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incubated at 37°C for 24 h. After incubation, aliquots of
the samples were transferred to tetrathionate brilliant
green (TBG) broth® and incubated under 42°C for 24 h.

All of the enriched samples were streaked on
xylose-lysine deoxycholate (XLD) agar* plates and
incubated at 37°C for 24 h. Expected Salmonella colonies
appear as pink colonies with black center on XLD me-
dia. The suspected colonies were purified, subjected to
biochemical tests (triple sugar iron’, indole®, Methyl-Red’,
Voges-Proskauer’, citrate®, urease® and lysine
decarboxylase® tests) and confirmed using miniaturized
identification kit’.

DNA extraction

The DNA extraction was done based on the
National Institute of Molecular Biology and Biotechnology
(BIOTECH) protocol. Briefly, each 1.5 mL TBG broth
was placed in a 1.5 mL microcentrifuge tube and
centrifuged at 8,050 x g for 10 s to remove the minced
tissues. The supernatant was transferred to fresh
microcentrifuge tube and the debris was discarded. The
tube was then centrifuged at 8,050 x g for 5 min to collect
the cell pellets. The supernatant was removed and the
cell pellets were washed with 150 pL HPLC-grade water.
The mixture was mixed using vortex mixer and
centrifuged for another 5 min. The supernatant was again
discarded and the tube was suspended in 45 uL. HPLC-
grade water and then mixed. Five microliters of 10%
sodium dodecyl sulfate (SDS)'" was added and mixed.
The mixture was boiled for 5 min. After boiling, 0.95 mL
of HPLC-grade water was added in the mixture and
then mixed. Final dilution of the samples was done using
HPLC-grade water.

Polymerase chain reaction assay and analysis

PCR detection of Salmonella employed a
developed kit'! that contained a genus-specific primer,
Sal-05, with the following nucleotide sequence: 5’-
GGCAGGGCTCATTT-TTACG-3’. PCR incubation
steps were performed using a thermal cycler'? with the
following settings: initial denaturation at 95°C for 5 min,
30 cycles of denaturation at 94°C for 2 min, annealing at
56°C for 2 min and extension at 72°C for 2 min, followed
by final extension by polymerase at 72°C for 10 min, and
holding temperature at 8°C.

The PCR products along side with 1kb DNA
ladder'® and negative and positive control were resolved
using 1% Tris-acetate-EDTA (TAE) agarose gel" in an
electrophoresis chamber containing 0.5x TAE buffer. The
gel was run at 100 V for 30 min until the dye indicator

reached the target lane. At the end of each run, the gel
was soaked in ethidium bromide solution for 15 min,
washed and viewed under an ultraviolet transiiluminator
machine'*. The machine was connected to a computer
with a software program'® for the documentation of each
Tun.

RESULTS

The samples obtained from the small intestines
of 96 apparently healthy bats were subjected to
conventional culture method and PCR detection for
Salmonella spp. The summary of the species of bats
included in the study is shown in Table 1.

A total of 11 species of bats were collected,
namely Miniopterus australis, M. schreibersi, M.
tristis, Hipposiderus diadema, Myotis macrotarsus,
Ptenochirus jagori, Scotophilus kuhlii, Pipistrellus
javanicus, Cynopterus brachyotis, Eonycteris
spelaea, and Rousettus amplexicaudatus. These
different species are grouped into three families and based
on the number of species obtained, the least falls under
Rhinolophidae (1/11), followed by Pteropodidae (4/11),
while majority were classified under Vespertilionidae (6/
11).

Two (2.08%) of the 96 samples subjected to PCR
produced the expected 450-bp band for Salmonella-
positive samples as exhibited in Figure 1. The positive
samples came from Miniopterus australis and M.
schreibersi. These chiropterans were both insect-eating
adult female bats captured from Pangihan cave of
Barangay Pablacion, Malay in Aklan. However, all of
the minced small intestine samples of the bats were found
negative for Salmonella spp. using the conventional
isolation method. Suspected colonies from xylose-lysine
deoxycholate agar plates were confirmed by biochemical
tests (triple sugar iron, indole, methyl-red, Voges-
Proskauer, citrate, urease and lysine decarboxylase tests)
and further verified by a miniaturized identification kit.

