Olfaction and Maternal Behaviors i

Running head: OLFACTION AND MATERNAL BEHAVIORS IN RATS

Olfaction and Maternal Behaviors in Rats
Ann Marie Miner

Carroll College




SIGNATURE PAGE

This thesis for honors recognition has been approved for the

Department of < ¢ holpau
5,

2y = /
',.;{ "/I /A ;/'// N / . /
/}(i{m,}tg /g ’ébl( /"’ e 7//;./5: VP /

/

Director / Date

o f/59

Reader Date

,/ ’ 7 J/ ("‘_‘,.—w
g 1/’/}9‘:"/7 / =z

” Reader




Olfaction and Maternal Behaviors ii

Acknowledgements

I would like to thank my thesis director Dr. Anne Perkins for helping me

develop the idea for my thesis as well as her continued support throughout the

process. I would also like to extend my thanks to my readers, Dr. Grant Hokit
and Dr. Brad Elison, for all of their statistical expertise and guidance over the last
year. Thank you to each of my friends who, at some time or another, either
helped to feed and water the seventy-some baby rats I had this summer or
transported them for me. Finally, I would like to thank Kylan Johnson for driving
me all around Montana to find pet stores with adult rats the day before I was

supposed to mate them, and for aiding in my research numerous times.




Olfaction and Maternal Behaviors iii

Abstract

The research on maternal behaviors and maternal responsiveness is
extensive. Maternal responsiveness in rats consists of retrieval of pups to the
nest, grouping pups, building the nest, and licking and nursing of the pups. There
are studies suggesting that audition, vision, olfaction, and vomeronasal (VNO)
function play a role in the task of maternal responsiveness. Some research
demonstrates that odors play no role in responsiveness while other research
suggests odors are required (Alberts & Farrell 2002 b). The ability to recognize
offspring has been credited to the olfactory epithelium as well as the VNO.
The current research analyzed the role of the olfactory epithelium in offspring
recognition and retrieval in female rats. Pups were placed in two treatment
groups; one group was painted with citrus scented oil (containing volatile
chemical odorants) on days two through six postpartum, the second group was
painted with citrus oil on days seven through eleven postpartum. Pups were
removed from the nest and dispersed throughout the home cage. The time it took
mothers to retrieve dispersed pups back to the nest was measured. The treatment
used contained volatile chemical odorants detected by the olfactory epithelium,
which had no significant effect on maternal responsiveness and pup retrieval.
From this research no evidence was found to support the hypothesis that the nasal

epithelium plays a role in retrieval and recognition. Because the olfactory

epithelium was found not to function in maternal responsiveness the findings

support previous research suggesting the VNO as the main player in maternal

responsiveness in rats.
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Introduction

Mammalian maternal behaviors have been studied thoroughly. Maternal
behaviors in mammals include trends such as nursing and suckling, but tend to have
species-specific characteristics as well (Alberts & Farrell, 2002b). According to Fleming,
Lovic, Oxley, and Shah (2001), the main features of maternal behaviors in rats are
retrieval of pups to the nest, grouping pups, building the nest, and licking and nursing of
the pups. The first step in maternal responsiveness is offspring recognition, without this,
no maternal behaviors will be shown and aggression toward or rejection of young is
possible (Booth & Katz, 2000). It has been suggested that numerous senses from
olfaction to audition and vision as well as vomeronasal function all play a role in
offspring recognition. There are several factors that affect the level of maternal
responsiveness to pups.
Physiology

The hormones, estrogen and progesterone, associated with parturition induce

maternal responsiveness (Fleming et al., 2001). Maternal behaviors are not only

demonstrated in rats that have had pups; virgin female rats also demonstrate these
behaviors. When subjected to pup induction, a 5 to 10 day exposure to foster pups, virgin
rats will display maternal behaviors. Maternal responsiveness begins around the time of
parturition, increases throughout the first week after birth, decreases by day 10, and ends
by three weeks postpartum, which is the usual time of weaning in laboratory rats

(Fleming et al. & Alberts & Farrell, 2001, 2002b).
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Offspring Recognition

