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Preface

The National Institute on Drug Abuse (NIDA) is concerned about the
acquired immunodeficiency syndrome (AIDS) for two reasons. First,
intravenous drug abusers constitute approximately 25 percent of
reported AIDS patients in the United States. Human immuno-
deficiency virus (HIV) infection is transmitted among intravenous drug
abusers primarily when contaminated needles and other paraphernalia
used to inject drugs are shared. Infected drug abusers are capable of
transmitting HIV to their sexual partners during sexual contact and

to their unborn children during pregnancy. Second, the use of drugs
may expedite disease progression by further decreasing immune
function or by acting as the vehicle of transmission of other infec-
tious agents, such as hepatitis B virus, which may also be immuno-
suppressive. Drugs of abuse may promote the development of
malignancies. Nitrite inhalants, commonly used by homosexual men,
have been associated with Kaposi’'s sarcoma (KS) in AIDS. The
mechanism of action of nitrites as a cofactor in KS, if any, has yet

to be elucidated.

On March 31, 1987, NIDA sponsored a technical review entitled “The
Extent of Use and Health Hazards of Nitrite Inhalants.“ Approxi-
mately 25 scientists attended the meeting in Rockville, MD. The
purpose of the workshop was to review the status of research
regarding nitrite inhalants and their potential public health implica-
tions and to set directions for future studies. In part, this meeting
was called to provide up-to-date information about nitrite inhalants
for NIDA to respond to a congressional request for information as
part of the Anti-Drug Abuse Act of 1986.

This monograph is a collection of presentations delivered at the
meeting. The chapters are organized to present the history of nitrite
use; the basic biochemical, pharmacologic, and toxicologic effects of
various forms of alkyl nitrites; the effects of nitrite use on the
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immune system; and epidemiological findings associating nitrite use
with KS in AIDS. The purpose of this introduction is to provide an
overview of issues and controversies raised at the meeting that are
covered in more detail in individual chapters.

There are many controversial issues surrounding nitrites, not the

least of which are their current regulatory status. As Guy Newell
discusses in his historical presentation, amyl nitrite is a prescription
drug, but butyl nitrite, with effects very similar if not identical to

the amyl congener, is not considered to be a drug because it is
marketed as a “room odorizer.” Proposals to regulate the sale of

butyl nitrites have been periodically considered by various agencies of
the Federal Government.

A series of metabolic and toxicity studies of four nitrite butyl esters
in mice was presented by Roger Maickel. The lethality of these
compounds was related to rapid hydrolysis to nitrite ions with the
subsequent oxidation of hemoglobin to methemoglobin. However,
methemoglobin formation cannot account for all toxic effects. While
there were wide differences in toxicity, the relative toxic potencies
of the four butyl nitrite isomers found in “room odorizers" were
maintained under a variety of experimental conditions and routes of
administration.

The acute toxicity of nitrites in animals and man was reviewed by
Ronald Wood. Skin and tracheobronchial irritations (especially about
the nose and lips), burns from accidental ignition, headaches,
hypotension, cyanosis, methemoglobinemia, intoxication, and the
development of habitual use patterns are possible adverse effects of
nitrite inhalation.

Much of the discussion at the meeting focused on two possible
pharmacologic mechanisms by which nitrites may be involved in the
genesis of KS in AIDS: carcinogenicity and immunosuppression.

Although dependent on an unproven and controversial mechanism,
nitrites have been hypothesized to interact with organic amines and
amides in vivo to form significant amounts of highly carcinogenic
N-nitrosamines. Direct data on the carcinogenicity of nitrites in
animals are sparse. However, the in vitro studies of lipid peroxida-
tion and the finding of route-dependent in vivo formation of
nitrosamines from amyl nitrite and methylaniline in mice, reported by
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Sidney Mirvish, suggest that the possibility warrants serious
investigation. Interestingly, the areas where absorbed concentrations
of volatile nitrites would be expected to be highest--the skin
surrounding the nose and in the nasal/pulmonary mucosa-are also
reported to be the areas in which KS occurs in persons with AIDS.
This association logically leads to the hypothesis that there is a
causal relationship between nitrites and KS, perhaps mediated by the
formation of N-nitroso compounds. How HIV infection initiates or
promotes this process is not clear.

Besides participating in the formation of carcinogenic metabolites,
alkyl nitrites may increase the likelihood of KS by altering immune
function. Dan Lewis, Jesse Ortiz, and Elizabeth Dax studied the
effects of nitrites on immunologic function using variations on two
basic strategies: first, examination of effects on immunologic
components (lymphocyte numbers, thymus weight, etc.) and second,
measurement of effects of nitrite pretreatment on the responsiveness
of immune system components to challenge with various adjuvants,
mitogens, and antigens. Given the complexity of the immune systems
in mice and humans, the possible variations in nitrite exposure
parameters, the large number of dependent variables and sampling
times to choose from, and the diversity of analytic methods available,
one might have predicted in advance the divergent results obtained.
Lewis reported no significant detrimental effects on the immune
systems of mice from exposures to 300 parts per million isobutyl
nitrite vapor for 13 weeks. However, the other two researchers
showed different patterns of decreases in T-lymphocyte numbers and
changes in immune functions after 21 weeks of intranasal amyl nitrite
in mice (Ortiz, this volume) or after 13 sessions of amyl nitrite
inhalation in human volunteers (Dax, this volume). It is apparent

that there is much to learn before the relevance of nitrites to

disease processes, such as KS, is understood.

Much has been written about the extent of nitrite use among
homosexual men. In addition, household and high school surveys have
quantitated use of nitrites among adolescents and young adults, but
these surveys have not distinguished use by sexual orientation. In

this monograph two surveys of nitrite inhalant use by drug abusers

are presented. Richard Schwartz presents data collected from
adolescents at a residential drug treatment community in suburban
Virginia. Schwartz also assesses the rates of acute toxicity attrib-

uted to nitrites among adolescent abusers. Robert Lange presents
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data concerning nitrite use among intravenous drug abusers in
treatment from six regions of the United States and among homo-
sexual men in Baltimore. Lange suggests that nitrite use is decreas-
ing among homosexual men because of the fear of an association with
AIDS. Nitrite use among intravenous drug abusers is not as extensive
as among homosexual men and is not apparently changing.

The unique epidemiology of KS in AIDS suggests that a cofactor is
necessary to explain its pathogenesis. Harry Haverkos reviewed the
existing epidemiologic studies of nitrite use and KS in homosexual
men and found inconclusive results; nitrite use is associated with KS
in some studies but not in others. In discussing the variables that
may be responsible for the varied results, he ruled out bloodborne
infectious agents and focused attention on drug use and sexually
transmitted microbial agents as the most likely places to look for the
KS cofactor. His discussion points out the difficulties of interpreting
questionnaire data when sample sizes are small and methods,
populations, and questions vary. Tighter control over survey
conditions and standardized methods would make these studies more
efficient, but may be impractical to achieve.

An open discussion moderated by Dr. Newell followed the presen-
tations at the workshop. More epidemiologic and laboratory studies
are needed to assess the role, if any, of nitrite inhalants as a

cofactor in AIDS-related KS. There is a need to develop question-
naires for studies that access nitrite exposure over one’s lifetime,
analogous to pack-years in cigarette usage. Despite the epidemiologic
associations with KS, butyl nitrite has never been tested as a car-
cinogen. Such studies should be conducted. Studies of animal
models infected with retroviruses and challenged with large quantities
of nitrites before, during, and/or after retrovirus infection would be
useful.

