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Abstract

Cocaine abuse represents a serious problem to many countries and is frequently related to deaths. 
Differences in response, drug tolerance, drug sensitization and postmortem redistribution diffi  cult 
clarifying cocaine related deaths. Thus, additional parameters associated to cocaine exposition could 
assist the pathologist in interpreting the deaths cases. In order to verify whether the cocaine action 
mechanism indicates a postmortem biochemical profi le, dopamine and serotonin levels were quantifi ed in 
brain samples. Two groups were established, one composed by cocaine consumers and other composed 
by non-cocaine consumers. Levels of dopamine and its metabolites were higher in basal ganglia of 
cocaine consumers group, but the concentrations were weakly correlated with cocaine concentrations 
in brain and in whole blood. Although catecholamine at autopsy may show considerable variations due 
to various factors, the high dopamine and metabolites levels can be associated with the cocaine action 
mechanism which is based on increased of dopamine levels in dopaminergic pathways in the central 
nervous system.
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Introduction 

Cocaine abuse represents a serious concern to many 
countries. While the United Nations Offi ce on Drug and Crimes 
(UNODC) estimates that 17 million people used cocaine at least 
once in the past year (0.37% of the global population aged 15-
64) [1], the last survey conducted in Brazil indicates a cocaine 
consumption rate of 2.2% (3.7% in men and 0.7% in women) 
and prevalence of addiction of 0,6 % and 41,4 % in total 
population and cocaine consumers, respectively [2]. 

Cocaine (COC) is a strong central nervous system (CNS) 
stimulant and enhances dopamine (DA) neurotransmission 
by interacting with DA transporter and inhibiting the 
clearance of extracellular DA. DA is metabolized into 
3,4-dihydroxyphenylacetic acid (DOPAC) and homovanilic 
acid (HVA) by the catechol-O-methyltransferase and 
monoamine oxidase. Furthermore, cocaine blocks serotonin 
(5-HT) transporter in the CNS [3] that is involved in appetite 
control, sleep regulation, memory and learning establishment, 
temperature regulation, depression, etc. 5-HT is metabolized 
into 5-hydroxyindolacetic acid (5-HIAA) by aldehyde 
dehydrogenase and monoamine oxidase.

Cocaine is associated with cardiovascular complications, 
violent behavior and is frequently related to deaths examined 
in medical legal departments. Cocaine can be implicated in the 
direct cause of death or a signifi cant condition contributing 
to death. The diagnostic criteria for COC overdose commonly 
include a review of police investigation, autopsy, identifi cation 
and quantifi cation of COC and its metabolites in the blood 
[4,5]. COC concentrations of 1 μg/mL or more were referred 
in fatal cases (6), but when blood is not available, brain is 
an interesting alternative sample to determine the cocaine 
use, considering brain cocaine/benzoylecgonine ratio can 
give an idea if the exposure was recent or not and is the 
psychoactive drugs target organ, it is inside an isolated 
compartment, and postmortem drug concentrations are close 
or equal to perimortem concentrations [7-9]. Moreover, COC 
concentrations in body fl uids or tissues are infl uenced by 
various chemical changes, postmortem redistribution, chronic 
use and individual susceptibility to the drug. 

Interpreting deaths related indirectly to COC is a challenging 
task because concentrations do not explain the cause of death, 
especially in chronic use with cardiovascular complications 
or bizarre behaviors like jumping of buildings or running in a 
hard traffi c road stimulated by COC psychoactive effect. Thus 
other biological parameters associated with COC consumption 
should be investigated.
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Postmortem analysis of biochemical markers might aid 
in characterizing causes of death. Hypothermia has been 
associated with increased ketone levels in blood and other 
biological fl uids, increased cortisol levels in postmortem serum 
and urine, and increased adrenaline concentrations in urine 
[10]. The concentrations of -hydroxybutyrate in vitreous 
humor and blood are correlated and high levels were found 
in fatal ketoacidosis cases associated to diabetes mellitus [11], 
adrenaline/noradrenaline ratios were increased long agony in 
comparison to short agony death cases in blood, liquor, urine 
and vitreous humor [12] and high serum catecholamines levels 
were associated to fatal methamphetamine abuse (adrenaline 
and dopamine) and hyperthermia (dopamine) [13]. In addition, 
hydroxytryptophol (5-HTOL)/5-hydroxyindolacetic acid (5-
HIAA) ratio increases after alcohol consumption and is a 
biomarker for differentiating between ethanol produced from 
glucose and other substrates by putrefactive process, since 
ethanol alters the catabolism of serotonin to metabolites 
5-HIAA and 5-HTOL [14-16]. 

