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Case report: Fatal long-term
intoxication by 2,4-dinitrophenol
and anabolic steroids in a young
bodybuilder with muscle
dysmorphia
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Laurie Gheddar?, Alice Ameline?, Pascal Kintz? and
Renaud Bouvet!?

!Department of Legal and Penitentiary Medicine, Rennes University Hospital, Rennes, France,
2Institute of Forensic Medicine, Strasbourg, France, *Institute of Public Law and Political Science,
University of Rennes, Rennes, France

A case of chronic intoxication by 2,4-dinitrophenol (2,4-DNP) is reported in a
21-year-old bodybuilder, also known as an abuser of anabolic steroids, who died
after ingesting 2 grams of this substance after 6 months of repeated consumption.
The bodybuilder presented the triad of symptoms — tachycardia, tachypnoea,
profuse sweating — from 6 months before his death, and was hospitalised for
multiple organ failure 4 months before his death. Medical staff attributed this
serious episode to his consumption of 2,4-DNP. Although the triad of symptoms
persisted, he denied continuing to consume 2,4-DNP during consultations with his
general practitioner, who therefore looked into a possible diagnosis of endocrine
or tumour disorder. The bodybuilder died of multi-organ failure. The autopsy found
diffuse visceral congestion and yellowish colouration of integuments. Toxicology
demonstrated not only lethal acute 2,4-DNP intoxication (blood concentration
was 88 mg/L), but also chronic intoxication (segmental hair concentrations were
5.1 to 25.5ng/mq). Different anabolic steroids were also identified in the hair.
Continued uncontrolled consumption of 2,4-DNP despite the consequences for
his health, combined with an obvious preoccupation with his physical appearance,
supported the suspected diagnosis of “muscle dysmorphia“, a psychiatric disorder
in which dangerous substances are trivialised. Primary care professionals, the first
to come into contact with intoxication cases, should receive training on how
to detect and manage cases with symptomology that mimics 2,4-DNP use. A
large study evaluating the outcomes of acute intoxication cases if “aggressive”
management had been immediately implemented may help us determine the
optimal course of action that minimises fatalities.

KEYWORDS

2,4-dinitrophenol, muscle dysmorphia, bodybuilding, chronic poisoning, aggressive
resuscitation therapeutics, case report

Introduction

The pathophysiology of 2,4-dinitrophenol (2,4-DNP, chemical formula C;H,N,Os) has
been explored since the 1930s (1): its lipophilic nature allows it to cross membranes to reach
the mitochondrial matrix where it releases a hydrogen ion (H+), such that the H+ gradient is
eventually abolished. Given that this gradient normally constitutes the proton-motive force
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for oxidative phosphorylation, the effect is to decouple oxidative
phosphorylation and to interfere with the Krebs cycle. Furthermore,
in the presence of 2,4-DNP, inorganic phosphate is no longer taken up
by mitochondria, so it cannot be added to ADP molecules by ATP
synthase. The energy released during oxidation-reduction reactions
becomes insufficient to boost ATP production and is dissipated in the
form of heat: as the dose of 2,4-DNP is increased, energy production
gradually becomes less efficient, and metabolism increases to
compensate for the lack of efficiency and meet energy requirements.
The main clinical manifestations of 2,4-DNP intoxication are
summarised in Table 1. The classic acute triad consists of: profuse
sweating (non-systematic hyperthermia), tachycardia, and tachypnoea
(2-4). In chronic intoxication, development of a cataract is the main
manifestation (5). Another characteristic feature of exposure to
2,4-DNP is yellowish colouration of integuments due to impregnation
by nitrate derivatives (6, 7). In cases of lethal intoxication, death
occurs on average within 14 h of ingestion (4).

Since 1916, scientific publications on acute and chronic 2,4-DNP
intoxication have described the clinical course during the hospital stay,
which sometimes culminated in death (3, 8, 9). However there do not
seem to be any published articles presenting the clinical history of
chronic consumers of 2,4-DNP. In addition, it is notably sportspeople
who continue using 2,4-DNP despite its toxic effects (10), which
prompts the question of whether a psychiatric comorbidity might
be present in these consumers. The case study presented involves a
21-year-old male who had been consuming 2,4-DNP for several
months but only reported this while being treated for serious adverse
events in hospital 4 months before his death; he was receiving medical
care throughout the period of exposure.

Case presentation
Medical history

Figure 1 shows clinical and laboratory/imaging findings available
from February to August 2019. The young man (henceforth called M)
had neither remarkable medical history since childhood nor weight
gain issues, was up to date with all his vaccinations, had not traveled
abroad in the year preceding his death, and no member of his family
or circle of friends or fellow students had symptoms of a contagious
infection. Since 2017, he had been under the care of the same primary
care doctor (his GP), whom he first consulted in February 2019 with

TABLE 1 Main clinical manifestations of acute and chronic intoxication by
2,4-dinitrophenol.