DISCUSSION

A total of 96 apparently healthy bats belonging
to three families (Vespertilionidae, Pteropodidae,
Rhinolophidae) were collected. Two of the families
(Vespertilionidae & Rhinolophidae) were identified as
insectivores and one family as frugivores. Based on the
number of species obtained, the least falls under
Rhinolophidae (1/11), followed by Pteropodidae (4/11)
and majority were classified under Vespertilionidae (6/
11)(Table 1). However, based on the number of collected
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Table 1. Summary of the species of bats tested for Salmonella spp. using conventional isolation and PCR

methods.
Bat Species Place of Collection
(Common name) Family A L QC Total
Miniopterus australis b
(Litle bent-winged bat) Vespertifionidac 21 0 0 21
Miniopterus schreibersi -
(Common bent-winged bat) Vespertilionidae 15 0 0 15
Miniopterus tristis L
(Greater bent-winged bat) Vespertilionidae : 0 0 !
Scotophilus kuhlii I
(Lesser Asian house bat) Vespertilionidac 0 0 > 3
Pipistrellus javanicus S
(Favan pipistrellc) Vespertilionidae 0 0 3 3
Myotis macrotarsus Vespertilionidae 1 0 0 1
(Philippine large-footed myotis) P
Ptenochirus jagori .
(Musky fruit bat) Pteropodidae 1 17 I 19
Cynopterus brachyotis .
(Common short-nosed fruit bat) Pteropodidac 0 4 20 24
Eonycteris spelaea Pleronodidac 0 3 ) 4
(Common nectar/dawn bat) P
Rousettus amplexicaudatus Preropodidac 0 0 5 )
(Common rousette)
Hipposideros diadema . .
(Diadem roundleaf bat) Rhinolophidae ! 0 0 !
Total 40 24 32 96
*A- Aklan L- Laguna QC- Quezon City

genus-specific 450-bp PCR products from bat samples. (M) Molecular
size marker (1kbp DNA ladder); (1) Negative control (HPLC-grade
water); (2) Positive control (Salmonella Thyphimurium); 3-4 (Sample
1) & 5-6 (Sample 2) Two Salmonella positive samples showing the
expected 450-bp amplicon size.
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samples, majority were frugivores (Pteropodidae). This
can be due to small body size and ability to produce
echolocation signals of insectivores which enable them
to escape and avoid being trapped in the mist nets [7].

Vespertilionidae is the largest family within the
order Chiroptera and is worldwide in distribution. Most
species are known to be insectivores and roost in caves.
Likewise in the Philippines, previous data have shown
that the number of insectivores was almost twice as that
of frugivores [7,16].

The present study was able to molecularly detect
Salmonella species from the small intestines of two (2/
96 bats) vespertilionids adult female bats (Miniopterus
australis and M. schreibersi) from Panay Island
(Pangihan cave, Aklan). The successful detection was
attributed to the ability of PCR to detect atypical
Salmonella spp. and non-viable Salmonella cells which
makes it more sensitive and specific in determining the
presence of the target Salmonella DNA. This result is
in agreement with previous studies.

It was previously shown that the detection of
Salmonella sp. in 391 fecal samples from cattle, pig and
poultry in Sweden using commercial PCR-based method
(BAX® system) was proven to be satisfactory [6]. In
addition, a study using PCR for Salmonella hilA gene
also successfully amplified the expected 784-bp DNA
fragment in all the 33 Salmonella strains from 27
serotypes while none from all the non-Salmonella strains
tested. Furthermore, it was able to detect S. choleraesuis
subsp. choleraesuis serovar Typhimurium in artificially
contaminated fecal samples at a concentration of 3 x 10
cfu/mL [20]. Similarly, the use of PCR for specific
detection of Salmonella spp. in food has been
documented. It was reported that PCR targeting specific
gene (e.g. fim4, invd, ssaR) displayed high degree of
diagnostic accuracy, without unspecific amplification or
false signals and was found to be faster, less costly and
more reliable than the traditional culture methods
[5,14,18,25]. Likewise, the BIOTECH Salmonella PCR-
based detection kit was also establish to be sensitive
enough to detect the presence of Salmonella in fecal
samples, artificially spiked and naturally contaminated
animal feeds. Extensive validation trials of the kit were
previously performed [24] in collaboration with several
government and private testing laboratories on animal
feeds and ingredients, and animal organs. Furthermore,
the kit has been used on swab samples from ileum and
tissue samples from mesenteric lymph nodes of
apparently healthy dogs. Atypical Salmonella that failed