More research is needed to determine the dose-response curve of
nitrite inhalation in humans. Many individuals use other drugs, such
as alcohol, marijuana, and/or cocaine, with nitrites. What are the
effects of these drugs in combination?

Nitrite inhalants are important drugs of abuse in the United States.
Their association with KS and AIDS raises an important scientific
question about possible synergistic reactions between viruses and
chemicals in the development of cancer. It is our hope that this
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monograph will stimulate interest in nitrite inhalant research and
attract investigators who can conduct the multidisciplinary research
necessary to address the scientific questions raised at this NIDA
technical review.

Harry W. Haverkos, M.D.

Clinical Medicine Branch
Division of Clinical Research
National Institute on Drug Abuse
Rockville, MD

John A. Dougherty, Ph.D.

Veterans Administration Medical Center
Lexington, KY
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Nitrite Inhalants: Historical
Perspective

Guy R. Newell, Margaret R. Spitz and
Michael B. Wilson

INTRODUCTION

Early studies of Kaposi’s sarcoma (KS), manifesting as part of the
acquired immune deficiency syndrome (AIDS), showed that many
people with KS had used volatile nitrites. In the body, nitrites may
be converted to N-nitroso compounds, which are known to be
mutagens, teratogens, and strong carcinogens. In addition, studies
found nitrites to have potent immunosuppressive properties. These
facts led us to consider volatile nitrites as possible etiologic
cofactors in AIDS-related KS.

THERAPEUTIC USE OF NITRITES

In 1859, the vasodilatory effect that follows inhalation of amyl nitrite
was described. This led to its first therapeutic use in 1867 as relief
from angina pectoris (Brunton 1867). The original form of the drug
was glass ampules enclosed in mesh: they were called pearls. When
crushed between the fingers, they made a popping sound; hence, the
colloquialism “poppers” evolved. Butyl nitrite was also investigated in
the late 1880s. Although it has the same properties as amyl nitrite,

it was never used clinically (Brunton 1897). Isobutyl nitrite is a

third member of this family of compounds, and the vasodilatory
effects of these three aliphatic nitrites-amyl, butyl, and isobutyl-
were found to be similar (Haley 1980). Nitrites exert their vasodila-
tory effects by relaxing the muscles in blood vessel walls (Nickerson
1975). Vasodilation of the cerebral blood vessels causes an increase
in intracranial pressure, producing a euphoric effect or “high.” These
aliphatic nitrites were also reported to enhance sexual performance
(Everett 1975; Hollister 1975).



TOXICITY OF VOLATILE NITRITES

In spite of having a wide range of human toxicities, amyl nitrite was
considered safe for therapeutic use (table 1). The Food and Drug
Administration (FDA) eliminated the prescription requirement in
September 1960. The pharmaceutical industry first presented
testimony regarding significant abuse of amyl nitrite among young
adults (Lubell 1964). Following that testimony in 1969, the FDA
reinstated the prescription requirement. However, abuse of this drug
continued in spite of the FDA’s regulation. The National Institute on
Drug Abuse noted 13 emergency room admissions resulting from
nitrite side effects in 1976, and it investigated 84 related complaints
that year (Reed 1979).

CARCINOGENICITY OF N-NITROSO COMPOUNDS

Nitrite, present as a natural impurity in salt, was a key ingredient in
curing meats for thousands of years. Many foods are naturally rich
in nitrates, which are converted to nitrites by bacteria. Nitrite can
combine with other chemicals called amides or amines to form a
family of compounds called nitrosamines. These substances as a
group are among the most potent carcinogens known. Nitrosamines
are not permitted to be knowingly added to food at any level,
although it is likely that some foods contain small amounts of this
carcinogenic substance. In 1978, the FDA set the amount of
allowable nitrite to be added to bacon at 120 ppm and required that
bacon be free of preformed nitrosamines at 10 ppb, the lowest
amount detectable by available technology.

Magee and Barnes first reported the carcinogenicity of
N-nistrosodimethylamine (NDMA) in 1956 (Magee and Barnes 1956).
In all, 290 N-nitroso compounds have been tested for carcinogenicity,
and 252 (87 percent) of these have shown such activity (Bogovski and
Bogovski 1981). These compounds are active carcinogens in 39
different animal species; no species tested is resistant to their
carcinogenic effects (Preussmann 1983). Experiments on the
comparative metabolism of N-nitrosamines using animal and human
tissue provide convincing evidence of similar activating metabolic
pathways (Bogovski and Bogovski 1981). Thus, humans are most
likely to be susceptible to the carcinogenic effects of these
compounds. Organic nitrites, including amyl, butyl, and isobutyl
nitrite, are mutagenic according to the Ames test with or without
metabolic activation: N-nitroso compounds have the ability to induce



TABLE 1. Toxicity of inhaled volatile nitrites

System or lliness Effects

Central Nervous System Light-headedness, weakness, nausea,
ataxia, delirium, headache (short-
lived “nitrite headaches” and pro-
longed pulsatile headaches), syncope
(after profound vasodilation), tol-
erance, sedation, and anesthesia.
(Last two effects reported for animals
exposed to high concentrations.)

Cardiovascular System Profound hypotension and cutaneous
flushing followed by reflex vasoconstric-
tion and tachycardia, and transient
electrocardiographic changes (inverted
T waves and depressed ST segments).

Hematologic System Methemoglobinemia (documented after
oral and parenteral administration and
repeatedly mentioned as a possibility
after inhalation; not reported in asso-
ciation with hedonistic use of these
substances), and normocytic normo-
chromic anemia after exposure in an industrial

setting.

Ocular Organs Increased intraocular pressure and supra-
orbital pain.

Pulmonary Organs Irritation (reported for animals exposed to

high concentrations).

Cancer Inhaled nitrites could interact freely with
endogenous trivalent nitrogen compounds
to produce nitrosamines that are known to
be carcinogens.

SOURCE: Adapted from Sigell et al. 1978, Copyright 1978, the American Psychiatric
Association.



cancer after only one dose (Jorgensen 1982). These are among the
most potent known chemical carcinogens in animals.

IMMUNOSUPPRESSIVE EFFECTS OF VOLATILE NITRITES

In 1982, Goedert et al. found that the helper:suppressor ratio of
peripheral blood lymphocytes was lower among users of volatile
nitrite than among nonusers. This was the first indication that these
compounds had the potential to suppress the immune system in
humans. However, the possibility that poppers were only a surrogate
marker for other factors that were highly correlated with popper use
was not ruled out.

We demonstrated the immunosuppressive effects of nitrites on human
peripheral blood leukocytes in vitro (Hersh et al. 1983). Lymphocyte
blastogenesis, cell-mediated cytotoxicity, and monocyte adherence
were all Suppressed by concentrations of isobutyl nitrite that were
noncytotoxic in terms of cell viability. Isobutyl nitrite inhibited the
induction of a- and b-interferon, which also might contribute to
susceptibility to infectious diseases and manifestation of cancers in
users of these substances. These in vitro effects of isobutyl nitrite
were evident after only 2 hours of exposure of human lymphocytes in
culture, suggesting that prolonged exposure may not be necessary for
immunosuppressive and carcinogenic effects to occur. Cellular
cytotoxiclty was demonstrated (Jacobs et al. 1983) as was depression
of murine natural killer cells (Lotzova et al. 1984). We suggested

that continued use of these substances might interfere with attempts
to correct the immune system by other agents and, therefore, that
their use should be condemned.