Acute intoxication ( ) Chronic intoxication

(5,6, 8)

Cutaneous: Fournier’s gangrene,

General: hyperthermia, profuse sweating
Cardiovascular: tachycardia, palpitations maculopapular erythematous
Gastrointestinal: nausea-vomiting, abdominal skin eruptions, rash

pain Ophthalmological: cataract
Neurological: headaches, confusion, agitation, Haematological: bone marrow
dizziness lesions, agranulocytosis
Respiratory: dyspnoea, tachypnoea Neurological: CNS lesions

Renal: acute kidney disease (tubular necrosis)

Exposure: yellow colouration of integuments (6)
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his first somatic complaint: painful gynaecomastia. Ultrasound
examinations of mammary tissue and testes were unremarkable; blood
panels showed hyperprolactinaemia, elevated LH, and hepatic
cytolysis predominantly GPT. The symptoms resolved spontaneously.
Symptoms developed from June 2019; sweating, followed by
tachycardia, tachypnoea and a sensation of thirst. His GP did not fully
appreciate the significance of the symptoms and laboratory
abnormalities. Gastrointestinal symptoms and irritability then
developed. During this period, M visited his GP several times and
underwent additional investigations including blood testing
(testosterone undetectable), testing for sexually transmitted infections
(negative results) and a chest X-ray.

On 30 August 2019 at 4am, M presented at A&E: symptoms were
at their peak, and also included mouth dryness and vomiting. He had
tachycardia of 145bpm, systolic hypertension and moderate
hyperthermia. Laboratory testing showed incipient acute kidney failure
in association with rhabdomyolysis, which added to the compensated
respiratory alkalosis. He was managed in the resuscitation room, then
admitted. It was only fifteen hours after his admission that he disclosed
to the doctor that he had consumed 2,4-DNP, which he had obtained
from someone at his gym. An evaluation carried out during his 3-day
hospital stay revealed a Campylobacter jejuni infection (see
Supplemental material S1 for detailed information on clinical findings,
investigations and treatments).

Figure 2 contains the clinical manifestations, investigations and
treatments received from September 2019 to January 2020. In the first
few weeks after being discharged from hospital, M developed many
symptoms over time: profuse sweating, thermophobia, tachycardia,
tachypnoea, then irritability, asthenia and symptoms suggestive of renal
damage (oliguria, “puffed up” appearance). After returning home,
he consulted the GP who had been treating him from childhood to
adulthood. Between September and December 2019, as symptoms
became worse, he saw his GP three times; several additional
investigations were ordered and an appointment was scheduled with an
endocrinologist for January 2020. Given the persistence and
deterioration of his clinical presentation, on several occasions his GP
raised the problem of 2,4-DNP consumption given that M had disclosed
this during the August 2019 hospital stay. Although the discharge
summary seemed to have established chronic consumption, M
continued to admit a single use of 2,4-DNP. Thus, in consultations with
his GP, he denied being a regular consumer of 2,4-DNP in the period
before his August 2019 hospital stay and in the period following discharge.

On 4 January 2020, shortly after 2am, M called the medical
emergency number reporting a clinical picture similar to that of August
2019 and that he had consumed 2g of 2,4-DNP approximately 4h
earlier. He arrived at the A&E of the university hospital approximately
6h after ingestion (H+6), at which time other than intense tachypnoea
and respiratory alkalosis, there were no clear signs of organ failure;
neither headaches, nor photo/phonophobia, nor hyperthermia. He was
placed under surveillance. At around H+9, the clinical picture
deteriorated precipitously: worsening neurological symptoms
(confusion, agitation) and tachycardia, systolic hypertension,
temperature rising from 37°C to 38 then to 41°C despite the application
of external cooling measures, with a fall in respiratory rate, multi-organ
failure, development of ventricular tachycardia then asystole. At H+ 11,
axial hypertonia developed whose intensity was so severe as to hinder
intubation and prevent mechanical ventilation. In view of the inefficacy
of treatments initiated, the non-existence of an antidote and the
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Medical history from GP’s charts

Blood test:
Blood biochemistry:
Liver function: AST 45 IU/L, ALT 61 IU/L
ALP- GGT, serum electrolytes: na
Hormonology:
Prolactin 15.4 ng/mL, LH 10.2 IU/L
TSH us, testosterone, hCG tot, E2: na
Haematology (blood count): na

A

armmsmmEsrEsEarnEn

Blood te
Blood biochemistry:
Liver function: AST 45 TU/L, ALT 62 TU/L
GGT, renal function, glycaemia, LAE, serum iron, trans
ferrin, TSC: na
Haematology (blood count, ESR), ferritin, CRP, hormonology
(TSH): na

201902

#

20190301

Medical certificate for University €—— 20190311

20190312

20190313 —> GP to parents: "wants M to quickly echo the breasts and

Mammography and breast US, testicular US <—— 20190325 ——> "No anomaly"

Medical history from family interview

ALP alkaline ALT alanine i ferases; AST
aspartate aminotransferases; CRP C-reactive protein; E2 estradiol;
ESR erythroc sedimentation  rate;  GGT  gamma-
glutamyltranspepti BV hepatitis B virus; hCG human chorionic
gonadotropin; HCV hepatitis C virus; HDL high density lipoproteins;
HIV human immunodeficiency virus; LAE lipid abnormalities
exploration; LDH lactate dchydrogenase; LDL low density
lipoproteins; LH luteinizing hormone; STI sexually transmitted

Surfjoms yIm eIUApoISejA

testicles [“to remove any suspicion of serious, cancerous

problems™ "

#

Medical prescription (homeopathy, Penicillin, nasal lavage) €—— 20190511 => "Sinusitis problems"

#

201906

#

Folliculitis, pyrosis €<—— 2191
Medical prescription (acid reducer, Omeprazole)

Blood test:
Blood biochemistry:
Liver function: AST 145TU/L, ALT 456 TU/L.
LAE: HDL-chol 0.55 mmol/L
GGT, LDLchol, TG, renal function, serum electrolytes,
serum iron, transferrin, TSC, glycaemia: na
Hormonology: testosterone >15 ng/mL
Haematology (blood count, ESR), ferritin, CRP, LDH: na

FIGURE 1

0715 ————> "Skin rash and heartburn"

#

20190802 ————————> GP (o parents: "he sweats because it’s the
<3 20190803

BT T T T T P P T T T PP P PP PP TP P TP
& Blood test: H

i STIcheck: HIV, HBV, HCV, syphilis <i-20190805
+ Chest X-rays ; H

= (results not available) : :
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20190830
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Timeline of clinical and laboratory/imaging findings for M, February to August 2019. GP, general practitioner; US, ultrasound; na, no abnormality.