to be detected using the plate culture assay can be
positively identified using the kit. Under optimized
conditions, the level of PCR assay sensitivity is 10° cells
[22,23]. '

Local studies revealed that the combination of
TBG enrichment with bacterial lysis method and capillary
gel electrophoresis is suitable for a rapid Salmonella
detection in chicken feces [3]. However, false-negative
results can still occur and the bile salt component of TBG
broth used as enrichment medium for Salmonella spp.
may inhibit PCR amplification of DNA [27]. Additionally,
other substances that are inhibitory to PCR include large
amounts of polysaccharides, phenolic and metabolic
compounds in feces [13].

The results of the study strongly indicated that
PCR detection appears to be more sensitive over the
conventional isolation method. No Salmonella spp.
isolates were obtained from the small intestines of 96
apparently healthy bats using the conventional method of
isolation. The inability to obtain a Salmonella spp. culture
can be attributed to several factors. It is foremost believed
that the short intestinal length and rapid transit time in
bats [12] could have prevented the stasis necessary for
adherence, colonization and multiplication of bacteria in
the distal small intestine. Another consideration is the fact
that the pre-enrichment stage which provides nutrition,
promotes revival of damaged or stressed cells and
multiplication of Salmonella, is non-selective, hence it
favors the overgrowth of other organisms which may
have overwhelmed Salmonella species due to its poor
competitive nature. Therefore, it is most likely that highly
competing non-Salmonella organisms may hamper the
identification of Salmonella on agar plates. Lastly, the
atypical appearance of Salmonella in the selective me-
dia plates may have been overlooked since only those
pink colonies with black centers were considered positive
on XLD media.

In general, results have shown that there is a
significant degree of agreement between the conventional
and PCR method, especially for the samples from Lagu-
na and Quezon City. The samples subjected to both
methods were found negative for Salmonella spp.

CONCLUSION

The study reports the first detection of
Salmonella spp. in Philippine bats using intestinal samples.
Results in the present study revealed that the Philippine
bats, Miniopterus australis and M. schreibersi, both
adult female insectivorous bats captured in Pangihan cave
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of Barangay Pablacion, Malay, Aklan harbored
Salmonella in their intestines. Since salmonellae have
been detected in a large variety of environment and host
species including insects, these bats may have acquired
these microorganisms in water and in their diet.

This finding showed that Philippine bats may
serve as potential reservoir and carrier of Salmonella
organisms. The data also strongly indicates that bats may
actively contribute in the dissemination of salmonellae
into the environment through fecal route. This currently
makes Philippine bats as a significant threat to livestock
and a serious public health concern, since all serotypes
of Salmonella are considered to be pathogenic to man
[1.,8].

Lastly, the results also indicate that majority of
the collected species were insectivores under family
Vespertilionidae while the largest population of the
Philippine bats were frugivores belonging to family
Pteropodidae.
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INTRODUCTION

Dioxinlike compounds such as polychlorinated biphenyls
(PCBs) and polychlorinated dibenzofurans (PCDFs) are
reported to have long-lasting effects on intellectual and
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Maternal Plasma
Polychlorinated Biphenyl
Levels in Cynomolgus Monkeys
(Macaca fascicularis) Affect
Infant Social Skills in
Mother—Infant Interaction