NITRITES AS RECREATIONAL DRUGS

Butyl and isobutyl nitrites do not fit the definition of a food, drug,

or cosmetic as specified by the Federal Food, Drug, and Cosmetic Act
from which the FDA derives its regulatory authority. Therefore, they
are not subject to regulation by the FDA Because amyl nitrite was

no longer available after 1969 without a prescription, there was a
proliferation of different brands of butyl and isobutyl nitrite during

the early 1970s. Most commercial preparations contained some of
each type, along with unspecified impurities (Ostrow 1982; Hersh et
al. 1983).

In the 1970s. reports of nitrite use for augmentation of sexual
experiences along with descriptions of their aphrodisiac properties
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began (Louria 1970; Pearlman and Adams 1970; Everett 1972; Gay and
Sheppard 1972; Dimijian 1978; Hollister 1975). Israelstam et al. (1978)
reported that amyl nitrite was known to have been used recrea-
tionally as early as the 1960s. They report on one man in San
Francisco who tried amyl nitrite in 1963. However, the popper craze
really only began during the years 1974 to 1977. By 1979, over 5
million people in the United States used these drugs more than once
a week (Mayer 1983).

Sigell et al, (1978) reported that the sale of nonprescription volatile
nitrites, commonly referred to as poppers, was a large business. An
estimated total of $50 million a year was made from the sales of
more than 100,000 bottles a week in just one city. Further, they
claimed that, prior to 1978, male homosexuals indulged in the use of
volatile nitrites more than any other group. A guide to homosexual
lovemaking asserts that the use of amyl nitrite has “passed into every
comer of gay life.” Nitrites were used primarily during sexual

activity because they reduce social and sexual inhibitions, heighten
sexual arousal, relax the anal sphincter, and are thought to prolong
orgasm (Lubell 1964, Sigell 1978; Israelstam et al. 1978). The
chronology of volatile nitrite availability and use as it could relate to
AIDS-related KS was described (Newell et al. 1984; Newell et al.
1985b) and is given in table 2.

NITRITE USE REPORTED IN THREE CASE-CONTROL STUDIES

In December 1981, we began accepting referrals of individuals with
possible AIDS either with or without KS and opportunistic infections
(Ql). One hundred thirty-five lifestyle questionnaires were completed
by the first 145 referrals. At one extreme, 31 patients had either KS
or Ol as severe manifestations of AIDS; at the other extreme, 29
referrals were symptom-free and served as controls (Newell et al.
1985b). In spite of the small numbers in our study, we found a
statistically significant increased risk of 5.5 (95 percent confidence
interval 1.1-28.7) for KS/OI patients who had used volatile nitrites
compared with symptom-free (SF) controls (Newell et al. 1985b). In
addition, there was a smooth dose-response gradient of 1.0 for those
who never used nitrites, 4.0 for those who occasionally used, and 6.3
for those who used them frequently (table 3). Predictably, there was
considerable confounding among several risk factors. In particular,
use of nitrites was confounded by such activities as marijuana use,
attending bathhouses, and active fisting (insertion of fist into the
rectum). The estimated risk of developing KS for each factor was



TABLE 2. Chronology of volatile nitrite availability and use

Year Availability and Use
1859 Flushing of skin with amyl nitrite described
1867 Therapeutic use of amyl nitrite for angina pectoris
1880s Butyl nitrite investigated but not used clinically
1960 Amyl nitrite prescription requirement eliminated by FDA
1963 First report of recreational use
1960s Recreational use common among young adults
1969 Amyl nitrite prescription requirement reinstated by FDA
1970 Street brands of butyl and isobutyl nitrite used,;
JAMA reports use for sexual augmentation
1974 Popper craze said to have begun
1976 $50 million sales per year in one city
1977 Nitrites permeate gay life
1978 Three cases of KS/PCP found in retrospect
1979 Over 5 million people used>once per week

19 cases of KS/PCP found in retrospect
1980 56 cases of KS/PCP reported

1981 Nitrite use suspected associated with KS/PCP

SOURCE: Adapted from Newell et al. 1985a, Copyright 1985, the American Journal of
Medicine.

high after taking the others into account. For example, stratification
of nitrite use by prior history of syphilis (table 4) resulted in odds
ratios of 1.0, 3.0, and 5.0 (never, occasional, and frequent use,
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respectively) among the 28 subjects with no prior history of syphilis
as well as among the 32 subjects with a prior history of syphilis.

This suggested that use of volatile nitrites was a significant risk
factor for developing KS, independent of a prior history of syphilis.
We also found that increasing use of nitrites paralleled sexual activity
(table 5).

Marmor et al. (1982) compared 20 KS patients with 40 homosexual
controls drawn from a physician’s practice and matched them for race
and age. The major predisposing risk factors for development of KS
among the patients were amyl nitrite use and number of sex partners
per month. Marmor found that development of KS was associated
with the use of amyl nitrite but not with the use of butyl nitrite.

We believe that butyl nitrite was the predominant form of nitrite

used, but amyl nitrite was endorsed because of the way the question
regarding nitrite use was phrased, as Marmor and associates
suggested. As noted above, the effects of amyl, butyl, and isobutyl
nitrites are the same (Haley 1980). One of Marmor’s patients
reported using nitrites only once, 3 years prior to diagnosis of his

KS.

The Centers for Disease Control (CDC) study (Jaffe et al. 1983)
compared 50 KS or Ol patients with 120 homosexual controls selected
from either a venereal disease clinic (78 controls), or a physician’s
practice (42 controls). In the CDC study, nitrite use was extensive
(95 to 96 percent) among patients and both control groups. However,
lifetime usage was significantly greater among patients than among
either of the control groups. In all three studies, controls were

drawn from physician practices or clinics, and so did not necessarily
represent the male homosexual population at large. However, since
the controls were probably in poorer health than individuals in the
ideal referent population would be, risk estimates would be biased in
favor of unity. Thus, any differences found would be minimum risk
estimates. This source of bias was discussed in each paper.

Comparable findings from the three studies are shown in table 6. In
all studies, use of nitrites by cases was more prevalent than use
among the controls. If one discards the one individual reported by
Marmor et al. (1982), who only used nitrites once, the percent of use
among the cases in the three studies is 95, 96, and 94 percent. In
any epidemic, it is not unusual for some patients not to give a clear
history of exposure. The comparable prevalence of exposure among
the control groups used by Jaffe et al. (1983) does not militate
against nitrites as a potential contributing factor for development of



TABLE 3. Nitrite use as a risk factor for Kaposi’s sarcoma/
opportunistic infections (KS/Ol)

95 Percent
KS/Ol Controls Odds Confid.
Nitrite Use Number Percent Number Percent Ratio Interval

Never 2 6.5 8 27.6 1.0 -

Occasional 7 22.5 7 241 40 0.6-26.0

Frequent 22 71.0 14 48.3 6.3 1.2-34.0
Overall Odds Ratio 55 1.1 - 287

NOTE: Never=once only or once per year to allow for the experimenter; occa-
sional=once per 6 months to once per month; frequent=once per month or
more.

