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Abstract

We report an autopsy case of a man whose death was caused by a combination of aspirin (acetylsalicylic acid)
poisoning and chlorine gas inhalation. Toxicological analysis of aspirin and salicylic acid using high performance
liquid chromatography with photodiode array detection showed that the concentration of salicylic acid was 444.7 ug/
mL in the heart blood and 68.3 pg/g in the brain. Existence of chlorine gas was proven, in the form of chloride ions,
in a plastic bag near the body using energy dispersive X-ray fluorescence spectrometry. It was thought that damage
to the mucosa, respiratory tract and skin had been caused by hydrochloric and hypochlorous acid associated with
chlorine gas inhalation that rapidly aggravated the respiratory distress and pulmonary edema caused by aspirin and
salicylic acid. This case report shows that the risk of death is increased when two substances, aspirin and chlorine
gas, are taken through different routes, even if the concentration of one of them does not reach the lethal dose.
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Introduction

Aspirin (acetylsalicylic acid), with fewer adverse reactions than
salicylic acid, was first generated as an antipyretic analgesic through
acetylation of salicylic acid in the late 19% century [1-3]. Since then,
aspirin has long been used as an ingredient in anti-inflammatory
agents worldwide and is commonly used as a drug with anti-
inflammatory, antipyretic and analgesic effects, as well as antiplatelet
and antirheumatic effects [4-6]. Aspirin has been used as a prescription
drug and nonprescription (over-the-counter) drug, and demand for
the drug has steadily increased [6,7]. However, some nonprescription
drugs that are formulated with a large amount of aspirin and no
antacid have potent effects, which raise concern about the use of these
products. Consequently, cases of aspirin poisoning caused by overdose
are common [8-10].

We report an autopsy case of fatal poisoning by chlorine gas
inhalation and ingestion of a large amount of nonprescription aspirin.
Toxicological analysis showed high concentrations of the active
metabolite of aspirin, salicylic acid, in the blood and brain. Metabolic
acidosis that is characteristic of salicylism increases the distribution of
salicylic acid into the brain.

Furthermore, high doses of aspirin prolong the half-life of salicylic
acid, resulting in toxicity, such as pulmonary edema. In addition,
damage to the lungs and respiratory tract may be aggravated by
chlorine inhalation. The possibility that the male died from aspirin and
chlorine gas poisoning is high.

Case Report

Case history

A 48-year-old male (height 168 cm, weight 53.7 kg) was found
dead in a hotel bed. Two empty toilet detergent bottles and one kitchen
bleach bottle were found at the bedside on the floor. A plastic bag
containing a clear and colorless liquid, which was assumed a mixture
of toilet detergent and kitchen bleach, was found beside the decedent.
Moreover, six empty cartons (total 60 tablets) of nonprescription
analgesic antipyretics (Aspirin®) were in the garbage can. He had no

past medical history. To clarify the cause of death, a forensic autopsy
was performed approximately 36 h after death.

Autopsy findings

The decedent was 168 cm tall and weighed 53.7 kg. The face showed
red-brown discoloration with erosion, especially on the skin around the
lips with foam exuding from the mouth following pulmonary edema
displayed severe erosion. The external findings were unremarkable.
Internally, the left and right lungs weighed 1100 and 1000g,
respectively, and showed marked pulmonary edema and congestion.
The trachea and bronchi were filled with froth, and many ecchymoses
were observed in the mucosa. There was approximately 150 mL of
stomach contents containing a reddish-brown liquid that included a
white granule. The heart weighed 270 g and contained approximately
200 mL of dark red and viscous blood. Femoral blood could not be
collected for a blood clot. The coronary artery showed no abnormal
findings including stenosis. The brain weighed 1300 g, and surface was
slightly filling. Most organs showed slight congestion. Postmortem
samples including heart blood, urine, stomach contents, organs (brain,
lung and liver) and the liquid in the plastic bag were collected during
autopsy and kept at —40°C for toxicological examination.

Toxicological Examination
Materials

Aspirin, salicylic acid and 2-methylbenzoic acid (internal standard,;
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IS) were purchased from Wako Pure Chemicals (Osaka, Japan). All the
other reagents and solvents for instrumental analysis were analytical
grade. The formalin solution used for tissue fixat ion was purchased
from Wako Pure Chemicals (Osaka, Japan).

