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Fig. 5 SIM chromatograms of standard for (A) nicotine, (B) cotinine, (C) nicotine-ds and (D) cotinine-d.
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Table 1 Average recoveries of nicotine and cotinine from human serum
Blank/ Spiked amount/ Recovery, RSD,
ngml ' ngmlL ' Yo Yo
5 100 90.3 3.9
- !
Nicotine 1.9 200 987 38
100 95.1 5.2
otinine 23 ;
Cotinine 1 900 96.9 il
(n =)
Table 2 Concentration of nicotine and cotinine in human serum
B Knyaiivie Detection l‘a:)g(‘x‘ l)rlcrli():] rate,
) ng ml ]
Pregnant woman serum 51 Wisnline e lie ]
1 : ; Cotinine N.D. ~177.2 975
o cap . Nicotine N.D.~1.7 18.0
Umbilical cord serum 11 Cotiiing ND. ~87 9.0

(Nicotine: N.D. << 1.0 ng/mL. Cotinine: N.D.<0.4 ng/mL)
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Determination of Nicotine and Cotinine in Human Serum for
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Tobacco smoke contains more than 200 harmful compounds and 40 carcinogenic compounds.
Tobacco smoke exposure is a significant risk of growth suppression for fetuses and infants. A
highly sensitive and selective method for the determination of nicotine and cotinine in human
serum samples, to evaluate the exposure amount of tobacco smoke, was developed.  Solid-phase
extraction was emploved for sample preparation, and a measurement was performed by
hydrophilic interaction chromatography with mass spectrometry (HILIC/MS). The limits of
detection of nicotine and cotinine were 0.2 and 0.1 ng/mL, respectively. Moreover, the limits
of quantification of nicotine and cotinine were 1.0 and 0.4 ng/mlL, respectively. The average
recoveries of nicotine and cotinine were over 90% (RSD < 6%, n = 6). The proposed method
was applied to measure the serum and umbilical cord serum of a pregnant woman. The detec-
tion rate of cotinine in the pregnant woman serum and umbilical cord serum were 51 to 14 and
11t 1.

Keywords : tobacco; nicotine; cotinine ; solid phase extraction; HILIC/MS; pregnant woman
serum ; umbilical cord serum.
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ASSESSMENT OF PRENATAL EXPOSURE TO NEUROTOXIC METALS
(ALUMINIUM, ARSENIC, CADMIUM AND LEAD) AND UP-REGULATION OF
DIOXIN-INDUCIBLE GENE, CYP1Al, IN THE NEURAL STEM CELL CULTURE

Fujita Y'*, Urano H'*, Izumi S°, Uchida N°, Goya K, Makino T’

'Department of Pharmacology, National Research Institute for Child Health and Development, 2-10-1 Oukura,
Setagaya, Tokyo 157-8535, Japan; “Department of Research and Development Division, Biomaster, Inc..
Yokohama Excellent I1I 8F, 3-35, Minami Nakadori, Naka-ku, Yokohama, Kanagawa, Japan. 231-0006;
*Department of Obstetrics and Gynecology, Tokai University School of Medicine, 143 Shimokasuya, Isehara,
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Abstract

Although previous studies have suggested a relationship between the environmental toxicant such as heavy
metals and neurodevelopmental disorders, these involvements have not been fully investigated. In this study, we
measured concentrations of neurotoxic metals (aluminium, arsenic. cadmium and lead) in 6 types of human
perinatal samples (maternal blood. urine, breast milk, umbilical cord blood. placenta and umbilical cord) by
inductively coupled plasma mass spectrometer (ICP-MS) to assess the transplacental contamination during
pregnancy. Detectable levels of metals were found in almost all samples, suggesting that fetuses arc exposed to
these metals during pregnancy. In addition, effects of neurotoxic metals on developing neural cells were
investigated using murine neurosphere culture, which is a selective culture method for neural stem cells, As the
results, exposure to 100 pg/L metals decreased size of neurospheres. Immunohistochemical analysis showed beta
I1I tubulin positive neurons and GFAP positive astrocytes remarkably decreased in culture treated with 100 pg/L
of metals. By using this culture technique, we also found exposure to metals caused up-regulation of
dioxin-inducible gene, Cyplal, in neural stem cells. These results suggested even transient exposure to metals
during early neurodevelopmental stage causes adverse effects on proliferation and differentiation of neural stem
cells.