Current literature shows that biochemical markers in 
various biological specimens are useful to complement 
autopsies and toxicological fi ndings. On the other hand, few 
studies have found association between neurotransmitters 
in brain with COC consumption. It was referred increased 
dopamine transporter binding sites in COC consumers [17] 
and decreased dopamine transporter levels in excited delirium 
cases, most of them cocaine and other psychostimulants 
consumers [18]. Brain is an isolated compartment and polar 
molecules do not cross the blood brain barrier [19], thus 
cathecolamines and indoleamines concentrations are directly 
related to alterations in this compartment. Considering COC 
actions on dopaminergic pathways in CNS, the present study 
compared the differences in DA and 5-HT levels between brain 
samples of COC consumer group and COC free control group. 

Material and Methods 

Postmortem brain and blood samples from COC consumers 
(n=18) and non COC consumers (COC-free control subjects) 
(n=21) were obtained during routine autopsy between April 
2009 and May 2010 at the Medical Legal Institute of São Paulo. 
Subjects’ age range was between 15 and 55 years old and 
maximal post mortem interval was 36 hours. Autopsy fi ndings, 
family and police report were recorded.

The COC free group was composed by individuals whose 
urine samples were negative for cocaine and benzoylecgonine 
(BE) by immunoassay test (screening test) and by mass 
spectrometry. In addition, the negativity to cocaine and 
benzoylecgonine was tested in whole blood, vitreous humor 
and brain tissue by High Performance Liquid Chromatography 
with Diode Array Detector (HPLC-DAD) method.

COC and BE were quantifi ed in brain tissue (BT) and whole 
blood (WB) by HPLC-DAD method, as previously published [9]. 
Basal ganglia (whole structure: caudate, putamen and globus 
pallidus) and prefrontal cortex (circa 25 g) samples were 
collected from the right brain hemisphere. Samples were stored 
at -20ºC and transferred to laboratory in no more than 12 hour 

after collection. In laboratory samples were homogenized and 
stored at -80ºC until the time of analysis.

Blood alcohol levels were measurement by head space gas 
chromatographic method at Forensic Laboratory of Medical 
Legal Institute of São Paulo (Limit of Detection=0.01 g/L).

DA, DOPAC, HVA, 5-HT and 5-HIAA were quantifi ed in 
brain samples, basal ganglia (BG and prefrontal cortex (PC) by 
reverse-phase High Performance Liquid Chromatography with 
Electrochemical Detection (HPLC-ED), (model 6A, Shimadzu 
instrument), as described by Felicio et al. [20]. Briefl y, brain 
tissue (100 mg) were homogenized in 0.1 M perchloric acid (2.0 
mL) with a micro-ultrasonic cell disrupter (Kontes, Vineland, 
NJ, USA), stored at 4 °C overnight, and centrifuged at 10,000 
rpm/30 min at 4°C. The supernatant (20 μL) was injected into 
the HPLC-ED. The chromatographic conditions were reversed 
phase with C18 column, mobile phase pH 3.0 at isocratic 
mode was a mix of citrate buffer 0.02 M: methanol (92:8 v/v), 
ethylenediamine tetraacetic acid (EDTA) and 1-heptanesulfonic 
acid, the fl ow was 1.0 mL/min, column temperature was 55ºC 
and detector was operated at 0.08V. Dihydroxybenzylamine 
(DHBA), 27.8 ng/mL, was used as internal standard. The limit 
of detection and limit of quantifi cation were 10 ng/g and 20 
ng/g for all analytes. Obtained values are expressed as ng/g 
tissue wet weight. 

Results 

The study population (n=39) represented 1% of autopsies 
performed between April 2009 and May 2010, most individuals 
were young, age between 15 and 24 years old and male (Table 
1). The age mean of COC free group (mean = 31, SEM ± 2) 
shows no signifi cant difference from COC consumer group 
(mean = 28, SEM ± 2) (Figure 1). Many death circumstances 
were referred, such as, homicide, sudden death, running over, 
suicide, electrocution, natural causes, etc. All sudden death 
and suicide by precipitation cases were found in the cocaine 
consumer group. 