SOURCE: Newell et al. 1985b, Copyright 1985. Oxford University Press.

TABLE 4. Nitrite use and history of syphilis

History of Frequency of Odds
Syphilis Nitrite Use KS/Ol SF Ratio
Never 1 6 1.0

No Occasional 2 4 3.0
Frequent 7 8 5.3

Never 1 2 1.0

Yes Occasional 5 3 3.3
Frequent 15 6 5.0

NOTE: Never=once only or once per year to allow for the experimenter: occas-
ional=once per 6 months to once per month: frequent=once per month or more
Often



TABLE 5. Nitrite use by sexual activity

Average Number Average Number

Nitrite Use Partners Different Partners
per Week per Week
Never 2.3 1.7
Occasional 3.1 2.0
Frequent 4.0 2.6

NOTE: Never=once only or once per year to allow for the experimenter; occas-
ional=once per 6 months to once per month: frequent once per month or more
Often.

the disease. As noted above, the lifetime use was significantly
greater among cases than among both control groups. Also, Marmor
et al. (1982) noted that passive exposure at homosexual discotheques
was reported by many subjects. Laboratory studies showed that one
brief exposure to human lymphocytes in culture was sufficient to
cause immunologic damage (Hersh et al. 1983).

TABLE 6. Prevalence of nitrite use among three case-control

studies
Cases Controls
Study Number Number
Used Percent Used Percent
Marmor et al. 1982 20 100 40 68
Jaffe et al. 1983 50 96 120 96.95
Newell et al. 1985 31 94 29 72

COHORT EFFECT OF NITRITE EXPOSURE

Fifty percent of all patients in these studies with AIDS-related KS/OI
were between 30 and 39 years of age, and 90 percent of all patients
were men between the ages of 20 and 49. The cohort of men 30 to
39 years old (mid-age 35) in 1980 would have been 20 to 29 years old



(mid-age 25) in 1970 when volatile nitrites became available on the
open market. Further analyses of our data showed a dose-response
gradient among patients in the 30 to 39 age group, but not in the
other two age groups (table 7). The numbers of subjects in the
younger and older age groups were small.

TABLE 7. Odds ratios for nitrite use by age at referral

Age at Referral

Nitrite Use 20-29 30-39 40-49
Never 1.0 1.0 1.0
Occasional 6.0 4.0 1.0
Frequent 2.8 9.3 3.0

NOTE: Never=once only or once per year to allow for the experimenter; occas-
ional=once per 6 months to once per month: frequent=once per month or more
often.

Nevertheless, the increased risk clustered in the predicted age group.
This cohort would have reached mid-age of 30 years during 1975
when nitrite use was reported to be very common among male
homosexuals. The age of the cohort of men who were developing
KS/Ol is related to the history of nitrite availability and use shown

in table 8.

Four logical times for initial exposure to nitrites were: (1) 1965, the
central year from 1960 to 1969 during which amyl nitrite was

available without a prescription; (2) 1970, when street-variety nitrites
became available; (3) 1974, when the literature began reporting its
use among homosexual males; and (4) 1977, by which time its use was
repotted to be very common. Onset of the KS epidemic was reported
in mid-1981. We believe that 1965 is too soon for significant
exposure to have occurred, thus the lag time of 16 years is probably
too long. At the other extreme, the 4 years between 1977 and 1981
may be too short for the development of cancer, although it is
possible if the carcinogen were potent enough or the exposure were
highly concentrated. Metabolic products of inhaled nitrites may
satisfy both of these criteria. The bulk of the literature suggests
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that nitrite use had saturated the gay male population by 1974.
Thus, a better estimate for onset of exposure would be a peak in
1974 followed by the epidemic reported in 1981, a span of 7 years.

TABLE 8. Time intervals from exposure to nitrites to first report
of AIDS epidemic

Availability and Use Onset of Epidemic
Year of Nitrites Reported 1981
1965 Amyl nitrite available 16 years
1960- 1969
1970 Street-variety 11 years

“poppers” available

1974 “Popper” craze 7 years
widely recognized

1977 Nitrites reported “in 4 years
every corner of gay life”

SUMMARY

There are important reasons for considering nitrite inhalation as a
factor in the development of AlDS-related KS in young male
homosexuals. These are (1) the pharmacologic properties of amyl,
butyl, and isobutyl nitrites, which are toxic; (2) the mutagenic,
teratogenic, and carcinogenic products resulting from metabolism of
N-nitroso compounds; (3) the potent carcinogenicity of N-nitroso
compounds in 39 different animal species: and (4) the deleterious
effects of volatile nitrites on human lymphocytes both in vitro and in
Vivo .

Specifically related to this epidemic, there are additional reasons for
pursuing the connection between nitrite inhalation and development of
KS. These include: (1) the timing of the production and sales of
volatile nitrites for use as recreational drugs and the subsequent
outbreak of the AIDS epidemic (7 to 10 years); (2) the extensive use

of nitrites among male homosexuals; (3) the virtual universal history

of nitrite use by young male homosexuals in whom KS has developed
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during the past 3 years; and (4) the age group in which KS is
developing is consistent with a cohort initially exposed 7 to 10 years
ago.

CONCLUSION

We conclude that nitrite use may contribute to the development of
AIDS-related KS among male homosexuals. Immunosuppression may
allow expression of human immunodeficiency virus that was pre-
viously suppressed. The interaction of nitrites with other identified
risk factors is yet to be elucidated.
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The Fate and Toxicity of Butyl
Nitrites

Roger P. Maickel

INTRODUCTION

Volatile organic nitrites have evolved over the past quarter century

as popular street drugs, inhaled to after consciousness and intensify
sexual experiences (Sigell et al. 1978). Originally, the specific
compound used for this purpose was amyl nitrite, used in the
treatments of angina and poisoning by hydrogen sulfide or hydrogen
cyanide (Stine et al. 1978). This agent, which is primarily iso-pentyl
nitrite, was removed from the category of prescription drugs by the
Federal Drug Administration (FDA) in 1960; however, by 1968, abusive
use had become so common that it was returned to prescription
status (Israelstam et al. 1978).

Subsequently, the ready availability of butyl nitrites, used in a

variety of commercial applications (intermediates for perfumes,
antifreeze preparations, etc.), made these compounds an attractive
substitute. The pharmacology of the butyl nitrites is similar to that

of amyl nitrite; indeed, they were once considered as alternative
agents for the therapy of angina (Brunton 1897). They are presently
available from a variety of sources (pornography shops, “head” shops,
mail order catalogues) and can be obtained under a wide variety of
suggestive trade names (table 1). Nickerson et al. (1979) discussed
the pharmacology and uses of these compounds; a related report
discusses their abusive use and some biomedical effects (Pryor et al.
1980).

