
Case report

Non specific drug distribution in an autopsy case report of fatal caffeine
intoxication

Takaki Ishikawa a,b,⇑, Isao Yuasa a, Minoru Endoh a

aDivision of Legal Medicine, Faculty of Medicine, Tottori University, 86 Nishi-cho, Yonago, Tottori 683-8503, Japan
bDepartment of Legal Medicine, Osaka City University Medical School, Asahi-machi 1-4-3, Abeno, 545-8585 Osaka, Japan

a r t i c l e i n f o

Article history:
Received 11 July 2015
Received in revised form 3 November 2015
Accepted 6 November 2015
Available online 6 November 2015

Keywords:
Caffeine
Catecholamine
CNS stimulant medicine
Toxicology
Pathophysiology

a b s t r a c t

Caffeine has long been recognized as an addictive substance that causes autonomic nerve effect, and is
known to increase catecholamine secretion from the adrenal glands. In recent years, the risk of ingesting
toxic levels of caffeine has increased because of the easy availability of analgesics, CNS (Central Nervous
System) stimulant medicine and dietary supplements at shops, health stores and through online
purchases. We report the death of a young female resulting from the ingestion for suicide of an online
purchased sleepiness-preventing medicine containing caffeine. The autopsy findings included pulmonary
edema and congestion plus cutaneous emphysema. The stomach contents included a dark-brown viscous
fluid without tablet or food residue. Toxicological examination revealed the presence of caffeine in the
right heart blood (154.2 lg/mL) and stomach contents (197.5 lg/mL) (lethal blood level, >80 lg/mL).
The highest caffeine content was in the bile (852.3 lg/mL). Biochemical findings showed that
catecholamine concentration in the peripheral blood in the iliac vein was elevated. Immunostaining of
catecholamine was weak in the adrenal medulla. We recommend highlighting the toxicity risk of ingest-
ing substances with a high caffeine concentration, and we propose that caffeine concentrations should be
included in the comprehensive routine forensic toxicological tests for all cases.

� 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Caffeine, 1,3,7-trimethylxanthine, was originally isolated from
the coffee plant in 1819 [1], yielding a bitter, white crystalline alka-
loid powder. In nature, it is found in the leaves, seeds and fruits of a
variety of plants. Many regularly consumed food items such as cof-
fee, tea, chocolate, yerba matte and guarana naturally contain caf-
feine [2]. The main mechanism of action of caffeine is well known
and is believed to result from the inhibition of phosphodiesterase.
As a result, caffeine increases plasma catecholamine concentra-
tions [3,4].

In recent years, the risk of ingesting toxic levels of caffeine has
increased due to the easy availability of analgesics, CNS stimulant
medicine and dietary supplements at shops, health stores and
through online purchases [5]. However, autopsy case reports from
caffeine intoxications are rare [6–10].

To outline the systemic toxicological and pathophysiological
investigation, we reported the suicide of a woman from caffeine

intoxication associated with the ingestion of a CNS stimulant
medicine.

2. Case report

2.1. Case history

The subject of this case was a female in her twenties with no
clinical history. She was reported as having been worried about
her job. Her family found her unconscious early in the morning
in their living room. On arrival at the hospital emergency unit,
she was in a state of respiratory and cardiac arrest. Resuscitation
efforts were unsuccessful. Sleepiness-preventing tablets were
found on the desk near her body. She had purchased a large
quantity of the tablets via the internet. A forensic autopsy was per-
formed approximately 36 h after her death.

2.2. Autopsy findings

The subject’s height and weight was 152 cm and 51.2 kg (BMI,
22.1), respectively. She was pale, with a dark reddish-purple
hypostasis on the back. Her face was slightly congested with dis-
tended jugular veins, and the palpebral conjunctivae were slightly
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congested without petechiae. The heart (224 g) was not dilated and
contained blood fluid without clots, a common sign of acute death.
Both lungs had moderate edema and were surface emphysematous
with a large number of petechiae (Fig. 1a) (weight: left, 436 g;
right, 290 g). The trachea and bronchi were filled with blood-
stained, foamy fluid. The brain (1418 g) was congested and edema-
tous without atherosclerosis of the cerebral arteries. The stomach
contents included a dark-brown viscous fluid (approximately
150 mL) without tablet or food residues. The mucous membranes
of the stomach had erosions (10 cm � 10 cm) with petechial hem-
orrhage in the angular region. Urine had not accumulated in the
bladder. No other findings of significance were noted at autopsy.

