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2. TX)—VERE
[ShntEEa] 39 BB

[FHalEes & EBEDNE])
R 0.5 mg/ml
SR HT 0.53 mg/ml

& 5 — VIR R D E R SRR T/ NS 12 COBUETIEIR A 2R L T 5,
& 2 NBU T Dl 2 WEUE T DORER DIE W IZHEE T T 7z vy,
ORI NARERE /MBI 2608 7% 2 X 5 ICPUETLA L THRT L 72

[&-HEBE 5 BAE D 5377 ]
FHBA D T 2 ) — VIERfE
0.8

_ 0.7
2 07 .
>~

%o 0.6
E 0.57
L 0.52 053 034 ¢
5 05 05 05 05 05 05 05 05 05 051

X 05 ous 047 seteet,

l 04 o %8:%049 05 05 05 05 05 05 05 05 g5 051 092 053 053

X 04 * ® 046

H 0.42

0.3
EHEBE D 3T il % 1o 2> © AN B E

& 390 BEREEh. 34 HEBE(87%) 2334t (0.5 mg/mL) = 10%(0.45-0.55 mg/mL) D& CTH - 7=, GERE : 10% LA
MR L WS 2L TEHY FHA)

[R5 ]
=2~ MBEDSTHER GHTHE. B, B #39 BT 36 B2

GC(HRZwm~=b+2r77), 3%
B4(8%) 23 GC-MS(H R 7 m =
b0 7RSI £ R L

GC, 36, 92% T,
@39 BT < T Ty F A
RIETH o7,

GC/MS, 3, 8%

[2xv} - B L]

o 2 00HIEREZHEL <, FHMEEREHL L2,

o 2[RI ZIEL CHEL., ‘FHEMEEZHL L,

o ERSHIE. 3 ARER0.1, 1.0, 4.0 mg/mL) % i\ 7z, E&E{EIE n=3 DV TH 3,
e VEDOTRFVHHTHEL A,
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& LTERL 72,
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H7 A VR LS, 7-T 37 740=F 78 L3R 4

& 38 BB 32 #%BH(84%) TR R 2 L&k M L 72,

&1 YHD B DD 6 D - 72,

OH 7 A VIFEIFRICLEITNREINLT VT, WHEHBTIIRB EHB L 2WEad d 3,

Oy UT Y REMIEROAFRRELRLAED DY, A7V -V INRPHICED TR L D
»H5,

Z Db DBRHIZEY)

TaRT7F—N, TrRZLIF, FPITVYIL, P-Z2LYV—n, EBREE

oty i)
PAKIILY: T PEBI%L

LC/MS/MS 16
LC/MS/MS, GC/MS 12
GC/MS 3
GC/MS/MS 2
GC/MS,LC-QTOF 1
LC,LC/MS/MS,GC/MS, 53 e EE Rt 1
LC/MS 1
LC/MS, LC/MS/MS, LC/TOF-MS 1
LC/MS/MS, GC/MS/MS 1

& [LC-MS/MS @& | 2516 #EH, [GC-MS « LC-MS/MS fifH | 23 12 #4EH < H - 7=,



4., EYIEERE
[ZmiRE] 34 BEBE

A iR E]
L EY A BLREE (ng/mL) BB MR (ng/mL)
T-T3I/)7N0=1F F7ENA 0.1 pg/mL 0.092 pg/mL
N7z AV 50 pg/mL 56 pg/mL

v OSRELT-TI 7702 TN LEFEF TR INGREORE R, 27 =4 vidhER EEOERD
FIE) ICRGE L 72 (PRSI,

L& 1B (ng/mL) HEEE (ng/mL) B (ng/mL)
7-T3I)7N0=F T4 D - - 0.4
H74v? 2-10 15-20 80-180

1) Femoral blood concentrations of 7-aminoflunitrazepam in 28 adults who died due to overdosage
with only flunitrazepam (jones et al., 2011)

2) Therapeutic and toxic blood concentrations of more than 1,100 drugs and other xenobiotics Martin
Schulz, Achim Schmoldt, Hilke Andresen-Streichert and Stefanie Iwersen-Bergmann; Critical Care
2020
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SrifTikds ek

LC/MS/MS "
LC/MS/MS & GC-MS BfHl
GC/MS/MS

LC-GTOF
LC,LC/MS/MS,GC/MS, 5 ¥ EE &t
LC/MS

GC/MS

e e e\ " A S \ ® ]

@ EEHTTIE LC-MS/MS 23 5% TH - 72,
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Yt U Caddl A gD o 72 B2 S HERE, IEMA R BB TE Al o 22 1 BB, BHZ L T w2 e Rl
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BHERAD7-77= ) JILZ b S/ NAFEEME(ug/ml)
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1 0.67 ¢
0.5 *
0 000000000000000000000000000
0 5 10 15 20 25 30
ZHED DT EZ AN B RIEICAE
EHBED7-77=_) J)ILZ b E/INALTFEE2E(ug/ml)
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0.130.13
0.15 011012 e ¢ o

0.099 0.1 0.1 0.1 0.1 0.1 0.1 0.1 P ¢ o
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0065 00754 o & @ 01
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80 s
60 60 93
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(43 hrisas o OF F ]

