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Abstract
Introduction 2,4-Dinitrophenol (DNP) is a known uncoupler of oxidative phosphorylation that clinically leads to hyperthermia,
tachycardia, tachypnea, and metabolic acidosis. Intentional overdoses of DNP are often fatal. We present an analytically con-
firmed fatal case of DNP overdose with a falsely positive elevated salicylate concentration. We further explored this cross
reactivity of DNP with two salicylate assays.
Methods Clinically relevant serial dilutions of DNP were prepared in drug-free serum and analyzed using two different color-
imetric NADH/NAD-based analytical methodologies.
Results The enzymatic salicylate assay demonstrated a reproducible false elevation of salicylate starting at a DNP level
of 100 mg/L while the EMIT-based methodology was without any such interference at the maximum concentration
tested (150 mg/L).
Conclusions DNP cross reacts with some salicylate assays. This knowledge is important for providers, as there are significant
variations in the management of DNP versus salicylate toxicity.
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Introduction

The chemical 2,4-Dinitrophenol (DNP) was first used in
World War I for munitions manufacturing [1]. It is now
used in manufacturing wood preservative, dyes, explosives,
and pesticides [1–3]. DNP ingestion was noted to cause

significant weight loss and its use as a weight loss agent
started in the 1930s; however, it was banned in the USA in
1938 due to its toxicity, which included deaths [4]. In the
last decade, DNP exposures have increased secondary to
online availability and targeted advertisement toward body
builders [1]. There have been 12 published deaths associ-
ated with DNP between 2000 and 2010 [1].

DNP acts by uncoupling oxidative phosphorylation and
inhibiting ATP formation, resulting in an increased metabolic
rate and hyperthermia. These effects can lead to alterations in
cellular functioning, cellular necrosis, multi-organ dysfunc-
tion, and death [1–5]. Clinically, acute DNP toxicity presents
with tachycardia, tachypnea, hyperthermia, and metabolic ac-
idosis. Deaths are related to an increased hypermetabolic state
resulting in hyperthermia and cardiac arrest. A characteristic
yellow coloring sometimes stains the skin, sclera, and body
fluids and is suggestive of DNP exposure [1, 2, 4, 6–8]. Other
drugs that have a similar mechanism of action include penta-
chlorophenol, salicylates, [8, 9] valinomycin, and oligomycin
[10]. The structures of DNP and salicylate are shown in Fig. 1.
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Note the structural similarity of the electron withdrawing side
groups (nitro, carboxylic acid) on the aromatic ring. For com-
parative purposes, DNP is depicted with its phenolic proton,
although at physiologic pH it is predominantly present as a
resonance stabilized phenolate ion.

We present a fatality from an intentional DNP overdose,
presenting with an elevated salicylate concentration. As salic-
ylates are also uncouplers of oxidative phosphorylation, this
finding was initially unexpected and clinically confusing.
False positive interference of DNP on the salicylate assay
has not previously been described in the literature.

Case Presentation

Aswewere unable to obtain consent from the patient’s next of
kin, the following case has been anonymized according to
JMT guidelines and approved by the editorial board since
the manuscript primarily focuses on the laboratory issues in-
volved in this clinical event.

A college student presented to the Emergency Department
(ED) via EMS with an intentional self-harm ingestion of 12
tablets of dinitrophenol 250 mg (3000 mg total) 4 hours prior
to arrival. Data presented by the EMS crew was consistent
with a suicide attempt. En route, the patient was hyperthermic
to 39.3 °C and ice packs were placed by EMS. In the ED, the
patient was tachycardic to the 160 bpm, tachypneic at 40
breaths per minute, diaphoretic and had depressed conscious-
ness. Cooling measures with ice packs and cold IV fluids were
continued in the ED. Chest X-ray showed no acute abnormal-
ities, and the EKG demonstrated sinus tachycardia at
150 bpm, QRS of 88 ms, and QTc of 404 ms, without ST
segment abnormalities. The patient was intubated for airway
protection, using etomidate and rocuronium, and the heart rate
dropped to 90 bpm. Soon after intubation, the patient’s QRS
interval widened on the monitor and pulses were lost. ACLS
was initiated and continued for approximately 45 min. During
the cardiac arrest resuscitation, the patient received 5 mg of

epinephrine, 150 mEq of sodium bicarbonate, and 13.6 mEq
of calcium chloride. The patient’s skin developed a yellow hue
and increased muscular tone was noted. Despite resuscitative
efforts, the patient died just over an hour after arrival. Review
of laboratory testing showed a leukocytosis of 16.6 × 109/L,
creatinine of 1.5 mg/dL (132 μmol/L), lactate of 3 mmol/L,
glucose of 194 mg/dL (10.7 mmol/L), and potassium of
5.2 mmol/L. Urine drug screen, ethanol, and acetaminophen
concentrations were negative. An elevated salicylate concen-
tration of 224 mg/L (1.62 mmol/L) was reported.

Autopsy conducted 10 hours after the time of death dem-
onstrated firm rigor mortis and large amounts of pulmonary
edema. There was no noted abnormal yellowing of the viscera
or any bodily fluids. The medical examiner determined the
cause of death to be due to DNP; other substances including
benzodiazepines, cocaine, ethanol, opiates/opioids and organ-
ic acids/bases/neutrals were not detected. A postmortem iliac
vein blood DNP concentration determined by GC/MS was
98 mg/L; blood obtained about 1 hour prior to death demon-
strated a blood DNP concentration of 120 mg/L.

