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Psychological stress is of major importance to all age groups in recent years, and may lead to mental disorder and
various diseases. An objective and quantitative method for measuring salivary stress-related substances is highly desired
because saliva collection is easy, stress free and noninvasive. We have developed a rapid and easy-to-use analytical tool
for the measurement of cortisol and secretory immunoglobulin A (sIgA) based on microchip technology, immunoselec-
tivity and electrophoretic separation technique. Performing immunoreaction and capillary electrophoresis (CE) separa-
tion on microchips is a promising technique for on-site determination of biogenic substances, and has a few advantages
over conventional immunoassay methods: reduced sample size, shortening analysis times, high separation efficiency,
reduced cost, and downsizing of analytical system. At this stage of our research, some preliminary prototypes of a high-
sensitive microchip CE instrument were constructed to determine the stress-related substances in real saliva samples.
However, there is not enough detection sensitivity for cortisol analysis. On the other hand, sIgA was successfully ana-
lyzed using a laboratory-built microchip CE system and optimal analytical conditions. The sIgA determination is rapid
compared with a conventional immunoassay method, and provides an acceptable degree of repeatability and recovery.
In the future, microchip technologies will enable total automation and integration of sample preparation. This research
has widespread future potential for monitoring multiple stress-related markers within minutes from a trace of saliva,
and can contribute to disease prevention and overall good health.
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Fig. 2. Circadian Rhythm of Salivary Cortisol in Healthy
Four Volunteers
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Fig. 3. Effects of Acute Psychological Stress on Salivary Cor-
tisol Levels
Closed circles indicate the data on the academic oral presentation day.
Open squares indicate 56 days before the presentation and open triangles 6
days after the presentation.
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Table 1. Recovery of sIgA Obtained by Direct Collection and
by the Use of Different Cotton Swabs

Recovery?, %

Saliva sampling Sample?
sIgA Total protein

Direct collection A 115.9 102.3
B 92.0 98.8

Cotton swab
Salivette A 71.0 172.9
B 72.2 119.1
Transorb soft type A 102.3 97.3
B 96.3 93.2
Transorb hard type A 109.7 99.2
B 97.9 93.6

1) Pooled saliva spiked with sIgA at different concentrations (A: 186.7
ug/ml, B: 933.3 ug/ml). Endogenous concentrations of sIgA and total
proteins were determined in the pooled saliva (153.66 ug/ml for sIgA and
479.45 ug/ml for total proteins) . 2) The percent recovery is calculated by
dividing the measured concentration by the expected concentration.
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Fig. 6. Analysis of Cortisol in Human Saliva Collected from
a Volunteer Using a Microchip-based Immunocapillary Elec-
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(a) A competition immunoassay for cortisol analysis and (b) non-competition immunoassay for sIgA analysis.
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Table 2. Comparison of Repeatability and Recovery for sIgA
Determinations

Analytical method Repeatability, % Recovery, %

Microchip CE 5.7-7.19 92.2-107.79
Immunoassay kit ) _ 9
(Product A) 4.5-7.0 100.7-115.9

Immunoassay kit 5.0-9.09 101.0-121.47

(Product B)

Numbers of samples (N) and analytical replicates per sample (n): a) N
=3,n=4.b) N=3,n=10.¢) N=2,n=20.d) N=6,n=1.¢) N=6,n=
2. f) N=38, n=2. Supplier data from catalog is displayed for immunoas-
say Kkits.

F£Fw k (Salivary Secretory IgA Indirect Enzyme
Immunoassay Kit, Salimetrics #1%1) & CllFEZE{T
W, B EREEL 2. T ORER, Fig. 11 @

DI BRIFIRERRAHBIISE S N 2ny, Wik TRl
EMEIITBEL T, TNENOSETHEAL &
PURD TS 2 7212, WERT O sIgA 1239 2 BAN
MR AERICHEDOENNEZEL DD EEZEZA TN
%, F, FvTETIREERPURICHES L 21
W sIgA ZEZHIEL TWAHDIZR L, Fv bk