B s - REYRIC X ) REREEIRIES 729,

GCMS D #& + LCMS @ A THeH 3 2 3290 Jadk L Ik,

B TRIET 28 DX TAF = 7,

AR & HHER M ORFEY % EMET 2720,

27 Y —=v27ic LC/MS/MS & GC/MS 0 2 #fE% i 5 i & L <, WLC/MS/MS 3% —%7"» + 43
B GC/MS TRF X Vot (Vv EZ—=T v 1) LLTo Q7 2/ NV ERXR—ALTBET 5 — V78
& DHEYH LC/MS/MS THHIT & 7y, QI D% < 238 LC/MS/MS O 77 H3RHURE 23 R v %y,
EBOH D LC/MS/MS & GC/MS @ 2 @4 5 i & L <. OFEECRBRE 42 BATH S
DD,
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[EYatricowToa Xy ]

N7 A VBERBDONREDDE D DRV E L7,

GC/MS(NAGINATA) D JE 45347 Tl Caffeine @ A,

4 [a] D FEEY)EBMAEIC DWW T, 7-Aminoflunitrazepam OERICEI L £ L TlE, 2E&E O T3 W[ 23
FA MYIH  CIclilEHSR 2 K3 D e r o 72720 b | IFHEREZ R b bbECuwhnr o770, HIE
TZ2EHATL,

MR SRR CE R, 7-7 3 ZA= F S LREK, 77 =4 Vi3 10 SRR s %
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WweBunE g,

WE L ITE S BRECTONMTE 2HNTE, REBELERICA Y L, EEOIEYIITORERHIE
LOCDOPARRICRYBRBLGHLTVWEDT, 20X AEEIBNIE. BEFy 7KL TEL
WTT, BHRINLHISMIECTIHE LTI,

L], LD TIHEDO T, Vo CEYOERBSNE LTV ALEE L, 20X AEE VR
FLC, BCHOVARLITIE L, SBEDMELA L BFHVEAL LTI,
ABERRSE, BIMEHIC R Y L,

SENET v a - B X OEYOREBHIDITKD D RRP o L Bt T,
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Google 7 + — LA TORIFIFIZHRL L BT T,
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LTHOWMLTUSE5L23DTL & 52 (BEMICD
FHDE IR VT IR

EMAEMREEZET 24— X —IcHmRTIER W
CRWES, hT7 A VvOgGAIEAZ ) —= v T
100 ug/mL %82 245 E1E 10 f5< 5w IcH
RLTERBLTVWET,

Y ORI E U TR UL - 003 2 BERH
b F 3 H, (IEAIERE £ ©ThEEEESRT
ZrHiEnTHET?

—fICiE, MEMRSEMRELZ A L T 2 #HiHE °F
MLAWE EREIIEETE TEADT, Z DOHipH
FCHBIIGCTCHERT L2 A, HEiT
PR L FBR R (. MO TTEC TR IERME T
BIRERD 2 G0 b,

WHBI T, GC/MS It 5 7=+ 783 2 ARGH
YIoHICBIL T, free TORTLEE D 7 28 AR 78
E23 B L v DS free TITWE L 7228, free T
FRBICEY FEATL,

= b TEANLHYOFHER B Th L
. EDOLObVWECHRHTEX 20 MERALTEBL LR
Wk BunE g,

AEHI VO b D&M L Y 5 T2 o7 TT,
NS BHNCHRL £ L7z ?

ABHE

ARLTHY EEA, VUIMEZFENL 72202559
LNFEHE A,

B coXIs & fER % BEE LzwTT,

I F—THEVAZLETT, HEIhTwBLAET
WZHEMBILFEnE LA EREnET,

N7 A VDERE 57z, MEMRAMKRITY >
Mm% HAwE L 7%,

N7 A VDEBIHTIET 7 v 7O AT T
Ehabolld, fERLZMRERD Ar —T DA%
HeTREZEEL 7,

HEOAIETH MK LICEHEEICEINIYE %
ERT GG, 77 v I/BRICIEESSHETT,
FERHEASINE ©TT 5 2o, KRR ORI L 72 #R <
AHliT 2 L2 mnwTl k9, BREERBEHOHEL L
WA, —EIIEERINE & R R T
BIEICERZNW L 2R L THELDABRWTL &

Do

S OREHE L 5 CL T ATL k52 (REICHER
HrbITTIERoTT, ErbHETTAEE
A) o

BEHEAL I 8272 &3 E 3723, BURTIREEL Wik
TY, FRFRTIXZTHS DOTTESED JHER
CHHE, fhodetTT e oEREA DS L L TEHW
T ELEZLEBnE T,

R Z P DX S5 ICfToT a2 L HEZ0n
TY, HlAE7 =B Z T i3k, FRIZE
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6. HOHTHE

[(BEoERe]) 2 B o O oG 2 TH 72,

FRBE PIEIE B 1E HaHTRER BERE L

< W], AT AR I R HE IR OO AT
Caffeine 47.4 pg/mL 47.41 ng/mL 1T o 72, FHPITOWT LC-MS/MS I
X 2R FEREL 72,
1 - FEAREHR L (B~5uL) .
- technical replicate % & - 7z

7-Aminoflunitrazepam 0.065 pg/mL 0.083 pg/mL
(duplicate)

