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Stomach -=---- 1
(~20% absorption)

Small intestine ---4
(~80% absorption)

alcohol metabolism in liver

ADH ALDH

EtOH — AcH —> Acetate

breath
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fl< 1A breath conc.

beathig blood conc
2-10% -
Serkion- A VOCs | L (EtoH)
1 Vo 2100
: —1 blood flow ~ /
1 :
: I A B 73 D R BE TR HE AR B
_____ [ fromblood fromsweat  skin gas conc.
W sweat Interstitial o o SW blood conc.
skin gas VOCs S IQ ‘ ok,
15000 (EtOH)
at ankle

include sweat

J.S. Hawthorne, Can. Soc. Forensic Sci. J., 39, 65-71, 2006.
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VOCs significance blo(?nil/gf)nc- b(rpep%h (fmit(tl::ﬁ‘zgi?n'l)

ethanol alcohol metabolism 0.001 37-207 200
acetaldehyde esophageal cancer 0.0018 3-89.5 244

acetone diabetes 0.01-0.02 200-900 1100
isopropanol lung cancer - 50-250 105
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University of Leicesterin UK
Scientists develop ‘electronic nose’
for rapid detection of C-diff infection

https://phys.org/news/2014-08-scientists-electronic-nose-rapid-diff.html
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Owlstoneat Cambridge
FAIMS: early detection of chronic

University of Innsbruck in Austria
Measuring human volatile except breath

diseases including cancer and diabetes using PTR-MS

PTR-MS semiconductor
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Philippidis, Clinical OMICs, 4, 12-13, 2017.
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Agapiou et al., TrAC, 66, 158-175, 2015.
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https://en.wikipedia.org/wiki/Lactate_dehydrogenase
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ethanol + NAD*—2PH_, acetaldenyde + (Y + H*
ADH : 7)LO— LBk EREE SR ~ (Y
’ ex:340 nm fl:490 nm
PMT

UV-LED

o

https://www.rcsb.org/structure/20HX
NAD*: nicotinamide adenine dinucleotide (oxidized)

L NADH: nicotinamide adenine dinucleotide (reduced)
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UV-LED (335 BPF 34010 BPF 49010 PMT
( nm)-l il > m 1. spread enzyme (PMEH & enzyme)
eXCiting I|ght fluorescence @ m . ﬂ_‘; ‘(‘6 ADH (60 U /sz)
| (340 nm) (490 nm) ' 77,777,777/ 15%PMEH
L ‘ PTFE(2x2cm : 4 cm?)
optical fiber
N 2. spread & cure
EAERRRELRT L I O 8 SO SDT0S a9
flow cell RERERSR [PV 35 45%% ) drying (180 min, 4°C)
gas generator pump
flow rate i
e T @smimn e
ethanol vapor (] degasifier 6% (545 asbiw/d| removing surplus enzymes
exhaust (200 ml/min) —
U NAD* Kudo et al., Sens. Acta. B:Chem, 2010.
fiber probe optical fiber NAD*'ZE L RERZER
(core : 1.0 mm) - FHEEENAD DA
flow cell il - RISHE BRI D ki
‘ acryl pipe - BREERL
P

ADH inlet outlet
membrane

0-ring

0-ring
lcm

ADH membrane

ethanol vapar
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VOCs significance
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sample application B
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/— P {1.31 ppm
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sample 210 ! Z
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N A /"\.«\‘-\ . “th
SSSS % 5l o 0.50 ppm %
k= 3 =
NAD* buffer solution =] 0 ;7 blan < |_| |_|
litani et al., Sensors, 23(13), 5857, 2023. 0
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GC/MS analysis in each block
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CJ Smith etal., Eur. J. Appl. Physiol. 2011. Z. Ya-Xian etal., Arch. Dermatol. Res., 1999. K. Nagae et al., F1000 Research, 2018.

Kao, ScentEYE, 2018
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i %+ 1. enzyme seedin
ethanol + NAD* —— acetaldehyde +(NADH|+ H y A ——
M W ‘ cotton mesh
ex: 340 nm em: 490 nm .

_ l ~ > = .
UV-LEDY > 7 |7 1k 2.GA cross-lmklgg dr;for 60 min
g \\ \ T ¥
camera N:‘k\\\\\\ § Mx‘ 3 ! ;

~ 3. rinsing n '
e crosslink for 90 min

covalent bond '

ADH-immobilized mesh %MMJE (2 cl: 5 H FEﬁéEZI'\

litani K et al., Analytical Chemistry, 91, 9458-94565, 2019.

