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Dextromethorphan \fiuayiusaaslawndu efiqns
AaseuDYsEaMvaIeasng 1wy Jatu NMDA receptor,
neuronal nicotinic receptor, Lﬁ'm%mmmsﬁaauao
serotonin LazN3z#U sigma receptor” 81 dextromethor-
phan wanduiiofiusuile Fednlvaaglugtonde
wazeinden aueeiild umssnende 15-30 fadnsu
N 6-8 Fala Fevurmengegasioiu Ao 120 Aadn3u®
TusunasndeclaifinavinliiAnensiedngs ano1ns
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Dextromethorphan \uawszasnsfinemnednia
Wi LV [FRaN 939Ny aenelsARwuTIBIIUNNTAREN
wazviliinenisesnenannsldelaeifgamemie
aynunauudszan 2-3 oy wave9 dextrome-
thorphan Tuszazaaadnladialainsunudn wasisaeeu
1iiuen dextromethorphan 1,500 mg TunSaifien 2z
fomsuszamviasuiduiign 24-48 Fluendeainiuen
nfuandeInITTNeE eengfimy wazuau
Tainay engasonnsazmslyuazwy

swenlugihodnseniefituenidonut loiden
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iilpsanfinarinlitAnnsiedngy n1sldien dex-
tromethorphan Tumefiingaiinsnndu Tapsuuuunis
T’Em%ﬁuﬁumwﬁawaTwm@T% i g lewdiagie
nanfutidaan wisn1siheud ledadaluaduns
uazuITyluuALga 10BN 1sunsszu1a2e9nald dextro-
methorphan TunisiiRafinanlunaisyssina 12u
AVITOLNAN ALY paRLAILAY LwoaNtl wauuia Wusu
O gwsulutszmalng wunsunsssunaethesnnluiud
5 deniazouaunald Tasidniulufiaves Juyeos
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1 yhlAeREsaseny Tasvaldnns@nuufauius
Pa9ENeEAnETisTiuasns UG atwlsfinw n1s
Anufuiusvasendisziunmsinenias Ikdoyalsl
Weanad v dusiania assnsuiaenily
dugiawdnasldoluyiinugs dnfuingussasdoes
mafnelusddeide ednmanuduiusszning
caffeine ILlay dextromethorphan ﬁi:ﬁum’mt"ﬁu"ﬁugd
Tae human liver microsomes lagax¥iN15A5323A
13810uP89 dextromethorphan LLas dextrorphan Fau
waualaivianued dextromethorphan lagimnadiawfs
Tasunnsil-unasinlasfing (Gas Chromatography-
Mass Spectrometry) %@Namadd’m%’ﬂﬁ%Lﬂuﬁiﬂwﬁ
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1. WsfnmeAnuduiusszning caffeine was
dextromethorphan ﬁixﬁumﬁmﬁuﬁugxﬂﬂﬂ human liver
microsomes

2. Wamanefimaneanlun1Ins99 dextrome-
thorphan waz dextrorphan lagmadiaulalasunlnnsii-
wnaanlasing (Gas Chromatography-Mass Spec-
trometry)

38n1sAnun
ANEANNTNNUDTZ1I caffeine LAz dextro-
methorphan fiszduadndugelas human liver

microsomes TUNADANARDY (in vitro experiment)

1. Enzyme assay

HANS1TIUSRTIEIUAMNATTI97 1 &sTU microcen-
trifuge tubes 2uA 1.5 mL lasluldazvaanazdsznay
faw 01 M TwunaBuawaann Twwes pH 7.4, 10
mM NADPH, dextromethorphan (0.1-5.0 ug/mL),
caffeine (0-100 ug/mL) lasflUSuns57u Ap 500 ul
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No caffeine
Final Conc. of DEX From stock Used Phosphate buffer NADPH HLM
(ng/mL) (ng/mL) (uL) (uL) (uL) (uL)
0.1 1.0 50 387 50 13
1.0 20 25 412 50 13
3.0 20 75 362 50 13
5.0 20 125 312 50 13
Each test reaction has 10 pug/mL caffeine
Final Conc. of DEX From stock Used  Stock 200 ug/mL  Phosphate buffer NADPH HLM
(ng/mL) (ng/mL) (uL) caffeine (uL) (uL) (uL) (uL)
0.1 1.0 50 25 362 50 13
1.0 20 25 25 387 50 13
3.0 20 75 25 337 50 13
5.0 20 125 25 287 50 13
Each test reaction has 100 pug/mL caffeine
Final Conc. of DEX From stock Used  Stock 200 pg/mL Phosphate buffer NADPH HLM
(ng/mL) (pg/mL) (uL) caffeine (uL) (L) (W) (L)
0.1 1.0 50 250 137 50 13
1.0 20 25 250 162 50 13
3.0 20 75 250 112 50 13
50 20 125 250 62 50 13

