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Summary. Three cases of lethal amphetamine intoxication are reported. The autopsy 
findings included pulmonary hemorrhage as well as subendocardial and gastric mueosal 
hemorrhages. The following tissue concentrations of amphetamine were found: 0.05--0.7 mg 
per 100 ml blood, 1 . 2 4 . 5  mg per 100 g liver and 0.4--0.8 mg per 100 g kidney. The patho- 
logical and toxicological findings are discussed with respect to previously published cases of 
metamphetamine poisoning as well as fatal intoxications due to combinations of amphetamine 
and other drugs. 
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Zusammen/assung. Pathologiseh-anatomische und toxikologische Befunde yon drei Fallen 
yon tSdlicher Amphetaminvergiftung werden besehrieben. Subpleurale und subendoeardielle 
Blutungen sowie Blutungen im Lungenparenchym wurden beobachtet. Die Konzentrationen 
des Amphetamins betrugen ca. 0,05~0,7 mg per 100 ml Blur, 1,2-4,5 mg per 100 g Leber, 
0,4--0,8 mg per 100 g Niere, und in einem Fall ca. 70 mg per 100 ml Ham. Weder Alkohol 
noch Arzneimittel konnten nachgewiesen werden. 

The in t ravenous  in jec t ion  of cen t ra l ly  s t imula t ing  amines  ( "Weck-amines  ") can 
assume epidemic  character is t ics .  This was first  r epo r t ed  f rom J a p a n  (Nagahama,  
1968), bu t  has since t hen  been exper ienced in several  o ther  countr ies  among 
t h e m  Sweden (Goldberg,  1968; Inghe,  1969). I n  this  coun t ry  the  abuse  of psycho-  
ac t ive  drugs,  p r imar i l y  phcnmet raz ine ,  a m p h e t a m i n e  and  m e t a m p h e t a m i n e ,  
of ten admin i s t e red  in t r avenous ly  dissolved in t a p  water ,  has been increasing 
since the  1940-ies and  deve loped  in to  a considerable  social and  medical  problem.  

Amphe t amine ,  f l -phenyl i sopropylamine ,  is a s y m p a t h o m i m e t i c  amine  
wi th  a mu l t i t ude  of pharmacolog ica l  effects involv ing  p r imar i l y  the  centra l  
nervous  and  c i rcu la tory  systems.  I n  high doses i t  produces  a sus ta ined  rise 
in blood pressure and  an  increased hea r t  ra te .  Ar ry thmias ,  extens ive  sweat ing 
and  increase in body  t e m p e r a t u r e  are  fur ther  effects of larger  t h a n  the rapeu t i c  
doses of amphe tamine .  Serious cases progress to  convulsions,  coma, c i rcu la tory  
collapse and  dea th .  D e a t h  caused b y  a m p h e t a m i n e  in tox ica t ion  has been ascr ibed 
to card iovascular  collapse, h y p e r p y r e x i a  or cerebral  hemorrhage  (Davis et al., 
1968). 

There  are several  p roblems  facing the  forensic scientis ts  in eva lua t ing  the  
cause of dea th  occurr ing in connect ion wi th  the  abuse  of a m p h e t a m i n e  drugs.  
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Thus,  under  the  influence of these agents  the  pa t i en t  is more suscept ible  to 
accidents  t h a n  normal ly .  Moreover,  the  most  common way  of admin i s t r a t ion  
of these compounds ,  i.e. by  in t ravenous  inject ions,  m a y  per se cause compl ica t ions  
such as air  embolus  or the  t ransfer  of infectious agents.  

A survey  of the  recent  l i t e ra ture  has revealed  few repor t ed  cases of le thal  
in tox ica t ion  wi th  cent ra l ly  s t imula t ing  amines  in man.  The le thal  doses of var ious  
amphe tamines  have  been de te rmined  in a va r i e ty  of exper imenta l  animals  and  
on the  basis of these  values  an  a p p r o x i m a t e  le thal  dose for h u m a n  adul t s  of 
20 mg per  kg body-weigh t  has been es t ima ted  (Davis et al.,  1968). However ,  the  
existence of considerable species and ind iv idua l  differences in metabo l i sm and  
sens i t iv i ty  to these drugs  make  a direct  compar ison to such figures to  be of 
l imi ted  value  when t ry ing  to  es tabl ish the  cause of dea th  in connect ion with  the  
abuse of a m p h e t a m i n e  drugs in man.  

This paper  repor ts  th ree  cases of le thal  amphe t amine  in tox ica t ion  inves t iga ted  
in our  d e p a r t m e n t s  in 1968. 

Methods 
Tissue samples including blood, liver and kidney as well as urine, when present, were 

collected at autopsy and analyzed for the presence of centrally stimulating amines according 
to methods previously described for body fluids (Bonnichsen et al., 1969; Schubert, 1970). 
The extraction method for the amphetamines had been changed and perfected in 1968 by 
Petrovics (1970). However, these methods do not permit to decide whether the amphetamine 
is present in its racemic form or not. 