RGBEI& % & L 7= =L E&RNIE

gray (—i%) 1024

- - -

RGB color

Aintensity (a.u.)

bicolor (IRZE %)

gray = 0.299 X red + 0.587 X green + 0.114 x blue bicolor = green + blue

44 F2019-555385
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dorsum fingers toe evelid ear
(ﬁﬁﬁ% 126 86 149 N.D.

BFZEfE A A—

ERFkOBERH R ‘:J:ZDT'IUZI—)M‘EEEEE:Q Yy 4 litani K et al., ACS Sens, 2020.

% EtOHEACHRI 1R 1L RER (X F —#ER & T Al H (T

10 min

& 200 ‘ 200 &
200 EtOH % N | O
0 + g 150 <]
2 o Q
S NAD* . 100}
T o O
o , c c
z 83 | 8
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o 0 — 3]
100 i 0 1 2 3 <
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00:30:00

TMDU Mitsubayashi Lab.
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EtOHDA A=V [RE ACHDA A—T R
ethanol /A[Rt acetaldehyde ethanol :/ADH\ acetaldehyde
NAD* NADH
NAD* NADH
resorufin \'/ resazurin
diaphorase
Ex: 560 nm<Fl: 590 =x: 340 nm ‘

590 nm (FRf) D E LI MERH 490 nm (F8) DEILBDERH

A A—DY

2iRE

LED & BPF:560 nm

EtOH & AcH gas

'\.\ fl. 490 nm
'f>, (NADH)

fl. 590 nm
(resorufin)

enzyme immobilized mesh

5 RT LD E

filter wheel & BPF 490 nm BPE
N

Py E

camera

590 nm BPF

LED & BPF:340 nm

FWZ W -BPFYIYEZIZCLBEFREAA—DUY
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resazuri
Dp

RBEEEIZEANADHA A= T O RT A

Dp immobilized mesh

LED & BPF:560 nm

NADH spray
C

camera

; B -
% =
dark box \

— BEEREAY A ERE —
@ Dp spread

m cotton mesh

l dry for 60 min at 4°C
@ GA cross-link

vavgtat,

l crosslink for 90 min at 4°C
@ rinse @ add resazurin

\m*mj

BPF: 590 nm
HABEGROLESE HARE - WO ERFLEIL
raw image color image differential 2000 | | 0~
3 -
@ 1500 T60 &
g ©
>, o
= 1000 140 ¢
< 2
D )
© 500 120
4 O
S ° 0 <
- I EHRE ‘ \
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dt Dt g(t): BEISE 1+ 2 HRER time (min)
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—52
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BREELAV L ERE

cotton mesh

Dp l dry for 60 min at 4°C
@ GA cross-link

\“;
crosslink for 90 min at 4°C
@ add NADT &resazurin

= # - ]

_ E— J

A RAENERIES AT LD

—> air flow
compressor regulator l
switch port

BESARERE

flow

K4

409

enzyme immobilized mesh
LED & BPF:560 nm
0nm

§ fl. 590 nm

\,

filter wheel

camera

imaging system

regulator

EtOH gas or air 40 mL/min
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EtOH gas
—  |(100 ppm) fluorescence
o —~~
. 2| p
© 2003
< ©
S =
x ks
~ 1L cC
> 100 ©
5 (O]
c =
Q T
b= 0 differential 0 <
< a
0 50 100 150 200

BEiaZdibhEL-E time (sec)

L EATLE -~ : EtOHA R[Zxt9 %:E R 1%

EtOH gas breath EtOH conc. EtOH V//////////////" i(')(')'z |
= = AcH |
2100 Zl00| 0.5~ 300 ppm | | 2 :
~ : — n=3 acetone} 1.7 '
© $ © i !
= : = 2-propanol ] 2.4 |
o of O 50 . [ |
ﬁ >0 é % 1-propanol | 0.8 1 ppm !
3 m 2 2-butanone | N.D !
0 0.5 ppm 1 : o | | | 1-butanol } 18 | | | :

0 50 100 150 200 10™ 10° 10° 10° 10° 0O 20 40 60 80 100

time (s) EtOH conc. (ppm) normalized intensity (%)
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i ADH acidity ) m cotton mesh

ethanol « /-\ acetaldehyde l dry for 60 min at 4°C
@ GA cross-link
\ l crosslink for 90 min at 4°C
Y Ex: 340 nm  Fl: 490 nm ) @rinse @ add NADH

| Lakeg®dg — TG

AcHﬁx;ﬁfﬂkﬁu_ﬁﬁwt$ AcHﬁXLﬁ?‘%Esﬁﬁ ACHA Rz 9 R IRME

1 1000
0 _%’:}n E‘ppm Gs breath AcH conc EtOH i

)] /4 . — \ 1

. = S AcH \\\\\\\\\\\\\\\\_199_\

S 10} S L acetone ] 34 |
[ differential > = ' |
= = 120 = 2-propanol I N.D 1 ppm !
0 20 3ppm G o !
) = 2 1-propanol | 05 i
= 3 G !
° J2-butanone || 2.1 .
< 30} i :
AcH gas 1-butanol ] 26 :
1 I - . ) . . . 0 - - ; L L

