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Studies on therapeutic drug monitoring method using
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Abstract :

We have established a method to determine the amount of drug in human exhaled breath as a
concentration. The exhaled breath aerosol, EBA, is involved in drug transport during exhalation.
To determine the drug concentration in the exhaled breath, it is necessary to determine this EBA
volume. We constructed a human breath collection device that can collect EBAs while measuring
their size with a particle size distribution analyzer. Create a double tube structure at the outlet of
the dust mask, and dust-free air passed through a HEPA filter was sent to the outer tube. Exhale
to the inner tube, EBAs were collected while measuring their size. When the amount of urea in the
exhaled breath was measured using this device, good linearity (+* = 0.943) was obtained with the
EBA volume determined by the particle size distribution analyzer. Although the calculated EBA
volume was unexpectedly small, and not all EBA was measured by this device, we thought that a
good correlation is evidence that EBAs are counted at a constant rate. Therefore, we compared the
drug concentrations in the exhaled breath with that in the blood after taking the antihistamine,
fexofenadine. The drug concentration in the EBA was same order of magnitude as that in the blood,
although their concentration profiles were different. We believe that our self-made device can

measure and collect EBA volume at the same time.

— 155 —



1. FUBHIC

Kidney disease
X113, WHOA S5 X TV IAIZH1F 2% [ Diabetes

é’iéﬁy)ﬁé@fa’é%o 7‘\]/‘“0)/“‘“‘(“%5#@5 %Dlaﬂhealcisease

Dementia
JREIZ K BT EREIE, DIRISR S, FFicE - Tracheal, bronchial, and lung cancer
'I@Eﬁ%‘ﬁﬂfﬁﬁ%\ (COPD) 13, 5'!3 ./C ij(% 7;(?7)7—5. | Newborn
D—DLlo>Tn5b, MENREBERSTHED., M _ Lower respiratory tract infection
EEMREE DX F X BERGUEDTLTH D, I % |
i endl i§ < ODE%&% R5 F’—:\U)*E'JIKT H5 Ischemic heart dléease |

2 4 6 8 10
(million person)

=]

F NV IJUKE KM IE, Bed 2 B 4 % BOR
E LT, 20154 IS RS EREE] 2R Lz ZAUE. w1 ROEKIY 710 (2019)

E b A A B 72 5 R A Y R0 S Al R M s ﬁﬁgg&ﬁgﬁﬁxwwmmmﬂwmm
EOMIE T L RERIC D BRIt 5 2 D T,

PR [EPLIEER ]| # A =& Th 5, ZOMEEFIT S 72012, EMHOME 4 DIRkE
MRS 2 720 DO IEMEG BRI T =21 v~ (TDM) »RBEE K5, [linA %&£ < Ol

E Y)Y GRS TRE T A UL, SECHRA K T S¢S H B, BEIE. Zho 0w
K[OFRERPMEE L LIS, L OBEDNEMETH S L0 T &, MEIZPES Sing 0k
PSRE D ZALIIZAZER K Z V0, FlHE 261 2 TDMO BEME I I3k O R HE 20 A, I
TDM® + 7 ZHEIZ & - Tl OFEVERE 2 LR T = 2 L H IRk S &,

BHEDIMHTDM Tid, il O 3EYRIE & 3aHh R ¥ & ORIE & ORI BEBI(RIZ D TR %
HEMIEI NS, TDMTA LI BE 2 HIE. WEBNOMEWIRE TH 5. HlAIE, MirAD
L. Wi AMREN £ 72132 O OFFNRE N HEETH D, P OFEFRE NN 57 TH,
IR OIEANEE SR LRI BRI IR T & A,

o7 v y)r (EBA) &, MG XHEIRZ O 8 DRk & h > THfttE s Luvbh
T3 (1], EBAZMEH L ZZTDMIZ. sk EyBRe 2 Mfg42 LT, MKk D EN AR %E
22064 THAH., L2 LENLEBAIZLATDMIZIZW D2 ORMEA » 5, Friz, HHHKT

brHrI7ua I LEOMENKNETH 5,

o BEITERT 3 0 ONKPEEE O RS

37 T R B 5 T B 2], bR S
ERN R MIRI L 72T 7 0 LR T-O G I5E § 5 i
Go e Do St AMORR TR D BENIZ LD OO S
e L ey fhe e 3l &9 —DOOFEL, WLHOIBYE »
252% e ;;327 . FBIZ IARRIBIE % S L T3 T & A GE]
| . B eeoo® ® TARILTHB, ZOHER. b MIFKH
: ; 4/3/ EO Sy TEMRTERL. WO e