So far four drugs belonging to the group of centrally stimulating amines have been detected 
among intravenous abusers in Sweden, i.e., phenmetrazine (as in Preludin®), amphetamine, 
methylphenidate (as in Ritalina®), and, once in a while, metamphetamine (as in Pervitin®). 

When relatively large amounts (tenths of milligrams) of the drugs are present, as often 
in urine samples, gas chromatography, thin-layer chromatography, and, to a limited extent, 
even ultraviolet speetrophotometry can be used for identification. The drug concentrations 
in the blood, however, are often so low that thin-layer chromatography methods are not 
sensitive enough. When only blood is available, identification can still be achieved by means 
of mass spectrometric methods (Bonnichsen et al., 1970a). 

When liver and kidney samples were analyzed, a modification of the technique described 
for body fluids was employed (Petrovics, 1970). However, it is advisable to remove lipids and 
other neutral (and acidic) compounds by a preliminary extraction of the tissue at low pH. 
During all operations, evaporations at high pH values must be avoided. 

Tissue samples were also analyzed for the presence of barbiturates (Bonniehsen et al., 
1961), salicylates (Maehly and Linturi, 1962), meprobamate (Bonnichsen et al., 1967), meth- 
aqualone (Maehly and Bonnichsen, 1966), phenothiazine derivatives and tricyclic amines 
(Bonnichsen et al., 1970b), benzodiazepine derivatives (Bonnichsen et al., 1970c), and 
morphine (Petrovies, 1970). 

Results 

Case Hi s tor i e s  

Case I .  A 18 yea r  old girl  was found dead  in a hote l  room a t  a police rout ine  
control.  The inves t iga t ion  revealed  t h a t  she had  prev ious ly  been t ak ing  cent ra l ly  
s t imula t ing  drugs including phenmet raz ine ,  m e t h y l p h e n i d a t e  and  a m p h e t a m i n e  
in in t ravenous  in ject ions  for var ious  periods of t ime  since two years ,  a l though 
p r o b a b l y  no t  dur ing the  las t  e ight  or t en  months .  Dur ing  the  las t  24 hours  before 
dea th  she had  t a k e n  and /o r  received r epea ted  in t ravenous  in ject ions  of amphe t -  
amine  dissolved in t a p  wate r  to an  e s t ima ted  to ta l  amoun t  of the  drug of 750 to  
1,500 rag. 



186 S. Orrenius and A. C. Maehly: 

C a s e / / .  A 49 year old man was found lying dead in the grass close to a public 
highway. Close to the body the policemen found several small paper bags, some 
of them still containing a white powder, later identified as amphetamine. The 
man had twice before tried to commit suicide by taking large doses of barbiturates. 
Whether he had previously also used centrally stimulating drugs was not re- 
vealed by the investigation. Neither was it possible to decide the amount of 
amphetamine he had taken prior to death. 

Case I I I .  A 59 year old man was found unconscious in a bathtub but with 
his head well above the water line. Before going into the bath he had injected 
himself intravenously with a solution which was later shown to contain amphet- 
amine. When admitted to a hospital, about eight hours after this injection, he 
was still unconscious. He was cyanotic with a temperature of 41 °, respiratory 
frequency of 35 per minute, pulse rate of 120 per minute and blood pressure 
of 80/60 mm Hg. He was sweating heavily. Clinical laboratory findings gave 
evidence of a state of acidosis which became even more pronounced during the 
first hours of hospitalisation. He died the following day approximately 30 hours 
after admittance to the hospital. The investigation further revealed that he hdd 
been taking intravenous injections of centrally stimulating drugs regularly 
during the last six or seven years. Neither in this case, however, was it possible 
to estimate the amount of amphetamine he had taken prior to being found 
unconscious in the bathtub. 

Autopsy  Findings  

In  all the three cases the lungs were moderately congested and in case I 
patchy hemorrhage was observed, whereas subpleural hemorrhages were present 
in case I I I .  In  case I I I  there was also subendocardial hemorrhages, while gastric 
mucosal hemorrhages involved this ease as well as case no I. 

The microscopical examination of tissue sections revealed marked congestion 
in the liver, kidney and spleen. Acute pulmonary hemorrhage was observed in 
case I. Furthermore, in the latter ease as well as in case I I I  focal hepatitis was 
noted, while liver sections from cases I I  and I l l  showed fat ty  degeneration. 

Toxicological Findings 

The toxicological data are presented in the Table. Blood collected from 
case I I I  contained only traces of amphetamine, i.e. less than 0.05 mg per 100 g 
tissue. Urine was not available in cases I and I I I .  

Table. Amphetamine levels/ound in the three cases reported. The concentrations are expressed 
as mg o/drug per 100 g o/sample 

Drug Sample Case I Case II Case III  

Amphetamine blood 0.7 0.6 ~ 0.05 
Amphetamine liver 1.2 3.5 4.5 
Amphetamine kidney 0.8 - -  0.4 
Amphetamine urine __ a 70 - -  ~ 

a Not available. 
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Tissue samples from all three cases were also analyzed for the presence of 
ethanol and other drugs including barbiturates, salieylates, meprobamate,  
methaqualone, phenothiazine derivatives and tricyclie amines, benzodiazepine 
derivatives and morphine, however, with negative results. 

