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Analysis of caffeine and its metabolites in two patients with acute caffeine
intoxication successfully treated with hemodialysis

Asuka Kaizaki-Mitsumoto” , Madoka Watanabe®, Kazuyuki Miyamoto® , Jyun Sasaki”,
Munetaka Hayashi”, Satoshi Numazawa"
Y Division of Toxicology, Department of Pharmacology, Toxicology and Therapeutics, Showa University School of Pharmacy

? Department of Emergency and Critical Care Medicine, Showa University Fujigaoka Hospital

——Summary (Jpn J Clin Toxicol 2018 ; 31 : 404-409)
Conditions observed in patients with caffeine intoxication include nausea/vomiting, lethal

arrhythmias, and circulatory failure; these are thought to be caused not only by caffeine, but also by its
metabolites including paraxanthine, theophylline, and theobromine. However, there are no reports yet
demonstrating the blood levels of these metabolites in cases of caffeine intoxication. In this study,
blood concentrations of caffeine and its metabolites were measured in two cases in which lethal doses
of caffeine were presumed to have been ingested, and the efficacy of hemodialysis (HD) was
examined. In 2 cases, in which the patients took caffeine of 9.3 g and 9.0 g, blood concentrations were
62.9 yg/mL and 124.3 4g/mL on arrival at hospital, respectively. After HD, the concentrations became
15.6 yg/mL and 35.4 xg/mL, respectively, and clinical signs and symptoms such as tachycardia
improved, suggesting that HD is effective for the treatment of caffeine intoxication. On the other hand,
no remarkable changes in blood concentration of the metabolites were observed after HD. These
phenomena could be a result of removal by HD and production by metabolism at the same time.
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1. FEB] 1

BOF20&A Btk

BEAERE - JFicdH 7 Lo

RRE  TRORKA T (251 E4) 93
St (KA 7 x4 29.3g) ZHML, 2HRHRZICE
Bk S N7z,

EBREFBE © sk L~V EAVEM6, % 170 cm,
fk # 91.5kg (BMI31.7), 1k 36.4°C, IiLJE
166/93 mmHg, MR#(1%% 133/min, W %L 20/min,
Sp0, 97% (WX T, HALZHER (W) & FHW %
oz, T2, LEKTHHIRZZD 72,

MmAIRERR R BIRIMIE A A (BWN) - pH 7.381,
PCO, 44.1 mmHg, PO, 84.8 mmHg, HCO, 25.6
mmol/L,

m%E - BE - £{L¥1#&E : WBC 12,200/, Hb
16.0 g/dL, PLT 27.6 x 10‘/4L, PT-INR 0.92,
APTT 23.1 sec, D-dimer 0.3 pyg/mL, TP 7.4 g/dL,
Alb 4.3 g/dL, AST/ALT 47/119 1U/L, CK 70 IU/L,
CK-MB 0.7 ng/mL i, TnT 0.006 ng/mL A3,
Na/K/Cl 140/3.6/100 mEq/L, Ca 9.6 ng/dL, IP
2.4 mg/dL, BUN 12 mg/dL, Cre 0.80 mg/dL, il
i 163 mg/dL, S-Osm 287 mOsm/kg, CRP 0.11
mg/dL,

128 - HIEE R AR O S, MEHENT (QB
(quantity of blood flow) 180 mL/min, TA J& IV %! )
% 3T o 720 AL1E T, YU A I+ 144 mmHg,
WRH%L 80/min AT L, {HALZHIEIR (W50 DK
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HIRO LN B3 HE X, DUH I mE 130
mmHg, WR¥1%L 68/min & % V), EIE B L OHEIR
e S, HAEEHER (EAK) o3, Bk
73:07:0