NATURE OF BUTYL NITRATES

The term “butyl nitrites” refers to four compounds, the nitrous acid
esters of n-butyl, isobutyl, sec-butyl, and tert-butyl alcohols. One of
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TABLE 1. Current trade names for butyl nitrites

Aroma of Men Heart On

Ban Apple Gas Highball

Bang Jac Aroma

Bolt Liquid Increase
Bullet Looker Room
Climax Mama Poppers
Crypt Tonight Oz

Cum RUSH
Discorama Satan’s Scent
Hardware Toilet Water

the problems in dealing with these substances is the fact that
commercially available samples are generally not pure. In fact,
analysis of such materials in this laboratory indicated that the labeled
component was actually from 44 to 96 percent of the sample (table

2). A sample of “RUSH,” sold as a “room odorizer” by Gemini Books,
Lafayette, IN, was found to be primarily isobutyl nitrite (IBN). The
compounds are rather unstable unless stored at low temperatures and

TABLE 2. GLC analysis of commercials available butyl nitrites

Compound Authentic Compound Maior _Containment
Percent R.T.* Percent R.T.*
(minutes) (minutes)
Isobutyl nitrate (IBN)? 63 4.7 26 6.6
n-butyl nitrite (NBN)® 79 55 13 6.1
sec-butyi nitrite (SBN)? 44 4.0 56 5.6
tert-butyl nitrite (TBN)® 96 4.6 4 3.0
RUSH® 63 4.7 17 6.6

*Retention time.
#Pfaltz and Bauer, Inc., Stamford, CT.
®Pacific Western Distributing Corp.. San Frandsco, CA.

SOURCE: GLC analysis as reported by Maickel and McFadden (1979).

16



in the absence of light, air, and water (Noyes 1943); the primary
breakdown products are the corresponding alcohols. When prepared
in the laboratory by the method of Noyes (1943), IBN, n-butyl nitrite
(NBN), and set-butyl nitrite (SBN) can be produced with >99 percent
purity: tert-butyl nitrite (TBN) requires a simple distillation process

to achieve a similar level of purity (Maickel and McFadden 1979).

STABILITY STUDIES

All butyl nitrites are believed to be rapidly hydrolyzed in vivo,
yielding the corresponding alcohols and nitrite ions (Sutton 1963).
Some idea of the rapidity of in vivo degradation of these compounds
may be observed in mice exposed to the butyl nitrites through
inhalation of concentrations sufficient to cause death within 10 to 20
minutes (i.e., 3,000, 2,000, 4,000, and 50,000 ppm of IBN, NBN, SBN,
and TBN, respectively). No detectable levels (less than 1 .0 ug/ml)
could be found of IBN, NBN, or SBN. Under these conditions, the
blood level of TBN was 16.7 + 3.2 (SEM) u g/ml.

Since plasma levels of the butyl nitrites were so low even when mice
were exposed to lethal doses, it was felt that the stabilii of these
compounds should be assessed under various test conditions.
Accordingly, a study was performed of the stability of the various

butyl nitrites in 0.1 M phosphate buffer (pH=7.4) at 37 °C. The

results (table 3) showed that rapid decomposition of these compounds
occurred under such conditions. Three of the compounds (IBN, NBN,
and SBN) had monophasic decay curves with half-lives of 14.0, 15.2,
and 21.8 minutes, respectively, while TBN showed a blphasic decay
curve with a half-life of 5.6 minutes for the first phase, and 16.2

minutes for the second phase. All four compounds decayed according
to first order kinetics.

When similar studies were performed using mouse plasma (rather than
phosphate buffer) under similar conditions, even more rapid degrada-
tion was observed (table 4). All four compounds showed a rapid

initial decay phase (with a half-life of 2.8 to 3.7 seconds) for the

first 10 to 20 seconds, followed by a second, slower phase (with a
half-life of 75 to 219 minutes) that extended out to >3.0 hours. The
transition from first to second phases occurred at a concentration of
approximately 0.1 mg/ml for all four butyl nitrites and the decay

curves were first order in both phases.

Finally, similar studies were performed to examine the stability of
the butyl nitrites when incubated with mouse whole blood at 37 °C
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TABLE 3. Stability of butyl nitrites in phosphate buffer (pH = 7.4)
at 37 °C

Half-Life Minutes)

Compound Phase | Phase Il
IBN 14.0+0.7 -
NBN 15.2+1.8 -
SBN 21.8+1.9 -
TBN? 5.6+£0.4 16.2+2.7

®Phase |/Phase |l transition at approximately 12 minutes.

NOTE: Butyl nitrites (1 mg/ml) were added to 0.1 M phosphate buffer (pH-7.4) in
septum-stoppered vials in a shaking incubatur at 37 °C. Samples were
withdrawn at 2 to 5 minute intervals for GLC analysis as described by
McFadden et al. 1981. Data were analyzed by feast-squares regress&n analysis;
values are reported as mean + SEM (n=5).

TABLE 1. Stability of butyl nitrites in mouse plasma at 37 °C

Half-Life (Minutes)

Compound Phase | Phase Il
SBN® 2.79+0.16 219465
TBN? 2.82+0.23 12728
NBN” 3.41+0.70 162+50
IBN? 3.66+0.26 75+21

®Phase |/Phase Il transition at approximately 15 seconds.

NOTE: Butyl nitrites (1 mg/ml) were added to mouse plasma in septum-stoppered vials
in a shaking incubator at 37 °C. Samples were withdrawn at 5-second to 10-
minute intervals for GLC analysis as described by McFadden et at. (1981). Data
ware analyzed by least-squares regression analysis: values are reported as mean
+ SEM (n=6-7).

(table 5). Under these conditions, the rates of decay for all four
compounds were extremely rapid. NBN and IBN decayed in a mono-
phasic fashion with half-life values <2 seconds, while SBN and TBN
showed biphasic decay curves with initial phase half-life values of <3
seconds and second phase decay values of 6.1 and 20 minutes,
respectively. Thus, the breakdown of butyl nitrites was relatively
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TABLE 5. Stability of butyl nitrites in mouse whole blood
at 37 °C

Half-Life Minutes)

Compound Phase | Phase I
NBN <1.0
IBN 1.60+0.05
SBN® 1.91+0.06 6.1+1.6
TBN? 2.72+0.26 20.2+2.3

®Phase I/Phase Il transition at approximately 15 seconds.

NOTE: Butyl nitrites (1 mg/ml) were added to mouse whole blood in septum-stoppered
vials in a shaking incubator at 37 °C. Samples were withdrawn at 5 to 10
second intervals for GLC analysis as described by McFadden at al. (1981). Data
were analyzed by least-squares regression analysis; values are reported as
time £ SEM (n=4).

rapid in aqueous conditions and markedly enhanced in the presence
of mouse plasma and even more so in the presence of whole blood.

Osterloh and Goldfield (1984) have shown that NBN is rapidly
converted to n-butanol, nitrite and nitrate in water; the rapidity of
breakdown increased as the pH was lowered from 9 to 4. In whole
blood, NBN was rapidly converted to butanol and nitrate with
formation of methemoglobin; in plasma, these authors found NBN to
be relatively stable.

TOXICITY

The resultant effects of the presence of erythrocytes, coupled with
earlier observations that IP dosage of butyl nitrites (but not the
corresponding butyl alcohols) to mice resulted in discoloration of the
blood (Maickel and McFadden 1979), suggested that methemoglobin-
emia was a significant factor in the toxicity of the butyl nitrites.
Accordingly, a series of studies were performed to examine the ability
of butyl nitrites to produce methemoglobin in hemolyzed mouse
erythrocytes. The results of these studies are presented in table 6,
showing NBN as the most potent compound in this regard, closely
followed by IBN, the most commonly available butyl nitrite in
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TABLE 6. Buty! nitrite-induced methemoglobin formation in mouse
hemolyzed erythrocytes in vitro

MH3° Relative

Compound (95% Confidence Linmits) Poetency
NBN 131 (180-99) 1.00
IBN 174 (211-148) 0.75
SBN 202 (295-149) 0.65
TBN 5072 (6508-4089) 0.03

NOTE: MH values are the concentration ( g butyl nitrites whole blood) necessary
to oxidize 50 percent of the Hb to metHb. Values and 95 percent confidence
limits ware datermined by the dose-response analysis of Goldstein (1964).