Discussion 

Although amphetamine intoxications are not uncommon (Espelin and Done, 
1968), very few deaths due to an overdose of amphetamines have been reported. 
Cravey and Baselt (1968) describe a case of fatal metamphetamine poisoning 
where a 19 year old youngster died a few hours after ingestion of the drug. Marked 
hyperpyrexia, a severe state of acidosis and shock were noted prior to death. 
The postmortem findings included hemorrhagic fluid in the bronchi, pericardial 
sac and stomach. Acute pulmonary hemorrhage was noted as well as marked 
congestion in the spleen, pancreas, kidney and liver. The blood was found to 
contain 4.0 nag of metamphetamine per 1O0 ml, the liver 20.6 rag per 100 g and 
the kidney 8.7 lug per 100 g tissue. A similar case has also more recently been 
reported by Smith (1969). 

The blood levels Of amphetamine observed in the present study were consid- 
erably lower. In  one case (III)  only traces of the drug were found in the blood 
sample collected at autopsy. Since the total t ime between the observed intravenous 
injection of amphetamine and death was almost 40 hours, however, most of 
the drug was probably excreted during this time period. 

Moreover, the high extravascular concentration of amphetamine leads to 
low drug levels in the blood. Beckett  and Rowland (1965) found, after injection 
of 30 nag (~-) amphetamine into a volunteer, amphetamine levels of 17 ~g per 
100 ml after 0.5 minute and 12 ~g per 100 ml after 2.5 minutes. Furthermore, in 
a recent investigation ~ngg£rd et al. (1970) measured plasma levels after the 
intravenous injection of a large dose of amphetamine sulphate (160 or 200 rag) 
into amphetamine dependent subjects. The mean value of the peak plasma level 
was found to be 42 ~g per 100 ml plasma. 

Goodman and Gilman (1965) describe severe reactions occurring after the 
intake of 30 nag amphetamine and death has been reported with rapid intravenous 
injection of 120 nag. Conversely, regular users of metamphetamine have injected 
500 to 1,000 mg without serious morbidity (Goodman and Gilman, 1965; Kra- 
mere t  al., 1967). Thus, a lethal dose in a nonuser may be an average psychoactive 
dose for a regular user. The mechanism of this tolerance is not yet understood. 

Differences in tolerance may  explain the lower tissue concentrations of 
amphetamine in cases I and i I  of the present study as compared to the metamphet-  
amine levels found by Cravey and Baselt (1968) and by Smith (1969). The 18 year 
old girl (ease I) had probably not taken psychoactive drugs during the last 
eight or ten months until she started again one or two days before death, whereas 
in ease IY, the 49 year old man, there was no evidence that  he had taken such 
drugs previously. 

Deaths have also been reported after the combined intake of centrally stimu- 
lating amines and other drugs. Thus, Hardmeier and Schmidlin-M6sz~rbs (1965) 
have described a fatal poisoning of a small girl with the antiallergic drug Plimasin®, 
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which contains tripelennamine as well as methylphenidate with the latter as the 
minor - -  and probably less toxic - -  component. Furthermore, Jelliffe et al. 
(1969) have reported the death of a 19 year old boy on a weight-reduction regimen 
of thyroid preparations, digitalis, metamphetamine and diuretics, where death was 
probably due to the combined drug action causing myocardial irritability, cardiac 
arrythmias and hypokalemia. 

Animal experiments have demonstrated that monoamine oxidase inhibitors 
potentiate the toxicity of amphetamine (Valzelli et al., 1968). Death after combined 
dexamphetamine and phenelzine poisoning has also been reported (Alban Lloyd 
and Walker, 1965). They describe the case of a 30 year old woman, who had been 
treated for five weeks with phenelzine (3 X 15 mg daily). A few hours after she 
had taken 20 mg of dexamphctamine sulphate, she died from an intracerebra] 
hemorrhage following a hypertensive crisis - -  most probably due to the amphet- 
amine-induced release of noradrenaline accumulated in the peripheral sympathetic 
nerve endings. 

Subpleural and subendoeardial hemorrhages as well as parenchymal pulmonary 
hemorrhage and gastrointestinal mucosa] hemorrhage are common postmorte m 
findings in fatal amphetamine poisoning as revealed by the present report 'as 
well as by previously published papers (Zalis et al., 1966; Cravey and Baselt, 
1968). Zalis et al. (1966) have suggested that the pathologic changes occur as a 
result of the profound hypermetabolic state with the associated hyperpyrexia. 

In  only one of the present cases (III) was the patient observed clinically. 
The symptoms recorded agree well with those published in other reports (Zalis 
et al., 1966; Cravey and Baselt, 1968), which indicate that  marked hypcrpyrexia 
and shock are usually noted prior to death from amphetamines. After treatment 
of mice with amphetamine, Itardinge and Peterson (1964) found that  those 
whose temperatures rose above 42.4 ° died while those whose temperatures 
remained below 41.7 ° usually survived. This and other studies (Askew, 1962; 
Clark et al., 1967) demonstrate that  hyperthermia is an important factor in 
amphetamine toxicity. 
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