TRABOEFYUAZHET 212511V bikz
ANTHO, HIEFEENESS 2 EDERORENME

sIgAMEZFHWT, FUEREICHHL Zike 2+
v METHREE Lz EE1C, HEENEbRns
WORERZODNOINIEGL TS, F2NNTHED
KOy TTIE, BE-HEoEEYEZHMHT 5
TEMTETY, slgA BEEO BN S HIE 2 8 EE
THIENEFHICHETH S, 5%1%, FH—0Fik
EHERALTYA 7 0F y TEQIUKENEEERDRE
HIEF Y MEEOpHBEEEZREEL, Y1705
TELKIKIEOEEEZ D DILEND D EE A
Tma
8. BHYIC
BRAEBTIIA R A0S 72 5§ BEITHL T
HO, FRETRINTEZMEREZHNTA ML AGE
i3 Pl IC IR UTE, TRIEFA MR S T AKE
REEMNTESLHDEEZ TS, 2uRITDFEE
LD T, EEEHICIMA T, HEEEEE
Lb)“‘é ZEHMRMITKDENDLDIZRD, A b
EHIISHRISICHESENEITTHAD. HH
@6&&@Aa#,%bvxtﬂﬁbT®@@§%
REEDOEWEENHEFFTE2 LD, HoF DL
MHAZEE LT T BENH S ERDNS. 20
BINT, DNONDOHIEREND L THBEZITILT
WL EFE>TWD, L LRans, MERRTICE D
A b L AFHII B S THL S N2 H DTS,
WEEMEERICHDEEZTWEEERRZN, £
7z, OEDDA L AIEEME THAMT 2 DTl
<, BEOEEWEZHAEDOE THAT HLEN
HBHMBH LR, LREFEOFREEYE O FRFEHAN



1604

Vol. 128 (2008)

LT, TxaroFy 7] EnD Eimiiind R E
AR TS, #ESEHRTS Y70 - F
T 0T —RFEFTEHIEITKoT, IhNahkhT
w7 BIZ < S ADBEREZEHAAT Z EAnEEE T
0, WER 15 ERRTOLIEH R 2 B
L7z,

B ARFFE T — <%, SCIVAX bk 24t
KO T7 2T L7 AR EtE ORI E L TE
L7bDTHD, HHWELET. £, PHEET
ZH20, HEE—-F—LAK, KHFHRIFEEZIT
U® A b L AGHARHEZE T — L DA E v THIK,
Filtrona Fibertec £ H HHT O MG MK, HAK
TR SR, HARR FEEREK, HER
TEMMBEEHKRE, £<OHICBHFEICRD X
L7z, ZO%HEED TEHWEZLET.

REFERENCES

1) Tanaka Y., AIST Today, 6, 24-25 (2006) .

2) TanakaY., Rinsho Kensa, 52, 441-449 (2008) .

3) Irwin M. R., Brain Behav. Immun., 22, 129-
139 (2008) .

4) Lac G., Pathol. Biol., 49, 660-667 (2001).

5) Kirschbaum C, Hellhammer D. H., Psy-
choneuroendocrinology, 19, 313-333 (1994) .

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

Teeuw W., Bosch J. A., Veerman E. C. 1.,
Nieuw Amerongen A. V., Biol. Chem., 385,
1137-1146 (2004).

Okumura T., Nakajima Y., Matsuoka M.,
Takamatsu T., J. Chromatogr. B, 694, 305—
316 (1997).

Nakane H., Asami O., Yamada Y., Harada
T., Matsui N., Kanno T., Yanaihara N.,
Biomed. Res., 19, 401-406 (1998).

Kanno T., Asada N., Yanase H., Iwanaga T.,
Ozaki T., Nishikawa Y., Iguchi K., Mochizuki
T., Hoshino M., Yanaihara N., Exp. Physiol.,
84, 1073-1083 (1999).

Van Stegeren A., Rohleder N., Everaerd W.,
Wolf O. T., Psychoneuroendocrinology, 31,
137-141 (2006) .

Fukuda S., Morimoto K., Environ. Health
Prev. Med., 6, 9-14 (2001).

Nieuw Amerongen A. V., Bolscher J. G. M.,
Veerman E. C. 1., Caries Res., 38, 247-253
(2004) .

Cohen S., Miller G. E., Rabin B. S., Psychos-
om. Med., 63, 7-18 (2001).

Yamaguchi M., Deguchi M., Wakasugi J.,
Ono S., Takai N., Higashi, T., Mizuno Y.,
Biosens. Bioelectron., 21, 1007-1014 (2006) .
Groschl M., Rauh M., Steroids, 71, 1097-1100
(2006) .