After maternal behaviors are induced hormonally, they are directed toward
offspring. According to the article written by Booth and Katz (2000), visual and auditory
cues are used to identify offspring from a distance. For close up recognition most
mammals use their other sensory abilities. To recognize offspring during nursing,
numerous female mammals rely on olfactory ability. In one study, goats were made
anosmic by a zinc sulfate spray on the olfactory epithelium. In another trial of the same
study, mothers were blindfolded but had an intact sense of smell. When presented with
an alien kid after being rendered anosmic, mother’s violently rejected the alien kids and
readily accepted their own kids. When blindfolded these mothers were able to
differentiate their kids from foster kids even when neither were making any bleating
noises. These findings demonstrate the importance of olfactory cues over visual cues in
goats.

Physiology of Olfaction

To understand offspring recognition, understanding the process of olfaction is
necessary. Mammals can recognize odorants from their offspring. Odorants are volatile
chemical compounds that travel through the air and are inhaled through the external nares
(Leffingwell, 2003). From the external nares, odorant molecules come in contact with
the olfactory epithelium, which is covered by cilia. These cilia project down through a
layer of mucus that traps the odorants. The cilia are connected to olfactory receptor
neurons that have axons extending from their opposite ends; the messages describing the
odors travel this pathway. These axons travel through the cribriform plate inside the

nasal cavity and form bundles called glomeruli. The signal then travels from the
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glomeruli to mitral cells within the olfactory bulb (Mori, Nagao, & Yoshihara, 1999).

From the olfactory bulb, the signal is sent to the olfactory cortex and processed further.

Odors play a role, not only in offspring recognition, but also in maternal responsiveness
to offspring.
Odors and Maternal Responsiveness

There are several factors that play a role in the level of maternal responsiveness of
a mother to her young. While hormones are the initial factor, the level of maternal
responsiveness can be manipulated in other ways. One variable that will elicit maternal
responsiveness is the ultrasonic vocalizations (USVs) that pups emit (Alberts & Farrell,
2002a). A study done by Allin and banks suggested that a mother rat would approach the
speaker from which recorded USVs are played more than they will approach a speaker
playing tape noise when in a Y maze (Alberts & Farrell, 2002b). It was also found that
additional nonacoustic pup cues (vision, olfaction, etc.) had no effect on the behaviors of
the females. Another study indicated that odor is “required for accurate maternal
approach toward USVs on a Y maze,” contradictory to other conclusions cited in Alberts
and Farrell.

Using Norway rats, Alberts and Farrell (2002b) looked at the relationship between
nonacoustic cues and the location of USV recordings. Specifically, they studied the
effects that odor can have on a mother’s maternal responsiveness toward her young. This
study was broken up into three separate elements, all of which used ultrasonic
vocalizations (USVs) as an auditory stimulus for the mothers and a Y maze to measure
proximal orientation, or time spent oriented toward a stimulus, of female rats to the

various stimuli. The first trial measured proximal orientation of mothers toward recorded
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USVs with and without the nonacoustic cues of a warm silent pup using virgin female
rats as a control group. The final trial, which will be covered later in this paper, separated
USVs from pup odors to determine if mothers use the odors for directional information.

There was no significant difference in proximal orientation between mother and
virgin rats when only the USVs were presented (Alberts & Farrell, 2002b). When the
nonacoustic cues of a warm silent pup were paired with the recorded USVs, the mothers
showed a significant difference in time spent in proximal orientation when compared to
the virgin controls. Mothers spent nearly two hundred more seconds proximally oriented
toward the pups than did virgins. These results demonstrate that the nonacoustic cues
given by a silent warm pup regulate maternal responsiveness when paired with recorded
USVs.

To test what aspect of the nonacoustic cues induced increasing amounts of
proximal orientation, olfaction was systematically separated from other possible cues by
rendering the mothers anosmic with ZnSO4 and giving a saline spray to the control group
(Alberts & Farrell, 2002b). When presented with a cool vocalizing pup, mothers treated
with saline, rather than ZnSO4, showed proximal orientation 4 times more than did the
anosmic (ZnSO4 treated) mothers. These findings support the conclusions by
Smotherman (in Alberts & Farrell, 2002b) in suggesting that olfactory stimuli and USVs
work together to enhance maternal responsiveness toward pups.