2. fEPI2

B & 105, B

BEAERE : FFicdimiz Lo

BRE RGP ( 2y €4 90 5 (I
KA7x4>9.0g) 2WkL, 3.5KH%E HHE)
IR S e,

KBREFIRAE © Hak L~V E4VEM6, H K 165 cm,
R 59.7kg (BMI21.9), 14 35.4C, Il 141/69
mmHg, JJk 44 %% 121/min, W% % 22/min, SpO,
97% (FENR) T, FERETH D, LR (R
) bEgd bz, Tz, LEX TR E D72,

mABERER R © BRI A A (BN : pH 7.326,
PCO, 37.3 mmHg, PO, 40.0 mmHg, HCO,; 19.0
mmol/L, Lactate 9.45 mmol/L,

mHE - BE - £12®E - WBC 27,200/£L, Hb
16.0 g/dL, PLT 26.5 x 10‘/mL, PT-INR 1.07,
APTT 23.3 sec, D-dimer 0.1 yg/mlL, TP 8.3 g/dL,
Alb 5.1 g/dL, AST/ALT 26/32 1U/L, CK 163 IU/L,
CK-MB 2.1 ng/mL, TnT 0.006 ng/mL 7 {iii, Na/
K/Cl 150/2.6/101 mEq/L, Ca 9.8 mg/dL, IP 3.8
mg/dL, BUN 12 mg/dL, Cre 1.06 mg/dL, Ifi ¥
263 mg/dL, S-Osm 298 mOsm/kg, CRP 0.03 mg/
dL A

a8 IR RGOS, MmENT (QB
180 mL/min, TAJRIVE!) % 2 KE[#jAT 5 720 ALIE £,
LA 9T I 121 mmHg,  R$#A% 100/min & 7% D),
I B & ORI St S, T LERREAR (M)
bk L7z L2L, 2% HIC CK2,511 IU/L
&Y, W CKIMAELX RO 72, ANk
DA ZFA, FEEIZTHRL, PRHEDI DL
NTeHNENRNE % 22 o 720 Bl X fidioe Tk, PO
JAPIZH S B E RO SN Loz, H3%WH
I2CK 6,191 TU/L & & S ICEflia /R L7272, 4
PRECIE 1,500 mL CTHIE 217 o 720 H4WH IS
CK146IU/L & 72 1), JiEdke® LBk & %2 o 726
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mAbS compound retention time (min) PX CA
100} |caffeine(cA) 17.218
paraxanthine (PX), 13.255
theophylline (TP) 14.011
theobromine(TB) 10.387
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1. HBRBROHAE

Mg 200 L IZHEEE 7 ~ B =7 A 250 mg & Il .,
1,2,3-xXv v M) 7 — ) (12.5 pg/mL, Tokyo
Chemical Industry, WEHEY'HE) 50 uL, 0.1%MHEMR
200 4L, ZauaRkiVAh - A7V T IaT— )
(85:15) 6mL Z 1%, 200 rpm T 10 4;MR%E L 720
IN% 2,000xg T5MuE.CoBEL, TR
L7tk BRI T THBEZERE L7, FikiZ 200
LOBEIMAZMZ, 74V —E#ELZbD%
HPLC AT L7zo 72721, SEf) 1 O BAT A LG
(& 50 gL, AEH 2 OFENTHTMIE 1& 40 1L 2 vy 3
WAKT200 4L & L7274, ERd#EZ1T- 720

F72, b MEHEMF (Sigma-Aldrich) 125 7 = A
> (0.2~10 g, Wako Chemical), /85 F4 > F
(0.2~10 pg, Toronto Research Chemicals), 7 7%
7419 >~ (0.01~1.0 ug, Wako Chemical), 7+ 7
73> (0.01~1.0 ug, Wako Chemical) Z iz, [
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B : Serum of case 1 before hemodialysis