0 50 100 150 o 1 2 3 4 5 6 0 20 40 60 80 100

time (sec) AcH conc. (ppm) normalized intensity (%)
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enzyme immobilized mesh filter wheel

LED & BPF:560 nm \
ex. 340 nm

camera
ex. 560 nm

[. 490 nm
590 nm

EtOH & AcH gas

UV-LED & BPF:340 nm

FWZFIFALNADH-LY L1 RBRA A=Y

1748(2490 nm < 590 nm BPFHIY & % N EES
UV-LED (340 nm) OFF | ON

LED (560 nm) OFF | ON

fluorescence image _-_- -

BPF 590 nm

I I D I
BPF 490 nm 1 [ 1 |

17
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HNAELEE ERAA—DUT

r-— =3 N
=M
90 . . :
EtOH
60 |

S

9'/30 I

©

b= 0 1 ~ 300 ppm

B REERLEIL S . .
2| EtOH | | 60  EtOH % 100 101 102 103
(100 ppm) (100 ppm) EtOH f EtOH conc. (ppm)
40 - o 90 T T T
) 1 4~ %
= =520 | g AcH
= 5
o <5 260}
o 0 ! ! 1 (@ [ ! ! >
> O 1 1 ] % O | m
= AcH 5 2 320
. £ ‘
05| 13201 0.2 ~ 5 ppm
4 ACH 0 1 1 1 1 1
(5 ppm) (5 ppm) AcH O 1 2 3 4 5 6
10 L L 40 | I
0 50 100 150 0 50 100 150 AcH conc. (ppm)
time (s) time (s)

EtOH (590 nm) &AcH (490 nm) R —fE8i [ TA A=V
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human breath‘

40 mL/min

ADH immobilized mesh

filter wheel

compressor

sample bag ! |

flow

regulator

|dry air

subject k
_______________ » flow rate
s 2 40 mL/min breath gas
o

camera

1\

/1\

— diaphragm | flow Y—
—_ pump regulator
breath -

dark box \ ADH/Dp immobilized mesh

FESEZH T ILAYSIZEIRL R T LIZE TR

— TFLI—LOEREHE —
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< BERE >
- IERARADIFERIZEE
- BERA

<7 ILa—)LERE>
- (KE1 kg#H1=Y0.4 g

<7 I)Ia—)VEREHE>
- T2 LA D ECELT S ICIRELL
- WH’EH: E(4h LLE)
54 LA TDEE

RREHENAKZEFHHREZEERZER KR M2018-160

J

ZILaA—)ILORBEDER

human race ALD(EO)Z [+] A'-D((!/;')Z [-] ng/ge
mongoloid 56 40 4
caucasoid 100 0 0
negroid 100 0 0

INYFT AR TALDH2E 14 % 514

ALDH2[+] &I 5EL . EERETRIA~
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EtOH |
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Adifferential of EtOH (a.u.)

56 ) 160 150
time (s)

ACHERE L REFRFLEIL

o
T

20 +

EtOHRE : 129.2 ppm

a0l AcH

Adifferential of AcH (a.u.)

AcHEE : 1.99 ppm

breath
0 50 100 150
time (s)
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=100 MDD E| sampling gas suction | E
*EtOH : 50~2000 ppm \ 2 min
*AcH :1~20 ppm

= aess.s..s.ﬁs“é‘%

https://www. gastec co jp/product/detector tube/type/
https /Igastech.com/gastechtubes/detail/113ll/index.htm

AR TLET ABHNEIZ&LAEIOH-ACHEED LB (8E#304)

EtOH conc. (ppm) EtOH conc. (ppm)
150 100 0 0 100 150
= |1 EtOH t—
ICT 110 gas detector tube gas detector tube 120 'cv
I I
O O
- -
< 0.71 <
! AcH
N.D
2 I1 0
AcH conc. (ppm) AcH conc (ppm)

MBEEICPVWTHRABRHAME LRERDEIOH - ACHEEENFGLONT-
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/f (Dp)
Ex: 340 nm Ex: 560 nm \I?I: 590 nm i
. 490nm (Ff) 08XE ZE®E )| 590nm () 0FEEmMERE )

S-ADH: secondary alcohol dehydrogenase
ADH: (primary) alcohol dehydrogenase
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Galassetti et al., Breath ethanol and acetone as indicators of serum glucose M {Q
levels: an initial report, Diabetes Technol Ther., 7, 115-123, 2005. stz ™
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