Introduction

A number of children diagnosed the neurodevelopmental disorders such as attention deficit hyperactivity
disorder (ADHD), autism and learning disorder have been increasing in recent years '. The exact etiology is
complicated and not understood completely. Environmental pollutions are suspected of causing neurological
disruption in children **. Although heavy metals such as lead, cadmium, arsenic and methyl mercury are known
as neurotoxic chemicals against all people, fetuses are more sensitive to these heavy metals. Many kinds of
heavy metals can easily cross the placenta and invade umbilical cord blood *. Also, the blood-brain barrier,
which protects brain parenchyma from toxic chemical in the adult brain, is not completely formed until 6 months
after birth °. The fetal exposure to heavy metals is great concerns considering the involvement of environmental
pollutions in neurodevelopmental disorders. However, we know little about the effect of heavy metals on early
stage of neural development. Therefore. first aim of this study was to assess the fetal exposure levels of
neurotoxic metals by measuring perinatal maternal and fetal samples.

In addition, we investigated the effect of neurotoxic metals on neural stem cells. which are the most primitive
cells in the developing central nervous system. Neural stem cells are characterized by their abilities of
self-renewal, proliferation and differentiation into all types of neural cells. To perform the present study. we used
neurosphere method, which is a selective culture method for neural stem cells.

Materials and Methods

Sample collections and analysis for [CP-MS

All perinatal samples including maternal blood (MB). maternal urine (MU). breast milk (BM), placenta (PL),
umbilical cord blood (UCB) and umbilical cord (UC) were collected from healthy female volunteers at Tokai
University after the procedure of informed consent. Samples were frozen at -20°C until analysis. After thawing
samples, placenta and umbilical cord were dried at 80°C oven and weighed. All samples were pre-treated with
ultrapure nitric acid and hydrogen peroxide at room temperature and then digested with microwave.
Concentrations of aluminium (Al), arsenic (As). cadmium (Cd) and lead (Pb) in resulting samples were analy zed
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by ICP-MS (HP4500, Yokokawa analytical systems).

Cell isolation and Cultures

Ganglionic eminences were dissected from E14.5 (The day of appearance of the vaginal plug is E0.5.) C57BL6
mice. Tissues were collected into Ca*", Mg®* free Hanks balanced salt solution (Invitrogen), and mechanically
triturated by using a blue tip and yellow tip sequentially. Dissociated cells were suspended into Neurophere
medium (DMEM/F-12 [Invitrogen] supplemented with EGF [Peprotech, 20 ng/ml], FGF2 [Peprotech, 20 ng/ml],
and B27 [Invitrogen, 1:50]) at 1x10° cells/ml, and cultured in 25cm?® tissue culture flasks (Iwaki) for 7 days. To
evaluate effects of metals, mix solution including arsenic, cadmium and lead were added into neurosphere
medium at final concentrations ranging from 50 to 200ug/L.

Proliferation i 1ation ass:

To evaluate effects of metals on proliferating potential, we measured the diameter of neurospheres after 7days in
culture with or without metals. Additionally, to study effects of exposure of metals on differentiation potential,
neurospheres were collected and re-plated onto poly L-lysine- coated dishes in differentiation medium
(DMEM/F-12 supplemented with B27). After 7 days, cells were fixed for 10 minutes with 4% paraformaldehyde.
Immunocytochemistry was performed by using primary antibodies against beta-1II tubulin (Tuj1, SIGMA) and
glial fibriary acidic protein (GFAP, DAKO) to detect neurons and astrocytes, respectively. Appropriate
fluorescent conjugated-secondary antibodies were used to visualize specific immunoreactions.