Odor As A Directional Cue
The third component of Alberts & Farrell’s (2002b) research explored the manner

in which pup odors, in combination with USVs, enhanced maternal behaviors. Two

hypotheses were considered. The first suggested that pup odors might provide mothers




Olfaction and Maternal Behaviorss

with information regarding the location or direction of pups. The second hypothesis

considers pup odors as a “general potentiating stimulus” for responding to the USVs,
meaning that pup odors cause increasing awareness and responsiveness to all noises,
including USVs.

Smotherman (in Alberts & Farrell, 2002b) found that when placed in a Y maze,
mothers entered the arm with recorded USVs as many times as they entered the empty
arm. When a silent pup was placed in the empty arm, the tendency of mothers to enter
the arm with USVs increased. According to Smotherman, this suggested that the pup
odors initiated the seeking behaviors, but did not provide directional information. Alberts
and Farrell tested the directional cue hypothesis once more in the third portion of their
study.

To test the directional influence pup odors have on maternal responsiveness one
group was exposed to a speaker playing recorded USVs directly above a warm silent pup
and the other was exposed to a speaker placed outside one arm of the Y maze (still within
hearing distance) with the warm silent pup placed outside the other arm of the Y maze
(still within smelling distance) (Alberts & Farrell, 2002b). Again, proximal orientation,
time spent oriented toward a stimulus, was measured. When the speaker was placed
directly above the pup, proximal orientation increased from 21 seconds to over five
hundred seconds; all mothers showed little proximal orientation toward the empty arm.
There were smaller increases in proximal orientation toward USV when the stimulus pup
was placed outside the opposite arm. It was concluded by Farrell and Alberts that odors

provide directional information when in combination with USVs.
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Odors and Mother/Young Relations

Odors have been shown not only to initiate maternal behaviors (Alberts & Farrell,

2002b) but also to affect their quality (Fleming et al., 2001). In Alberts and Farrell’s

study, odor influenced proximal orientation toward a stimulus but did not account for any
other aspect of maternal behaviors. In one study conducted by Fleming et al., anosmic
mothers were measured for maternal behaviors such as licking, crouching, etc. Mothers
that were rendered anosmic demonstrated reduced licking and higher incidence of
cannibalism compared to those with functional olfactory bulbs. They found that
mother/pup relations were contingent upon the olfactory cues sent between mothers and
young.

Fleming et al. (2001) hypothesized that exposure to a scent in the nest would
cause mothers to be more responsive to rat pups scented with the same odor. To test this
hypothesis one generation of female rat pups was exposed to a lemon odor or a natural
water odor in their nest. These females were mated and their pups were taken away at
parturition. Foster pups scented with either lemon or natural water odors were then
presented to the females previously exposed to the scents. Mothers spent more time
crouching over and licking pups scented with the same odor that they were exposed to in
the nest. While maternal behaviors were heightened, it did take mothers exposed to, and
given pups scented with lemon, longer to begin maternal behaviors than it did those who
experienced, and were given, naturally scented foster pups.

Role of Vomeronasal Organ
In a study conducted by Booth and Katz (2000), the vomeronasal organ (VNO) in

rats are implicated in the connection between odors and mother/pup interactions. The
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VNO is a chemoreceptor organ surrounded by a cartilaginous capsule. The VNO is
completely separate from the main olfactory epithelium and serves a different function
(Mucignat-Caaretta, Ryba, & Tirindelli, 1998). The VNO detects nonvolatile chemicals
unlike the regular olfactory epithelium, which detects volatile chemicals (Booth & Katz,
2002). A “C” shaped lumen that is filled with receptor neurons surrounds each side of
the VNO (Keverne, 1999). Alongside the lumen are blood vessels innervated by the
Autonomic Nervous System that can produce a pump like action. The receptor neurons
of the VNO are separate from regular airflow through the nasal cavity. In order to reach
the VNO, the nonvolatile chemicals are pumped by the motion of the blood vessels.
Ruminants will demonstrate a lip curling behavior, commonly known as the “fleshmen
behavior,” to block external nares and move the chemicals toward the VNO during urine
analysis (Booth & Katz, 2002). The receptor neurons that line the VNO form nerves that
pass through the cribriform plate of the ethmoid bone and run alongside the nerves from
the olfactory epithelium of the nasal cavity. The nerves pass the olfactory bulb where
olfactory information is sent and continue on to the accessory olfactory bulb. From the
accessory olfactory bulb, nerves travel to the amygdala and then to the medial preoptic
area of the hypothalamus. Thus, information detected by the VNO travels to areas of the
brain associated with sexual behaviors and gonadotropin production. In congruence with
the influence on sexual behaviors, a study done by Blass and Fillion (1986) found that
early exposure to a citrus scent influenced mate selection later in life.