ABSTRACT: Polychlorinated biphenyls (PCBs) are endocrine disrupting chem-
icals that disturb normal development of embryonic brains. In the present study, we
evaluated the relationship between maternal plasma PCB concentration and infant
behavioral characteristics in mother—infant interactions. We grouped 20 pregnart
cynomolgus monkeys (Macaca fascicularis) into higher and lower PCB exposure
groups; monkeys in the higher PCB group had PCB concentrations above 15 pg/g,
which is representative of natural exposure levels. Maternal PCB concentration
correlated negatively with infant behaviors (approach, look, proximity, locomotion)
at the age of 6 months (p<.05), when an increase in these behaviors should
normally occur. These results suggest that maternal PCB exposure may affect the
development of infant social behavior in cynomolgus monkeys. Furthermore, this
study provides primate evidence to support observations of associations between
behavioral and learning disabilities and prenatal exposure to PCBs in humans.
© 2010 Wiley Periodicals, Inc. Dev Psychobiol 53: 7988, 2011.

Keywords: PCBs, behavior, infant, maternal plasma, natural exposure, Macaca
Sascicularis

cognitive development, behavior, and attention in off-
spring (Brouwer et al., 1995; Chen, Guo, Hsu, & Rogan,
1992; Jacobson & Jacobson, 1996; Porterfield, 2000).
PCB poisonings occurred in western Japan, where it is
called Yusho, in 1968 and in central Taiwan, where it is
called Yu-cheng, in 1979 (Wang, Tsai, Yang, & Guo,
2008; Yang, Wang, Chen, Tsai, & Guo, 2008). They were
caused by rice oil contaminated with large amounts of
PCBs and PCDFs after accidental leakage at the rice oil-
producing Kanemi Company (Akagi & Okumura, 1985;
Ikeda, 1996; Kanagawa et al., 2008; Leung, Kerger,
Paustenbach, Ryan, & Masuda, 2007; Masuda, Kuroki,
Haraguchi, & Nagayama, 1985). PCB exposure has also
been documented in eastern Slovakia and areas bordering
Lake Michigan in the United States. Further, abnormal
thyroid gland function and a low intelligence quotient
have been well documented in children exposed to PCB
prenatally in all these regions (Hauser, Mcmillin, &
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Bthatara, 1998; Jacobson & Jacobson, 1996; Masuda,
1996; Park et al., 2007, 2008).

Endocrine disrupting chemicals such as PCBs bind
with transthyretin to completely block the binding of the
thyroid hormone thyroxine (T4), which is essential for the
normal development of the central nervous system (CNS),
including neural cell proliferation and migration, synapse
formation, and myelinogenesis. PCBs have been shown to
decrease serum T4 levels in rodents (Kato et al., 2003;
Ness, Schantz, Moshtaghian, & Hansen, 1993). Severe
deficiency in iodine, an essential component of thyroid
hormones, can cause endemic cretinism chacacterized by
severe mental retardation (Hetzel, 1994), Furthermore,
thyroid hormone deficiency in both the mother and fetus is
linked to permanent deficits in neurological and intellec-
tual development in humans (Haddow et al., 1999;
Morreale de Escobar, Obregon, & Escobar del Rey,
2000). The incidence of learning disabilities and attention
deficit hyperactivity disorder (ADHD) has also been
shown to increase as a result of thyroid hormone
resistance (Flauser, Soler, Brucker-Davis, & Weintraub,
1997, Kimura-Kuroda, Nagata, & Kuroda, 2007;
Millichap, 2008; Osborn, 2000; Simic, Asztalos, & Rovet,
2009; Weiss, Stein, & Refetoff, 1997). Different brain
regions require thyroid hormone at different developmen-
tal periods; thus, different types of CNS deficits may
depend on whether insufficient thyroid hormone levels
are the result of insufficient maternal thyroid hormone
supplied to the fetus or insufficient production after birth
(Porterfield & Hendrich, 1993).

Hormones of maternal origin play an important role in
the development of the fetal brain until the fetus can
produce hormones independently (Tanaka, 2004).
The developing brain of the embryo and fetus is very
sensitive and vulnerable to exogeneous agents because of
the immature blood~brain barrier (Brouwer et al., 1995;
Johanson, 1980; Rodier, 1994). PCB passes through the
placenta and reduces T4 levels in the fetal brain (Hosoda
et al., 2003). Schantz et al. (1989) showed that perinatal
exposure to low doses of PCB caused spatial learning
performance decline, hyperactivity, and impairment in
concentration in rthesus monkeys, which remained even
3 years after PCB exposure.

