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• Review inhalant methods and epidemiology 

• Distinguish different types of inhalant classes

• Describe clinical symptoms and complications of inhalant abuse

• Consider both acute and chronic toxicologic implications of several specific 
inhalants

Learning Objectives
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• Inhalant: deliberate inhalation of vapors for the purpose of getting high

• Often appeals to adolescents
• Easy to obtain
• Mistakenly viewed as harmless

Inhalants
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Inhalants – Epidemiology

S u b stan ce  A b u se  an d  M e n ta l H e a lth  S e rv ice s A d m in istratio n . (2 0 2 2 ). K ey  su b sta n ce  u se  a n d  m en ta l h ea lth  in d ica to rs in  th e  U n ited  Sta tes: R esu lts  fro m  th e  2 0 2 1  N a tio n a l Su rvey  o n  D ru g  U se  a n d  H e a lth  (H H S  P u b licatio n  N o . P E P 2 2 -
0 7 -0 1 -0 0 5 , N S D U H  S e rie s H -5 7 ). C e n te r fo r B e h av io ra l H e a lth  S tatistics an d  Q u ality , S u b stan ce  A b u se  an d  M e n ta l H e a lth  S e rv ice s A d m in istratio n . 
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NSDUH – Last Month Use

S u b stan ce  A b u se  an d  M e n ta l H e a lth  S e rv ice s A d m in istratio n . (2 0 2 2 ). K ey  su b sta n ce  u se  a n d  m en ta l h ea lth  in d ica to rs in  th e  U n ited  Sta tes: R esu lts  fro m  th e  2 0 2 1  N a tio n a l Su rvey  o n  D ru g  U se  a n d  H e a lth  (H H S  P u b licatio n  N o . P E P 2 2 -
0 7 -0 1 -0 0 5 , N S D U H  S e rie s H -5 7 ). C e n te r fo r B e h av io ra l H e a lth  S tatistics an d  Q u ality , S u b stan ce  A b u se  an d  M e n ta l H e a lth  S e rv ice s A d m in istratio n . 
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NSDUH – 2017 Brief Report

L ip ari, R .N . U n d ersta n d in g  a d o lescen t in h a la n t u se . T h e  C B H S Q  R e p o rt: Ju n e  1 3 , 2 0 1 7 . C e n te r fo r B e h av io ra l H e a lth  S tatistics an d  Q u ality , S u b stan ce  A b u se  an d  M e n ta l H e a lth  S e rv ice s A d m in istratio n , R o ckv ille , M D .
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• Sniffing
• Inhaling a volatile substance directly from a container

• Huffing
• Pouring a volatile liquid onto fabric and placing it over the mouth or nose

• Bagging
• Placing solvent into plastic or paper bag and rebreathing several times

• Dusting
• Inhaling compressed air cleaners containing halogenated hydrocarbons

Inhalant Methods
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Inhalant Types
Inhalant Chemical

Carburetor cleaner Methanol, methylene chloride, toluene, propane

Cigarette lighter fluid Butane
Computer keyboard duster Difluoroethane, tetrafluoroethane

Deodorizers (room) Butyl nitrite, isobutyl nitrite, cyclohexyl nitrite

Dry cleaning agents, spot removers, degreasers Tetrachloroethylene, trichloroethane, trichloroethylene

DVD and video cassette recorder head cleaner Ethyl chloride

Freon (refrigerants) Hydrofluorocarbons

Gasoline Aliphatic and aromatic hydrocarbons

Glues and adhesives
Toluene, n-hexane, benzene, xylene, trichloroethane, 
trichloroethylene, tetrachloroethylene, ethyl acetate, 
methylethyl ketone, methyl chloride

Hair spray, deodorants, air fresheners Butane, propane, fluorocarbons

Nail polish remover Acetone

Paint thinner Toluene, methylene chloride, methanol

“Poppers” Amyl nitrite, isobutyl nitrite

Paints, lacquers, varnishes Trichloroethylene, toluene, n-hexane
Spray paint Toluene, butane, propane