The VNO and Mother/Young Relations

According to Booth and Katz (2000) a mammalian mother recognizes her young

by their “olfactory signature,” which is believed to emanate from the coat of the animal;
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the majority of these scents are released from the anal region and in the amniotic fluid at
parturition (Booth & Katz, Poindron & Levy, 1987). Some of the odors coming from the
anal region have been identified as pheromones (Booth & Katz, 2000). The VNO can
respond to nonvolatile chemicals such as pheromones. A pheromone is a chemical
released by an animal, insect, or human, that can be detected by, and influence the
behavior of, an animal of the same species (Kaus, 2000). According to Booth and Katz
(2000), these pheromones can influence various animal activities from sexual maturation
to maternal behaviors.

In their study, Booth and Katz (2000) attempted to determine if ewes use their
VNO to recognize their offspring. To accomplish this they had three groups of ewes
assigned to three different conditions. The first group, including 8 ewes, was rendered
anosmic by a zinc sulphate procaine solution in the nasal cavity. The second group,
containing 9 ewes, had their VNO disabled by cauterizing the nasoincisive duct. The
third group, of 8 ewes, was the control group. Tests were done to confirm that the
procaine and cauterization procedures were successful.

To test maternal responsiveness mothers were presented with alien lambs and
their behaviors such as “low and high pitched bleats, smelling episodes, tongue
manipulations of the palate, number of udder acceptances and rejections, suckling
episodes, and aggressive behaviors” towards the lambs were recorded (Booth & Katz,

2000). Because vision was already determined to be a less significant cue for

recognition, the ewes were not blindfolded. Each ewe was presented with a 1-2 day old

alien lamb that was approximately the same size as its own offspring. Overall, cauterized

ewes (those with a non-functional VNO) allowed greater suckling time than the procaine
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(those rendered anosmic) and the control group. Procaine and control ewes never
allowed the alien lambs to the udder whereas cauterized ewes allowed long periods of
suckling. Clearly, those rendered anosmic by the procaine were still able to recognize
that the lamb was not their own offspring while the cauterized ewes were unable to do so.
Because the findings of Booth and Katz (2000) were in such contrast to

past studies that deemed the olfactory epithelium as the apparatus for offspring

recognition, they tried to come up with an explanation for these incongruencies. They

suggest that in rendering various animals anosmic with procaine zinc solutions in the
nasal olfactory epithelium, the vomeronasal organ may have been damaged. Because of
the close relation of the olfactory bulb and the VNO, chemical or physical disabling of
one may harm the other. In this experiment, care was taken to make sure that the
procaine zinc solution did not enter the nasoincisive duct and thus block the sensory
apparatus in the VNO.

The purpose of the current study is to test whether the nasal epithelium or the
VNO is responsible for pup recognition and retrieval. The hypothesis is that there will be
a significant increase in retrieval time as a function of citrus oil treatments. The oil used
contains volatile chemical odorants that are detected only by the nasal epithelium. This
hypothesis supports the findings that the nasal epithelium is responsible for pup

recognition.
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Materials and Methods

Subjects

This study was conducted using “fancy” rats that are commonly used as pets and
can be purchased in most pet stores. Each of the females was under one year of age and
the males used to breed the females were between the ages of one and two years. One
female was pregnant when purchased and was used in a pilot study before the other
subjects were bred. Two females died before being bred and were replaced by two more
five to twelve month old female rats purchased from a pet store. All females bred were in
good health with no pregnancy complications. All subjects were handled for ten to
fifteen minutes each day from conception through fifteen days postpartum, and fed

generic rat pellets. There were three females assigned to the experimental condition

whose pups received oil treatments on days two through six postpartum, and three

females to the experimental condition with pups receiving oil treatments days seven
through eleven postpartum.
Materials