* HLM = Human liver microsomes

niutily preincubate #i 37°C 5 unit TasufAsen
azi3nsudiawdin human liver microsomes 0.25 mg &Y
MNAN human liver microsome W3 inclubate faly
8n 60 unfindanizeiiaNE) 250 rpm TapyUfisen
‘Q:wglﬂl,ﬁalﬁu 100 pL acetonitrile fiUznaUE I internal
standard (dextromethorphan-d3) 0.5 ug/mL mnﬂ?u
1114 vortex wdiluainlaemneaila solid phase extrac-
tion $8LA38Y automated SPE workstation

2. 38n1sann

Tag cartridge (Waters: Oasis MCX cartridge 3
cc/60 mg) azgnuuanmldndonldomdie wmuea
2 mL, dndu 2 mL mnﬁuﬁ’mﬂm%gmﬁmﬁu car-
tridge w&AN Ynduw 3 mL 0.1 M HCI 3 mL, 5%

winwealuh 2 mL wedunsgesiede iy
cartridge azgniiliiudieiisfislulasiau 10 uiil
dextromethorphan WRZLNAUB LAY cgn elute Tow 2%
wanlailoy lamsanlodluefiansdian 4 mL d7u
caffeine 9z elute lag axflau : Aaslawadn (1:1)
4 mL i elutent 7ilElUszmBnR udasans
naufBamIuea 100 ul nauazihlnsiavnySanu
a3deeIasuAalasaninnsi-unaaunlasines

3. inadAufialasunlnnsail-uuaaiunlnsiond
w3pefilEife Agilent 5975C laaldinaduil DB-5
GC column (30 m x 250 um, film thickness 0.25 um)
wiia flow rate 15.9 mL/min lviua split ratio 10:1 qmwgﬁ
i injector WAz interface WL 250°C WAz 280°C AN
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a1y leael¥ program temperature EHERRRIANIREY

Y
a

120°C 1 wil, Wiindudndng 60°C/unfi aufsnmmgd
200°C aﬂnﬁutﬁuqmwgﬁauﬁa 280°C ¢udn31 10°C/
U, injection volume Winfiu 1 ul Lag total run time
Wity 10.3 Wi

Mass spectra wanu U9 40-300 m/z wae elec-
tron impact ionization energy LU 70 eV &5
MInsIRUSINUaNTaLaBN (e selective ion monitoring
(SIM) mode Was ions 7l m/z 82, 109, 194 WSy
caffeine, m/z 59, 150, 271 &1%19U dextromethorphan,
m/z 189, 200, 257 & 35U dextrorphan LLaY m/z 62,
153, 274 815U dextromethorphan-d3 (IS)

4. anan(3funisdinsa:i
Jianziilag SPSS Statistics version 18.0 lag
Descriptive statistics: Mean, standard deviation LLag

ANNLANANTENIN 2 nq’sﬂmﬂ two-way ANOVA

wansANuY
1. Chromatographic separation
910 total run time # 10.33 W7l retention time
28 caffeine %a:;iﬁ' 5.42 U, dextromethorphan LLae
internal standard (dextromethorphan-d3) a;jﬁ 7.64 Wil
ILlay dextrorphan agjﬁ 8.30 U1l

T TR AR T

T

N A0S~ M " MET AT 8T "1

31/?7 1 SIM GC/MS chromatogram of standard mixture

2. Calibration and linearity

seduanudinduild@e 0. 0.05, 04, 1.0, 2.0, 3.0
Wae 5.0 ng/mL Fafl internal standard 0.5 ug/mL Tow
regression equation §1v5U dextromethorphan @g y =
1.21x (gﬂﬁ 2) regression equation &1%3U dextrorphan
fin y=0.921x (;J‘jJ‘ﬁ 3 TnefiAn correlation coefficient
(R2) = 0.996 and 0.995 ANAGL
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31!?7 2 Calibration curve of dextromethorphan
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gﬂﬁ 3 Calibration curve of dextrorphan
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3. Percent Recovery

m‘s’h‘lﬁ 2 The percent recovery at concentration 1.0 ug/mL

% recovery

Compound 1 2 3 Mean + SD
Dextromethorphan 84.13 85.61 86.72 85.48 + 1.30
Dextrorphan 80.57 83.74 83.21 8251 £ 1.70

mﬁ’\\‘lﬁ 3 The percent recovery at concentration 4.0 ug/mL

% recovery

Compound 1 2 3 Mean + SD
Dextromethorphan 85.50 86.01 86.56 86.02 + 0.53
Dextrorphan 88.32 78.98 84.82 84.04 + 4.72