Neurotransmitters were measured in both groups and the 
mean concentrations are shown in Table 2. Table 3 shows 
cocaine, benzoylecgonine and catecholamine levels in samples 
of COC consumer group and Table 4 shows catecholamine levels 
measured in cocaine non consumer group. Dopamine and its 
metabolites mean concentrations were higher in COC consumer 
group and Student t test showed signifi cant differences for 
DA, DOPAC and HVA in basal ganglia in regard to cocaine free 
group (Figure 2-4). Correlation tests were performed, COC 

Table 1: Population frequency distribution by gender and age.

 Cocaine free (n=21) Cocaine consumer (n=18)   

 Male Female Male Female Total

Age N % N % N % N % N %

15 І---- 25 7 17,9 1 2,6 7 17,9 2 5,1 17 43,6

25 І---- 35 4 10,3 2 5,1 4 10,3 0 0,0 10 25,6

35 І---- 55 6 15,4 1 2,6 4 10,3 1 2,6 12 30,8

Total 17 43,6 4 10,3 15 38,5 3 7,7 39 100,0
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levels in basal ganglia showed no correlation with DA (Pearson 
r=0.3759, p=0.1242) and DOPAC (Pearson r=-0.1156, p=0.6477) 
levels, but signifi cant correlation was found between COC and 
HVA levels in basal ganglia (Pearson r=0.4996, p=0.0348). 
Similarly, COC levels in whole blood showed no correlation 
with DA (Pearson r=0.3995, p=0.1005) and DOPAC (Pearson 
r=-0.1248, p=0.6216) levels in basal ganglia, but signifi cant 
correlation was found between COC levels in whole blood and 
HVA levels in basal ganglia (Pearson r=0.4971, p=0.0358).

Discussion 

In clinical toxicology practice the toxic agent in a biological 
matrix is frequently evaluated together with biochemical 
markers, as for example, carbamate and organophosphate 
pesticides intoxication are associated with cholinesterase 
inhibition and lead exposition is associated with alterations 
in parameters of hemoglobin production. On the other hand, 

Figure 1: Age comparison between COC free group (n=21) and COC consumer group 
(n=18). [A] = Student t test, relative do cocaine free group (control group), data are 
present as means ± SEM (standard error mean). p-value=0.4440, t(df=37)=0.7738; 
[B] Frequency distribution in the two groups.

Table 2: Neurotransmitters in brain samples. Data are presented as means ± SEM (standard error of the mean). Student t test relative to Cocaine free group.

Neurotransmitter [ng/g]
Cocaine free (n=21) Cocaine consumer (n=18) Statistical results

PC BG PC BG PC BG

t(df=37) p t(df=37) p

DA 15.6 ± 6.6 27.3 ± 9.6 17.3 ± 4.9 266.0 ± 87.3** 0.1935 0,0778 2.935 0.0057

DOPAC 35.9 ± 17.3 153.1 ± 63.4 78.0 ± 26.8 1158.0 ± 386.5** 1.357 0.1831 2.764 0.0089

HVA 76.8 ± 13.9 1042.0 ± 249.1 122.8 ± 44.6 4547.0 ± 1039.0** 1.049 0.3010 3.516 0.0012

5-HT 2.4 ± 1.8 119.2 ± 97.7 ND 14.4 ± 7.6 - - 0.9890 0.3291

5-HIAA 157.0 ± 30.5 1168.0 ± 288.9 126.2 ± 21.1 1477.0 ± 301.2 0.8034 0.4269 0.7388 0.4647

BG=basal ganglia; DA=dopamine; DOPAC=3,4-dihydroxyphenylacetic acid; HVA=homovanilic acid; 5-HT=serotonin; 5-HIAA=5-hydroxyindolacetic acid; ND=not detected; 
PC=prefrontal cortex.

Table 3: Cocaine, benzoylecgonine, alcohol and catecholamine levels in samples of COC consumer group (n=18).