Sample preparation

Analysis of aspirin and salicylic acid in various fluid and organ
samples was performed in accordance with the modified Needs’
method [11]. In brief, 200 pL fluid samples were added to 200 pL
internal standard (5 pl/mL 2-methylbenzoic acid). After agitation,
400 pL acetonitrile was added drop wise slowly to the sample solution.
After the mixture was centrifuged (20,630 xg, 10 min; KUBOTA
3300, Tokyo, Japan), 20 uL of the supernatant was injected into an
HPLC-PDA. The organ samples (0.5 g) were homogenized with 1 mL
distilled water and centrifuged for 10 min at 2,270 xg (KUBOTA 5910).
Following centrifugation, 200 uL of the supernatant was deproteinized
with acetonitrile (400 uL). After the mixture was centrifuged (20,630
xg, 10 min; KUBOTA 3300), 20 pL of the supernatant was injected into
the HPLC-PDA.

For energy dispersive X-ray fluorescence spectrometric analysis,
the fluid and organ samples of this case and 10 samples of non-drug
cases (control samples) were analyzed without any further sample
preparation.

Instrumentation

Quantification of aspirin (i.e., acetylsalicylic acid) and salicylic
acid were performed using high performance liquid chromatography
with photodiode array detection (HPLC-PDA; Class-VP system,
Shimadzu, Kyoto, Japan). The HPLC-PDA system consisted of a
pump (LC-10ADvp) and detector (both from Shimadzu). Analysis
of drugs was performed using a Develosil ODA-UG-5 column (4.6
mm id. x 250 mm) and Shim-pack SPC-RP3 column (4.0 mm i.d.
x 30 mm) at 50°C. The mobile phases used were 2.8 mM phosphate
buffer solution (pH 2.7) and acetonitrile. The gradient program of the
mobile phase was performed as follows: 10 % acetonitrile at 0 min,
50% at 10 min with a constant flow rate of 1.0 mL/min. The chlorine
gas (in the form of chloride ion) of the postmortem samples and the
clear and colorless liquid in the plastic bag were analyzed by energy
dispersive X-ray fluorescence spectrometry (EDXRF; JSX-3220,
JEOL, Tokyo, Japan). EDXRF is a method that detects fluorescence
X-rays emitted from a sample following X-irradiation. The type and
concentration of an element that are contained in a sample can be
determined nondestructively. This case indicates that screening with
EDXREF provides useful information for drug identification [12]. The
operating conditions for EDXRF were as follows: target: Rh anode;
operating voltage and current: 30 kV/300 uA; detector: silicon-lithium;
and measurement time: 300 sec. The blood and urine samples were

Specimen Acetylsalicylic acid
Heart blood 1.0
Urine ND
Stomach contents 31155
Brain ND
Lung ND
Liver ND
Colorless transparent liquid ND

analyzed for ethanol by headspace gas chromatography (Auto System
XL, PerkinElmer and Waltham, MA, USA).

Method validation

To plot calibration curves by HPLC-PDA, body fluid and organ
samples spiked with the standard drugs at five different concentrations
(from 0.1- 1,000 pg/mL) were analyzed according to the previously
described procedure. The calibration curve was obtained by plotting the
peak area ratios of each standard drug to IS against drug concentration.
The limit of detection and the limit of quantification were 0.1 and 1.0
ug/mL, respectively, for aspirin and salicylic acid in body fluid and
organ samples (S/N=3).

Histological examination

The brain and lung tissue samples were fixed in 10 % formalin
solution and embedded in paraffin. Serial paraffin sections, 3-pm
thick, were prepared and stained with hematoxylin and eosin. The
stained sections were evaluated under different magnifications of light
microscopy (Nikon Eclipse 50i, Nikon Corp., and Tokyo, Japan).

Results

The results of the toxicological analysis of this case are presented
in Table 1. In all body fluid and organ samples, salicylic acid was
detected in relatively high concentrations, and chloride ion levels
were nearly equivalent to the control group. In the clear and colorless
liquid contained in the plastic bag, aspirin and salicylic acid were not
identified; chloride ion was detected in large quantities. No ethanol was
detected in the blood or urine. Drug screening results using the Triage®
Drugs of Abuse Panel (Biosite Diagnostic Inc., San Diego, CA,USA)
were negative. Histopathological examination revealed pulmonary
edema (Figure 1). However, cerebral edema was not observed.

