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IAbstract CaseHistories

Paramethoxyamphetamine(PMA) is a methoxylated Case 1

phenethylamine derivativethathasbeenused illicitly in A31-year-oldmalewas founddeadat a party.It wassaidhe had
Australiasince late 1994. It is purportedly sold under ingestedat leastfiveecs_'y tablets andsnorteda"line" of amphetamine

theguiseof "ecstasy", whichisthecolloquial name for overaperiodof5 I/,_h.Hewasdeliriousandthrashingabout.Witnesses
methylenedioxymethamphetamine(MDMA).Methodsfor triedto coolhim downandrevivehimwithwater.Cladonlvin
extraction, identification, and quantitation are presented.
Toxicology findings in six fatalities involving the drug are shorts, he suffered from hyperthermia and had a core body temper-
discussed.FemoralbloodPMAlevelsranged from 0.24 to atureof41.2°C3hafterdeathwithrigormorrisfullyestablishedinall
4.9 mg/l. (mean, 2.3 mg/l.). Liver PMA levels ranged from 1.4 to limbs. Symmetrical brush abrasions were present over his fore-
21 mg/kg (mean, 8.9 mg./kg).Other amphetamineswerefoundin head,hands,andknees,whichisconsistentwithcarpetburn.Death
five of the six cases. Blood PMA levels in three nonfatal cases are was attributed to hyperpyrexia with amphetamine abuse. A table

alsopresented. PMA appeared to bemoretoxicthanMDMA, allegedlysimilarto thosetakenatthepartycontained50mgPMX
and blood levels greater than 0.5 mg/l_seemed likely to be

associatedwith toxic effects. Case2

A 37-year-old female died at home after ingesting an ecstasy
tablet. She had earlier complained of a headache and being hot. A

,,:The friendattemptedtocoolheroffbyspongingherandputtingherin
_m.J Introduction theshower.Postmortemexaminationrevealedredbruisesonthe

fightarm,knee,andankle.Therewasamassiveintracerebralhem-
Paramethoxyamphetamine (PMA) is a methoxylated orrhage within the right frontal lobe that destroyed the basal

phenethylamine derivative. Structurally related compounds nucleus and caused a right-to-left midline shift. There was no
includemethylenedio_amphetamine(MDA),methylenedioxy- underlyinganeurysmorvascularmalformation.Intracerebralhem-
methamphetamine(MDMA,ecstasy),methylenedioxyethylam- orrhageisawell-recognizedcomplicationofamphetamineabuse.
phetamine (MDEA), and mescaline. These drugs all exhibit
hallucinogenic properties. MDMA has been available in Aus- Case 3
tralia from illicit sources since the mid-1980s and has become A 22-year-old female died in the hospital 12 h after being
popular among dance-dub patrons. A number of deaths admitted unconscious with a temperature of 42.5°C and dressed
involvingMD,%-_toxicib' were reportedin Britain (1,2)and onlyin underpants.Shedevelopeddisseminatedintravascular
North America (3), and one death was reported in Australia coagulation, rhabdomyolysis, and hyperkalaemia. Autopsy
(4). A Canadian report from 1974 (5) is the most recent report of showed evidence of coagulopathy with widespread subcuta-
deathdueto PMAtoxicit3', neousandintraparenchymalhemorrhage.Sheattendeddance

Here we report the toxicology findings in six cases in which clubs and allegedly ingested three ecstasy capsules and methy-
adverse effects due to PMAingestion have resulted in death. The lamphetamine. Acapsule allegedly from her drug supplier con-
pathology associated with the first of these deaths has been rained 60 mg of PMA.
reported elsewhere (6). Areport on the additional pathological
details is in preparation. In addition, we report three more Case 4
casesofPMAabuse,includingone caseinwhich hospitaltreat- A23-year-oldmale ingested an unknown number of ecstasy
ment was required for toxicreactions, capsulesat a friend'shousebeforecollapsingand being admitted
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tohospital.Hewasnotedto feelhot.He diedof cardiacarrestsoon Case 5 l,o28_
afteradmission.Theurine was heavilybloodstained,and bruises A24-year-oldmale recentlyreleasedfromjail wasfound _
were present on both legs. Microscopicevidenceof earlyacute at a friend'shouse. Hiscore bodytemperatureof 34.4°Ca Ijnde
tubular necrosis within the kidneysand changes of rhabdomyolysis imately 8 h after his death suggested earlier hyperpyrexla, o_th
in skeletal muscle were found at autopsy. Death was attributed to only revealed superficial abrasions on the knees, shins, and

severe hyperkalaemiadue to rhabdomyolysis.A capsuleassoci- head consistentwith carpet burnsthat were likelyto have_ roprt
ated with the deceasedwasfoundto contain 50 mgPMA. during convulsionsbeforedeath.It was allegedhe had ing4 tlewl

three ecstasytablets. Therewas no evi,den_ _rie:

TableI.ToxicologyResultsin PMA*-RelatedDeaths intravenousdrug abuse. 5gS
hess.