History
BG 

[μg/g] 

BG 

 [μg/g]

WB

[μg/mL]

Blood

[g/L]

COC BE DA DOPAC HVA COC BE Alcohol 

Sudden death 0.82 0.33 ND 0.300 2.456 0.11 0.36 ND

Sudden death 0.77 0.32 0.370 0.308 5.786 0.63 0.28 ND

Sudden death 0.47 ND ND 4.696 4.080 0.31 0.97 ND

Sudden death 0.26 ND 0.228 0.736 3.118 1.04 0.63 ND

Sudden death 0.64 0.31 0.536 0.528 3.494 ND 0.89 ND

Sudden death 17.61 2.90 0.039 0.589 5.730 13.15 15.03 ND

Sudden death (body packing) 23.43 2.81 0.957 0.926 14.685 24.43 34.74 ND

Sudden death (COC chronic use)2 4.36 0.72 0.252 ND 1.388 6.95 33.95 ND

Suicide by precipitation 0.16 0.60 0.103 0.092 1.007 ND 0.48 ND

Suicide by precipitation 0.49 0.29 ND 0.066 1.380 ND 0.54 1.37

Suicide by precipitation3 3.97 0.36 1.330 4.629 6.186 2.57 3.25 ND

Homicide by shooting 0.50 0.95 ND 0.508 0.288 ND 0.34 ND

Homicide by shooting 0.28 0.22 0.251 3.776 7.337 ND 0.62 ND

Homicide by shooting 0.47 1.98 0.034 0.141 2.311 0.83 7.21 ND

Homicide by shooting1 1.20 ND 0.544 3.080 15.295 0.30 0.38 0.70

Homicide by stabbing 0.88 0.50 ND ND 0.589 0.59 2.44 1.06

To be run over 1.00 0.32 0.076 0.308 6.236 ND 0.68 3.73

To be run over 2.71 1.60 0.069 0.158 0.482 1.61 4.43 ND
1violent behavior and resisting arrest; 2cardiomegaly; 3used crack cocaine, returned to the apartment and was locked, jumped from the bathroom window; BG=basal ganglia; 

BE=bezoylecgonine; COC=cocaine; DA-dopamine; DOPAC-3,4-dihydroxyphenylacetic acid; HVA- homovanilic acid; ND=not detected; WB=whole blood.
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the biochemical profi les at autopsy may show considerable 
variations due to various factors involving preexisting 
disorders, cause of death, survival periods, agony time and 
postmortem changes. Such changes depend on environmental 

factors and also on the chemical properties, distribution and 
location of analytes [12,21]. For instance, catecholamines were 
demonstrated as a parameter that suffers increase during 
survival period [13,21] and a great individual variability was 
found in catecholamine concentrations of different biological 
specimens, such as, femoral vein blood, heart blood, urine, 
vitreous humor and liquor [12]. Nonetheless, knowing the 
postmortem biochemical profi les may be useful in interpreting 
cases in which toxicology results do not explain the death, 
especially when drug levels do not characterize a classical 
overdose. An illustrative case is a 37-year-old man, regular 
consumer of heroin, cocaine and methadone who died after 
using cocaine. A friend stated that the man consumed crack 
cocaine with him on the previous day and on day of the death he 
stayed in bed, was extremely tired and vomited several times, 
while his friend did not suffer from any physical problems. The 
toxicological analysis showed low levels (not suffi cient to cause 
death) of morphine, mirtazapine buprenorphine, nordiazepam 
and oxazepam in blood and cocaine in urine confi rmed its use. 
Although potential pharmacological interactions of multiple 
drugs could have contributed to the death, biochemical 
parameters analyzed in biological specimens, such as ketone, 
isopropyl alcohol, glucose and glycated hemoglobin, histological 
and immunohistochemical analyses suggested severe diabetic 
ketoacidosis as the cause of death [22]. Despite the diffi culty to 
interpret postmortem biochemical changes, our study shows 
different neurochemistry profi les in two groups, one formed by 
18 known cocaine consumers and another composed by 21 non 
cocaine consumers. Neurotransmitters concentrations in both 

Table 4: Catecholamine and alcohol levels in samples of COC non consumer group (n=18).