* QuEChERS & CHILHE 2T\ ¥ L 72,

- —EHOERME T, ROk
b, “EzxylLprTcE2ERATLE,

- HLEREZ DX S ICfToT WAk EEL
CEE7Zwed, flXiX7 &= Mt~
JTirAaL, FREENRLSLWT, 20D
H o TRRCRBE BT TE T H b o
LTCWBHE)VEFELLCHID 20T T,

2 Caffeine 59.6pg/mL -

v 1B ISR A BRI TN TE b o WG 2 B0 7 4+ — L THEL 2T o7,

CHHTEEZ L THOI L S T nwE LT,
BHRoZCERZA VOO, LVRWVWHIE~RECEIT IS ICHRFTEERTCVEZVLERVE T,
BT WCER, JREZETELAELEEVWE T,
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Brian Waters
BRRKZEFBEESHRE

Department of Forensic Medicine, Fukuoka University

BI2EEETFEFERE IT—

@R 5
HABEIAITH

Fusugsa UsivessiTy

« AT A UIE, OI—E—ORELGED—HRAEERKIC
EFNBLELERASNBZREAITT,

A, AT VBEDT—R V0N T A VEENS
WEREEBEFIAEMLTULES,

s FCTLI-LOMOEMEFALIGS. BEILA
T4 VEROBERAEIZOVT—ROARHEH

FTHENEETT,

» ATA VBIUVZOREMOATIZ. LW OHDH
ETERTEEY,

» FBIE, AT A VDOREASE L. BBHGEEA
HHEVSBRBELTULETY,

Department of Forensic Medicine, Faculty of Medicine, Fukuoka .

0 /
~ N b4 1,3,7-Trimethylxanthine
N L CaFioN;O,
A\ | /> EE ¥ 194.19
BTN VB : 194.0803
0 ITI N

EREAT )2

ty 3-6 h
Baselt (12" ed.) vd: 0.6 L/kg
ty 2-12h pKa: 140
Vd: 04-06 L/kg TP 2~10 pg/mlL
Fb: 0.26-0.35 HIEE - 15~20 pg/mL

pKa: 0.8 (base), 14.2 (acid)  E5Ehi : 80~180 pg/mL b; 79~567 ug/mL?

b/P 10-11 DSchulz et al. Crit Care. 2012; 16(4):R136.
2Baselt. 9™ ed. 2011.

Department of Forensic Medicine, Faculty of Medicine, Fukuoka University

wmsarass EASEREER
mamEan t
KUVD
onm
s
wnemm
AR
man
e *
[T #20mg/100mL
¥10mg/100mL
anwan =2
axran
Vo
mmeH
- ~TYAMOYIEO
xH s
BRI
P
ans . " 3aiTE mi
Source: https://medical.nikkeibp.co.jp/leaf /mem/pub/di/column/soudan/201604/546401. html

Department of Forensic Medicine, Faculty of Medicine, Fukuoka University

Beview 2017
Review of Caffeine-Related Fatalities along
with Postmortem Blood Concentrations

in 51 Poisoning Deaths
% : . . 2017
Suicide by ingestion of caffeine

Frédéric Aknouche', Emilie Guibert', Alison Tessler', Aude Eibel” and Pascal Kinz™™

. nutrients

Review
Caffeine-Related Deaths: Manner of Deaths
and Categories at Risk 2018

Suicides by ingestion of pure caffeine powder.
New challenge for public health? 2019

Department of Forensic Medicine, Faculty of Medicine, Fukuoka University

Department of Forensic Medicine, Faculty of Medicine, Fukuoka University
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2015412, MBEETHE I 7 = A U PRICL DB THHFRRAELE L,
IRk ThH oo, RENR= A — A LRV E LT,

BRRFEEFEEOARE—LIRE., BREHT
A VEROBREICOVTESELTLET,

s W7 x4 0F, BTOHBONL—F
VA Y == T O—ERTT

. 73714/ d3i%. V\jﬁM“‘ﬁE(IS)o)/y

v I AD—

. Ist—ﬁﬁ%&O»m?_im H7
A VOREEZRFEL DN T
E3cn

s BT oA ORENE N

;>5 ug/mL) @ﬁ]iﬁn&gﬁ)ﬁbni

w W7 x4 -d3EBARTHEAEETY
SAT 34, 2.5 mg, ¥14,000, P/N: C801021

Department of Forensic Medicine, Faculty of Medicine, Fukuoka University

Department of Forensic Medicine, Faculty of Medicine, Fukuoka University

pot

(X.X%) = Percent of oral dose excreted in 24 hour urine

Blanchard et al., Brit J Clin Pharmacol (1985)

CYP1A2
o, CYP3AL
cvP1Az ‘ caffeine (2.4%) cvpacs/a
MW: 19419 =
f - -
& | cvpiaz CYPLAZ
o CHy {CYp2E3) CYP3A4 P F"'
“1C\NJH,N - CYP2CBIS >=0
A A (/L
oF N ) %,
H a CHy cn, :
paraxanthine (3.5%) N’
MW: 180.16 HN > 7 \f 1,3,7-trimethyluric acid (2.9%)
)\ # ¢ L MW: 210.19
[

theobromine (2.0%)
MW: 180.16

theophylline (0.8%)
MW: 180.16

Analytical Conditions

. Caffeine
008 mathod Caffeine-d3 (IS) | gt 3743 min
RT: 3.730 min
— 195>138
At P B e et \ ’
——p—
s s
el
z LC-MS/Ms
i AU Paraxanthine
s cortteens RT: 3.107 min
e 1815124
i) ’ i 195> 42
s Theophylline
ey i RT: 3.224 min
Theobromine
RT: 2.731 min