4. In vitro interaction

f15199 4 WaTDY caffeine 6D dextromethorphan Tunasanaasalay human liver

rate (ng/ml - *min™ *mg™ protein)

0 ng/mL caffeine 10* ng/mL caffeine 10° ng/mL caffeine total

Dextromethorphan (10% ng/ml)

Dextromethorphan 284 + 0.077 2.09 + 0.888 1.78 + 0.965 224 + 0810
Dextromethorphan (10° ng/ml)

Dextromethorphan 19.69 * 2.621 17.96 + 0.888 1311 £ 5426 16.92 *+ 4.242
Dextromethorphan (3x10° ng/ml)

Dextromethorphan 59.16 + 3.212 56.31 £ 5.011 5431 £ 4.707 56.59 + 4.341
Dextromethorphan (5x10° ng/ml)

Dextromethorphan 79.82 + 9.195 52.00 + 3.666 4716 + 5475 59.66 + 16.281

total 40.38 + 32.248 32.09 + 23.987 29.09 + 23464  33.85 * 26.536

mi’mﬁ 5 Tests of Between-Subjects Effects Dependent Variable: dextromethorphan

Source Type lll Sum Partial Eta
of Squares df Mean Square F Sig. Squared

Corrected Model 24196.342° 11 2199.667 117.637 .000 .982
Intercept 41254.123 1 41254123 2206.249 .000 .989
Conc. 22224.581 3 7408.194 396.186 .000 980
caffeine 820.579 2 410.289 21.942 .000 646
Conc. * caffeine 1151.182 6 191.864 10.261 .000 .720
Error 448.770 24 18.699

Total 65899.236 36

Corrected Total 24645.112 35

® R Squared = .982 (Adjusted R Squared = .973)
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NANTWA 5 WarasANdNTuee dextrome-
thorphan LLag caffeine #in PRTINITANAIVDY dextrome-
thorphan A1uallag two-way ANOVA wudn #isesiy
ANNLTNTUDDY dextromethorphan @19fiU HKARD
§131N198AAYIBY dextromethorphan fiNviUBE19NIE
FFUNEERA (P <0.0001) waziinnudinduzas caffe-
ine ANTUNKNAADIRIINIIRARITDY dextromethorphan
siviupd Rl EAUNISEDA (P <0.0001)

ANNANAUSTEINNAIBIA NN UDDY dextro-
methorphan WAy caffeine AAIINITANRIVDY
dextromethorphan WU31 HANNUANANTUDEIIHNTE
AN WADA fi F (6, 24) =10.261, P <0.0001

- \&

1NANT N 6 LAAITNANNLANBENITUENaTTE
SAUNNEDR (P <0.0001) 289N19AARITDY dextrome-
thorphan fiseuaNidndueey dextromethorphan
wAnANefy waflseRuadaduil 3 Ao 3x10° ng/mL
wazsziuaNdaduil 4 Ao 5x10° ng/mLlduansineiu
(P=0.873)

NANTNTA 7 uaasiediannuuanatneiuat1ed
T 1AUNIEDNA (P <0.0001) 2BINI1IAARNTEN dextro-
methorphan fissfiuaudiadueed caffeine Auansng
fu wifissduaudndudl 2 fe 10° ng/mL ng/mL
warsesuANNdaduA 3 Ao 10° ng/mL luuansneiu
(P =0.307)

mi’]\‘i‘ﬁ 6 Multiple Comparisons of dextromethorphan by Bonferroni (concentration levels of dextromethorphan)

(I) conc. (J) conc. Mean Difference Std. Error Sig. 95% Confidence Interval
(1-J) Lower Bound Upper Bound
1. 107 2.10° -14.6815* 2.03845 .000 -20.5422 -8.8207
3. 3x10° -54.3556* 2.03845 .000 -60.2163 -48.4948
4. 5x10° -57.4222* 2.03845 .000 -63.2830 -51.5615
2.10° 3.3x10° -39.6741* 2.03845 .000 -45.5348 -33.8133
4. 5x10° -42.7407* 2.03845 .000 -48.6015 -36.8800
3. 3x10° 4. 5x10° -3.06670 2.03845 873 -8.9274 2.7941

Based on observed means.
The error term is Mean Square (Error) = 18.699.
* The mean difference is significant at the 0.05 level.