History BG  [μg/g] Blood [g/L]

DA DOPAC HVA Alcohol

Suicide by hanging1 ND 0.056 1.004 ND

Suicide by hanging 0.081 ND 0.354 ND

Suicide by hanging ND ND 0.270 ND

Poisoning (carbamate pesticide) ND 0.121 0.504 ND

Poisoning (carbamate pesticide) ND 0.276 0.190 2.10

Poisoning (organic solvent-inhalant drug) 0.052 0.064 1.380 0.03

Homicide by shooting ND ND 0.308 ND

Homicide by shooting 0.135 0.094 0.326 0.02

Homicide by shooting ND 0.230 0.444 ND

Homicide by shooting 0.089 0.029 0.476 ND

Homicide by shooting 0.108 0.396 1.615 ND

To be run over ND 0.088 0.427 ND

To be run over ND 0.163 2.156 ND

To be run over ND 0.244 0.236 ND

To be run over ND 0.070 0.796 ND

Cardiac aneurysm ND ND 1.506 ND

Massive heart attack ND ND 0.210 ND

Subarachnoid hemorrhage2 0.086 1.326 4.405 ND

Electrocution 0.014 0.058 3.365 ND

Pancreatic hemorrhage ND ND ND ND

bronchopneumonia ND ND 1.920 ND
1suspected suicide, man arrested for rape was found hanged in his cell; 2performed cardiopulmonary resuscitation; BG=basal ganglia; DA-dopamine; DOPAC-3,4-
dihydroxyphenylacetic acid; HVA- homovanilic acid; ND=not detected; WB=whole blood.

Figure 2: Brain dopamine levels in cocaine free (n=21) and cocaine consumer 
group (n=18). Data are presented as means ± SEM (standard error mean). 
**p-value=0.0057, t(df=37)=2.94, Student t test, relative to cocaine free group 
(control group).
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degradation by oxidative mechanism, and as there were no 
differences in 5-HT and 5-HIAA levels between groups and 
these parameters did not seem useful markers to interpret 
cocaine related deaths. 

DA is also sensitive to degradation, when neurochemistry 
is studied in rats it is recommended fast brain structures 
collection after decapitation to prevent analytes degradation 
[20], but in autopsy routine time control is impossible because 
each procedure spends different time and the population 
presents different post mortem intervals. Although the 
high neurotransmitter metabolites concentrations probably 
resulting from postmortem degradation, DA, DOPAC and HVA 
concentration means showed signifi cant difference between the 
two groups (COC consumers and COC non consumers). Higher 
catecholamine concentrations were show in cases of overdose 
and shooting after violent behavior and resisting arrest (COC 
consumer group, Table 3) and in two cases involved electric 
shock in COC non consumers group, the fi rst with history of 
cardiopulmonary resuscitation after subarachnoid hemorrhage 
and the second electrocution (Table 4). 

Cocaine increases dopamine levels in dopaminergic 
pathways and its mechanism action can be associated with 
increased dopamine and its metabolites levels in cocaine 
consumers group. A postmortem study conducted with 34 
cocaine users and 36 control subjects showed that striatal 
dopamine transporters binding sites were increased in cocaine 
users [17], indicating that it is possible to associate cocaine use 
with biochemical parameters related to its action mechanism in 
cadaveric samples. The association between neurotransmitter 
levels in postmortem brain and drug consumption was also 
demonstrated in a study performed with chronic heroin 
users. Research showed a reduction in DA, HVA and DOPAC 
concentrations in caudate, putamen and nucleus accumbens of 
chronic heroin users with postmortem interval of 13 ± 2 hours 
(n=9). It was suggested that decreased dopaminergic activity 
in the nucleus accumbens was a compensatory response to 
prolonged dopaminergic stimulation by heroin [24]. Cocaine 
also stimulates the dopaminergic system, however in our 
study the COC consumer population was a heterogeneous 
group and it was not possible to identify chronic users, 
thus hindering a comparison. Possibly, for this reason, the 
correlation between cocaine and dopamine and between its 
metabolites concentrations was confused. It was observed a 
weak correlation between cocaine levels in whole blood and 
HVA levels in basal ganglia and the same was found between 
cocaine levels in basal ganglia and HVA in basal ganglia. 
The variability related to the cause of death, cocaine dose, 
frequency of use and interval between cocaine use and death 
certainly impair the correlation studies. An illustrative case 
is a sudden death with COC chronic use history (Table 3), 
young man, 18 years old, 170 cm height, 60 kg weight, autopsy 
fi ndings were enlarged heart (cardiomegaly), lungs congested 
with petechiae and brain edema, the toxicological fi ndings 
were high COC and BE concentrations in BG and WB that can be 
associated to tolerance phenomena and COC levels are 4 times 
higher than BE levels in BG which indicating a recent cocaine 
use [9]. Although COC levels in blood (6.95 μg/mL) indicated 

Figure 3: Brain 3,4-dihydroxyphenylacetic acid (DOPAC) levels in cocaine free 
(n=21) and cocaine consumer group (n=18). Data are presented as means ± SEM 
(standard error mean). **p-value=0.0089, t(df=37)=2.76, Student t test relative to 
cocaine free group (control group).