SOURCE: McFadden et al. 1981, Copyright 1981, Purdue University, Department of
Pharmacology and Toxicity.

commercially (street drug) available preparations. TBN was less
potent by more than an order of magnitude.

Similar data were obtained from studies in which methemoglobin
levels were determined in mice exposed to lethal concentrations of
the four butyl nitrites in dynamic inhalation chambers. In such a
test situation, death occurred in 10 to 20 minutes at the exposure
concentrations used. As seen in table 7, TBN is much less potent
than the other three butyl nitrites, with required lethal
concentrations at an order of magnitude greater. Even at this
concentration, a significantly lower level of methemoglobin was
produced by TBN as compared to the levels produced by NBN, IBN,
and SBN.

One interesting aspect of these compounds is the relatively consistent
lethal potency when given by various routes. Table 8 displays a
summary of this data as derived from LD, determinations. NBN was
the most potent compound, regardless of route of administration,

with IBN next in potency in every case. With IP dosage, SBN and

TBN were virtually identical, while with PO dosage, TBN was a bit
more potent than SBN. On inhalation, TBN was clearly the least toxic
substance by almost an order of magnitude. Similar results with NBN
have been repotted by Osterloh and Goldfield (1985).
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TABLE 7. Levels of methemoglobin in mice exposed to lethal
concentrations of butyl nitrites

Exposure
Concentration Percent
Compound (ppm) Methemoglobin
NBN 2,000 974 +24
IBN 3,000 03517
SBN 4.000 83.1 £ 3.0
TBN 50,000 83.2+22

NOTE: Concentrations of butyl nitrites were determined by GLC as reported by
McFadden and Maickel (1981). Methemoglobin levels were determined as
described by Frankel et al. (1970); values are mean + SEM (n=4-5).

SOURCE: McFadden et al. 1981, Copyright 1981, Purdue University, Department of
Pharmacology and Toxicology.

Additional studies have also been performed to see if various
treatments could reduce or prevent the toxicity of these compounds.
Since most commercially available preparations contain IBN, and
several of these commercial preparations have been implicated in
human poisonings via the oral route (Dixon et al. 1981), IBN was used
as the test agent. The lethality of a PO dose of 400 mg/kg of IBN
could be significantly reduced by pretreating mice with methylene
blue (50 mg/kg, IP) or toluidine blue (50 mg/kg, IP), but not with
ascorbic acid (200 mg/kg, IP) or sodium selenite (3 mg/kg, IP). In
contrast, mice given 300 mg/kg, PO of IBN, showed no significant
antidotal effects in response to 100 percent oxygen, ascorbic acid,
methylene blue, or sodium selenite (McFadden and Maickel 1982).
These data would suggest that methemoglobinemia produced by butyl
nitrites plays a significant role in the lethality caused by these
compounds.

Further, in mice pretreated with methylene blue (50 mg/kg, IP) 15
minutes prior to a 45-minute period of exposure to 500 ppm of butyl
nitrites, methylene blue completely prevented methemoglobinemia
produced by NBN, IBN, and SBN. Under these conditions, TBN did
not produce any significant methemoglobinemia (McFadden et al.
1961). Similarly, methylene blue pretreatment significantly increased
the median lethal time values for survival when mice were exposed to
higher concentrations of all four butyl nitrites (table 9). In this

regard, Klonne et al. (1987) have reported single exposure LC50
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TABLE 8. Comparative potency (lethality) of butyl nitrites administered by different routes

IP_Dosage (mg/kg) PO Dosage (mga/kg) Inhalation m
Compound LDs, R.P. LDs, R.P. LCs, R.P.
NBN 158 1.00 180 1.00 567 1.00
IBN 184 0.86 279 0.65 1,033 0.55
SBN 592 0.27 428 0.42 1,753 0.32
TBN 613 0.26 336 0.54 10,852 0.05

NOTE: IP deaths @ 0.5 hr.; PO deaths @ 2.0 hr.; Inhalation deaths @ 1.0 hr.; R.P.=relative potancy where most potent compound=1.00.
Data on IP dosage from Maickel and McFadden (1979); on PO dosage from McFadden and Maickel (1982); and on inhalation
from McFadden et al. (1981).
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TABLE 9. Effects of methylene blue pretreatment on survival of mice exposed to butyl nitrites

LDsy  (Minutes) Ratio Methylene
Compound Control ~ Methylene Blue (Methylene Blue to Control) (ppm)
IBN 1500 20.5 2321 11.3
NBN 1000 24.0 187.0 7.8
SBN 2000 43.0 261.5 6.1
TBN 50000 32.7 68.6 2.1
NOTE:

by probit analysis.
SOURCE:

McFadden et al. 1981, Copyright 1981, Purdue University, Department of Pharmacology and Toxicology.

Mice were dosed with 50 mg/kg, IP, methylene blue 15 minutes prior to butyl nitrite exposure. LT5, values were determined



values in rats for: ethyl, methyl, n-propyl, n-butyl, isopentyl, and
isobutyl nitrites to be 160, 176, 300, 420, 716, and 777 ppm,
respectively.

OTHER STUDIES

Finally, several studies have been performed to examine the
subchronic toxicology of butyl nitrites in mice by inhalation
(McFadden and Maickel 1985). Mice were exposed to IBN (400 ppm),
NBN (300 ppm), SBN (500 ppm), or TBN (1000 ppm) for 7 hours daily
for 60 days. Under these conditions, survival rates were 80 to 95
percent. During the first 30 days of exposure, treated animals had
significantly lower body weights than untreated controls; during the
second 30 days of exposure, the body weights of mice exposed to
IBN, NBN, or SBN returned to control values, while those of mice
exposed to TBN continued to be significantly lower than those of
controls. A summary of organ weights of these mice is shown in
table 10. Liver weight was significantly increased only in the IBN-
treated mice, kidney weight in those treated with IBN and SBN, and
lung weight in all except the mice exposed to TBN. In contrast,
spleen weights were significantly elevated in mice exposed to all four
butyl nitrites, presumably reflecting the adverse effects of butyl
nitrites on erythrocytes.

Selected enzymes were also determined in these mice. Plasma
isocitric dehydrogenase was significantly depressed in mice exposed to
TBN, liver microsomal glucose-6-phosphatase was significantly
depressed in mice exposed to IBN, and liver microsomal cytochrome
P-450 was significantly depressed in mice exposed to NBN (McFadden
and Maickel 1985).

SUMMARY
In summary, all four butyl nitrites were found to be moderately toxic

compounds in mice, especially when given PO, TBN was the least
toxic and also the least potent in producing methemoglobinemia.
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TABLE 10. Effects of 60 days exposure to butyl nitrites on organ weights of mice

Proportion of Body Weight (Butyl Nitrite/Control

Compound Kidney Liver Lung Spleen
IBN 1.15° 1.14% 1.74° 2.57°
NBN 1.04 0.98 1.33° 1.82°
SBN 1.122 0.96 1.11 1.27%
TBN 0.97 0.96 1.60% 1.312

asignificantly greater than control.