RT-PCR analysis

Total RNA was prepared from neurospheres after 7days in culture using the RNA extraction kit ISOGEN
(Nippon Gene), and lug of RNA was transcribed using Superscript III reverse transcriptase (Invitrogen),
following the manufacture’s recommendations. Resulting cDNA was subjected to the PCR using Ex-Taq kit
(Takara Bio). The sense and antisense primers, respectively, were as follows: GAPDH,
5’-GGTCATCATCTCCGCCCCTTC-3" and 5'-CCACCACCCTGTTGCTGTAG-3"; Cyplal,
5’-AACACTTCCAAGTGCAGATGCGGTC-3" and 5’-TCAAACCAGTTAGCCACTGGAGCAC-3".

Results and Discussion

Detection of metals in maternal and fetal samples

Table 1 shows the mean concentrations and S.D. of the metals in maternal and fetal samples. Al, As and Pb were
detected in almost all samples in this study. Cd was detected 5 of 7 MB, 4 of 7 MU, and 6 of 7 UCB samples. Cd
was also detected all of BM, PL and UC samples. Thus, it became clear that fetuses were contaminated with
multiple neurotoxic metals during pregnancy. It has been reported that concentrations of several toxic chemicals
were higher in maternal than in umbilical cord blood %7 However, there are no significant differences between
the levels of MB and UCB in all elements investigated.

Association between maternal age and fetal samples

Previous studies have reported a positive correlation between maternal age and blood concentrations of toxic
chemicals such as DDE and PCBs *, because older women have a greater opportunity for exposures to these
chemicals. 7 mothers aged 34 + 4.2 years (range 28-41) and their children participated in this study. Correlation
coefficients between maternal age and UCB are shown in Table 2. Between matemnal age versus UCB, Al and Pb
showed a relatively high correlation coefficient (Al: »=0.73, Pb: r=0.83).

Association between maternal and fetal samples

The association between maternal and fetal samples of toxic metals is important to evaluate the transplacental
exposure of fetuses. Correlation coefficients between maternal and fetal samples are shown in Table2. Between
MB versus UCB, As and Pb showed high correlation coefficient (As: r=0.83, Pb: r=0.949).

Association among maternal samples

There is the great concern that some toxic chemicals might be transferred to nursing infants via breast milk. We
compared the concentrations of metals among maternal samples (Table 2). Between MB versus BM, As and Pb
showed a relatively high correlation coefficient (As:=0.51, Pb: r=0.69).

Association among fetal s s

The umbilical cord blood has been used to assess the exposure to toxic chemicals during pregnancy. However,
the umbilical cord is easier to collect technically without ethical problems. The use of umbilical cords to assess
the chemical exposure seems to be an ideal method. Thus, we compared the concentrations of metals among fetal
samples. Correlation coefficients among fetal samples are shown in Table2. Cd showed a significant correlation
between PL and UC (»=0.95). However, there was no correlation between UCB versus UC in any elements.
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TOXICOLOGY II (CANCER AND OTHER CHRONIC EFFECTS)

Adverse effects of metals on fetal

neural deve}ODmenf Tablel Concentrations of metals in maternal and fetal samples
In order to investigate effects of _@Aluminium
meta].s on fcla] ncuml developan Sample ID MB jix L MU g L BM e L PlLjg g * ucB up L UC i ¢
, . ] T L3R 130k} Vit 5] TET
we used neurosphere method, in 2 615 35 490 73 70 2287
‘hi 3 410 545 95 1293 470 1340
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proliferate as maintaining abilities 5 100 516 12 1760 504 947
. = . 6 548 502 2 572 B9
to differentiate into mature neurons el X7 ' 2
and glial cells. First, the effect of ean
metf_ﬂs on neural stem cell @Arsenic
proliferation was evaluated by Sampeld | MBuel MUl BM kLl PLigy > UCBugl  UCue e -
1 1~ I e 1 54 7% 130 196
measuring size of vneurosphcrcs : 2 ok 22 i o ol
treated or untreated with metals for 3 179 185 4 447 153 134
4 41 433 44 293 123 (RE)
7 days. At 50pg/L  metals 5 i 1D 37 197 i 95
[} 137 1038 92 254 105 89

concentration, there was no
significant difference as compared W'ﬂﬁm&ﬂ—ﬂﬂﬂr

with control neurospheres.