Parents to GP: concern about general
symptoms

heat wave"

GP to parents: anomalies in blood tests but
no emergency "he does bodybuilding"
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persistent interruptions to the circulation, resuscitation efforts were
terminated at H+12. Axial hypertonia persisted postmortem (see
Supplemental material S2 for detailed information on clinical findings,
investigations and treatments).

Postmortem investigation

The subject was a male Caucasian 183 cm tall and weighing 82 kg
(BMI 24.5kg/m?). At autopsy, the only notable findings were yellow
colouration of the plantar surface of the feet and diffuse visceral
congestion. Upon extraction and dissection, the brain was examined
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and found to be normal. The pathological examination of the heart
(weight: 360 g, for a norm according to his morphology: 378 g [293;
463] (11)) revealed left ventricular and septal hypertrophy without
architectural disorganisation. Microscopic examination of hepatic and
renal samples was unremarkable. The toxicology analysis revealed the
presence of 2,4-DNP in the blood (88 mg/L) and urine (83 mg/L) (12).
Results of the toxicological hair analysis (total length of sample: 9 cm)
are presented in Table 2. Tests for the presence and quantification of
2,4-DNP in hair by LC-MS/MS were recently published by Kintz and
Ameline (13). Anabolic steroids were tested in hair using a previously
published method and demonstrated repetitive abuse of various
substances. With respect to the measured concentrations, they can
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Medical history from GP’s charts

Reason for consultation: "sweats+++ for several months"
Medical history:

mostly a 2,4-DNP intake (...) refuses to let his parents know"
—  A'single" intake, "given by a guy at the gym"
—  Information about toxicity; "mistake (...) not taken one since"
Clinical examination: "asthenia, profuse sweating (...) febricula,
odynophagia, minimal cervical ADP". "HR and BP normal"
Medical prescriptions:
"to descramble", chest X-rays

Blood biochemistry:

i Liver function: AST 40 IU/L, ALT 71 IU/L,
i GGT, renal function, serum electrolytes: na
H

: Haematology (blood count), CRP: na

—  Penicillin, Tixocortol pivalate

—  Hospitalisation report (20190803-0902): "bacterial diarrhea but [

1
201909
#
20191014

new GP

—  "Tips to change gym"

i Blood test:
i Blood biochemistry:

! Liver function: AST 43 TU/L, ALT 113 TU/L

i LAE: HDL-chol 0.22 g/L, TG 2.20 g/L

LDL-chol, ALP-GGT, renal function, serum electrolytes, CPK: na
Hormonology: TSH us 0.14 plU/mL

i Haematology (blood count, ESR), ferritin, CRP, protides, SPEP: na
Chest X-rays: normal thoracic imaging

*

Reason for consultation: paternal concern "similarities with episod:

of August (...) bacterial digestive episode"

Medical history:

—  Ask about 2,4-DNP; "loses his temper (...) not an idiot (...)has
(or will) change gym (...) to preserve medical secrecy whatever
happens"; recall about toxicity, "understood"

—  Ask about thyroid extracts or other; just "dietary supplements"

smmmmmm e N\ e

<—— 20191107

" 20191108

and pulmonary examination: normal"
Medical prescriptions:

—  Thyroid and abdominal US, chest X-rays
—  Endocrinology consultation

Thyroid US: no morphological anomaly

ADP adenopathies; ALP alkaline phosphatases; ALT alanine
aminotransferases; AST aspartate aminotransferases; BP blood
pressure; CPK creatine phosphokinase; CRP C-reactive protein;
ESR erythrocyte sedimentation e; FT3 free tri-iodo-
thyronine; FT4 free thyroxine; GGT gamma-
glutamyltranspeptidases; HDL high density lipoproteins; HR
heart rate; LAE lipid abnormalities exploration; LDL low
density lipoproteins; SPEP serum protein electrophoresis; TG
triglycerides; TgAb thyroglobulin antibodies; TPOAb thyroid
peroxidase antibodies; TRAb TSH receptor antibodies; TSH us
thyroid stimulating hormone ultrasensitive; US ultrasound

FIGURE 2

sports science; US, ultrasound.

—  Medical prescriptions: blood test ; stop all alcohol intake 20191117
.............................................................................. g i
! Blood test: 20191118
i Blood biochemistry: i
Liver function: AST 37 IU/L, ALT 75 IU/L, <— 20151119
ALP-GGT, renal function, serum electrolytes: na 20191124
i Hormonology: TSH us 0.13 plU/mL, FT4 0.42 ng/dL 1
Immunology: FT3 1.67 pg/mL :
: TRAb, TPOAb, TgAb: na H
.................................................................................. 1
20191125
Reason for consultation: "sweats after lull" i
Clinical examination: "sweating++. Vital signs NTR. Abdominal ¢ 20191128

— 20191217

20191218

---> Parents to GP: concern about general symptoms. GP asks the
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Timeline of clinical and laboratory/imaging findings for M, September 2019 to January 2020. GP, general practitioner; MP, medical practitioner; STAPS,

Medical history from family interview

parents "fo leave" the medical room

pue  s[ed

s[rew

syuored  uoamidq

pue

do

Apengau,,

Emergency room (of first hospital stay) with father: no medical
examination "says that his case is not a priority, signs a
discharge and leaves"

Parents to MP of first hospital stay: concern about symptoms
return, "he can't do anything, that M must see his GP"

Emails parents/GP:

Parents: concern++ "that he is worried and that this is the
consequence of all this (...) told us that when he drinks alcohol,
all his symptoms stop... “after 10 glasses of whisky I should get
better” (...)"