Subjects were housed in medium sized cages with wood shavings and shredded
paper for bedding. Retrieval times were measured with a stopwatch. The oil used to
scent the subjects was a citrus scent purchased at Bath and Body Works. Each day
postpartum female mothers were placed on a table designed as a maze, allowing pups to
be handled without the mother present.
Procedure

On day two postpartum the experiments began and continued for ten days. Each

of the females gave birth on a different day, within a one month time period, thus the
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days on which the procedures were carried out did not coincide with one another.
Attention was paid to carry out the procedure identically on each day. Each day females

were lured away from the nest with peanut butter and placed on the maze table. All pups,

no matter their assigned condition were picked up individually and inspected to see that

they were being fed and without defect or injury. Pups were divided according to
mother, into the condition that received oil treatments on the first five days (days two
through six postpartum) of the trial and those that received oil treatments on the second
five days (days seven through eleven postpartum) of the trial. According to their
respective treatment conditions one drop of oil was placed on the back of subjects and
rubbed in by hand. Those that did not receive oil treatments were handled an equal
amount by the researcher.

After being handled and treated with or without oil, all but five of the pups were
placed back into their nest area. The remaining five were dispersed evenly throughout
the opposite side of the cage. Mothers were then returned to the cage and the stopwatch
started. Each mother was timed on how long she took to retrieve all five pups to a nest.
All pups being grouped together and attended to by the mother defined retrieval. This

definition of retrieval did not require that pups be returned to the original nest area.
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Results

A paired sample t-test was calculated and no significant difference was found in

retrieval time as a function of citrus oil treatment. The mean for the oil treated group was

387 seconds with a variance of 59,469 (see Table 1.). The mean for the non-oil treated
group was 492 seconds with a variance of 304,158. The T value was —0.56, (p>0.05).
This suggests that retrieval times did not vary as a result of the particular treatment group
to which the mothers and pups were assigned.

Table 1. Paired two sample for means between oil and non oil treated rats
Paired Two Sample for Means Oil Treated  Non Qil Treated

Mean 387.6666667 492.6

Variance 59469.13067 304158.656

Observations 6 6

Pearson Correlation 0.568993277

Hypothesized Mean Difference 0

df 5

t Stat -0.56012209

P(T<=t) one-tail 0.29978096

t Critical one-tail 2.015049176

P(T<=t) two-tail 0.599561919

t Critical two-tail 2.570577635
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Figure 1. Retrieval time comparison between oil treated subjects and non-oil treated
subjects
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Discussion

The results of this project suggest the nasal epithelium is not responsible for pup
recognition and retrieval. The volatile chemical odorants contained in the citrus oil had
no effect on maternal behaviors, suggesting that pheromones emitted from the pups
(containing nonvolatile chemicals) were detected by the mother rat and thus, pups were
still recognizable to the mother.

This research is significant in a couple different ways, one being recognition of
mother and young in humans. Common knowledge states that it has been recommended
to women for years that they avoid bathing for a period of time after parturition. The
reason for this is that there are numerous pheromones released during parturition and
those assist the infant in recognizing his or her mother. Additional research suggests that
odors given off by young (it is unspecified if they are volatile or nonvolatile chemicals)
can be detected by the mother as early as twenty hours after parturition. Mothers were
able to identify the garments worn by their own infants (in comparison to garments worn
by unfamiliar infants) through odor alone within the first 6 days postpartum. In a second
experiment, mothers who had only limited pre-test exposure to their infants recognized
the odor of their infant's garment during tests conducted at 20.5-41.7 hr after delivery
(Cernoch, McLaughlin, & Porter 1983). These findings parallel the findings of the
current research on rats in that one day after parturition, even with a masking volatile
odorant on the pups, mother rats were able to recognize and retrieve their pups.