Rice (2000) reported a correlation between ADHD and
prenatal exposure to PCBs. Postnatal PCB exposure also
resulted in behavioral impairment (Rice, 1999), and PCB
exposure limited to the early postmatal period still resulted in
environmentally relevant body burdens and produced long-
term behavioral effects (Rice, 1997; Rice & Hayward,
1997). In addition, PCB has been reported to affect sex
steroid hormones, particularly testosterone (Kitamura
et al., 2005; Qin et al., 2007; Turyk et al., 2008). Baron-
Cohen et al have suggested that fetal testosterone
may shape the neural mechanisms underlying social

Developmental Psychobiology

development (Baron-Cohen, Auyeung, Ashwin, & Knick-
meyer, 2009; Chapman et «l., 2006; Ingudomnukul,
Baron-Cohen, Wheelwright, & Knickmeyer, 2007;
Knickmeyer, Baron-Cohen, Raggatt, & Taylor, 2003;
Knickmeyer, Baron-Cohen, Raggatt, Taylor, & Hackett,
2006; Lutchmaya, Baron-Cohen, Raggatt, Knickmeyer,
& Manning, 2004).

In Japan, PCB became a banned substance in 1974, but
environmental PCBs have been drawn into the bodies of
organisms and are still found in the blood and tissue of
human beings. Even now, the effect of PCBs is a health
concern (ATSDR, 2000; Hansen, 1999). The Japanese
Ministry of Health, Labor and Welfare (2005) analyzed
the amount of PCB exposure in living organisms and
detected 35 types of PCB congener and an isomer in
maternal peripheral blood and umbilical cord blood at
concentrations of 60~90ng/g (60-90 ng/ml) of fat. The
degree of the natural exposure to PCBs varies across
individuals, and it is not yet clear how the level of
exposure to PCBs influences the brain development of the
next generation. The final output of the nervous system is
behavior. The complex relationship between PCB, thyroid
and sex hormones, and CNS development may be further
elucidated by gaining a better understanding of what
tendencies and characteristics of behavior ave affected by
maternal PCB levels.

The range of different physiochemical characteristics
possessed by EDCs means that these chemicals will
degrade and behave in different ways in the environment,
impacting exposure routes for both humans and wildlife
(IPCS, 2002). Exposure can oceur via air, waler, soil,
sediment, and food and consumer products. The chemical
may then enter the organism by ingestion, inhalation, or
skin contact across cell membranes and then be absorbed
into the blood stream (Crosby, 1998). The contribution of
various exposure pathways vary among species and life
stages. Food especially would be implicated in animal
exposure. Ingestion of EDCs and potential EDCs via food
intake is generally considered the major exposure route
both for humans and most wildlife and may lead to
bioaccumulation and biomagnification. The coniribution
of dietary exposure will vary as a function of dietary
preferences, position in the food chain, and species and
quantities consumed. Persistent, lipophilic organic pollu-
tants often bicaccumulate in species at the top levels of the
food chain. Fish-eating birds and marine mammals have
been found to have concentrations of POPs many times
higher than those found in fish on which they feed,
or compared with levels in the surrounding waters
(IPCS, 2002).

In this study, we evaluated the influence of prenatal
PCB exposure on the social development of Macaca
Jascicularis monkeys by analyzing mother—infant inter-
actions. Mother—infant interaction in monkeys is a mutual
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relationship that involves all the basic senses, the most
characteristic factor being physical contact (Minami,
1997), which lasts until weaning. We examined mother~
infant interactions on the basis of physical contact and
maternal serum PCB levels in order to deeply understand
of the relationship between fetal PCB exposure and early
social development in monkeys.