181> 67

181>163 198> 45

181> 42

175 B B B B oo B3 BD) B o0 P B0

Department of Forensic Medicine, Faculty of Medicine, Fukuoka University

Department of Forensic Medicine, Faculty of Medicine, Fukuoka University

194> 55

Department of Forensi

edicine, Faculty of Medicine, Fukuok

Caffeine Theobromine . 3 i
y - N ; Theophylline GCMS~ RARART p v 100 150 Theobromine
Rrsosenn | Caffeine-d3 (@s) "L [ ar dsaymn ®
Reor ~ e 180 448+ E5HQP-2010Ulra &
6C-MS A5 AR 4
A%y »E—F : m/z40-550 e
Paraxanthine | £#QP2010 Ultra TMSILTTE ] P
RT: 6.025 min Scan mode ]
m/z 180 m/z 40 - 550 AL
Caffeine 00 20 00 a0 0
1o Paraxanthine
50 475 500 525 550 575 600 625 650 675 700 725 73] O
Paraxanthine Theobromine GC-MS/MS . -
Caffeine-d3 (IS) RT: 6.025 min RT: 6.175 min EﬁTQB(BO
RT: 5.058 min \ . MRM mode s 2
|+ Theophylline %0 P 00 -
| RT: 6.320 min - i
M\__ o] Caffeine-d3 * - - o 50
Caffeine e § I ® Theophylline
| - i 1




[ B Micro Volume QUEChERS Kit™ ic X 2 ilEFt: |
F=2—7 DM BB OB w p-20%) 3
-
ﬁiﬂ{ﬁ R 37 W F 2 S OHRWTH BT Cle
T2h=}I¥ 0.3 mL RSB 5. — it Tkl L o0 3
BiAtvk 0.2 mL P 0.1 mL (g) # -RBE (3,500 rpm - 10 min)
LC/MS/MSIT & %
R AEIR R BB AR AL /ERAHT
= = = =
o« L l.
= 0.1%TFA- HHHARE T A¥ =N AT B Lo
0.1 mLERE®  TEhr=FUL 404 (2327 0.5 mLEFM  (6C-MS - LC-MS/MS)

2 F5H6CMS-QP2010
BT h BUTFRHT A (2005 T K
AR ZBSV 4mx 018 mm id., [550.36 um

MS[ll  BPX5 4m x 015 mm i.d., £/70.25 ym
XY YTHA: UYL FIERE100 cm/s () 7 A 0.96 mL/min)
77 AMIORE : 110°C (0.5 min) to 200°C at 70°C/min o 320°C at 50°C/min (6 min)
DR : TEATI280°C; 1 v % — 7 =—2290°C; A 7 17230°C
AAALE=R: BFA AU A AV ACEETO Y
AFyrE—=F: m/z40~550
T r AR
| Caffeine
e

Caffeine-d3 '

m/z 197

S
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T
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vty 2

En £ 0 = 1 e W

5t ORapid Tox ScreeningZ i LT, 1 7 = A > OPLEE T ABINIC
HE R S AL, E1316.135 pg/mLT L7243, E— 2 iFfafi LTV E Lz

EROA T a0

ORI

@~ bV v A~y F Rk @ik, Arkiik, EExy )7
L—avid)

Caffeine QI Addition Method)
sample  Weight _Caffeine Caffeine Area Caffeine-d3 _ Caffeine (corn/
(@ Area __(corrected by weight) Area Caffeine-d3
0 0103 16751086 16263190.29 4209622 3863337442
25 0098 24967980 25477530.61 4343868 5865171458
50 0098 34852519 35563794.9 4570922 7.780442304
100 0106 43632377 41162619.81 3595498 11.44837789

- il © p-Volume QUEChERS
SEHEE - 0.1 g
PIEBIEYE © Caffeine-d3 (0.5 wg)

— B
"y Set y = 0 and solve for [x]

' Caffeine
Concentration

: b m
x-intercept (Ho/9)

3.9305 + 0.0756 = 52.0
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Department of Foren

~bhY v 7 AU ORMIE
it « p-Volume QUEChERS

16 Calon Carminchn Yo
A caoane L s

N7 A DORE 43.9 1g/g

FEHE: 01 [T G N -
Py s Caffeine-d3 (05 pg) R"2 = 0.9996 - it : p-Volume QUECHERS
I 7 v WEH 01 g
i o T T T | o] 100 PESIEE : Caffeine-d3 (0.5 ug)
Quanttstve v [T o 12 - Al
Rt [ S — -~ .
Gl Bies O B - e - - 4
o tacbuced B s ID#| RetTime Hame Type miz frea
T 7450 | Caffeine Tareet 13400 59264
3 2455 | Caffeine—d3 I5TD 197.00 9624
%, Caffeine Caffeine-d3 Caffeine-d3 Cm(v:ca(:lfﬁlri"fl‘lmﬂ
A b o + Area Amount (1g) Area (ua/g)

((89264 x 0.5) + 9624) + =45.0
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Calibration: Linear

Heteroscedastic: Yes

Weighting: 1/x*2

7-Points: 5.0, 10, 25, 50, 100, 175, 200 ug/mL
LOD: 2.0 ng/mL (S/N: >3)