GP: "whereas during his last hospital stay, the blood test was
very worrying, as all the new blood tests are now pretty good, we
are in two very different scenarios (...) not sure that the hospital
episode and what annoys M currently have the same cause"
Endocrinology consultation planned for 20200127

Abdominal US planned for 20200106

dyspnoea

Contact from M to a STAPS student "for tips (...) that he
consumes up to 6000 calories/d (...) is always hungry, what to
do?" [no mention of 2,4-DNP consumption]

Frontiers in Public Health

04

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1452196
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Hermetet et al.

be interpreted as corresponding to high levels of consumption over a
long period of time, i.e., at least 9 months (14).

The coronial inquiry painted a picture of a young man without
difficulties in his school/university, family or personal life, who
visited several gyms on a daily basis and followed a high-protein
diet in order to build muscle. Investigations at his home point to
polyconsumption of various licit and illicit substances: anabolic
beta-hCG,
trenbolone), protein preparations, and 2,4-DNP contained in

steroids  (stanozolol, nandrolone, testosterone,
sachets labelled “2,4-dinitrophenol; 100 capsules; 250 mg each
capsule” Within the detection limits of the Rennes University
Hospital toxicology laboratory’s equipment (high-performance
liquid chromatograph (HPLC) coupled with a diode array detector
(Alliance, Waters), exact mass spectrometry), none of the NPS
included in the databases at the time of the analyses were found in
either the blood or the urine. The inquiry’s conclusion was

accidental death.

Discussion

2,4-DNP: an appearance-and
performance-enhancing drug

Considered unsuitable for human consumption by the USA’s
Food and Drug Administration since 1938 due to its side effects
and the lack of therapeutic margin or antidote in case of
intoxication, 2,4-DNP initially used as a weight loss aid continues
to be used in certain industrial and scientific fields (15-17), and
most intoxications are accidental, occupational or suicide attempts
(4, 18). Human consumption surged in the mid-2000s due to the
emergence of websites targeted at bodybuilders that presented
2,4-DNP as an appearance and performance enhancing drug
(APED) almost unrivalled as a “fat burner”, producing weight loss
of up to 1.5kg per week (2, 4, 19). The most commonly cited
APEDs are anabolic-androgenic steroids (AASs, prevalence of use
estimated at 1-5% worldwide, higher in the USA (10)), human
growth hormone (human GH, either from an exogenous source or
by stimulating endogenous production via GHB consumption),
creatine, blood doping agents such as erythropoietin (EPO),
amphetamines and stimulants, and beta-hydroxy-beta-
methylbutyrate (HMB) (20-22). The main effects sought by
consumers of these substances are: increase in muscle mass
(AASs); decrease in fat mass (AASs, human GH); improvement in
physical performance (endurance, strength, speed) (creatine,
amphetamines/stimulants, EPO, HMB); and acceleration of
metabolism and improved vigilance (amphetamines/stimulants)
(10, 21). In relation to the goal of losing fat mass, the effects of the
more “traditional” APEDs only become visible after several weeks
to several months of consumption in most cases in combination
with intense physical exercise. 2,4-DNP is appealing as it seems to
give faster and “easier” results (23). Despite its side effects and its
impact on wellbeing, it is still viewed by consumers as requiring
less effort than AASs (23). Polyconsumption is common among
users of APEDs. Chronic consumption of AASs by M was
confirmed by hair analysis (see Table 2) and was probably linked
to the pathological finding of left ventricular hypertrophy not
attributable to hypertrophic cardiomyopathy, a frequently observed
finding in cases of AAS impregnation (24). It was not possible to
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TABLE 2 Toxicological hair analysis.

Substances (units)

Hair concentrations by
segment (/3cm)

Oto3cm 3to 6 to
6cm 9cm
2,4-dinitrophenol (ng/mg) (13) 5.1 13.1 25.5
AAS:
Testosterone (pg/mg) 12 14 16
Testosterone enanthate (pg/mg) Not detected 25 49
Androstenedione (pg/mg) 9 8 11
Boldenone (pg/mg) 1 1,5 2
DHEA (pg/mg) 11 13 15
Nandrolone (pg/mg) 14 10 10
Stanozolol (pg/mg) 40 45 44
Trenbolone (pg/mg) 360 215 267
Trenbolone enanthate (pg/mg) 6 25 35
Methandienone (pg/mg) 15 105 385
Clenbuterol (pg/mg) 47 178 76

AAS, anabolic-androgenic steroids; DHEA, dehydroepiandrosterone.

measure AASs in M’s blood taken during his treatment at the
beginning of January 2020 as the limited quantity of blood in the
samples was used for detection and quantification of possible drugs
and narcotics including 2,4-DNP. Nevertheless, literature data
indicate that in the case of AASs, hair analyses prove to be more
efficient than blood or urine tests (14). His lack of faith in his GP
seems to be consistent with studies carried out among AAS users,
who mainly evoke their concern about a judgemental attitude or
discrimination, lack of confidence in their GP’s knowledge and
concern about the legal ramifications (10).