Figure 4: Brain homovanilic acid (HVA) levels in cocaine free (n=21) and cocaine 
consumer group (n=18). Data are presented as means ± SEM (standard error 
mean). **p-value=0.0012, t(df=37)=3.52, Student t test relative to cocaine free 
group (control group).

groups were higher in basal ganglia than in prefrontal cortex. 
Basal ganglia show more dopaminergic and serotonergic 
pathways than the prefrontal cortex and our fi ndings indicated 
that the distribution pattern in vivo is sustained after death. 
DOPAC and HVA higher concentrations relative to DA, and 
5-HIAA higher concentrations compared to 5-HT can indicate 
neurotransmitter degradation. 5-HT is highly sensitive to 
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an overdose, the catecholamine levels were relatively low in 
comparison with a massive acute intoxication presented in 
a body packing case (Table 3). Thus dopamine levels can be 
an additional marker to interpret cocaine related deaths in 
complement of cocaine levels. Mash et al. (2009) demonstrated 
reduction in the dopamine transporter levels for all victims of 
excited delirium, including non-drug abuse consumers (drug 
abuse free cases). Excited delirium (ED) has been showed 
generally after immobilization with a conductive energy device 
and is a syndrome characterized by delirium and agitation, 
combativeness, unexpected strength and elevated temperature. 
Decrease in DA transporter levels in an ED group composed 
mostly by COC and other psychostimulants consumers’ would 
be the cause of extracellular DA levels increased [18]. 

It is well known that alcohol intensifi es the neurotoxicity 
and cadiotoxic effects of COC by cocaethylene production which 
is more liposoluble than COC. Curiously, two cases with high 
alcohol blood levels, 0.7 and 3.73 g/L, showed also high HVA 
levels, 15.295 and 6.236 μg/g, respectively (Table 3). Off course 
other more studies are necessary to any inference. 

Although dopamine depletion is a theory proposed to explain 
dysphoric aspects of cocaine abstinence after overstimulation 
of DA neurons and excessive synaptic metabolism of the 
neurotransmitter in chronic use [25], DA receptors and 
transporters density depends on duration of use and abstinence 
[26]. Age it also seems other variable associated with dopamine 
activity, Volkows et al. (1998) showed reductions in dopamine 
D2 receptor and a signifi cant correlations between D2 receptor 
availability and age in the caudate and putamen in living 
healthy individuals (age range=24-86 years old) [27], but 
Eidelberg et al. (1993) demonstrated that uptake rate constants 
of a marker to assess DA presynaptic nigroestriatal function do 
not decline with normal aging in living healthy individuals (age 
range=27-77 years old) [28]. In our study most of population 
was young and there was no signifi cant difference between the 
age mean of the two groups (COC free and COC consumer).

While our results clearly indicate an association between 
high DA levels and its metabolites in basal ganglia and cocaine 
positivity, further studies are needed to investigate the 
practical application in legal medicine. In the present study the 
sample population was small (N=39 individuals) and non COC 
consumers (COC-free control subjects) were classifi ed by the 
urine, blood and brain analysis that indicate the recent use of 
cocaine, less than 2 days before the death for a half-life of up to 
7.3 hour by intranasal administration [29]. Although in future 
studies hair analysis should be performed to improve the 
neurochemistry interpretation, controlling all the variable that 
can be infl uence neurochemistry is impossible in the context of 
legal medicine whose purpose is to clarify facts by the vestiges 
of the corpse and usually its whole life history is not available.

Considering the biological processes of life and death 
occur in multivariate and integrated way, the contribution 
of present study was to demonstrate that the comparison of 
neurochemistry markers and toxicological fi ndings can be 
valuable to clarify cocaine related deaths.
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