@Cadmium
EXpOSLlI'E to l()O“g/L of _Inetals Sample 1D MB g L MU ug L BM g L PLug g *» UCB ua L UC ua a =
significantly reduced the size of ' L T T TETET T ™
. 2 ND ND D48 1321 038 D49
neurospheres  (Figurel A.B). 3 023 ND 049 U3 085 116
e 4 042 ND 037 3388 022 049
Treatment v_utl! %Oﬁugfl of met.als 5 i Py 4 Fonid . N
completely inhibited the formation 6 035 083 083 2296 029 122
NS J——

r ). S N | ¢ | | |
of ncurosphcre {data not shown). Tiaan T+ 15 05 %1 018 3370+30 D26+ 029 Tesie
Thus, it was suggested that fetal .

eXpOSUfe to metajs prCVeIlt —Sa-ﬂn'c 1D MB g L MU e L BM g L Pl g = UCB uz L UC jig w =

proliferation of neural stem cells, T 4 a3 TE 135 02 18
cainine ] 2 25 18 22 120 24 77
We next examined the effect of s ¥ o = i 53 is
metals on the subsequent 4 23 18 24 72 23 64
fferentiati 1 e 5 039 09 36 135 06 49
dlttnrunlmt:oq potential of neural : 55 = 58 s e Al
stem cells derived from neurosphere m—
culture. In control culture, cells - = = = = =
derived from neurospheres attached Abbreviations. MB: maternal blood. MU, maternal unne BM. breast milk, PL placenta.
onto Poly L lysine and fibronectin UCB. umbilical cord blood. UC: umbilical cord

coated-dishes and elongated Wiy itig

processes (Figure 1C). Immunohistochmical analysis detected beta I11 tubulin positive neurons and GFAP positive
astrocytes in control culture (Figure 1D). On the other hand, process elongation could not be found in culture
pre-treated with 100mg/L metals (Figure 1C). The number of differentiated neurons and astrocytes decreased
compared to control culture (Figure 1D), suggesting prenatal transient exposure of metals impairs differentiation of
neural stem cells.

Table2. Correlation coefficients | ' of metals between matemnal age and MB. between maternal age and UCB between matermnal and
fetal samples among matemal samples and among fetal samples
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Up-regulation _of dioxin-inducible gene, Cyplal, in
neural stem cells.

Expression of Cyplal has been used as a biomarker for
aryl hydrocarbon receptor (AhR) activation and a
warning of dioxin-like toxicity. Recently. it has been
demonstrated that Cyplal is up-regulated by heavy
metals such as Pb, Cu and As in several types of cells.
We performed RT-PCR analysis to investigate whether
Cyplal expression is induced by metals in neural stem
cells or not. There was no detection level of Cyplal in
neurospheres untreated with metals (Figurel E). On the
other hand, treatment with metals (50 and 100 pg/L)
remarkably increased Cyplal expression. In this study,
we could not clarify whether up-regulation of Cyplal
in neural stem cells by exposure of metals is mediated
by AhR-XRE pathway or not. To understand this
mechanism, further studies are required.

In conclusion, our results demonstrated (1) fetus tissues
were contaminated with multiple neurotoxic metals
during pregnancy. and (2) these metals caused adverse
effects on proliferation and differentiation of neural
stem cells.

Figure 1. Effects of metals on neural stem cells. Neural stem cel's ~ere
cuitivated sith or without Pb Cd and As aithin neurpsphere cuifure medium
for 7 days Subsequently neurospheres v ere collected and transferred into
differentaton medium to induce neuronal and giial maturation