Caffeine (Trial 1}

Validation with EZSTATSG (v3.5)

i No carryover after 200 ug/mL sample
i Dilution and stability: Not performed
3500 pasnt 106 BT
o 15500 paint Lombo o
. B 300 /it i 5 am
« 1300 patit v 06 _oon,
o~ 00yt woo
W & Betusarn Vet 438
. HOE s Eee [re——
U T OAME Lo MRS Wi 308
u-Volume QUEChERS Pracision o e
0lg Madan TSR M & .
ine- in € Betuan Wk 208
Caffeine-d3 (0.5 ug) W P et . =

Case #1 [

A-1669 frill - WA &

1 WA 901 5 FED 1 BRI
B 7= vHE - BHOBHEIC LD
B 7 = A bW 1HHE e . o

Case #2

ALz, Brien Waiers, B =, ML,
BE W WRER ARR- An Autopsy Case of Acute Ethanol Intoxication

v Case #3 wnh_ a High Concentration of Caffeine:

s apars A Warning about Dangerous Drinking

Autupsy report for a caficine intoxication case and review of the

i KTAI-L . NKPAND WES W4T Cilaber 00
current literature
e R _ Case #4
- T Brian WATERS", Mio TAKAYAMA'®, Masayuki KASGIWAG
Pechiles Mitran g Kenji HAxA®. Aya Matsusue® and Shin-ichi o

w - ) e o (R 0

ERERAC ST Bmh 7 = 4 RS

Forensic Autopsy Case Study RMREFREEIKT BN T T4 SARO

B, brsn Woters, B . BAEZ, MBHT 1o VBEIC L DEHE
B . WA, ARN— .
- i — Evaluation of Caffine Treatment for Apiea of Prematrity According
- o Blood Cafleine Concentration
BESHFSAERT = hE: MEGELSAPE L]
AR KSH80'D BronWoeers” N R
. —— e
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Forensic Autopsy Case Study (#if2 5)

EfR HozrviRmEs

Al 370 [12% 30| *ug/mL
B 233 15%+37
it 137 11+ 24
FHHT
0~195% 29 04t13
20~-29%% 24 12%23
30~~39m% 31 2.0 £ 3.8 | Cases over 5 pg/mL
A0~ 495% 47 26+ 56 | getacloser look
505958 57 11+22
60~-697% 70 10% 21
70~-795% 49 11%24
80~B9FE 31 05%t1a
9010075 6 05+06
T 8 26

Case #1: =5V — KU 7 LEERIOHPFEIZLDET
Ffgi]

Case #2 : WL &L REIOEAFEICBIET 2R L
AS Y IEEI1

Case #3 : HROMEIRIEIC L 2@ RIRMIC L 2 A%

Case #4 : TNV a—VHHFRICEDN 7 =A v EH : f&
BRZR B B9 D
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» WEIOILFZ LT 520100 Bk,

s REREFLICZF =R 7 H#ATED
MR OERIK 2 A0 T H5EHERH -7,

» A OREE RS 2%, HIAFITRD .
KON ENE S o> THIZ o7,

w MEM U, RICEFRAIIZM - 72,

« TOHOHF, WHIZL > THRASINT,

» R CTHPNICREMOSEARIN R o0 o T2,

n 20MREET—AED LA LT ok,

o Mo VORICERTHEIIL, RITITPEEY & nank
MR -7,

o R AIORE & 7V A —s3y 7 RIET,
BENDENFA T T r T2 (75 mg) .
TINAYTaELTEF AT LT (30 mg
) . AT7=A (40mg) Thol,

» FF4BOEEN AR LTV,

o BAEHORER, THEEECHICHR B -7,
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| Case#3 |

s 102 D%,

s HETRy RTHLE LTV,

s D OIRICE LA TV,

 OCEMICRER S - T2,

o M DEMRET, 200mgD A 7 = A EE T
RO BEIRMEIF DZ2ED T ) A% —3 7258
(RN TRV i

w BIESC B E TR A @O EF| ORL - R
S0 HANEWIIZZ OIKAGRORF 2K
BIZEEN TV,

= 20fRAT D&,

s WESIZVA NT U R—=TEW Tz,

s BDOE S — A TT L a— VB2 — %8R
BT D EHICED BT,

n RAW)ITBERT & AR DIRGH ThH o T2,

» BRI L, BIET 572012 7 7 12 )
iz,

o DMEIE TR S, FEBEICRE S,
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Cases # 1 - 4

Case # Blood  Urine  Gastric  Brain Lung Liver  Kidney  Spleen  Muscle Fat

1 182 71 10,700 426 284 269 503 183 25
2 88
3 290 149 22276 276 357 588 1,063 237

4 Bk} 52

Other Fatalities From Literature

5 170 79 10204 564 811 556 1755 824

6 240 53 3100 188 296 212

7 159 114 8,600 214 145 All concentrations
8 147 43 409 95 200 172 in ig/mL(9)

9 344 21 4410 670 352

s W72 AU0F, 1 FEAEDREREY L TVICEEN
52— b AT,

w BT, BT A VRENE L Bfmim A Em L
TWET,

w T oA DHHIE, 6C-MS, HPLC, F7-iFLC-
MS/MSIEIZ L > THEGIZEBLTE £,

w ISEEMICT 2—T VU MMERI 7 =24 (W7 =
A -d3F2IFCIZ- D T = A V) BHRINTDHZ E0E,
BT A CBRENE N —ZADR Y Y —= FI
e T,

Department of Forensic Medicine, Faculty of Medicine, Fukuoka University

Department of Forensic Medicine, Faculty of Medicine, Fukuoka University
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TIL=,SENLEZETCZEIRAICKDEYHHIED 2 F4l