0 1 2 0 20 40 FEMF R A MEE DEZICHED X, —[kK
Liver/ pug g’ Plasma / pug mL"! . . . _ o

M2, WACROT 740 Re O ke 17 E P OL00TOIUTTSH 57 5 b IFk
RIBL. WSO, PR 10-2053 50 FEERABOBRLTE24], 7 v N EERTIE

RINEET. AZBRIEINREORTES. REIO%EY o - -

L. BL2053%0LDTHS. W5 & LA OSEPIRIE IS 2 T, Bl gz N D3

— 156 —



VIREZNET D ENTEDINETH D, TOME. 7 v MIFXA» SRS N 585 & & EH
Bl D, Mk IC I 2 8MIRE TH 5 Z EAHIL 72 (X23K) . € 2 TANIZETIZ
E SR OSEYNIRIE & IEREISORYD B AT 5 Z E a HNE§ 5, £D7291C, kb PFEERIC
K BRIFESHAEE A & DT 7 v VIR ORI A TR & & % & 9 AIPRERHEREOME  Hig L 72,

2. ERBLUERAE

EBARIH O ANZ, BAMNEE / ~—, )YV x 22 L — b EBKMEERBH, ve=
ARy & EES S & 726 (BG15) #AM L. Kift180-250 pmiZ/fk L TR L 7=,

HERR AR DA T HEMEE 572~ 22 &23D7 ) v & —THIRIL 72, MRS I3 BEREZR 5
ZREREDOILICIZRD ZA (K10 L/min) . FFXAE A Y 712X D51 L 72 (3 L/min) . Z DT
Kifg At o7 v I)URRGHIE & BEPIE OWAE AN OFEE 1T - 72, HRE D b OIS
34~T75 B TIT - 7=,

e L 72 R B IE5 mMY VR ) v AKEER (pH 8.2) T L. wL 7 —¥ %A 40°CT10%)
B4 Y Fax—FL72 SAXHFL5@BLTHRE VISV LER, TYEZTLAFTYELT
Metrohm#l#! 883 Basic IC plus THllE L 7z,

PEERE 1260 mgD 7 =¥V 7 2PV (FF) ZAREG- L, #EIEH Z & 12105 M O & Ik
AL 72, HifE L 7Z2FFid £ 4 7 — LTI LLC-MS/MS (Sciexth#! API-4000) TH#lE L 7=,
MHIE TV I —H A F v m/z 502 (MHY), 70 & 2 F A & ¥m/z 466, 171 Ti1 > 7=, MHFFIEIALAE
BAL I —LTHIL, 74 L4 —TAHila%,. LC-MS (Agilent Technologiestt#16140) THlE L

o MHiEm/z 502 (MH") Tir - 7=,
b b &l 220PFERE, PR REE R B 2 KR O b UKEERR 520190092) T - 7=,

3. HERRER
9. K2OMBROMI A 5D LT E A S v, HEEFD T v Mo&ELIRE. 74 7 4
) V%30 mg/kegiiftiE U, 10738212103 BEREL L 220F5( & . 2 DA ISR L 72 000K, lig#s O 369
BENKLAEZEDOTH S, MPOEWREZ., £5%100 TREL, TOERBEP,2ITHEL T»
o ZOM., Ndsrh o3PS 32T L T o IRED 5 BRI X 2 3428 il rh o J
LB HBLRD 5B Z ik, Eolh s S iflik. 7 L CFKANDORITAIES B S TITb
NTWBZEEWEMEITRL TS, WREEYIR Lol & OB Z &, 1k 6 Ofid#s
NOMITHIE AR ER D ZDTH S5, EROEBARNNE LR WERZDEDTH S LS|
BEM ST B12E. T v MR O 7 o U OUKRRHIE B X . TEds RN O3S LT
SIS U 72 I RUC ORI SEMIRE OME A AR Th 5,
3.1 b NEREREBOHBE
FERENKN0.4 pm& Eh b PEBAHEIX, WEIR Y TT7YAMOH -1+ ) v P TIFHT &
. MR (V8 4 =) TIEARTEER 0.3 wmPl FOEBAIZ & RIBATRETH %, — bV v
IZRG EN7ZEBAE RIS AMEITH Y v F ENBEBARE L £ 57201213, mjEORG[ &%
FLLSFT TR EF A 72, RESME TP OEBAD A WIET 5 7201213, & F OLEHIT
WeiED 7 10— K ) 2 — Al A 530 L/mind EOMERKEZ MG L adhiE e s kn, Thi