NOTE: Mice were treated as described in McFadden and Maickel (1985).
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The Acute Toxicity of Nitrite
Inhalants

Ronald W. Wood

INTRODUCTION

Alkyl nitrites produce a variety of effects when inhaled. Except in
the context of anginal pain or as an antidote to cyanide poisoning,
these effects cannot be construed as having therapeutic utility. A
number of demonstrable risks accompany the inhalation of these
materials, and this chapter will review the acute hazards associated
with the nonmedical use of these chemicals. Aside from the spectrum
of effects desired by the user, there are less desirable “side effects”
as well as frank injuries associated with the use of these products,
including skin and tracheobronchial irritation; bum injuries; acute
toxicity mediated by hypokinetic anoxia, methemoglobinemia, and
associated disorders of blood and blood-forming organs; and the
induction of a substance abuse disorder.

DESIRED ACUTE EFFECTS AND UNDESIRED SIDE EFFECTS

Inhalation of high concentrations of nitrites relaxes smooth muscle:
the consequent intense peripheral vasodilation produces flushing, a
fall in blood pressure, and a reflex increase in heart rate to

maintain perfusion of vital organs (Haley 1980). These effects are
accompanied by feelings of warmth, rapid pulse, and throbbing
sensations. Volatile nitrites are frequently used as an adjunct to
sexual behavior, because of their smooth muscle effects, nitrites can
reduce sphincter tone and alter tumescence. The vasodilation is
accompanied by heat loss and a subsequent chill. Headache, nausea,
and fainting are common sequelae of nitrite inhalation.
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Skin and Tracheobronchial Irritation

Skin contact with commercial products containing butyl nitrite can
produce a crusty lesion at the site. Repetitive use of the material

can lead to a proliferation of these lesions around the nose and lip
(Fisher et al. 1981; Fisher 1984; Romaguera and Grimalt 1982) and
has been reported around the penis, the scrotum, and elsewhere (Bos
et al. 1985). The latter report suggests that a true allergic response

to these materials may occur.

The irritating properties of these materials are not confined to the
skin and have manifested themselves in tracheobronchitis with
erythema of sufficient severity to require hospitalization, and with
complaints of cough, fever, mild hemoptysis, and exertional dyspnea
(Covalla et al. 1981). Subchronic toxicity evaluations support
concern about lung injury (McFadden and Maickel1985; Lynch et al.
1985).

Burn Injuries

Aikyl nitrites are flammable and explosive. At least one bum injury
has been reported through the National injury Information Clearing
House (NEISS data base) of the Consumer Product Safety Commission
(CPSC), following the use of a room odorizer product near a candle.
“This incident involved a 26- yearold male who opened a small bottle
on a stand when it ignited, flamed up, and burned him. During this
accident, the victim spilled some of the gymnasium room odorizer
onto parts of the living room furnishings. As a result, part of an
ottoman and small sections of the carpet were damaged. It is
believed that the liquid gymnasium room odorizer ignited, as its
vapors came into contact with a lighted cigarette in a nearby ash

tray. The victim received bums on the left side of his nose and an
area of his left cheek. The victim was also singed on his right arm,
forehead and some parts of his hair” (CPSC memo from Schmettzer to
Perez, July 11, 1977).

The materials are labeled with a warning of this hazard, which Is

not to be underestimated; small quantities have been responsible for
refrigerator explosions in laboratories, and larger quantities have
been implicated in the largest fire in San Francisco since the
earthquake of 1998 (Turner 1981). Despite these hazards, many of
the products packaged in small vials with shrink-fit plastic comply
with U.S. Postal Service regulations for the shipment of small
quantities of flammable and explosive materials.
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Acute Toxicity

Whether inhaled or swallowed, nitrites can produce anoxic states.
The administration of nitrites by any route can produce profound
methemoglobinemia. Tissue anoxemia can result from
methemoglobinemia (Darling and Roughton 1942; Lester and
Greenburg 1944). Ascorbic acid and methylene blue may be effective
prophylactic agents for nitrite poisoning if administered promptly, but
laboratory studies offer little support for this in the case of isobutyl
nitrite ingestion (McFadden and Maickel 1982). Prolonged
administration of the materials may lead to several disorders of the
Mood and blood-forming organs, including Heinz-body hemolytic
anemia and splenomegaly (Romeril and Concannon 1981); increased
spleen weight has been observed in mice chronically exposed to butyl
nitrites (McFadden and Maickel 1985). The administration of nitrites
can also produce hypokinetic anoxia, an oxygen starvation of vital
organs secondary to sustained profound peripheral vasodilation,
pooling of Mood in the extremities, and impaired vascular return
(Wilkins et al. 1937).

A number of human anecdotes report on the acute toxicity of

volatile nitrite “room odorizer” products and provide correlative
observations that substantiate concern aroused by experimental work
with laboratory animals. Severe methemoglobinemia can result from
deliberate inhalation of room odorizer products (Home et al. 1979;
Shesser et al. 1981; Guss et al. 1985). Ingestion can produce a more
rapid and malignant methemoglobinemia than can inhalation and can
be lethal (Dixon et al. 1981; Shesser et al. 1980; Shesser et al. 1981;
Smith et al. 1980; Wason et al. 1980).

The acute toxicity of the alkyl nitrites has received attention in the
laboratory and is relevant to the regulation of these materials in
interstate commerce, including packaging and labeling requirements.
A summary of these experimental findings is presented in table 1.
Room odorizer products are currently considered to be “toxic” by
inhalation or ingestion, although the oral toxicity of the material has
not been evaluated adequately according to the CPSC. The materials
display an unusually steep lethality function so that, in the effective
range, small increments in dose produce large changes in the number
of resultant deaths (Wood and Cox 1981; Klonne et al. 1987). In
addition, there is a very narrow margin of safety between

behaviorally effective and lethal concentrations (Rees et al. 1986).
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Users estimate they can derive 40 “doses” from a typical room
odorizer, yielding approximately 0.2 ml per self-administration
(Israelstam et al. 1978). This estimate is neither a dose nor an
exposure concentration, but a rate of loss of a volatile material from
an open container. There have been no studies that describe either
the absorbed dose or the exposure concentrations that are effective
in producing smooth muscle relaxation, alterations in cardiovascular
function, behavioral impairment, or self-administration under the brief
exposure conditions typical of self-administration. However, Pryor et
al. (1989) did expose rats to isobutyl nitrite for 15 to 60 seconds, at
concentrations that increased gradually in the exposure chamber. The
LC50s expressed as a peak concentration ranged from 4.5 to 4.8
percent. The slope of the lethality function was influenced by the
rate of change of concentration. A constant concentration-time
product relationship was not obtained in this study, or in that of
Klonne et al. (1987), suggesting that the dramatic acute effects of

the agent may alter the pharmacokinetics and exaggerate the toxicity
of these agents.