Regarding the potential for toxicity and fatalities, most APEDs
cause severe side effects in the intermediate and long term after
chronic consumption, rather than after occasional exposure
(cardiovascular pathology with AASs, pseudotumor cerebri with
human GH). Amphetamines cause serious adverse events in the short
term (arrhythmia, convulsions, sudden death); incidentally, some of
these events are similar to those of acute intoxication by 2,4-DNP (21,
24). 2,4-DNP appears to be one of the most dangerous APEDs in the
short term, with lethal ingested doses reported in the literature
ranging from “300mg in 6 weeks” to a one-shot 5g, and death being
primarily due to hyperthermia (4, 25). A resurgence of intoxication
cases, some with fatal outcome, has been observed since 2010, with
signals essentially from the English-speaking world but also Northern
and Eastern Europe and Italy. This prompted the World Health
Organization to request information from poisons centres at the end
0f 2020 in order to understand the extent of 2,4-DNP poisoning by the
systemic route. With the aid of this data it should be possible to
implement action plans. The results of this survey were published in
late 2021 (26, 27).

There are many websites selling 2,4-DNP and their owners have
become proficient at shutting down websites and opening new ones as
necessary. Though 2,4-DNP is available in pills or capsules, the text “not
for human consumption” also appears systematically. Most of these
websites are hosted on servers located outside the European Union, so
this mention is sufficient to allow them to sell as much of the molecule
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as they want (2); and as soon as one website shuts down, others appear.
Some studies have described 2,4-DNP consumers as informed and
prepared for the side effects (2, 23); assertions like these seem to
be unaware of the powerful denial in particular populations such as
those with MD, and the trivialisation of these effects by consumers (4,
23); these factors complicate awareness-raising and prevention
campaigns (28). Prevention campaigns warning about dangers would
be effective among people who had never consumed 2,4-DNP, but not
among regular consumers (29). Finally, primary care professionals
themselves, including GPs, have little knowledge about this substance,
and without a minimum level of curiosity, they may minimise side
effects, even short-term ones (30). In view of the well-documented
recent increase in fatal intoxication cases (26), it is necessary to strike a
balance between prevention and communication involving targeted
action by investigation teams, prevention messages targeted at people
going to fitness centres and gyms, and better surveillance of
online markets.

Management of acute 2,4-DNP poisoning

There is no risk-free dose or duration of 2,4-DNP use. There is no
antidote either. So, in the case of M as in previously published cases
medical teams could not do anything to combat the major hyperthermia
or hypertonia. Several approaches to managing hyperthermia have been
explored, with little success (9, 31). M’s body temperature rose to 41°C,
which appears slightly higher than the median temperature of subjects
who died by 2,4-DNP intoxication (40.3°C) (32). Hypertonia also
significantly contributed to death as it made mechanical ventilation
impossible. Note that as the hair toxicological analyses demonstrated
co-consumption of 2,4-DNP, AASs and clenbuterol, the contribution of
these other substances to M’s death may not be formally excluded.
Nevertheless the clinical presentation upon arrival in the emergency
room and during his treatment including the “profuse sweating —
tachycardia - tachypnoea” triad, followed by the onset of hyperthermia
and hypertonia, attest to the major contribution of acute 2,4-DNP
poisoning to multi-organ failure and ultimately death.

It seems that “aggressive” management from the outset, without
waiting for decompensation, is not an approach frequently adopted by
intensive care units. The usefulness of implementing an immediately
aggressive approach as a matter of routine remains controversial, all the
more so given that in most cases there is a lucid interval between the
onset of the acute manifestations leading to hospital admission and the
runaway metabolism leading to multi-organ failure (3, 8). Taking into
consideration that nomograms are available for molecules similar to
2,4-DNBP, for example 4,6-dinitro-o-cresol, and that the bioavailability
of 2,4-DNP following ingestion is known, then it seems that it would
be possible to use the patient’s reported dose to estimate a toxicity
threshold to inform the decision on whether it is warranted to institute
such aggressive management, which would include, for example, deep
sedation with mechanical ventilation and IV injection of a curare-type
muscle relaxant until the critical period had passed (3, 27, 33, 34).

Muscle dysmorphia

After M’s death, his parents met his friends and student peers
and learnt that, in the weeks before his death, he expressed concerns
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about his health, concerns that became ever more intrusive over
time; side effects of 2,4-DNP intoxication were also behind multiple
absences. He was also concerned about the inability of doctors to
explain his health problems, seemingly never making the link
between his symptoms and his chronic use of 2,4-DNP. His reactions
to questioning by his GP point towards denial of this link. All these
elements strongly suggest a diagnosis of muscle dysmorphia (MD),
a diagnosis discussed by one of the authors of this report (M], MD
specialised in forensic psychiatry) (35). MD, formerly called “reverse
anorexia” (36), is described in DSM-5 as an obsessive-compulsive
disorder in which the patient has a compulsive need to exercise or
is even exercise-dependent. Among the three diagnostic criteria laid
down by Olivardia in 2001 (37), M seemed to present at least two:
criterion A: excessive preoccupation with the idea that oné’s body is
not sufficiently lean and muscular (this criterion is inferred from M’s
attendance of “several gyms on a daily basis” combined with a “high-
protein diet in order to build muscle”); and criterion B: consequences
on one’s emotional and social life [M’s visits to gyms amounted to
several hours per week and he continued taking the substances
despite the consequences]. The fact that M denied that he was
continuing to take 2,4-DNP could be the manifestation of a
cognitive distortion whereby dysmorphophobia and fears of losing
muscle mass are of greater concern than the deterioration of
his health.