Typewriter correction fluid Trichloroethane, trichloroethylene

Whipped cream dispensers, “whippits” Nitrous oxide

Lo n g , H e ath e r. " In h a lan ts."  G o ld fra n k's  T o x ico lo g ic  E m erg en cies, 1 1 e  E d s. Le w is S . N e lso n , e t a l. M cG raw  H ill, 2 0 1 9
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Hydrocarbons

Hydrocarbons

Aliphatic

Cyclic

Substituted

Straight 

Branched

Aromatic
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Hydrocarbons

Naphthalene

Benzene

Toluene

Aliphatic SubstitutedAromatic

Methane

Ethane

Propane

Butane

Cyclohexane

Tetrachloroethylene

Difluoroethane
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Hydrocarbons

• Gasoline is a mixture, predominantly 5-10 carbon atoms in size
• Alkanes
• Alkenes
• Naphthalenes
• Aromatic hydrocarbons
• Up to ~3% n-hexane
• May also contain ethanol, methanol, lead

12
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• Organic compounds made of carbon and hydrogen atoms
• Aliphatics ≤ 4 carbons are gaseous at room temp
• 5-18 are liquid
• >19 are tars or solids

• Highly lipophilic, passive absorption
• Aromatics absorb very quickly following inhalation
• Aliphatics with <16 carbons absorb readily

• >16 carbons absorbed poorly

• Rapidly enter CNS
• More lipophilic = more CNS depression

• Aromatic, aliphatic, halogenated

Hydrocarbons - Mechanism

Naphthalene

Benzene
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• Organic compounds made of carbon and hydrogen atoms

• Highly lipophilic, passive diffusion across membranes
• Aromatics absorb very fast
• Aliphatics with <16 carbons good, >16 carbons poor
• Rapidly enter CNS
• More lipophilic = more CNS depression

• Stimulate CNS inhibitory neurotransmission, antagonize excitatory 
neurotransmission similarly to ethanol
• Increase GABA-mediated activity, hyperpolarize cells, slow rate of neuronal 

firing
• Toluene, Trichloroethane (TCE), trichloroethylene 

• Complex – no single mechanism explains clinical effects

Hydrocarbons - Mechanism
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Blood:Gas Partition Coefficient
Xenobiotic Blood:Gas Partition 

Coefficient (98.6°F)
Routes of Elimination Important Metabolites

A ce to n e 2 4 3 – 3 0 0
Larg e ly  u n ch an g e d  v ia  e xh a latio n  9 5 %  an d  u rin e  
5 %

N o n e

n -B u tan e 0 .0 1 9 Larg e ly  u n ch an g e d  v ia  e xh a latio n M e tab o lize d  to  2 -b u tan o l an d  2 -b u tan o n e

C arb o n  te trach lo rid e 1 .6
5 0 %  u n ch an g e d  v ia  e xh a latio n ; 5 0 %  h e p atic  
m e tab o lism  an d  u rin ary  e xcre tio n

C Y P 2 E 1  to  trich lo ro m e th yl rad ica l, tr ich lo ro m e th yl p e ro xy  rad ica l, p h o sg e n e

n -H e xan e 2
1 0 % – 2 0 %  e xh a le d  u n ch an g e d ; h e p atic  
m e tab o lism  an d  u rin ary  e xcre tio n

C Y P 2 E 1  to  2 -h e xan o l, 2 ,5 -h e xan e d io n e , γ -va le ro lacto n e

M e th yle n e  ch lo rid e 5 – 1 0
9 2 %  e xh a le d  u n ch an g e d ; h e p atic  m e tab o lism  an d  
u rin ary  e xcre tio n

1 . C Y P 2 E 1  to  C O  an d  C O 2
2 . G lu tath io n e  tran sfe rase  to  C O 2, fo rm ald e h yd e , an d  fo rm ic  ac id

N itro u s o x id e 0 .4 7 > 9 9 %  e xh a le d  u n ch an g e d N o n e

T o lu e n e 8 – 1 6
< 2 0 %  e xh a le d  u n ch an g e d ; > 8 0 %  h e p atic  
m e tab o lism  an d  u rin ary  e xcre tio n

C Y P 2 E 1  to  b e n zo ic  ac id , th e n
1 . G lyc in e  co n ju g atio n  to  fo rm  h ip p u ric  ac id  (6 8 % )
2 . G lu cu ro n ic  ac id  co n ju g atio n  to  b e n zo yl g lu cu ro n id e  (in sig n ifican t p ath w ay 
e xce p t a fte r la rg e  e xp o su re )