— 157 —



w7 = b0y U RIS R T /min TS| L T
\_ IERIFHED — Ry S WTIZEBAERSEME T 5, 22T, iR ETE
E E ®§ HEMGE L U, Z25HSH & s [l 2 55 1 72, [RIRFIC 2
o SHAINC L b 0 — SRS 5 500 mLO%R

WaEESDZ LT, EEEROMGEEZMSTI LN T

LAY S b f:o

RIESEE
—_— P41, ZOEETHNLZzL PIFKPOIRFERE
FREES, EBAKRGGH A 4 4, Wi 12130800 ¢ BT 2 BB %

B3, ISR ) )
NESN, KESMHIE—REBARMAIETE T3

K ICB A B, LZAR, ZTOMBEHSOMEZ 2.2 X 10" mol/L & B k&4 /nd, SHRE
Wi, RN CEREINE T VEZ L4 F VETER
L72. $ERDIPSEEME R T A & DIRFER A ~100 nmol/7 400 -

min& O 5] TR TR E REASHFER T2, W 20
Al 4o K OEBAE DS O & £ 7T 60 E L
TIPS S OPRl R E LTER YL E LS, M ® 0
EBARMOIES 1255, K2 LEDT v MNFLF A7 1Y %1%~
VR L ~OL DRI LRI U< 5V Th B e R 100
. 5y FIRGA 5 1057 T X X S EBAR IZ 8 ?‘ |
nLThb, B bOMNXEIZT v P& HikE<, PRt 0.E+00 1.E-05

NBEBARS KXW L k. ZO50RCHEMXh 2 I70OVLERE / mm3
" - T =P B4, SRR M A TR LA 7

EBARZB T nLE RS 5, X4DME X 13<1072 mol/L & DOVEREiEEh IR R e OB
B, ZHRMPREEREOMEIZIE BT 5. S, EMEICEBARMMEUETE T A0n0id,
IO 72 RS AR ORIZ & 5 & D7, EBAORASEEORMAREBZ T 556 5D A
Th 505, IWREREORMICBAFREMENR D LD Z & &0, AFPRERBEEE I B W TE 2 OH
IEfREE HW 5 Z & CEBAR MR CX 2 Z L AL 7=,
3.2 EMNEREREEICLIF[EYMREDRE
SRR L 72 b P ISR E T, MR AT 5 Z & TRt X W 7ZEBAB R L 2 h %
fili > 7z SRYPIRIE AR & B REMES A S b T 5 72, 2 2T OREE A, IR U 72 38Y O fitikHk
BT A IREPEITE 22 2RI L7z, LTI 22 IVvETHE T 2F Y T2 F VY
(FF) 23R 7=, P Uik, —RIARH&EA360-120

0T FF 0.5 ppb mgk ST . KN TIEERBERS 2 L AL 0%
000 FMENS T &, SIEM (V) A1EDKE VT L0
3000 1 3Tk B, TERHEOHEEA B, FFAMAIL T3 8
2000 - BREIZ, RIHOFFIRAZ2Z T8 5 57, 60 mg FFD
1000 - Breath sample  HRFH T & FIEFi % 2 6] 46 % 12094 & 2 25001 = & 3 g

0 : L ; T L EPRRELL 72, XI5 PIESHICHRIE S M 2FFD 2 v

10 11 12 13 14 15 . .
R = . - . 1 AR =X
Retention time / min YETTLERY, Ty MG LETAT 4 ) Vi

B5. MGG FF @ LO-MS/MS 7u~<hs54  D1/30FE Th %2, MR X N 7-EBAENSMIZE S

— 158 —



WOT, FEFOERITHHICITA TS, TV =344+ Vhim/z 5028 KE WO TMSIZ & % 8%
K dEmnw e Bbh s h, WEAD 5 OEBAE IR A REAEL 2 L THIE L T 3 20 E 'R
ICEARR SRS, MINEFIZEEIL 72 27 0 VUK 55l & IR A 615 6 W= flE R B A i 5 T