HEETF . BRTH Y. EBES ",
HIFMKR D, KiZhiL V. BRBF "

DREARZRZEREMHPHRNEEFHELE
) ENIKFRFREFREREZEFHE

[IZLHIZ]

TIL=bSENRLIE, BREDERICEVWTHEAICKY RO -/ SE /N ALIZEHRS
NBEREINTIND, FD=6H . BIAMBP DTV, SE/NRLEBEEZRTREOEELLTEHE
FTEHEFTELGD, ARRTIE. TLZFSENRLIBEELE-EY R EREN 2 HIZBNALTE
DEYEE DB DL TEEBRBEETUEL,

[=41]

60 K&, MICHRIEZEERASLELZEL. BETRELTWVADER RSN, BRESEIC
e RIEEFIRIREEEIETEAH o1, BER, OFERNICREMEZRO. GHEYRET
FTEI—F RUVSTHEEVHE, S RRNSDOENGETH o1z, ERFEHAD=H. 5 BiLIZF
AN ERINT,

<fRHIFR>

B IESo Mk g & S- MKER . BRICERBRAFZECENBTY 60 ML 2R, 7
ILa—LIREILEM , KEREFFIRIMZ AL V- LC-MS/MS [C&BEEMRI)—ZU T RETET
BRTFI/ T  AFINTI=T—b BILNSUD DTFTED TV SENL T-T2/T)L
ZrSENRAL T-FE/oOFENRLARRESNf VTFFED  TIL=bSE /L T-F2/T)L
ZRSEINL T-TI/9AFEIRALIZODWTES D EERKLT -,

<GWAHZE>

EENWIEBEFMETIT oz, PHEBREL T, REMDIZERK (0.1 ueg/mL) LA FEY
DE—VERBRLERET>UHEREZEE L. EEAMTIK. IHBISLUTEEME L RN
LE=RH IDFNEFNICREIZEYNE (CT7E/L-d5)EFMZ ., 7= LB ZETL. Z0
Ei#ES5 uL%ELC-MS/MS ITEALT,

<HER-BE>

AEFOBHAMPEMREIRI1OBY , KRRFIRMA IS, VTFF7EV I FE~BIE,
TV, SENRALIFABEEBUT. -7/ S ERALIETIL= N SE R LELTEET HEF
BEH~BRETH o=, 7-73/90FE /ALK, yOFE /R LELTHEETH -, EREY
[CEVWTOIFTEVETLZNSENRLAEREICRESATEY., Cho—HIZ S E2CARAL
D EHRINTz, KEERMNS VIFTEVETIL IS ENLEZZEICIRAL-2E S S
EHIETLT=,
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[=412]

50 KB, IWBICTERTAH—EREZZ T TV, KRB TTAH—ERZ KA RIZE
BORNGEY, BETRELTWADZEHBEEEMICK R INT -, BEEEICHE RALE. &
EMREEE. C B X ERNHo1-. BERKICEVLT, E&MREOLYME, ORERNIZ—
DRBEOERERD . BHAEYRETRUYCTEEVENGHE TH o1z, EEERAD=H. 3
B&(CELEBEHAERESNT,

<fFHR>

IEBEISFERK. MiEESMKERK. BRIZEREHNZESTFRETIKEASY 500 mL
ZRDL, METRICENTH, AEDIRDVELZET ., 72— ILEE (T2, KEEFRIRMD
ZFUL = LC-MS/MS IZKBEEYWRV)——V T RETIARYRY  9-EFAF VY RRYRY
FEbTE/7z MITYVSL, TAIE/NRL NIV TAEE, LARATATO Y ZIL=5HE /N
L, T-F2/7IW=RSENRLNRBEENT=, LRATOTO Y TILZbSE/IRL T-F2/T)L=
FSENRLIZDNWTEERTEEMEL = (FFEEEHN LR

<wBR-BE>

AEHFOEHANPEMEEIIR2ODEY , KERFRM KLY BFEREICHE T HLRATOTD
DETDWZMSENRLICBMETAEBREREICHATEEZZONDS I-TI/ITILZMSE/LE
BHL=, BRBRYICLARATOROVET LI SENRLAEREICRESA TSI EMD.,
N HEZ=CIRALFEELI-EHIBTLI-,
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LC-MS/MS &

(Srgtt]
# & : Bi2ELCMS8040 > XF A
A5 A Kinetex XB-Cyg (100 mm x 2.1 mm, 2.6 pm, Phenomenex)
BEME . DSSI> b~ ; A5/ —)L K (10 mM HCOONH,, 0.1 % HCOOH)
=5:95—(7.5 min)—> 95 : 5 (2.5 min)— 5 : 95 (5.0 min)
& : 0.3 ml/min
NSLEE 40 C
RIER : BROWET (BIELCMS8040 )
A AR ESI (+)
R : MRM (RILF IV T 023> EZH—U2 D)