1 ,1 ,1 -T rich lo ro e th an e 1 – 3
9 1 %  e xh a le d  u n ch an g e d ; h e p atic  m e tab o lism  an d  
u rin ary  e xcre tio n

C Y P 2 E 1  to  trich lo ro e th an o l, th e n
1 . C o n ju g ate d  w ith  g lu cu ro n ic  ac id  to  fo rm u ro ch lo ra lic  ac id  o r
2 . F u rth e r o x id ize d  to  trich lo ro ace tic  ac id

T rich lo ro e th y le n e 9
1 6 %  e xh a le d  u n ch an g e d ; 8 4 %  h e p atic  
m e tab o lism  an d  u rin ary  e xcre tio n

C Y P 2 E 1  to  e p o x id e  in te rm e d iate  (tran sie n t); ch lo ra l h yd rate  (tran sie n t); 
tr ich lo ro e th an o l (4 5 % ), tr ich lo ro ace tic  ac id  (3 2 % ). U rin ary  tr ich lo ro ace tic  ac id  
p e aks 2 – 3  d ays p o ste xp o su re

1 ,2 -D ich lo ro -1 ,1 -
d iflu o ro e th an e

N A N A

C Y P 2 E 1  to  2 -ch lo ro -2 ,2 -d iflu o ro e th y l g lu cu ro n id e , 2 -2 ch lo ro -2 ,2 -d iflu o ro e th y l 
su lfa te , ch lo ro d iflu o ro ace tic  ac id , ch lo ro d iflu o ro ace ta ld e h yd e  h yd rate , 
ch lo ro d iflu o ro ace ta ld e h yd e -u re a  ad d u ct, an d  in o rg an ic  flu o rid e ; n o  co va le n tly  
b o u n d  m e tab o lite s to  live r p ro te in s

Lo n g , H e ath e r. " In h a lan ts."  G o ld fra n k's  T o x ico lo g ic  E m erg en cies, 1 1 e  E d s. Le w is S . N e lso n , e t a l. M cG raw  H ill, 2 0 1 9
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• Solvent odor

• Discoloration around 
nose/mouth

• Mucous membrane irritation
• Sneezing 
• Coughing

• Dyspnea

• GI complaints

Hydrocarbons – Signs
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• Acute CNS effects 
• Initial: Euphoria and hallucinations
• Progressive: Dizziness, headache, slurred 

speech, tremor, weakness, ataxia
• Finally: Seizures, coma, respiratory depression

• Irreversible CNS damage with chronic use
• White matter degeneration
• “Painter’s syndrome”

Hydrocarbons – Clinical Effects

• Peripheral nervous system effects
• Peripheral neuropathy 

• N-hexane, methyl-n-butyl ketone, carbon 
disulfide, acrylamide, ethylene oxide, 
trichloroethylene
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• Aspiration injury
• Chemical pneumonitis
• Interalveolar edema
• Bronchospasm
• ARDS

• Choking/gagging/coughing within 30 
minutes → x-ray
• Re-check within 6 hours
• 90% develop radiographic findings within 

4 hours

Hydrocarbons – Lung Injury

18
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Three hydrocarbon properties influence risk of aspiration injury:

Hydrocarbons – Aspiration Risk

1. Viscosity 2. Volatility 3. Surface Tension

19

Viscosity comparison of common hydrocarbons

Hydrocarbons – Viscosity

Compound Common Uses Viscosity (SUS)a

Aliphatics
Gasoline

Naphtha
Kerosene
Turpentine
M ineral spirits
M ineral seal oil

Heavy fuel oil

M otor vehicle fuel

Charcoal lighter fluid
Heating fuel
Paint thinner
Paint and varnish thinner
Furniture polish

Heating oil

30

29
35
33
30–35
30–35

>450

Arom atics
Benzene

Toluene
Xylene

Solvent, reagent, gasoline additive

Solvent, spray paint solvent
Solvent, paint thinner, reagent

31

28
28

Halogenated
M ethylene chloride

Carbon tetrachloride
Trichloroethylene
Tetrachloroethylene

Solvent, paint stripper, propellant

Solvent, propellant refrigerant
Degreaser, spot rem over
Dry cleaning solvent, chem ical 
interm ediate