m‘i’]\‘i‘ﬁ 7 Multiple Comparisons of dextromethorphan by Bonferroni (concentration levels of caffeine)

(I) caffeine (J) caffeine Mean Difference Std. Error Sig. 95% Confidence Interval
(1-J) Lower Bound Upper Bound
1.0 ng/ml 2. 10" ng/ml 8.2889* 1.76535 .000 3.7455 12.8323
3.10° ng/mi 11.2889* 1.76535 .000 6.7455 15.8323
2. 10" ng/ml 3. 10° ng/ml 3.00000 1.76535 307 -1.5434 7.5434

Based on observed means.
The error term is Mean Square (Error) = 18.699.
* The mean difference is significant at the 0.05 level.
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31!177' 4 Estimate marginal means of dextromethorphan of caffeine concentrations and concentrations of dextromethorphan

Estimated Marginal Means (ng/ml "min”’ *min™" (protein)
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gilﬁ 5 Estimate marginal means of dextromethorphan of dextromethorphan concentrations and concentrations of caffeine
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N 4 uaasiouualinesnisintusessa
N195aAAYTBY dextromethorphan ilaLinAINI NGy
2839 dextromethorphan

fianudiaduseg caffeine Wiy 10° waz 10° ng/
mL Lifanuuanswiusesuualiunsiisiuaesdng
N15AARYTBY dextromethorphan fiAdnaidnduvey
dextromethorphan 111U 3x10° wag 5x10° ng/mL.

INANT 5 LEASTLUI I HNSRTINITANRIUDY dex-

tromethorphan ilaiinAMNdinduaee caffeine Tawil

AMNLTNTUIDY dextromethorphan 1Ny 3x10° uay

5x10° ng/mL laiflanuuanssiusasuuildiusnginig

AAAYYDY dextromethorphan NANNIdiNTUDDY caffeine

Wiy 10* and 10° ng/mL.

19799 8 WATDY caffeine 6D dextrorphan Tunasanaasdlay human liver

rate (ng/ml - *min™ *mg™ protein)

0 ng/mL caffeine 10* ng/mL caffeine 10° ng/mL caffeine total
Dextromethorphan (102 ng/ml)
Dextrorphan 3.47 £ 0.278 3.69 + 0.539 3.47 + 1.041 3.56 + 0.611
Dextromethorphan (103 ng/ml)
Dextrorphan 17.82 £ 2.740 18.31 = 0.601 1791 £ 1.735 18.01 = 1.665
Dextromethorphan (3x103 ng/ml)
Dextrorphan 26.58 + 0.539 29.24 + 1.952 28.93 + 0.581 28.25 + 1.644
Dextromethorphan (5x103 ng/ml)
Dextrorphan 32.04 + 6.043 30.31 £ 7.785 31.02 + 6.549 31.13 + 5.964
total 19.99 + 11.614 20.39 + 11.718 20.33 + 11.795 2024 + 11.371

miﬂ\‘lﬁ 9 Test of Between-Subjects Effects Dependent Variable: dextrorphan

Source Type lll Sum Partial Eta
of Squares df Mean Square F Sig. Squared

Corrected Model 4211.939° 11 382.904 29.306 .000 931
Intercept 14743.356 1 14743.356 1128.403 .000 979
conc 4194137 3 1398.046 107.001 .000 930
caffeine 1.127 2 563 .043 958 .004
conc * caffeine 16.675 6 2779 213 969 .050
Error 313.576 24 13.066

Total 19268.871 36

Corrected Total 4525515 35

® R Squared = 0.931 (Adjusted R Squared = 0.899)
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mﬁ’\\‘iﬁ 10 Multiple Comparisons of dextrorphan by Bonferroni (concentration levels of dextromethorphan)

(I) conc. (J) conc. Mean Difference Std. Error Sig. 95% Confidence Interval
(1-J) Lower Bound Upper Bound
1. 10° 2.10° -14.4593* 1.70396 .000 -19.3583 -9.5602
3.3x10° -24.6963* 1.70396 .000 -29.5953 -19.7972
4.5x10° -27.5704* 1.70396 .000 -32.4694 -22.6713
2.10° 3. 3x10° -10.2370* 1.70396 .000 -15.1361 -5.3380
4.5x10° -13.1111* 1.70396 .000 -18.0102 -8.2121
3. 3x10° 4. 5x10° -2.87411 1.70396 .628 -7.7731 2.0250

Based on observed means.
The error term is Mean Square (Error) = 13.066.
* The mean difference is significant at the 0.05 level.