EBARR AT L, 5612

2 2% _, 60 FEIFSUREE & LTk 72,
2 400 1 ws  Frog WA A K6 1R T, IER
= 300 - % 240 % HEFRIE AL & D &
,TQ 200 - % =] frHEENhE < Ko7z, FFD
20 <} P ?2 % Vi3t b T5.4-5.8 L/kgk
S R SR £ (N [ YN 22k

o 2 408 0 2 468 LEhBEMTHEH,

X6, 7% 725UV IO K OB P OISR MBIE HER - 27 AES B D2

Lhvan, XEOIMAEh T
DIYIPEIE TIX, AR 20T Tk &2 78 L 7208, fer il rh i SR 12 60 mghRH ¢ 205
HitL N (6], 41 VA2 =T+ —LBDDKRTH 72, —J7. KADOWFXHOEYIRE L,
BIMERNC S 572, Zhe Ty MORIOEG LEYC-7 2%V 7 = 7V v Ofiliflikh ORI A, 8
% TEFEWE L TN E I #ith (6] & FE L s,

4. £&B

SRl T THIEIZZD DO A HEHNZ. TTF Y 4 L ZADESIEER S B, YA I TED
ALTHTHREA Y ILZ Y ORGEEEIF 5 Z b b, Milla LEWERTICHEET22h6
T AN AR, B OITa e e IR I N D TH S, AT, PR T7 ey
VEREE 2 ISR L T B IRFER L OMBIT, RS MEHZ K 25K 7 vV VEREH O %Y
PEAMGEL 7225, & MEHPOIREEE (BUN) FUEMWIIZIEAFET 2720, ZOMEE FD72M
AEBRENZ ST B Th A, fRELT, BUEOIFR AN T 7 vV LERHOIEE %> T
BIREDEV L HIMEFHETE 2 Z L1k 5, IREBIZBAMEDI 10 2 (ICHlila A E N 2 B 1 E
MTE S, TabbIREDOMNE B/ AR (A/P ratio) 131Th % & DIED L TOH
SHTH D, KT EMkGIT 22 & TA/PHHOBEBEHO M E2 D EEbN S,

AR TOZ v FEE, b FPEBROMRIODSNTE LI L, 1) R 7 vy idhiile e
BT H B THEES E V. 2) MR T T v VL ORI A A & PRl X 7z 7 v VL RRE O HEHI
MTEDL, D TH5, ThEDORGHBHEL M TEIE, MEXULMEIRET SRR O TDMO 7=
WORBOERETHZEMETE S, 1) TIE. F v MIFRFOMM A T 7 o VL BaEHA AR /K
b, EHEEAKBAIZKZIPRT T 0 VL REOAKEABEENTH S EE L 5, 2) Tl
Kig S Aiat CORMIMEARE I W 227 a0y ILOeRE RS &) aRERRALEE XS, Zhid
7y MPFRZ 7 LHEICEEET 2 HETHD. ThoBEDRIZK > THEOTDMA I §E
125 &9 5thE LML L T,

— 159 —



SE XK

[1] K. Haslbeck, K. Schwarz, J.M. Hohlfeld, J. Seume, W. Koch, J. 4ero. Sci., 2010, 41, 429-438.

[2] D. Valeyre, P. Soler, G. Basset, P. Loiseau, J. Pre, P. Turbie, J.P. Battesti, R. Georges, 4m.
Rev. Respir. Dis., 1991, 143, 1096-1101.

[3] A.D. Tinglev, S. Ullah, G. Ljungkvist, E. Viklund, A-C. Olin, O. Beck, J. Breath Res., 2016,
10(2), 026001/1-026001/9.

[4] A. Yamamoto, S. Hioki, C. Tanada, T. Miwa, Y. Inoue, R. Yamamoto, M. Matsushima, T.
Kawabe, 4Anal. Methods, 2015, 7, 423-427.

[5] C.R. Esther Jr., G. Boysen, B.M. Olsen, LL.B. Collins, A.J. Ghio, J.W. Swenberg, R.C.
Boucher, Mass spectrometric analysis of biomarkers and dilution markers in exhaled breath
condensate reveals elevated purines in asthma and cystic fibrosis, Am. J. Physiol. Lung Cell Mol.
Physiol., 2009, 296, 1.987-1.993.

[6] https://www.info.pmda.go.jp/go/interview/1/780069_4490023F1024_1_022_1F .pdf

— 160 —