According to Pope et al., MD affects at least one in ten male
bodybuilders (38). There are different tools for diagnosing MD,
including those cited by Garcia-Rodriguez et al. (for example the
Drive for Muscularity Scale). Three correlates of MD were found in
AAS users: preoccupation with one’s body (criterion A of Olivardia),
abandonment of leisure activities (criterion B) and avoidance of
showing one’s body; in addition, four variables have been noted as
relevant in predicting APED use: internalisation of a muscular ideal,
preoccupation with one’s body (dissatisfaction), MD symptoms and
doing sport (39). Young men who take up the most intensive muscle-
building activities, such as bodybuilding, would presumably be those
who were most dissatisfied with their musculature and so at higher
risk of consuming APEDs (35). The desire to lose weight appears to
be one of the factors that drives people who strive to attain the body
image ideal to consume 2,4-DNP, even if they are aware of the risk of
death (40). According to Cuadrado et al., “psychopathology [of MD
was] still unknown” in 2018, and there were no programmes to prevent
this specific dysmorphophobia; nevertheless several avenues,
combining medical and social sciences, are under study (41).

Conclusion

 2,4-DNP is an APED widely available online with a documented
rise in fatal intoxication cases since the early 2010s.

 Bodybuilders are particularly affected by APED consumption,
and may also be affected by muscle dysmorphia that can lead to
denial of medical issues that develop and the risks incurred by
consuming APEDs.

o It seems necessary to educate primary care professionals who are
most likely to interact with intoxication cases (GPs, sports
doctors, emergency doctors), so that they are better able to detect
and manage acute or chronic intoxication.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1452196
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Hermetet et al.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

Written informed consent was obtained from the individual(s)’
legal guardian/next of kin, for the publication of any potentially
identifiable images or data included in this article.

Author contributions

CH: Conceptualization, Investigation, Visualization, Writing —
original draft. MJ: Writing - original draft. AB: Writing - review &
editing. LG: Investigation, Methodology, Writing — original draft. AA:
Investigation, Methodology, Writing - original draft. PK: Investigation,
Methodology, Writing - review & editing. RB: Conceptualization,
Investigation, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

References

1. Dunlop DM. The use of 2, 4-dinitrophenol as a metabolic stimulant. Br Med J.
(1934) 1:524-7. doi: 10.1136/bm;.1.3820.524

2. Petroczi A, Ocampo JAV, Shah I, Jenkinson C, New R, James RA, et al. Russian
roulette with unlicensed fat-burner drug 2,4-dinitrophenol (DNP): evidence from a
multidisciplinary study of the internet, bodybuilding supplements and DNP users. Subst
Abuse Treat Prev Policy. (2015) 10:39. doi: 10.1186/s13011-015-0034-1

3. Holborow A, Purnell RM, Wong JE Beware the yellow slimming pill: fatal
2,4-dinitrophenol overdose. BMJ Case Rep. (2016) 2016:bcr2016214689. doi: 10.1136/
ber-2016-214689

4. Grundlingh J, Dargan PI, El-Zanfaly M, Wood DM. 2,4-Dinitrophenol (DNP): A
Weight Loss Agent with Significant Acute Toxicity and Risk of Death. ] Med Toxicol.
(2011) 7:205-12. doi: 10.1007/s13181-011-0162-6

5. Margo CE, Harman LE. Diet pills and the cataract outbreak of 1935: reflections on
the evolution of consumer protection legislation. Surv Ophthalmol. (2014) 59:568-73.
doi: 10.1016/j.survophthal.2014.02.005

6. Kamour A, George N, Gwynnette D, Cooper G, Lupton D, Eddleston M, et al.
Increasing frequency of severe clinical toxicity after use of 2,4-dinitrophenol in the UK:
a report from the National Poisons Information Service. Emerg Med J. (2015) 32:383-6.
doi: 10.1136/emermed-2013-203335

7. Le P, Wood B, Kumarasinghe SP. Cutaneous drug toxicity from 2,4-dinitrophenol
(DNP): Case report and histological description. Australas ] Dermatol. (2015) 56:307-9.
doi: 10.1111/ajd.12237

8. Tewari A, Ali T, Ali A, O’Donnell ], O'Donnell A, Butt MS. Weight loss and
2,4-dinitrophenol poisoning. Br ] Anaesth. (2009) 102:566-7. doi: 10.1093/bja/aep033

9. Lu YQ, Jiang JK, Huang WD. Clinical features and treatment in patients with acute
2,4-dinitrophenol poisoning. ] Zhejiang Univ Sci B. (2011) 12:189-92. doi: 10.1631/jzus.
B1000265

10. Bonnecaze AK, O’'Connor T, Burns CA. Harm Reduction in Male Patients Actively
Using Anabolic Androgenic Steroids (AAS) and Performance-Enhancing Drugs (PEDs): a
Review. ] Gen Intern Med. (2021) 36:2055-64. doi: 10.1007/s11606-021-06751-3

11. Heart Weight Analysis. Available at: https://calc.chuv.ch/heartweight#use.

12. Hermetet C, Baert A, Bouvet R. 2,4-dinitrophenol (2,4-DNP) poisoning in young
athletes: Clinical description of chronic exposure and public health perspectives —
Around a case report. Toxicologie Analytique et Clinique. (2022) 34:S119.