mi’\\‘lﬁ 11 Multiple Comparisons of dextrorphan by Bonferroni (concentration levels of caffeine)

(I) caffeine (J) caffeine Mean Difference Std. Error Sig. 95% Confidence Interval
(1-J) Lower Bound Upper Bound
1. 0 ng/ml 2.10* ng/ml -.4000 1.47567 1.000 -4.1979 3.3979
3.10° ng/ml -.3444 1.47567 1.000 -4.1423 3.4534
2. 10* ng/ml 3. 10° ng/ml -.0556 1.47567 1.000 -3.7423 3.8534

Based on observed means.
The error term is Mean Square (Error) = 13.066

1NANT 97 9 WaTeIANENTUIEY dextrome-
thorphan wag caffeine #@ §n51n151inTUDEY dextror-
phan Au2ailag two-way ANOVA Wui1 #isesiuay
intuzay dextromethorphan #iU AKNAFDIRIINTT
\AnTuzey dextrorphan #NAUpH RN EIAUN DR
(P <0.0001) wariinnudinduzes caffeine narulsisl
NaFERIIN13LNATEY dextrorphan (P <0.958)

warfinudNRusIzritenazasaNdinduaas
dextromethorphan Lag caffeine RadnsnTsLatuTey
dextrorphan wuin laiflanauansneiusenefiilysdey
MIsHA 7 F (6, 24) = 0213, P = 0.969

NANTNT 10 WEAITNANLANDE N UBE1H
WodIAUN AR (P <0.0001) PD9N151ANTUTBY dextror-
phan fiszfiuaudiaduaey dextromethorphan Aiuan
feu waflssduaudaduil 3 A 3x10° ng/mL way
srdumnNdndufl 4 Ao 5x10° ng/mL laiuansinaiu
(P = 0.628)

2NA13197 11 uaasiolddanuuanatneiuating
AlpdAunada (P =1.000) PDIN5IANTUTDY dextror-
phan AsduAnudintuzes caffeine Auanseiu

i 6 ugnedouus linman s intuzesdnsnig
\inY89 dextrorphan taminANNdNTULEY dextrome-
thorphan

finnudinduras caffeine winfu 10° waz 10°ng/
mL Lifianuuanssiusasuusldunisisiusesdng
n194AA289 dextrorphan fiANdNT U9 dextrome-
thorphan winiu 3x10° taz 5x10° ng/mL.

it 7 uaasiouunldusnansiintures dex-
trorphan \lawineudindures caffeine F9anam
Tifuualinessnsnisiaduses dextrorphan

faudinduzag dextromethorphan winfiu 3x10°
waz 5x10° ng/mL lufianauanasiuzesuualindng
M3tAinvey dextrorphan inndindiuzes caffeine Winiy
10" and 10° ng/mL.
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Estimated Marginal Means of dextromethorphan
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31/?7 6 Estimate marginal means of dextrorphan of caffeine concentrations and concentrations of dextromethorphan

Estimated Marginal Means of dextromethorphan
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Abstract

Dextromethorphan is a dextro-rotatory isomer of synthetical opioid levorphanol. In humans, it is
mainly demethylated into dextrorphan after ingestation, by cytochrome P450 via CYP2D6 activity.
Dextromethorphan is clinically used as a cough suppressant and exhibits its effect by depressing the
medullary cough center in the mid brain. In therapeutic dosage, the drug has no effect on euphoria, pain
relief, and also other unwanted toxicities. Unfortunately, dextromethorphan is presently used as an illicit
party drug because of its euphoric effect. Dextromethorphan, when used at a dosage over 360 mg in
combination with other creative drugs such as Kratom and other sedative drugs, causes the experiences
of euphoria and pain relief. The number of abusers has reportedly been increasing in Thailand, and also
has been related to several intoxicated deaths. In Thailand, dextromethorphan has been popularly used
in a combination with caffeine because caffeine is normally a component in refreshments. In this study,
Dextromethorphan and its main metabolite (dextrorphan) were extracted via in vitro reactions by mixed-
mode (cation-exchange and reversed-phase) solid phase extraction and measured by gas chromatography

and mass spectrometer.

In vitro interaction between dextromethorphan and caffeine was analysed to define its relationship.
Metabolization of dextromethorphan (0.1-5.0 ug/mL) was significantly inhibited (p <0.001) by caffeine
(10-100 ug/mL) but not for its main metabolite, dextrorphan. These results suggest that toxicology of the
coexistence of dextromethorphan and a high concentration of caffeine presence produces longer and
stronger effects in the human body because the unchanged form of dextromethorphan remains long

term while there is a high level of caffeine.
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