A) Exposure of 10C..g L meta's significantly decreases proliferation of neural
stemcells *** P<Q 00! B Representalive :mages of neurosphere cultures
sho«ing metals decrease neurosphere s:ize (C ' Phase conlrast microscopy of
neurosphere-denved cells freated or untreated ».th metals Exposure of
100:.g L metals \nhots cells lo elongate ther processes 1D immunostiaining
for neurons ianti-beta i1l tubulin green | and astrocyles 1anti-GFAP red)
Nucleus ~ere stamed ~ith DAP| iblue | Exposure of 100i.g L metals prevents
differentiation into neurons and astrocyles (E: R1-PCR analys:s for detecting
Cyplal mRNA Expression of Cyptal s up-regulated by exposure of meta's
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Sick-building syndrome (SBS) symptoms asso-
ciated with indoor air volatile organic compounds
(VOCs) in new or newly remodeled houses have been
increasingly highlighted, and are known as “sick
house syndrome™ in Japan. In the course of the inves-
tigation of SBS patients, we found two sensitive pa-
tients who complained of severe symptoms and had
elevated serum levels of p-dichlorobenzene and 2-
ethyl-1-hexanol. One patient was a housewife, who
complained of various symptoms such as headache,
itching eyes, nasal irritation, and night sweats
and had a high serum level of p-dichlorobenzene
(25.4 ng/ml). She showed some improvement of symp-
toms in association with the gradual decrease in p-
dichlorobenzene concentrations in both her bedroom
and her serum. The other patient was a female pro-
fessor who had experienced mainly respiratory symp-
toms, such as nonproductive cough, throat irritation,
etc. when she entered her office, classrooms, and a
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faculty meeting room in a university building. Her
serum 2-ethyl-1-hexanol concentration was 4.6 ng/ml,
which was more than 7.7-fold higher than that in four
other patients with other onsets. The elevation of her
serum 2-ethyl-1-hexanol level was assumed to be due
to daily exposure in the university building.

Key words ——sick building syndrome. p-dichloro-
benzene, 2-ethyl-1-hexanol. volatile organic compounds,
serum

INTRODUCTION

Sick-building syndrome (SBS) has become a se-
rious problem in indoor environments, in homes as
well as in workplaces.!’ Volatile organic compounds
(VOCs) pose possible health risks that could re-
sult from exposure to indoor airborne VOCs as sug-
gested by the causal associations with symptoms
of SBS.” There is no universally accepted clini-
cal definition of SBS and no adequate theory for
its occurrence."” The complaints are usually non-
specific, such as headache, nausea, irritated eyes.
cough, dry and itchy skin, etc. For most peo-
ple, the health problems disappear when leaving
the building. In Japan, SBS symptoms associated
with indoor air VOCs in new or newly remodeled
houses have been increasingly highlighted, and are
known as “sick house syndrome.”® The Ministry
of Health, Labour and Welfare of Japan provided
guideline values (GLV) for indoor concentrations
of 13 VOCs, such as formaldehyde, toluene, p-
dichlorobenzene, etc.. and promulgated an advis-
able value of total VOCs.¥

Although past research tried to understand the
causes of SBS, it did not generally succeed in show-
ing direct evidence that elucidates the relationship
between SBS and VOCs.” Recently, Saijo et al. re-
ported that indoor air concentrations of some VOCs
were significantly related to the symptoms, and the
sum of all VOCs was significantly related to throat
and respiratory symptoms, although the concentra-
tions of VOCs were relatively low.>’ However, to
our knowledge. no study on the relationship be-
tween SBS and serum VOC concentrations has been
conducted. To address this issue, we measured
serum VOC concentrations in patients and volun-
teer controls: however, it was difficult to identify the
responsible VOCs and their serum levels inducing
the SBS symptoms because we did not find statis-
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tically significant differences in the concentrations
of studied VOCs between the patients and controls
and also found no relationship between serum VOC
levels and SBS symptoms in the patients studied.”
In the course of the investigation of SBS patients,
we found two sensitive patients who complained of
severe symptoms. In this study. we intended to ex-
amine the relationship between exposure to VOCs
and SBS symptoms in the two patients by measur-
ing serum and indoor air VOC concentrations.