Frontiers in Public Health

10.3389/fpubh.2024.1452196

Acknowledgments

The research team sincerely thanks M’s parents who provided us with
all the available documents from their deceased son’s medical file, of
which they are the sole beneficiaries, so that this work could be completed.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product that
may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpubh.2024.1452196/
full#supplementary-material

13. Kintz P, Ameline A. Testing for 2,4-dinitrophenol in human hair by LC-MS/MS
and interpretation issues. ] Pharm Biomed Anal. (2024) 237:115795. doi: 10.1016/j.
jpba.2023.115795

14. Kintz P, Gheddar L, Raul JS. Simultaneous testing for anabolic steroids in human
hair specimens collected from various anatomic locations has several advantages when
compared with the standard head hair analysis. Drug Test Anal. (2021) 13:1445-51. doi:
10.1002/dta.3020

15. Bauerle RH, Bennett EO. The effects of 2,4-dinitrophenol on the oxidation of fatty
acids by Pseudomonas aeruginosa. Antonie Van Leeuwenhoek. (1960) 26:225-34. doi:
10.1007/BF02539008

16. Kulkarni PM. Isolation, identification and removal of filamentous organism from
SND based SBR degrading nitrophenols. Biodegradation. (2012) 23:455-63. doi:
10.1007/s10532-011-9524-7

17. Stier A, Bize P, Roussel D, Schull Q, Massemin S, Criscuolo F. Mitochondrial
uncoupling as a regulator of life-history trajectories in birds: an experimental study in
the zebra finch. J Exp Biol. (2014) 217:3579-89. doi: 10.1242/jeb.103945

18.Jiukun J, Zhihua Y, Weidong H, Jiezan W. 2, 4-dinitrophenol poisoning caused
by non-oral exposure. Toxicol Ind Health. (2011) 27:323-7. doi:
10.1177/0748233710387004

19. Goldgof M, Xiao C, Chanturiya T, Jou W, Gavrilova O, Reitman ML. The chemical
uncoupler 2,4-dinitrophenol (DNP) protects against diet-induced obesity and improves
energy homeostasis in mice at thermoneutrality. J Biol Chem. (2014) 289:19341-50. doi:
10.1074/jbc.M114.568204

20. Pope HG, Kanayama G, Athey A, Ryan E, Hudson JI, Baggish A. The lifetime prevalence
of anabolic-androgenic steroid use and dependence in Americans: current best estimates. Am
J Addict. (2014) 23:371-7. doi: 10.1111/j.1521-0391.2013.12118 x

21.Momaya A, Fawal M, Estes R. Performance-enhancing substances in sports: a
review of the literature. Sports Med. (2015) 45:517-31. doi: 10.1007/
540279-015-0308-9

22. Giorgetti A, Busardd FP, Giorgetti R. Toxicological Characterization of GHB as a
Performance-Enhancing  Drug.  Front.  Psychiatry.  (2022):13. doi:  10.3389/
fpsyt.2022.846983/full

23. Germain DJ, Leavey DC, Van Hout PMC, McVeigh PJ. 2,4 dinitrophenol: It's not
just for men. Int ] Drug Policy. (2021) 95:102987. doi: 10.1016/j.drugpo.2020.102987

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1452196
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1452196/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpubh.2024.1452196/full#supplementary-material
https://doi.org/10.1136/bmj.1.3820.524
https://doi.org/10.1186/s13011-015-0034-1
https://doi.org/10.1136/bcr-2016-214689
https://doi.org/10.1136/bcr-2016-214689
https://doi.org/10.1007/s13181-011-0162-6
https://doi.org/10.1016/j.survophthal.2014.02.005
https://doi.org/10.1136/emermed-2013-203335
https://doi.org/10.1111/ajd.12237
https://doi.org/10.1093/bja/aep033
https://doi.org/10.1631/jzus.B1000265
https://doi.org/10.1631/jzus.B1000265
https://doi.org/10.1007/s11606-021-06751-3
https://calc.chuv.ch/heartweight#use
https://doi.org/10.1016/j.jpba.2023.115795
https://doi.org/10.1016/j.jpba.2023.115795
https://doi.org/10.1002/dta.3020
https://doi.org/10.1007/BF02539008
https://doi.org/10.1007/s10532-011-9524-7
https://doi.org/10.1242/jeb.103945
https://doi.org/10.1177/0748233710387004
https://doi.org/10.1074/jbc.M114.568204
https://doi.org/10.1111/j.1521-0391.2013.12118.x
https://doi.org/10.1007/s40279-015-0308-9
https://doi.org/10.1007/s40279-015-0308-9
https://doi.org/10.3389/fpsyt.2022.846983/full
https://doi.org/10.3389/fpsyt.2022.846983/full
https://doi.org/10.1016/j.drugpo.2020.102987

Hermetet et al.

24. Pope HG, Wood RI, Rogol A, Nyberg F, Bowers L, Bhasin S. Adverse Health
Consequences of Performance-Enhancing Drugs: An Endocrine Society Scientific
Statement. Endocr Rev. (2014) 35:341-75. doi: 10.1210/er.2013-1058

25. Yen M, Ewald MB. Toxicity of Weight Loss Agents. ] Med Toxicol. (2012) 8:145-52.
doi: 10.1007/s13181-012-0213-7

26.Gziut T, Thomas SHL. International trends in systemic human exposures to
2,4-dinitrophenol reported to poisons centres. Clin Toxicol (Phila). (2021):1-4.