27

30
27
28

R ig g an , M o rg an  A . A ., an d  D av id  D . G u m m in . "H yd ro carb o n s."  G o ld fra n k's  T o x ico lo g ic  E m erg en cies, 1 1 e  E d s. Le w is S . N e lso n , e t a l. M cG raw  H ill, 2 0 1 9
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• “Sudden Sniffers Death Syndrome”
• Acute cardiotoxicity following a stressful situation

• Hydrocarbons can sensitize myocardium to catecholamines
• Most common with halogenated, followed by aromatic
• Block potassium current (Ikr), prolonging repolarization

• Cardiac dysrhythmia and arrest can be triggered by a startle 
response, stressful situation, or strenuous physical activity
• Described with difluoroethane, butane, air freshener, many more.

Hydrocarbons: Cardiac toxicity

21
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Physical risks

Koehler MM, Henninger CA. Orofacial and digital frostbite caused by inhalant abuse. Cutis. 2014;93(5):256-260.
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• Paint stripper, degreaser, aerosol propellant, carburetor 
cleaner

•  Metabolized in liver by CYP2E1 to carbon dioxide (CO2) 
and carbon monoxide (CO)

• Significant, delayed carbon monoxide toxicity may occur, 
typically peaking ~8 hours after exposure

• CNS effects may be related to solvent OR to CO toxicity

Methylene Chloride
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• Found in gold/silver metallic paint, paint thinners, glue
• Has replaced benzene as a solvent in many products

• Acute abuse causes:
• Intoxication
• Metabolic acidosis
• Hypokalemia (low potassium)

• Chronic abuse can have irreversible effects
• Dementia, ataxia, eye movement disorders, psychological 

changes, memory impairment

Toluene

24
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• “Laughing gas” used in medical and dental procedures
• Used in racing as “nitrous”, propellant in whipped cream 

canisters “whippets” 

• Causes short-lived euphoric effect, hallucinations, and 
relaxation
• Inhibits NMDA (stimulation), but does not enhance GABA 

(inhibition), and stimulates dopamine neurons 

• Abuse danger: hypoxia, loss of motor control

Nitrous Oxide (N2O)

25

• Chronic abuse leads to neurotoxicity
• Oxidation of vitamin B12

• Myeloneuropathy

• Bone marrow suppression
• Leukopenia, anemia, thrombocytopenia

• Inhibits methionine synthase prevents conversion of 
homocysteine to methionine
• Results in impaired DNA and myelin synthesis
• Myeloneuropathy – numbness, paresthesias, ataxia, 

incontinence 

Nitrous Oxide (N2O)
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• Amyl, butyl, and isobutyl nitrites, sometimes called 
“poppers”

• Used recreationally for sexual enhancement
• Sold covertly in sex paraphernalia shops as “air freshener”, 

“liquid incense”, “VHS tape cleaner”, and others

Alkyl Nitrites

Amyl Nitrite

Butyl Nitrite

Isobutyl Nitrite

h ttp s://w w w .fd a .g o v/co n su m e rs/co n su m e r-u p d ate s/in g e stin g -o r-in h a lin g -n itrite -p o p p e rs-can -cau se -se ve re -in ju ry-o r-d e ath
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• No direct effect on CNS, rather, effects are due to 
smooth muscle relaxation

• Use can result in methemoglobinemia
• Mild cases may be asymptomatic
• Slate grey cutaneous coloration
• Blue nail beds/lips
• Dyspnea, dizziness, syncope
• Severe cases can lead to coma, seizures, death

Alkyl Nitrites

P a lla is  JC , M acko o l B T , P itm an  M B . C ase  7 -2 0 1 1 : a  5 2 -ye ar-o ld  m an  w ith  u p p e r re sp irato ry  sym p to m s an d  lo w  o xyg e n  satu ratio n  le ve ls. C ab o t R C , H arris  N L , S h e p ard  JA O , e t a l., e d s. N  E n g l J  M ed . 2 0 1 1 ;3 6 4 (1 0 ):9 5 7 -9 6 6 .
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• Thank you

Summary
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