2.3. Histological examination

The lungs were emphysematous with a moderately intra-
parenchymal hemorrhage (Fig. 1b and c). The peripheral airways
were filled with eosinophilic edema fluid. The mucous membranes
of the stomach showed marked congestion, edema and multiple
hemorrhages. There were no special findings in the hypothalamus
or adrenal gland on hematoxylin-eosin staining. There were no
other significant histopathological findings.

Immunostaining for adrenaline, noradrenaline, and dopamine
[11] was weakly positive in adrenomedullary cells (Fig. 2a–c). In
the skeletal muscle and myocardium, positive immunostaining of
myoglobin demonstrated a pattern excluding rhabdomyolysis.

2.4. Toxicological examination

2.4.1. Toxicological screening
Toxicological examinations on drug screening using Triage�

(Biosite Diagnostic Inc., San Diego, CA, USA) were negative.

2.4.2. Sample preparation
Samples were extracted using a Gilson ASPEC XL-274 auto-

mated solid/liquid phase extraction (SPE) instrument (Middleton,
WI, USA). Standard calibration curves were constructed using
blank human serum, water, and homogenized liver (0.5 mL) con-
taining 0.1, 1, and 10 lg of caffeine standard internal standard

(1 lg/mL cocaine). To 0.5 mL of each sample, 50 lL of solution con-
taining cocaine as an internal standard for caffeine was added. We
investigated other drugs and chemicals, including standard drugs
and internal standards as listed in reference 3. Gastric contents
were diluted before extraction. Organs were prepared by homoge-
nizing the tissue and then adding the internal standard. The pH of
the sample was adjusted to �7.0 by adding 1 mL of 0.1 M sodium
phosphate buffer (pH 7.0). The mixture was vortexed, centrifuged
at 2,500 rpm for 5 min, loaded onto Bond Elut Certify columns,
and gently aspirated. Columns had been previously conditioned
with 2 mL of methanol and 2 mL of 0.1 M sodium phosphate buffer
(pH 7.0). After applying the samples, the columns were then suc-
cessively washed with 3 mL of water, 3 mL of 0.1 M hydrochloric
acid solution, and 9 mL of methanol. Finally, analytes were eluted
with 2 mL of a freshly prepared mixture of chloroform/isopropanol
(80:20) containing 2% ammonium hydroxide. The eluates were
collected and evaporated to dryness under a gentle stream of nitro-
gen. The residues were reconstituted with 50 lL of ethyl acetate,
and 1 lL aliquots of the extracts were analyzed by GC–MS. The
GC/MS was an Agilent Technologies Model 5975c MSD equipped
with a 30 m � 0.25 mm i.d., DB-5MS column with a 0.25 lm film.
Method conditions included: column temperature, 100–325 �C;
injector temperature, 280 �C; turbocharged carrier gas, He at a flow
rate of 48 cm/s; interface temperature, 300 �C). Recovery of stan-
dards ranged from 60–70% to >95% in our department. The limit
of quantification is the lowest concentration of analysis that can
be specifically measured with the presence of the three transitions
and corresponds. Our analyses were based on our previously
reported method [12,13].

2.4.3. Results of toxicological examination
The post-mortem concentrations of caffeine were 48.4 lg/mL in

the left heart blood, 154.2 lg/mL in the right heart blood, 16.6 lg/
mL in the iliac vein as peripheral blood and 197.5 lg/mL in the
stomach contents. The caffeine content of other fluids and tissues
were 21.3 lg/mL in the cerebrospinal fluid, 15.7 lg/mL in the
aqueous humor, 852.3 lg/mL in the bile, 217.5 lg/mL in the cere-
bellum and 314.5 lg/mL in the lower right lobe of the lung.

Fig. 1. Photograph of the right lung (a). Histological examination indicated moderately edematous in the central area (b) and emphysema in the peripheral area (c) of the
lung.
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