PATIENTS AND METHODS

Patients —— Patient A was a 44-year-old house-
wife from Sapporo, Japan. She complained of vari-
ous symptoms such as headache, itching eyes, nasal
irritation, night sweats, etc. Patient B was a 61-year-
old female professor of Foreign Culture and Litera-
ture from Nagoya, Japan. She had been experienc-
ing mainly respiratory symptoms, such as nonpro-
ductive cough, throat irritation, efc. when she en-
tered her office, classrooms, and a faculty meeting
room in a university building. 2-Ethyl-1-hexanol
was suspected of being responsible for her respi-
ratory symptoms because the indoor air concentra-
tions of 2-ethyl-1-hexanol in the university build-
ing in summer were very high (max: approximately
1000 ug/m3 ),7) alevel beyond the advisable value of
total VOCs (400 ug/m?).*) Four other patients had
other onsets such as moving into a new or newly
remodeled house.

Measurement of VOCs in Serum —— For the
measurement of VOCs in serum, I ml of serum was
diluted with 14 ml of saturated saline solution and
analyzed using headspace GC/MS.® VOCs were
quantified using deuterated compounds as internal
standards. Target VOCs were benzene, toluene, xy-
lene, ethylbenzene, styrene, p-dichlorobenzene, and
2-ethyl-1-hexanol. HS-GC/MS analysis was carried
out under the following conditions: headspace sam-
pler, Tekmar 7000 (Tekmar, Mason, OH, U.S.A.);
vial size, 22ml; sample temperature, 60°C; sam-
ple equilibrium time, 20 min; mixer, on (power 5.
3 min); sample loop size, 1 ml: sample loop temper-
ature, 150°C; and transfer line temperature, 160°C.
GC/MS, Auto Mass System 1l (Jeol, Tokyo, Japan):
column, Vocol (60m x 0.25mm id.. 0.1 um film
thickness. Supelco, Bellefonte. PA. U.S.A.): oven
temperature, initial temperature 40°C with 4-min
hold. then 10°C/min to 230°C and postrun at 230°C
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for 5 min; ion source temperature, 210°C; and elec-
tron ionization voltage, 70 eV.

Measurement of VOCs in Indoor and Breathing-
zone Air —— For the measurement of VOCs in in-
door and breathing-zone air, both active and passive
sampling was used. Active sampling was carried
out using personal pumps (PAS-500, Shibata Sci-
entific Technology. Tokyo, Japan) attached to char-
coal tubes (gas tube for organic solvents, Shibata
Scientific Technology) with an air sampling rate
of 100 ml/min. Passive sampling was carried out
using a passive gas tube (Shibata Scientific Tech-
nology) or VOC-SD (Supelco, U.S.A.). Both ac-
tive and passive sampling continued for 24 hr. The
collected VOCs were extracted with carbon disul-
fide and analyzed using GC/MS, which was car-
ried out under the following conditions: QP-5050A
(Shimadzu, Kyoto, Japan); column, DB-1 (60 m x
0.25mm i.d., 1.0 pm film thickness, J&W Scientific,
Santa Clara, CA, U.S.A.); oven temperature, hold at
40°C for 5 min, ramp at 10°C/min to 150°C, ramp at
20°C/min to 250°C, and hold at 250°C for 18 min;
injector temperature, 250°C; and detector tempera-
ture, 280°C. Analysis was performed in a selected-
10n monitoring mode.

Ethics This study was carried out as a part of
the treatment of patients and was conducted accord-
ing to the Declaration of Helsinki; signed informed
consent was obtained from the patients.

RESULTS AND DISCUSSION

Case 1

The study design for patient A included a
five-point series of measuring serum and/or indoor
air VOCs and two types of countermeasures (Ta-
ble 1). At time point 1, her serum level of p-
dichlorobenzene (25.4 ng/ml) was high, but those
of eight other VOCs (not detected 0.4 ng/ml) were
low. We informed her of the results and conducted
a follow-up investigation together with measures
to reduce exposure to p-dichlorobenzene. At time
point 2, the indoor air level of p-dichlorobenzene
(0.35 ppm) was high, 8.8-fold higher than the GLV
(0.04 ppm), while those of five other VOCs such as
toluene and xylene were low (<0.001-0.004 ppm).
As the first countermeasure, mothballs, which are
p-dichlorobenzene products. were removed from
drawers in her bedroom and ventilation of the living
room and her bedroom was carried out as frequently