METHODS

Subjects

Colony-bred adult female primiparous cynomolgus monkeys
(M. fascicularis) were maintained and bred at Shin Nippon
Biomedical Laboratories Ltd. (Kagoshima, Japan). The animals
received approximately 108 g (12 g x 9 pieces) of solid diet that
inctuded animal oil (Tekland Global 25% protein primate Diet;
Harlan Sprague Dawley Inc., Indianapolis, IN) on a daily basis,
which was supplied once a day at 3:00 p.m.; any food remaining
by 9:00 a.m. the next day was removed. The animals had free
access to drinking water. Monkeys were housed individually
during pregnancy in stainless steel cages (69cm x 61cm X
75 cm) according to the National Institute of Health guidelines.
They continued to care for their offspring in these cages until
weaning. The duration of pregnancy and the body weight of the
offspring at birth were recorded.

We obtained approval for the study and conducted the
experiments according to the guidelines of the Institutional
Animal Care and Use Commitiee, Graduate School of
Agricultural and Life Sciences, University of Tokyo.

Collection of Blood Samples and PCB Analysis

Thirty pregnant cynomolgus monkeys were raised in Japan.
Blood samples were collected during the late pregnancy period
(90-100 days of pregnancy; the pregnancy duration for
cynomolgus monkeys is 150-160 days). Serum samples
(3,000¢) were separated centrifugally for 15 min and preserved
at —~70°C until analysis. Blood analysis for sermm PCBs was
conducted by a specialized laboratory (Shimadzu Techno-
Research, Kyoto, Japan). The following specific PCBs were
meastred: PeCB #118, PeCB #1035, HxCB #153, HxCB #164/
#163, HxCB #138, HpCB #180, HpCB #170. The total PCB
concentration in serum was calculated by adding theresults from
each specific compound,

Grouping

From 30 pregnancy monkeys, we chose the 10 with the lowest
serum PCB levels (median, 11 pg/g) and the 10 with the highest
serum PCB levels (median, 22 pg/g) for further observation of
mother—infant pairs without abnormal delivery. Sex ratio of
infant depended on chance 50:50 (high-group male: 5, high-
group female: 5, low-group male: 5, low-group female: 5).
The high-PCB group was representative of a nafural exposure
level of above 15 pg/g total plasma PCB concentration.
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Ohservation Procedure

Fach mother and infant lived together in the same cage
(69 cm x 61 cm x 75 cm). We observed mother—infant behavior
twice per week during the first 90 days after birth, when infants
rapidly undergo large developmental changes, and once
per week during the period from 90 to 180 days after birth.
The observation started in the morning, before food was
supplied. Interactions between the mother and infant in their
home cage were recorded for 20min wsing a digital video
camera. The front mesh of the cage was replaced with an acrylic
board for the observation period.

Video recordings of the mother and infant were analyzed
separately using the one~zero sampling method every 5s. We
excluded the first and the last 5 min of the 20-min digital video
record from snalysis, to eliminate the effects of the human
influence of the animal technician who switched the video
camera on and off, Observed infant behaviors were categorized
into 19 previously established behavior categories (Tab. 1).
Observers were blind 1o all information about the subjects (sex,
PCB level). We used The Observer 5.0 (Noldus Information
Technology, Wageningen, Netherlands) analytical software.
Total observation time for each mother—infant pair was
11200 hr for all 20 pairs.

Statistical Analysis

For each behavioral item, we calculated the percentage of total
observation time during which it occurred. Each behavioral change
was expressed graphically as an average for each month. Infant
behaviors were first analyzed by discriminant analysis and then
using principal component analysis. The principal component
scores of each behavioral category were then analyzed by a three-
way analysis of variance (ANOVA), All statistical analyses were
performed using SPSS (SPSS Inc., Chicago, USA) and StatView
(Hulinks Inc., Tokyo, Japan). Significance was set at p < .05.

RESULTS

General Observations

Throughout this study, neither mother nor infants showed
gross physical abnormalities that could be regarded as
an adverse effect of maternal plasma PCB contamination
level. No fetal or neonatal deaths occurred among the
20 pregnant animals. Gestation period and infants’ body
weights at birth are summarized in Table 2. Differences in
PCB concentration had no significant effect on gestation
length or body weight at birth. Mother’s body weight and
age of pregnancy did not show significant difference
(mean body weight: low-group 5.42kg, high-group
4.58kg; mean age: low-group 7.9 years, high-group
6.6 years, generally healthy).

