org/10.1023/A:1023700800113