Caseno. Amphetamines Blood(mg/L) Liver(mg/kg) Otherdrugsinblood Case6 then
A26-year-old female collapsed at home injec

1 PMA 1.7 11 cannabinoids feting hyperthermia. She had attempte_ lute1
amphetamine 1.6 5.9 cool down in the bath and was nakedfor [ rete_
methamphetamine 0.23 1.4 era]hours beforehospital admission,Shel
MDMA ND 1.9 allegedlyingestedat least fiveecstasycapst l:xtr,

overa period of at least 12 h. Cardiac Fi
2 PMA 0.24 1.4 tetrahydrocannabinot occurredsoonafteradmission.Her The,'

fluoxetine0.1 ture beforedeathwas46.1°C.Intrath_ the!
3 PMA 1.3 7,4 tetrahydrocannabinol petechial hemorrhages with marked F_

MDMA 0.30 3,2 monarycongestionandedemawere hyd_
amphetamine ND 0.45

autopsy.Bluebruiseswerepresent on thel _,/r

4 PMA 3.7 7.1 right thigh, and right foot.Skeletaland car'¢_ glas
methamphetamine 3.1 1.7 muscleshowedfeaturesof rhabdomyolysi_ mb¢'
amphetamine 0.26 0.57 capsuleallegedlyfrom herdrugsupplier tran

tained90mgofPMA. hydl
5 PMA 4.9 21 was

MDMA ND 2.1 I*eSi

GC
6 PMA 2.2 5.6 tetrahydrocannabinol Experimental rat_

MDMA 0.82 3.2 cocaine<0.01 f,oh

methamphetamine 0.09 0.26 benzoylecgonine<0.01 Materials _t-

amphetamine 0.03 0.35 PMAstandardwasobtainedfrom tizi
CuratorofStandards,Australia res

"Abbreviations: PMA parametho×yamDhetamine; MDMA, methylenedioxymethamphetamme;

ND. not detected. AnalyticalLaboratory.Mefenorexwas used (
the internal standard. Stock standard do_

solutions were prepared in ethanol at a da_
TableII. ToxicologyResultsin FourOtherAustralianPMA*-RelatedDeaths* centrationof approximatelyI mg/mL as dn

base. Working standard drug solutions tit
Case Amphetamines Blood(mglt) Liver(mglkg) Otherdrugsinblood freshly prepared by a 100-fold dilution vel

stocksolutionswith water.All reagentsw_
WA PMA 1.7 6 carboxytetrahydrocannabino] analyticalgrade exceptfor ]-chlorobut_

amphetamine 0.11 whichwasBDHHiPerSolvgrade. _.
methamphetamine0.01 '_: _t

Instrumentation

QLD1 PMA 2.2 7.5 paracetamo114 PMAand other amphetamineswerescreen_l ir
amphetamine 1.2 2.8 for and subsequently quantitativelyanaly_l

QLD2 PMA 2.0 6.0 using HewlettPackard5890 series II Plus
pseudoephedrine 2.3 5.5 chromatograph (GC) equipped with dual
methamphetamine 0.18 0.87 nitrogen-phosphorus detectors and a 767_

auto sampler. The columns consisted of a 5-,_
QLD3 PMA 0.53 2.7 phenyl-methyldeactivatedguardcolumn(0._

MDM_ 0.51 3.0 mmi.d.)splitequallyto a DB-1
methamphetamine 0.23 0.76 column (10m x 0.32-mmi.d., 1.0-1Jm

thickness,J&WScientific)anda
"Abbreviations:PM,k,paramethoxyamphetarnine;WA,WesternAustralia;QLD,Queensland; column (]0 m x 0.32-rami.d., 0.5-1Jm
MDMA, methylenedioxymethamphetamine, thickness,J&WScientific).Theqnforrnation obtained from references 7 and 8.
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and held for 8.5 rain. The injection port temperature to 8 mg/L and produced linear correlations with the coeffi-
250°C,and the temperature of the detectors was 280°C. cient of regression (r) better than 0.997 in all cases. The

' these conditions, the retention time for PMAwas -1.7rain recovery of PMA after extraction was approximately 50%. The
the DB-1 column and 3.9 rain on the DB-17column, recoveries from drug spiked blood and drug-spiked liver were

pMAwasidentifiedbyderivatizingthe ex"tractwith pentafluo- found to be similar so drug standard curveswere subsequently

ropropionic anhydride (Pierce_ followed by analysis using a constructed in drug-free blood only. The limit of detection for
tlewlettPackard 5890series II GCwith a HewlettPackard5972 P/vIA,equivalent to three times the backgroundnoise, wasesti-
seriesmass selectivedetector ¢GC-MS).The column wasa HP- mated to be 0.001 mg/Lbased on a 0.5-mLblood sample.
5MScapillarycolumn (15m x 0.25-mmi.d..0.25-pmfilmthick- Duringthe period September1995to January 1997,six PMA-
hess,HewlettPackard),The ovenwasheld at 60°Cfor 2rain and related deaths have occurred in South Australia.Table I pre-
then ramped at 15-C/rain to 280°C and held for 3 rain. The sents the toxicologydata from these cases. Peripheral blood
injectionport temperature was 250°C,and the mass detector PMAlevelswere all greater than 1 rag/L, except in Case2. In
interfacetemperature was 300:C. Under these conditions, the this case the interaction with fluoxetinemay be significant as
retention time of the PMAderivativewas 9.0 rain. may the interaction with cocaine in Case 6. Although MDMA

was of significance in two of the cases and amphetamine and
Extraction methamphetamine in one each, the significant factor in each