MRM# 4 &4
<=HEfHl1>
e rrr———l e L o]
7-7=) o038/ A 286.10 121.05
7-FZI W= RSENA 47 284.10 135.10
GASrAEY 5.7 384.15 253.10
JIL=hSEIA 6.1 314.05 268.15
S7E)Us-d5 6.9 290.15 154.05
<ZHfI2>
I T T T
7-FPZJ I RSE/ A 284.10 135.10
JIL=hSENA 6.1 314.05 268.15
LRATORS> 6.3 329.15 100.20
ST/ U-d5 6.9 290.15 154.05

—Im =p 1 ORI RYEE

=R mL

=0
DM  KEEFFIRm BASW
ODIFFE> 22.3 3.1 692
pJ |Vl N2 IAVN 0.003 0.005 37.3
FIJIIN=r5E/ 0.150 0.092 17
7-7= o038/ U 0.125 0.115 05

—I ®K2 FH2OHBPRIEE

DI AREESHRIED

LARXTO<> > 6.35 1.85 2.79 149

TIZRSEIA 0.012  0.007  0.008 66.2

7-7=J)IL=k5Ea 0.50 0.53 0.28 1.0
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Therapeutic (“normal”), toxic, and comatose-fatal blood-plasma concentrations (mg/L) in man

Substance "_‘:m"; e :mﬂLl“mhu tufh) Refarences
=l
S < i / {“normal”) (from}. {from)
Revisited: Therapeutic and toxic blood cgl [ 2010 e mar | o s e
;i o = T .

concentrations of more than 1100 drugs = e f.j .

and other xenobiotics Rtk 101 1205 02 5 — -
Flunirazepam® 0.005-0.015 0.05 0.3 {0.11-0.74) 10-20 (-30) [56], (58], [359], [1012], [1034]
Flucride 0.085.0. 190 (-0 288)* 082 3 28 [10). [47], (58], [130)], [360-382)

DRUG LEVELS: THERAPEUTIC AND TOXIC SERUM/
PLASMA CONCENTRATIONS OF COMMON DRUGS
Ralf Regenthal, MD, ' Maria Knieger, MD,’
Claus Koeppel, MD, % and Rainer Preiss, MD'

Forensic Science International

i |
5 o
b m 2-3,1 Now 001, Pages 107-123 e

Drug and chemical blood-level data 2001

5 Fluceo ADB (Mamys 2-(145- v 011192 nghal. [10as, 1038
Moraperiy)-1H-Fudazele-3-

carmaramine) 3-amethybusancste =
5-Flucro MOMB.FINACA)

Evry— [
T — . 005043 [ un
- 5 24 ngimi, 30 gl a8 1107+, 1072]
2 Flerormelhampretamine (2FMA) 59 rgmLe e T10s1]

s Picrometnyphendite - oost fea0)

[ — 00803 [ BT L 111) 158
Fucstine 1208 " 22300 26 dap™ 41 47, 73], 1202

1263, 254] [363. 364, {10841
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FNZ
GEME) BiAFIL
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CYP2C19 27T S
NADPH-cytochrome
\ o P-450 reductase \
54
F
30HFNZ O

O,N

=
dmFNZ O
7AFNZ (Fonazepam)
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o0 o@

[Drug Metab Dispos, 29, 460-465, 2001]

a7 /—ILOER5EH1E

01714168
RS
T F R E
Oe7/—)L(BAOYa, hsbaE) FANERRSY

HAL—R(T—HA)

¥

Srxvy

FREHTA-BRBAM (7)0= F 5 /(L) BRIHT SHHRRIZONT

EO: P




AL —RGEDHIR

<REE> <EIA>

il 00 .0 00
%
¥ | ancesEm Py
A&
® |
1 B9-F
" Fumm

#1X
+ AN(FR
4
Y [ amsminm
A
® | ME
2 WH-F
T T

1% om Hifaim 5w
Bl WRR [ [T
-8 FL= kS HIRLIR Img (PRI,
A BN | 7= 7 A tmg R
A

TIL=bSENRLDOREN

These data suggest that either degradation or metabolism of flunitrazepam may occur
after death, resulting in reduction of the nitro group of flunitrazepam to 7-
minoflunitrazepam. * - * the measurement of the 7-amno metabolite can therefore
be regarded as critical to the evaluation of potential toxicity from the use of

nitrok i ins such as fluni

[Am J Forensic Med Pathol, 14, 238-243, 1993]

The nitrobenzodiazepines (nitrazepam, flunitrazepam and clonazepam) are unstable in
blood, especially in postmortem blood contaminated with bacteria. Even after an overdose,
little if any of the parent drug is present after death.

[Forensic Sci Int, 184, 74-79, 2009]

? i

—-

RO (HEICED)

% of Fhnirazepam mossning

TIL=bSENLDREM

The rate of conversion was reduced to 87% by a combination of 0.7% (w/v) sodium fluoride and
potassium oxalate, and almost completely inhibited (96%) by 1% (w/v) sodium fluoride.
PH had variable effects on the rate of bolic bioconversion of nitrob di i while
increasing temperatures were found to generally increase the rate of nitrobenzodiazepine
bioconversion. These data support the proposal that bacteria may mediate postmortem
bioconversion of the nitrobenzodiazepines.

@: Fhnitrazapam w/o prasarvative
O Fhri .