Discussion

In this case, aspirin and its active metabolite, salicylic acid, were
detected in heart blood at concentrations of 1.0 and 444.7 ug/mL,
respectively. Aspirin has an elimination half-life of 15 to 20 minutes
and is rapidly hydrolyzed to salicylic acid by blood and liver esterases
[11-15]. Salicylic acid at a dose of 3.0 g or less is relatively rapidly
eliminated from the blood with an elimination half-life of 2 to 4 hours.
However, when large amounts of aspirin are ingested (> 10 g), the
elimination half-life is prolonged to 20 hours or more [11,15,16], and
absorption may be delayed due to salicylate-induced pylorospasm and/
or the formation of pharmacobezoars [16]. In this case, we estimate
that the deceased took approximately 60 tablets of non-prescription
aspirin products (500 mg/tablet), and therefore, salicylic acid remained
in the blood at a high concentration for a relatively long time. Poisoning
caused by intake of large amounts of aspirin is known as salicylism.
In this situation, metabolic acidosis and respiratory alkalosis develop

Sal icylic acid Chiloride ion (vs control group)

4447 Equal
105.9 Equal
5118.1 Equal
68.3 Equal
60.9 Equal
34.5 Equal
ND Very large quantity

ND: not detectable at the limits of quantitation of 1.0 y g/mL o r pg/ g for body fluid and organ samples

Table 1: Acetylsal icylic acid and salicyl ic acid concentration in fluid and organ samples (ug/mL or pg/ g). Chloride ion was indicated the relat ive amount compared to the

control group.
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Figure 1: Histopathology of pulmonary evidence severed edema (H&E stain,
magnification X10).

due to a serious acid-base imbalance and lead to heart and respiratory
failure, resulting in death [17]. The pathological mechanism is direct
stimulation of the respiratory center in the medulla oblongata by
salicylate, with hyperpnea and hyperventilation decreasing the blood
CO, concentration and causing respiratory alkalosis [18]. Subsequently,
salicylate distributed into cells from the blood directly inhibits oxidative
phosphorylation in these cells, which reduces ATP production and
causes an imbalance of metabolism and energy supply, resulting in
metabolic acidosis [19]. In this case, salicylic acid was present at levels
of 68.3, 60.9 and 34.5 ug/g in the brain, lungs and liver, respectively.
These values are lower than those in previous cases of death from
aspirin poisoning (300-400, 900-1400, and 600-800 pg/g in the brain,
lungs and liver, respectively) [20]. However, our case notes that the
level in the brain was greater than those in the lungs and liver. Salicylic
acid is an acidic substance that is charged in the blood and is unlikely
to pass through the lipid bilayer of the blood-brain barrier [20,21].
However, when large amounts of aspirin are taken, metabolic acidosis
is induced, and the high concentration of salicylic acid decreases blood
pH. This increases the undissociated form of salicylic acid and allows
the drug to pass through the blood-brain barrier. Distribution of
salicylic acid to the brain causes cerebral edema [22] and has a central
nervous system effect on the respiratory center [18,23] regardless of
the blood concentration. Therefore, although it is not clear which of
respiratory alkalosis or metabolic acidosis affected to his death, it is
certainly that the high concentration of salicylic acid in our case also
had a serious effect on the central nervous system.

The lethal dose of aspirin is > 500 mg/kg body weight [19]. The
possibility of death exists in this case, where the decedent weighed 53.7
kgand took atleast 54 aspirin tablets (500 mg/tablet). Further, the effects
of chlorine gas may have been ancillary to the lethal effect of aspirin.
It is thought that chlorine gas was generated by mixing toilet detergent
(hydrochloric acid) with kitchen bleach (sodium hypochlorite) in the
plastic bag. Chlorine gas has direct effects on humans, which mainly
include strong irritation of the mucosa of the eyes, nose and upper
and lower respiratory tract and dermal inflammation [24,25]. In this
case, the erosion of the face and around the lips, and severe pulmonary
edema suggested that damage to the skin and mucosa of the respiratory
tract was caused by chlorine gas inhalation. Furthermore, inhaled
chlorine gas dissolves in the mucus in the respiratory tract and alveoli,
and subsequently generates hydrochloric and hypochlorous acid that
destroy the cellular structure. Erosion around the lips was most likely
due to a chemical burn caused by contact with froth containing these
acids. This eliminated the possibility of intake of the clear and colorless
liquid because chloride ions were not detected in the heart blood,

urine and gastric contents. However, it was thought that damage to the
mucosa, respiratory tract and skin had been caused by hydrochloric
and hypochlorous acid associated with chlorine gas inhalation that
rapidly aggravated the respiratory distress and pulmonary edema
caused by aspirin and salicylic acid.

In summary, we examined a deceased person who inhaled chlorine
gas and ingested a large number of aspirin tablets. The active metabolite
of aspirin, salicylic acid, was detected at a high concentration in the
blood and in several organs, and especially in the brain. In addition,
mucosal irritation of the respiratory tract was produced by inhalation
of a high concentration of chlorine gas. Consequently, we conclude
that the cause of death was salicylic acid poisoning combined with
chlorine gas inhalation. This case demonstrates that the risk of death
is increased when two substances are taken through different routes,
even if the concentration of one of them does not reach the lethal dose.
This is particularly true if one of the substances is a toxic gas that causes
pulmonary damage.
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