C : Serum of case 2 before hemodialysis

Fig. 1 HPLC chromatogram
IS @ internal standard

BRICHIE L7 o 2 EMWERHY 7 v e L, B
HERR R L 720

2. BRKREIOYNT S LR

Wik o< 277 41, SPD-M10A (Shimadzu
Co.) # w720 ¥ &1 9 4 121% Prodigy 5u ODS
column (150%x4.6 mm, 5 ym particle size, Phe-
nomenex) %\, P4 280 nm THIE L 7z. BB
HAIZO01%EER: x ¥ /=) 7= MY
(91:4:5), BEBHBIZ0.1%EM: x5 /) — )b
(60 : 40) Z vy, ¥idid 1 mL/min & L7z, BEHH]
A 100% ToHAT 2 BAa L, 14 2572 TR E)HH B
i 100% & L7=1%, 10 - RPRFE L 720

3. AR

REBSZMCEY, e MiiFEhor» 724 B &
CZ oW O—FWED»TETH > 72 (Fig. 1),
JEBI 1 Cld, WAROIMF A 7 =4 ViR 62.9
pg/mL & I P % 7R LT 7225, HD #
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Fig. 2 Changes in serum concentrations of caffeine and its metabolites

HD : hemodialysis

(A 9 el #%) 15.6 pg/mL & PR LU £ T
F L, A5 34 BRI #2121% 1.59 pg/mL & 7 5 72
(Fig. 2A), F7-, WARORHYWOWRE L, 1T
Y Fr3.64ug/mL, TF 7 141~ 0.63 ug/
mL, 7470132 0.82ug/mLTHhY, HDIZX 2
ZHRBERTIEIRO LNV OO, RRIEG 2R
FEWA SR8 &7z (Fig. 2A),

—75, B2 OFFARIMA S 7 = 4 VIR,

124.3 pg/mL & FIEH 2 ML L &2 7R LT 7273,

HD £ (Fi#5 12 B #8) 12 35.6 pg/mL, %75 36
M 12 11.05 ug/mL & 7% - 7= (Fig. 2B), % 72,
HRERORBYWOEE X $SFHF7.25

ug/mL, 74741 1.00 ug/mL, FF7013
1.00 yg/mL T3 V), HD IZ X % B 2 AL T 1X
Ao 5N, HD & (A 12 RH%) OREIRLh
N 13.72 pg/mL, 2.42 pg/ml, 2.44 pg/mL,
A 36 I B O BEIZ 2 21 10.27 pg/mL, 1.69
pg/mL, 2.23 ug/mL & WA REOREZ I
[al > T 72 (Fig. 2B),

m % £

v MIBITARIEBRTON 7 24 YihdaEld
1~3 g, HFEIT5~50g & Sh, HraEim e
1% 25 pg/mL DL E, SAE A i E 1E 80~100 pg/
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Fig. 3 Changes in catecholamine concentrations in case 2
DA : dopamine, A : adrenaline, NA : noradrenaline

mL Pl k& ShTwz?, fEf 1, 20MKs 7 =4
YIRH L, FhENR9.3g 9.0g LiEE SR,
WIND B U E TH o720 Tz, WEREICHT
B A 7 o A4 ViR, AER 1T 62.9 ug/mL
R A R L TR Y, FER 2 T 124.3
pg/mL & BB % ML EE 2 7R L Tz (Fig. 2).

7 A HREECHT A EEECIE, AHERER
WGP, M bz LR H b, 7 24 Vi
STEAT194.19 LS L, MAMKEGHE36%, S
75 0.6~0.8 L/kg THAHZ L H5, MiEHLED
2 HC b MLENT (LT, B AHER & £ 2 bhiz,
ZITEHEMN AT LR, ERML 22 510h
7 = A VIREOE AT 25580 b7z (Fig. 2),
F 7z, ME, BR%E & OBFIEROEED BD SN
72 7 A Y OPRIMNILEE A~6 KER TDH 5 A5,
W IR 3% 15 BEHICIER 35 2 SR T
WA 72D, JERIL, 21230 B IR 15 B AR
ETHHEEZLND, LAaL, ER 1 TIEIHKE9
e %12 15.6 pg/mL, EB) 2 THEAE 12 R #2212
35.4 pg/mL & 72 1), JHAERED 24~28% FEFED 7
Tz VIBETHoT2. TNODRENS, H7x
A VHBERON 7 24 VERRIZENDPAERNTH S L
E Y (W