27. Potts AJ, Bowman NJ, Seger DL, Thomas SHL. Toxicoepidemiology and predictors
of death in 2,4-dinitrophenol (DNP) toxicity. Clin Toxicol (Phila). (2021) 59:515-20. doi:
10.1080/15563650.2020.1826505

28. McVeigh J, Salinas M, Ralphs R. A sentinel population: The public health benefits
of monitoring enhanced body builders. Int J Drug Policy. (2021) 95:102890. doi:
10.1016/j.drugpo.2020.102890

29. Ainsworth NP, Vargo EJ, Petroczi A. Being in control? A thematic content analysis
of 14 in-depth interviews with 2,4-dinitrophenol users. Int J Drug Policy. (2018)
52:106-14. doi: 10.1016/j.drugpo.2017.12.012

30. McFee RB, Caraccio TR, McGuigan MA, Reynolds SA, Bellanger P. Dying to
be thin: a dinitrophenol related fatality. Vet Hum Toxicol. (2004) 46:251-4.

31. Zhao XH, Jiang JK, Lu YQ. Evaluation of efficacy of resin hemoperfusion in patients
with acute 2,4-dinitrophenol poisoning by dynamic monitoring of plasma toxin
concentration. ] Zhejiang Univ Sci B. (2015) 16:720-6. doi: 10.1631/jzus.B1500101

32. Sousa D, Carmo H, Roque Bravo R, Carvalho F, Bastos M d L, Guedes de Pinho P, et al.
Diet aid or aid to die: an update on 2,4-dinitrophenol (2,4-DNP) use as a weight-loss product.
Arch Toxicol. (2020) 94:1071-83. doi: 10.1007/s00204-020-02675-9

Frontiers in Public Health

08

10.3389/fpubh.2024.1452196

33. Schulz M, Schmoldt A, Andresen-Streichert H, Iwersen-Bergmann S. Revisited:
Therapeutic and toxic blood concentrations of more than 1100 drugs and other
xenobiotics. Crit Care. (2020) 24:195. doi: 10.1186/s13054-020-02915-5

34.van Veenendaal A, Baten A, Pickkers P. Surviving a life-threatening 2,4-DNP
intoxication: « Almost dying to be thin ». Neth ] Med. (2011) 69:154.

35. Cuadrado J, Morin ], Hernandez P, Yubero E, Bégin C, Michel G. Psychopathologie de
la dysmorphie musculaire: analyse critique de la littérature internationale. Annales Médico-
Psychologiques, Revue Psychiatrique. (2018) 176:919-27. doi: 10.1016/j.amp.2018.09.005

36. Pope HG, Katz DL, Hudson JI. Anorexia nervosa and « reverse anorexia » among 108
male bodybuilders. Compr Psychiatry. (1993) 34:406-9. doi: 10.1016/0010-440X(93)90066-D

37. Olivardia R. Mirror, mirror on the wall, who's the largest of them all? The features
and phenomenology of muscle dysmorphia. Harv Rev Psychiatry. (2001) 9:254-9. doi:
10.1080/10673220127900

38. Pope H, Pope HG, Phillips KA, Olivardia R. The Adonis complex: the secret crisis
of male body obsession Simon and Schuster (2000). 314 p.

39. Garcia-Rodriguez J, Alvarez-Rayon G, Camacho-Ruiz ], Amaya-Hernandez A,
Mancilla-Diaz JM. Muscle Dysmorphia and Use of Ergogenics Substances. A Systematic
Review. Rev Colomb Psiquiatr. (2017) 46:168-77. doi: 10.1016/j.rcp.2016.06.008

40. Hoxha B, Petrdczi A. Playing with fire? Factors influencing risk willingness with
the unlicensed fat burner drug 2,4-Dinitrophenol (DNP) in young adults. Public Health.
(2015) 129:1519-22. doi: 10.1016/j.puhe.2015.03.013

41.Chaba L, Scoffier-Mériaux S, Lentillon-Kaestner V, d’Arripe-Longueville F.
Recherche de prise de masse musculaire et dysmorphie musculaire chez les
bodybuilders: une revue de la littérature anglophone. Staps. (2018) 119:65-79.

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1452196
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1210/er.2013-1058
https://doi.org/10.1007/s13181-012-0213-7
https://doi.org/10.1080/15563650.2020.1826505
https://doi.org/10.1016/j.drugpo.2020.102890
https://doi.org/10.1016/j.drugpo.2017.12.012
https://doi.org/10.1631/jzus.B1500101
https://doi.org/10.1007/s00204-020-02675-9
https://doi.org/10.1186/s13054-020-02915-5
https://doi.org/10.1016/j.amp.2018.09.005
https://doi.org/10.1016/0010-440X(93)90066-D
https://doi.org/10.1080/10673220127900
https://doi.org/10.1016/j.rcp.2016.06.008
https://doi.org/10.1016/j.puhe.2015.03.013

	Case report: Fatal long-term intoxication by 2,4-dinitrophenol and anabolic steroids in a young bodybuilder with muscle dysmorphia
	Introduction
	Case presentation
	Medical history
	Postmortem investigation

	Discussion
	2,4-DNP: an appearance-and performance-enhancing drug
	Management of acute 2,4-DNP poisoning
	Muscle dysmorphia

	Conclusion

	References