100. A Clanazepem w/o preservative =7 A Comaeginn
a0 A:Clonszepam w preservetive s 7oA i
W Ni w/a preservative = (e Clonssegam
it O1: Nitrazepam w preservative o e Frunitssepun
™ i
. i
0 E u
o S 02
30, g
20 ar
1o Ny
* o w0 m =
] ) 1 210 ag0 - L
Time (i) Time (win)

[J Forensic Sci, 40, 382-386, 1995] [J Forensic Sci, 43, 5-8, 1998]

TIL=FSENLDOREM
BRESN=T-7I/IINZbSENRLOBREF?

7AdmFNZ
HaN

x10° | Cpd 1: Flunitrazepam, 7-NH2-desMe
1 18.900 1

0. A il

x10° | Gpd 2: Flunitrazepam, desMe N
22234 1

0. A

x10° |Gpd 4: Flunitrazepam, 7-NH2 o1

x10° |Gpd 9: Flunitrazepam
30704

T T T T T T T T 1
5 10 15 20 2 30 35 40 =

Counts vs. Acquisition Time (min) FNZ

JIL=,SE /LD SN

We detected 7-aminoflunitrazepam, but not flunitrazepam in any sample. This may have
been due to postmortem bioconversion of flunitrazepam to 7-aminoflunitrazepam. In
addition, the presence of 7-aminoflunitrazepam is an important marker of flunitrazepam
usage. Because a portion of flunitrazepam is converted to 7-aminoflunitrazepam, its effect
can generally be estimated from the sum total of the flunitrazepam and 7-
aminoflunitrazepam concentrations in the femoral blood. [Soud Lek 2015; 60 (2): 25-27)

In this case, flunitrazepam and 7-aminoflunitrazepam werealso detected. Flunitrazepam is
one of the most common drugsnoted during fatal intoxications. In postmortem
samples,flunitrazepam is exclusively converted to 7-aminoflunitrazepam. However, the
sum of the ions of i and 7. i in the femoral
blood was not considered fatal. [J Forensic Sci, 64, 930-933, 2019]

The relationship between morphine, alcohol, diazepam and flunitrazepam was investigated
in the 35 cases with morphine and one or more of the three other substances present and
no other drugs detected. In the calculations, "morphine" is the sum of the concentrations of
morphine and MAN, "di; the sum of di 1and d h and
"flunitrazepam" the sum of i p i

[intJ Legal, 108, 248-251, 1996

and desmeth

ZhARVYOTEE L D EIET

The cause of death was in 61 cases judged to be poisoning with one or more drugs.

Most cases involved opioids, primarily methadone, and in 6 of the 61 cases the sum

of cl and 7-aminocl or nif pam and 7-aminoni was

judged to contribute considerably to the cause of death; all concentrations are

shown in Table 1, Table 2, Table 3 with literature values for comparison in Table 4.
[Forensic Sci Int, 268, 39-45, 2016]

This illustrates why it is essential to determine the sum of the concentrations of
and 7-amii when performing a toxicological evaluation. It

is not always clear, especially in older studies, whether the reported clonazepam
concentrations are only clonazepam or are the sum of clonazepam + 7-
aminoclonazepam. The literature regarding the toxicology of clonazepam is relatively
scarce, and many of the older studies use less specific and sensitive analytical
methods than are currently available.

[Forensic Sci Int, 184, 74-79, 2009]
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moared with deaths of i drugs. T
N [y p——
FHinitrazepam + 7-afiino it fazepaim* ‘mq:h‘ 0 0.37 (0.30) a7 096 116
Mutiple Tos 014 1007 030 40 %0
[Forensic Sci Int, 267, 96-103, 2016]
Substance Blood-piasma concentration (mg/L) tuih) References
therapeutic toxic comatose-fatal
(*normal”) {from) {from)
[ omsams | oes | oswrerym | twwmiom | o ol pen e oon
and inoflunit in1

HEE LB EL TDT-aminoflunitrazepamBIFE S B8,
MR k> TEIFTSN f=flunitrazepam EX Bl TEELY,

mEDREZMELTHELTLS

TIL=FS5E /N LD ETH

blood concentration

r 1 T0M cases (e
[ Nedian oath percontle” pvatie
. I 030 wra oz
[ 418 1S 041 v C it
c 102 o ) Aca0l
v 555 02 o3 uoe
T ) o oo v
Group A: CertH intaxication wi single drug. The infl 0.1%)or 22 wellaa
other contriburtory factora could clearly be ruled out.
Qroup B: intaxication wi one drug. ith dug/s in combination with a significant
congentration of ethanol.
Group C: Certifiad other oause of death, in whioh
Group D:

juale driving under the influenoe.
Group T: Therapeutic Drug Monitoring data.

[Forensic Sci Int, 236, 138-145, 2014]
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Table I. Pharmacokinetic Characteri

5 of Nonopioid CNS Depressanes

Drug

Meabolism Excrotion

P450 (2C19: 3A4)

[J. Clin. Pharmacol.2021, 61(S2) $114-5128]
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ILNZbSENRLDREY (RFRE)

SFBED—FARV I OTEEVREHIE.
-20°CT2445 B . 4°CT107 AETRELMBAR TRE
[J Pharm Biomed Anal, 23, 1057-1063, 2000 CH EHD#E R ]

TNZTNOT-TS/REDIL. LLROTRE
—20°CHR7F: 27 A #12(329% 54
S CREF 17 BRIZ21%H D
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