FEG] 2 12BWTiE, EMETOT FLF) v (G
i 100 pg/mL ki), 2 V7 FL+ ) ¥ (FE#EfE
100~450 pg/mL A i), » (kA 30 pg/
mL ) o Il i EE AT 2 2 1,390 pg/mlL,

[NPARN

1,380 pg/mL, 33 pg/mL T& 1), W3 d Lkl
iz Ty, HD HifT#, 7L+,
TRLFY Y, R VIREOFEW AT AFED S
N7z (Fig. 3)o SNHDOZ ENS, FER2I2BWV
THOOLNATITIVIREERE, 724
DT T Y Y ZHEREIERR R AR AT T —
YREEHIZX D, cAMP2s88nL, #5235 3>
DB U270 ThHDH EEZ BN,
—Ji, AT A ORBYTHHI T FH T,
FET74V Y, FATAIVE, T A YRR
KT ETHY, EEAMEGRPEL, SHERDS /N
SV, AT A VERRY, BNICKLEELRR
R TIERRO ON Lol WERDONNT X5
VIR, h 724 YO IT D1 THY,
FET4) Y, FAETEI L OMBEEEZS 7 oA
YORTT D16 12455018, h7x4 12
AR TH o 2728, BN O 2 il %
A L2 BBRC X ) W% B3 % HD %)
EREL o ZWREEDSIEZ S b, HMERICE
% M #E T (DHP) THh R, AR % FIH
Lz, A EEIMECIEGE T hapie Y
DEEEVPTRTHL EEZONDL L, 7
DHP & HD O ftHIZ LY, A7 =4 ¥ B X OGEH
PO T 2 B0 728 W) MEDRH L L2 Y,
H7 A ORBWERFICIEHD £ Y b DHP 38
NTWBU D #E 2 5Nz, 72, HD # D I
2> TWwadh 74 v, KNGAI LT h
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Tz A UM SN 2 X 0 AR o A A
U772, HD# b H 7 = A4 ¥ DI iR E A h g
DETH o 72ER 2 1I2BWVTIE, WaEREL D bwas

2 R TR WO M AIREE D E < 7o 72 Hetk
BEZOLND,

HT7 A IR 80% NN TFT TV, $10%
WTEATuI Y, HA%NB T+ 740 IS
LZEDHONT NS, XTFH 2 F L OFERE
WKELTHSR W 0D, NSFHF v F o7 T
T VRN, h 7 oA v OR 2 fERn
TEMMEENTEYY, 72 v ohEiEE
2325 ug/mL UL ETHBHZ 0L, JEH 2 TRO L
NI XH 0 F O KIEE 13.72 pg/mL 1%
BHTERVIRETH 72 EZBNL, ER 212
BWTIE, BMRICHIIE, BROYWEZ RO
MBS, REF TR NT T4 0 F Vgl %R
BhholcEzoN50, LI, RO
7 A VERDHEE S, IR Sk F TSR
BHHY, HEE - EFTHEATHICH 7 = 4 2L
IR LT 2 I REVEATENVIEBTIC B W T
2, ENBLBEORBICEEZIL) LENH L &
Zzbhb,

—F, TFT4N) OT T VRS ER
EH 724 02~ 3fEmnz e $72, 0H
T4 Y EDEDITNPICRARY AT T —EHE
TEH AR 2 & A ST B 2%, 2HERICE
5T 7 4 OB R (8~20 ug/
mL) Z K& Fllo Tz (Fig. 2), 72, 747
OIVDT T Y VEEETERIE S 7 24 VIS
HARFLLHL, SARY AT T —EIHEEMIX

HT7 x4 v ERABETHLIENHRESIRTEYY,

2FEBNC BV TR S 7z iR BE 1 f R T 2.44
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pg/mL & KH - 72 (Fig. 2)
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