Maternal recognition in other species is also an important topic. Maternal
behaviors such as responsiveness, and rejection are important in the ranching business as.

Each year, ranchers deal with mothers who reject their young or young whose mothers

CORETTE LIBRARY
CARROLL COLLEGE
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die in the birthing process. If maternal rejection and care were better understood,
ranchers could perhaps prevent rejection of young and enhance maternal care to ensure
healthier offspring. Additionally, human mother/child attachment is presently generating
much research. Poor attachment has been correlated with various psychological
problems ranging from depression and alcoholism to schizophrenia. Further
understanding of these topics will inevitably bring helpful information to the world of
clinical psychology.

The current research in no way ends the debate regarding the mechanism responsible for
maternal recognition in mammals. There is still considerable evidence that supports both
the nasal epithelium as well as the vomeronasal organ. A larger number of subjects may

have yielded more definitive results. Because the t-test calculated was close to reaching

statistical significance, additional trials may be helpful. Further, a treatment group that

disabled the vomeronasal organ or a control group without any oil treatments may have
also helped to clarify the results. Due to a lack of funding, however, additional treatment
groups were not feasible. Regardless of the experimental limitations, this study suggests
that maternal recognition, and thus responsiveness, depends mainly on the Vomeronasal

functioning of the mother rat.




Olfaction and Maternal Behaviors15

References

Alberts, J.R., & Farrell, W.J. (2002a). Maternal responsiveness to infant Norway Rat
(Rattus norveticus) ultrasonic vocalizations during the maternal behavior cycle
and after steroid and experiential induction regimens [Abstract]. Journal of
Comparative Psychology, 116, 286.

Alberts, J.R., & Farrell, W.J. (2002b). Stimulus control of maternal responsiveness to
Norway Rat pup vocalizations. Journal of Comparative Psychology, 116, 297-
307.

Blass, E.M., & Fillion, T.J. (1986). Infantile experience with suckling determines adult
sexual behavior in male rats. Science, 231, 729-731.

Booth, K.K., & Katz, L.S. (2000). Role of the vomeronasal organ in neonatal offspring
recognition in sheep. Biological Reproduction, 63, 953-958.

Cemoch, J.M., McLaughlin, F.J., & Porter, R.H. (1983). Maternal recognition of
neonates through olfactory cues. Physiology & Behavior, 1, 151-154.

Fleming, A.S., Lovic, V., Oxley, G., & Shah, A. (2001). Effects of preweaning exposure
to novel maternal odors on maternal responsiveness and selectivity in adulthood.
Developmental Psychobiology, 41, 196-197.

Kaus, D.S. (2000, October 28). Realm of the senses. Sand Francisco Business Times,
15, 29.

Keverne, E.B. (1999). The vomeronasal organ. Science, 286, 716.

Leffingwell, J.C. (2003). Olfaction. Unpublished raw data.

Levy, F., & Poindron, P. (1974). The importance of amniotic fluids for the establishment

of maternal behavior in experienced and inexperienced ewes. Animal Behaviors,
35,1188-1192.

Mori, K., Nagao, H., & Yoshihara, Y. (1999). The olfactory bulb: Coding and processing
of odor molecule information. Science, 286, 711.

Mucignat-Caretta, C., Ryba, J.P., & Tirindelli, R. (1198). Molecular aspects of
pheromonal communication via the vomeronasal organ of mammals. Trends in
Neurosciences, 21, 482-485.




Olfaction and Maternal Behaviors16

Appendix

Table 2. Average retrieval time and total retrieval time of group 1

(oil on days 2-6 postpartum) and group 6 (oil on days 7-11 post partum)
Oil Treatment

Rat Name Avg Retrieval Time Total Retrieval Time Group ID
Creamy 451.4 2257

Spokane 3 139.2 696

Spokane 181.6 908

Peachy 614.8 3074

Crazy 718.6 3593

Great Falls 220.4 1102

No Oil Treatment

Rat Name Avg Retrieval Time Total Retrieval Time Group ID
Creamy 91.8 459

Spokane 3 287.8 1439

Spkane 219 1095

Peachy 1579.4 7897

Crazy 531.4 2657

Great Falls 246.2 1231