Fivegrams of liverwas finelymacerated with 35 g ofwater, case is the toxiceffects of PMA.PMAwouldappear to be more
Theseliquified livers were then treated in the same manner as toxic than other common amphetamine derivatives. Before
thefemoralbloodsamples, thesesixcases,our laboratoryhad onlyone casein the last10

Femoral blood or lb,'erhomogenate (0.5 mL). 1.5 mL 1% sodium years in which the cause of death was amphetamines poisoning.
hydroxide,and 5 mL 1-chlorobutanewereaddedto0.05 mLofa 5- In that case, a concentration of 1.7 mg/L methamphetamine
i_/mLaqueoussolutionof the mefenorexinternal standard in a was found in an intravenous drug user. During this time a
_assscrew-toptube,andthe contentswererolledona mechanical varietyofamphetamine derivativesincludingMDMAhavebeen
mixerfor I0 min.Aftercentrifuging,the sotventwasdrawnoffand available illegally. Locally, PMA has been sold under the
transferred to a clean glass tube, and 0.05 mL acid alcohol (0.005% "ecstasy" name normally associated with MDMA. Although
hydrochloricacid inmethanol)_ added.Mer mixing,thesolvent MDMAwas present in the blood in Cases3 and 6, the toxic
was evaporated to d_ess in a Jouan centrifugal evaporator. The effects of MDMAhave not been associated with any other deaths
nnidue _¢asdissolved in 0.05 mL ethanol for GC analysis.._er the in South Australia.
C,Cscreen,the extractsweretransferredto _ass tubesand evapo- Significantlyall the PMAdeaths involvedoral administration.
rated to dryness at -10°Cunder nitrogen. The residues were dis- Case 1 was associated with a 50 mg PMAtablet while Cases 3,
solvedin0.09 mLethylacetateand 0.01mLpentafluoropropionic 4, and 6 involvedcapsulescontaining 60, 50, and 90 mg PMA,
anhydrideand heatedat 70°Cfor 15rain.ARercooling,thederiva- respectively.The PMAlevels in the Canadiandeaths (5) were
tizingsolution was evaporatedat 40°C under nitrogen, and the considerablylower,being in the range of 0.3-1.9mg/L for the
residuewasdissolvedin0.03mLethylacetatefor GC-MSanalysis, blood samplesand 0.5 to 10 mg/kg for the liver samples. This

Quantitative GCanalysis of the identified amphetamines was is not surprising as one Canadian case was said to have involved
doneby comparison of duplicate sample extracts with stan- inhalation and at least six of the other eight caseswere said to

a con- dard curves constructed by adding known amounts of drug to involve intravenous administration. The data presented here
as free drug-free blood and following extraction and GCanalysis plot- may be more relevant to the current availability of PMA in
_s were ting the area-response ratio for drug and internal standard tablets and capsules.
._of the versusdrug concentration. PMAhasonlybeenavailableinAustraliasincelate 1994and
_swere to our knowledge has been associated with 10 deaths. In
butane Western Australia, a death from PMAoccurred in late 1994

' (7).Subsequent to this case, three deaths involvingPMAhave
Results and Discussion occurred in Queensland (8). The toxicologyresults for these

cases are presented in Table II. Oral administration was thought
:reenec The calibration curvesfor all the quantitative drug analyses tobe involvedin these cases,although injectionof a powderwas

_alyze¢ included at least fivedrug concentrations in the range of 0.05 said to have occurred in the second report from Queensland.
lus_ - BetweenJune1996andJanuary1997,therewasasudden
-_dual TableIII. ToxicologyResultsin SouthAustralian increase inadmissionsat the RoyalAdelaideHospitalofpatients
7673A PMA"Users sufferingamphetamine toxicity.In a total of 16admissions,14

_:a 5-nl Caseno. PMAbloodlevel(rng/L) patients were found to have PMAin their urine (9).BloodPMA
l (0.53- levelsin three living drug users are presented in TableIII. In
]illaO' Tabet,dealer 0.13 Queensland,a carbonmonoxidepoisoning and a trauma victim
1"1film Dr",ngoffense 0.09 had bloodPMAlevelsof 0.37 and 0.25 rag/L,repectively(8).
_pill_' Hosoitaladmission 0.56 The cases presented here indicate that PMAis availablein
n film localisedareas.It isroutinelysoldas"ecstasy"butwouldappear
heldat 'pv_ :)aramethox,a-anetam,ne, to be more toxicthan MDMA.Whenused orally,hallucino-
_C/min genicbloodPMAlevelsrange up to approximately0.4mg/L.In
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