Maternal Plasma PCB Contamination Level

Figure 1 shows the plasma PCB levels observed in the
blood of pregnant monkeys, separated on the basis of the
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Table 1. Behavioral Categories of Infant in the Mother—Infant Interactions

Item (Abbreviation) Explanation

Social behaviors
Infant

Approach (Appr)
Contact cling (Catc)
Finger sucking

Lip smacking (Lips)
Look

Nipple contact (Nipe)
Orient (Ommnt)

Proximity (Prox)
Reject/withdraw (Rjwz)

Social exploration (Soce)
Play
Ventral contact (Vatce)

Mother

Approach (Appr)
Attack (Atck)

Hostility

Hold

Lip smacking (Lips)
Look

Orient (Ornt)
Reject/withdraw (Rjwz)
Social exploration (Soce)
Secial grooming (Socg)
Play

Threat (Thrt)

Other behaviors
Common to infant and mother

Auto grooming (Autg)

Environmental exploration
(Enve)

Inaction

Locomotion (Loco)

Visual exploration

Approach to mother within its reach

Active body contact excluding ventral contact

Sucking own finger

Movements of lips rhythmically sometimes with click noise

Infant watches mother’s face

Sucking mother’s nipple

Paying attention to animal and human outside cage. Reaction to voice and noise chiefly

Sitting or standing within mother’s reach

Rejection of mother’s approach or withdrawal at the corners of cage sometimes shaking
its head

Nonaggressive interactions with mother such as licking and visnal exploratory action to mother

Play with mother

Abdominal cling to mother

Approach to infant within its reach

Violent interaction with infant, such as bites, pnulling infant’s hair, and others

Fear and aggression or inimical to infant

Get her arms wrapped around. Hug

Smacking lips and/or clattering teeth toward infant

Mother watches infant’s face

Paying attention to voice and/or noise from outside

Rejection of infant’s approach or withdrawal at the corners of cage sometimes shaking its head

Nonaggressive interactions with infant such as licking and visual exploratory action to its infant

Picking and/or spreading of infant’s fur

Play with infant

Threat to infant (pulled-back ear with open mouth shaping a little “o™, gazing infant
aggressively)

Grooming oneself
Exploratory actions to surroundings with four limbs or mouth (licked the glass.)

Do nothing

Moving on foot or brachiating on cling

Looking out of the cage from gap between front aclyl board and the wall and seeing wire
of floor

Self-directed behavior (SIfd)
Stereotypy (Styp)

Stimulating oneself by its mouth, hand, or foot, biting or licking for a long time
Refrain the same pattern behavior in the monotonous thythm

Table 2. Effect of PCB-Exposure on Gestation Length and Body Weight at Birth in Cynomolgus Monkeys

PCBs Concentration Low High

Sex of Infant Male Female Male Female
Number of pregnant animal 10 10

Number of animal normally delivered 5 5 5 5
Gestational length (days)® 1654441 161.242.6 1654452 1586417
F1 body weight at birth (g)* 342426 325+33 390+ 44 315422
Number of animal subjected to observations 5 5 5 5

“Normally delivered mothers and infants were used.
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FIGURE 1 Maternal plasma PCB concentration. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]

sex of their offspring. Of the specific PCBs that were
analyzed, PeCB #118 and HxCB #153 contributed most
to total PCB levels. In the low PCB group, the mean
concentration of total PCB was 10.126 pg/g (SD =1.50)
in mothers with male offspring (n=35) and 10.214 pg/g
(SD = 1.46) in mothers with female offspring. In the high-
PCB group, the average mean total PCB concentration
was 21.216pg/g (SD=3.83) in mothers with male
offspring and 23.530 pg/g (SD=6.35) in mothers with
female offspring.

Infant Behaviors Differ Across Groups

Discriminant analysis was performed to analyze the
behavior of infant monkeys (Fig. 2). Behaviors differed

high

discriminant score

~2.5

FIGURE 2 Discriminant analysis (low-PCB group-high-
PCB group). The analysis significantly differentiated the Jow
group from the high control group. The discriminant scores for
the two groups are shown. *p < .05.

significantly between the high- and low-PCB concen-
tration groups. The representative category which con-
cerned in a discriminant score was locomotion (positive
factor) and visual exploration (negative factor). That is,
infants in the low-PCB group tended to be more active
than those in the high-PCB group.