A fatality associated with DNP ingestion was not surpris-
ing. However, the elevated salicylate concentration was unex-
pected. The question arose as to whether DNP could cause a
falsely elevated salicylate concentration. To further explore
this question, we performed an in vitro analysis of two com-
monly used clinical salicylate quantitative methods.

Methods

2,4-Dinitrophenol (DNP, 99.9% Sigma-Aldrich) was dis-
solved in 100 ml of pH 7.0 0.1 M phosphate buffer to a final
concentration of 990 mg/L. Four dilutions of 0, 50, 100, and
150 mg/L DNP were prepared using salicylate-free serum and
buffer. Samples were analyzed with two methodologies. The
first was a Beckman DXC/LX 20 system using a Synchron®
systems salicylate reagent with a sensitivity limit of < 40 mg/
L. This relies on salicylate hydroxylase to catalyze the con-
version of salicylate and NADH to catechol and NAD. It
measures the change in absorbance at 340 nm, which is pro-
portional to the amount of salicylate present; this was the
methodology used in the above case report. The second meth-
od used an NAD based EMIT method where the competing
antigen is labeled with G6PD with a sensitivity of < 25 mg/L.
As binding occurs, enzymatic activity converting NAD to
NADH is decreased and salicylate competes with the labeled
antigen.

Each sample (n = 4) was analyzed twice and if there was
any detectable salicylate, they were analyzed twice again. The
final value of salicylate at a given concentration was the aver-
age of the four results or expressed as the sensitivity limit for
the assay (i.e., none was detected).Fig. 1 Structure of Dinitrophenol (left) and salicylate (right)
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Results

The EMIT-based methodology did not result in any detectable
salicylate at any DNP concentrations. The enzymatic salicylate
assay demonstrated a false elevation of salicylate starting at a
DNP level of 100 mg/L. The coefficient of variance was < 2%
for 100 and 150 mg/L concentrations, suggesting a stable and
reproducible interference effect (Fig. 2).

Discussion

Our laboratory testing demonstrated that elevated DNP con-
centrations cross-react with the salicylate enzymatic assay and
give a false positive result at high concentrations. This inter-
ference may be linear in fashion, but the shape of the full curve
is uncertain. This is because 100 mg/L DNP resulted in a false
positive salicylate concentration that was not quite twice the
detection limit of the assay. If the effect was linear, half that
concentration of DNP would result in a signal that would be
ignored as it would not reach the detection limit, which is what
was observed. The exact cause of this interference is not
known; simple colorimetric interference seems unlikely, as
both assays use the change in absorbance at 340 nm. The
cause was probably related to cross-reactivity of the salicylate
hydroxylase enzyme with DNP. Although it would be ideal to
repeat the experiment to further explore where the interference
began with this assay, due to administration, personnel and
laboratory equipment changes, this is unfortunately not
possible.

DNP is a rare ingestion, but often fatal. The lowest pub-
lished lethal human oral dose reported was 4.3 mg/kg; this
reference provides a comprehensive overview of the majority
of deaths reported in the last 100 years [1]. Serum concentra-
tions associated with fatalities range considerably but are

usually above 25 mg/L [11]. Being aware of the cross-
reactivity with the salicylate assay is important for providers
to avoid mismanagement of the patient due to the potential
clinical similarities.

Management choices in DNP toxicity are limited, as there
is no antidote. Activated charcoal can be considered for awake
patients who present within 1 hour of ingestion [1]. The main-
stay of treatment focuses on aggressive IVF resuscitation and
cooling of the patient with various methods such as ice packs,
cooling blankets, cold IVF, or fans. Airway management with
endotracheal intubation, monitoring of electrolytes, glucose,
and renal function are often necessary. Benzodiazepines are
the drug of choice for agitation or seizure activity [1–3, 5, 7].
Salicylates and anticholinergic agents should not be used, as
they can worsen the hyperthermia [1, 5–8].

DNP toxicity is secondary to uncoupling of oxidative phos-
phorylation and inhibition of ATP formation, resulting in an
increased metabolic rate and hyperthermia. These effects can
lead to alterations in cellular functioning, cellular necrosis,
multi-organ dysfunction, and death [1–5]. DNP is also report-
ed to cause a release of calcium from intracellular stores [12].
This excessive intracellular calcium may lead to increased
muscle contractions and further heat production. Dantrolene
is traditionally used in malignant hyperthermia to limit the
Ca2+ release from the sarcoplasmic reticulum, decrease mus-
cular contractions, and limit further heat production [1–3].
This suggested mechanism of increased calcium release and
muscular contractions is dantrolene has been proposed to be
of benefit in DNP toxicity [1–3, 12].

Hemodialysis is standard of care for severe salicylate tox-
icity [9]. However, DNP has a pKa of 4.09, is lipophilic, and
highly protein bound, making it a poor candidate for removal
by hemodialysis [2, 5, 13, 14]. Nevertheless, hemodialysis
may be considered for correction of acid-base dysfunctions
in these cases.
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Fig. 2 Graph of the measured
salicylate concentrations vs. DNP
concentrations. The error bar at
50 mg/L reflects the assay
detection limit of 40 mg/L of
salicylate. The error bars at 100
and 150 mg/L depict a 5%
coefficient of variance based on
assay limits. The dotted lines
suggest an estimate of the
inference between 50 and
100 mg/L
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Conclusion

DNP toxicity has a high fatality rate with limited available
resuscitative therapies. DNP can cross-react with some labo-
ratory salicylate assays and cause a falsely elevated salicylate
concentration. This interaction is important for clinicians to be
aware of beyond the diagnostic conundrum, as there are sig-
nificant differences in the treatment modalities between salic-
ylate and DNP toxicity.
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