The Relationship Between Behavior and
PCB Exposure

Infants exposed to higher levels of PCB tended to spend
less time watching or approaching their mother or in
active movement during early development. We per-
formed a principal component analysis of the behavior
of infant monkeys to further assess how the two groups
differed. Seven factors were extracted with a cumulative
contribution of 74.714%. Three-way ANOVA was con-
ducted to further explore how these factors related to
PCBs, age, and sex. )

Three-way ANOVA (PCB x SEX x AGE) showed sig-
nificant main effects of PCB concentration in factor 1 (the
first factor of principal component analysis; 'y g2 = 7.888,
p<.0061) and factor 3 (Fio,=28.939, p<.0036). A
significant interaction between PCBs and age was also
shown for both factor 1 (Fy9,=21.439, p<.0001) and
factor 3 (Fy 9o = 20.822, p < .0001). Factors 1 and 3 clearly
contributed to the observed differences between the high
and low PCB groups. The SEX variable showed no main
effects or interactions. Correlation analysis further revealed
a significant negative correlation (r=-318, p<.01)
between the principal component score of factor 1 and
PCB concentration, indicating that infant monkey behavior
was affected by PCB exposure.

Both high and low PCB groups showed develop-
mental changes over the course of the lactation period.
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Both groups behaved similarly during the earlier
half of the lactation period, but behavior differed
across groups during the later half of the lactation
period (5-6 months after birth). Figure 3 illustrates
this observation in factor 1, to which the behaviors
of approach, proximity, look, and locomotion were
high contributors. No significant differences were
observed in behaviors during the ecarlier half of
the lactation period or between sexes. In the low-PCB
group, these behaviors increased in the later half of the
lactation period, indicative of normal development.
However, in the high-PCB group, mother and infant
interactions did not increase in the later half of the
lactation period.

For each behavior, three-way ANOVA (PCB x SEX x
AGE) detected a significant main effect of PCB level
(approach, Iy 16=30.7,p < .0001; proximity, F) ;5= 17.5,
p <.0007; look, Fy;6=24.5, p<.0001; locomotion,
F116=332, p<.0001) and a significant interaction
between PCB exposure and age (approach, [y g4 =40.3,
p <.0001; proximity, Fyea=33.5, p<.0007; look,
Fa60=48.334, p<.0001; locomotion, Fye=36.3,
p <.0001) during the later half of the lactation period.
Figure 4 shows the relationship between infant behavior at
6 months of age and maternal PCB concentration. A
negative correlation was observed between PCB concen-
tration and the frequency of approach (r = —.635, df = 18,
p < .01, proximity (r=-—520, df =18, p <.05), look
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FIGURE 3
significantly different by ANOVA.
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(r=—.691, df =18, p < .01), and locomotion (r = —.696,
df =18, p <.01).

DISCUSSION

The CNS is thought to be susceptible to endocrine
disrupting chemicals for several reasons. Many chemical
substances of environmental origin, including PCBs, can
pass through the blood—brain barrier easily because they
are lipophilic. Once in the brain, lipophilic chemicals are
difficult to excrete. PCBs also accumulate in breast milk,
which is high in fat, which leads to higher exposure
of infants. Furthermore, liver and kidney function is
undeveloped in infants, reducing their ability to metab-
olize, and/or excrete PCBs. These factors compound to
make developing infants more susceptible to chemical
exposure than adults, which can cause imreversible
damage (Tanaka, 2004).

In this study, our aim was to investigate the effect of
PCBs, which an organism had already taken in from its
environment (i.e., natural exposure). Maternal plasma
PCB levels during pregnancy were regarded as indicative
of the extent of fetal exposure to PCBs. Although the
cynomolgus monkeys described in this study were bred in
the same colony and consumed the same water and diet,
we observed clear individual differences in animals’
natural exposure to PCBs. We compared age and body
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