For some of the aliphatic nitrites, the alcohol from which they are
synthesized may contribute significantly to their toxicity when
injected or ingested. In addition, the alkyl nitrites are metabolized
to nitrite ions and the corresponding alcohol, which may lead to
delayed deaths or hepatotoxicity. n-Butyl alcohol has an oral
median lethal dose (LDsg) for the male rat of 790 mg/kg (Purchase
1969), in contrast to 13,600 mg/kg for ethanol (Smyth et al. 1941).
In an investigation of several highly pure butyi nitrites and their
alcohols given to mice intraperitoneally, set- and tert-butyl nitrites
were found to have significant delayed toxicity; the toxicity of the
alcohols by the same route was also delayed, and the LDs, ranged
from 254 (n-butyl) to 544 mg/kg (isobutyl) 7 days after
administration (Maickel and McFadden 1979).

SUBSTANCE ABUSE DISORDERS

There is clear evidence that volatile nitrites are used as drugs of
abuse. National surveys indicate that high school seniors and adults
not only have used alkyl nitrites as drugs, but also that 7.9 to 11.1
percent of high school seniors from 1979 to 1985 reported having
tried these drugs in their lifetime (Johnston et al. 1986). The
incidence of deliberate use by homosexual men has been greater and
is discussed in more detail shortly. Lowry (1980) conservatively
estimated that 250 million recreational doses a year were consumed
in the United States (Lowry 1982).
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Volatile nitrites are persistently self-administered by people.
Israelstam et al. (1978) interviewed 150 users of isobutyl nitrite and
reported that users who administered nitrites did so from three to

six times per “occasion”; the number of occasions ranged from only
once to four times a week. The duration that this frequency of self-
administration was maintained was unspecified. Goedert et al. (1982),
in an attempt to determine if volatile nitrites alter immune function,
studied 17 men; 10 were described as regular users, inhaling nitrites
from 1 to 20 times per month; 4 had used nitrites for longer than 6
years. Romeril and Concannon (1981) presented two cases, each of
which reported 20 sniffs per occasion, two to three times per week,
for either 3 or 24 months. Fisher et al. (1981) reported on two men
who stated that they were “in the habit” of inhaling butyl nitrite and
continued to do so during the 6-week period that they were seen by
a physician.

According to the nosological scheme of the Diagnostic and Statistical
Manual (DSM |ll) of the American Psychiatric Association, one
definitional criterion of “substance abuse” is a duration of
pathological use for at least 1 month; several of the cases described
above meet this criterion. Other than the duration of use,

definitional criteria for “pathological use” vary with the substance
abused but may include episodes of complication due to substance
intoxication, e.g., alcoholic blackouts, opioid overdose; need for daily
use of the substance for adequate functioning; and continuation of
substance use despite a serious physical disorder that the individual
knows is exacerbated by use of the substance. Examples from the
literature fulfilling these criteria follow.

Compications Due to Substance Intoxication

Shesser et al. (1981) report a hospital admission following several
hours of continuous inhalation of an isobutyl nitrite preparation.

The patient was alert and combative, and the parents sought to have
the patient admitted to the hospital because of mental status change
and cyanosis. The patient admitted to having had several drinks of
alcohol. Treatment of the patient with oxygen and intravenous
methylene blue and ascorbic acid resulted in alleviation of the
cyanosis; with the patient becoming calmer and reoriented. Covalla
et al. (1981) report a hospital admission for severe tracheobronchitis
following the.patient’s inhalation, with a friend, of two bottles of
LockerRoom in a week’s time. Hi friend developed a similar but less
severe illness. The cases in the following paragraph also constitute
complications of substance intoxication.
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Continuation of Substance Use Despite a Serious Physical Disorder
Exacerbated by Use of the Substance

Home et al. (1979) report emergency room admission on two
separate occasions of a 25year-old man after he inhaled butyl
nitrite. The occurrence of clinically significant methemoglobinemia
was not sufficient to deter self-administration in this individual. In

a survey of 255 experienced users (Lowry 1979), 10 percent had
experienced nasal irritation at least once, and 5 percent had
experienced nausea or temporary loss of erection. These negatlve
effects were associated with “overuse” (emphasis Lowry’s). Fisher et
al. (1981) report several cases of facial dermatitis due to butyl
nitrite inhalation. Two of the three cases reported that they were
“in the habit of inhaling butyl nitrite,” and continued to do so

during the 6-week period in which the dermatitis was evident. The
skin lesions cleared when nitrite use was terminated.

Need for Daily Use of the Substance for Adequate Functioning

Sigell et al. (1978) interviewed an unspecified number of users, some
of whom claimed that they were no longer able to perform sexually
without the use of these drugs. Everett (1975) has made a similar
assertion.

CONCLUSION

Research funded by the National Institute on Drug Abuse (NIDA) has
demonstrated that drugs abused repetitively by humans are self-
administered by animals; drugs that are abused sporadically by
humans (most hallucinogens), or not at all (major tranquilizers), are
not taken by laboratory animals. Thus, there is a pharmacologic sine
qua non for the ability of drugs to maintain self-administration: in

the absence of intrinsic abuse potential, humans will not persistently
abuse a drug. Although there have been no laboratory investigations
using animal self administration preparations, volatile nitrites have
abuse potential because they would not generate persistent human
self-administration in its absence.

The extrapharmacologic determinants of substance abuse are of great
importance; in this case, the pattern of distribution, availability, and
promotion of materials in commerce play predominant roles in
elevating the abuse liability of the volatile nitrites. The pattern of
distribution of volatile nitrites is typical of a free market with access

to the mails and the right to advertise. The interruption of this
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pattern of distribution would reduce the abuse liability of these
agents.

TABLE 1. Acute toxicity of akyl nitrites

Compound  Species LDso/LCsp Reference
Oral
n-Butyl Rat 83 mg/kg Wood and Cox 1981
(79.5-86.5) Federal Hazardous
Substances Act protocol
Ethanol vehicle
(50 mg/kg="highly toxic")
n-Butyl Mouse 180 mg/kg McFadden and Maickel 1982
(0-288) (2-hour LDs)
sec-Butyl 428 mgl/kg
(358-469)
tert-Butyl 336 mg/kg
(292-447)
Isobutyl 279 mg/kg
(0-610)
n-Butyl Mouse 171 mg/kg McFadden and Maickel 1982
(27-249) (7-day LDsgp)
sec-Butyl 423 mgl/kg
(393-456)
tert-Butyl 308 mg/kg
(220-426)
Isobutyl 205 mglkg
(5-311)
Intraperitoneal
Amyl Mouse 130 mglkg Dewey et al. 1973
(111-152)
n-Butyl Mouse 158 mg/kg Mcfadden and Maickel 1979
(127-197) (30-minute LDs)
sec-Butyl 592 mglkg
(476-734)
tert-Butyl 625 mg/kg
(520-750)
Isobutyl 169 mg/kg
(139-199)
Intravenous
Amyl Mouse 51 mglkg Dewey et al. 1973
(38-68) (24-hours  LDyg)
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TABLE 1. (Continued)

Compound Species LD5o/LCso Reference
Inhalation
Isbutyl Mouse 1346 ppm Rees et al. 1986
(1219-1473) (30-minute exposures)
n-butyl 949 ppm
(897-1001)
Isoamyl 1430 ppm
(1302-1559)
Isobutyl Mouse 1033 ppm McFadden et al. 1981
(843-1234) (60-minute exposures)
n-butyl 567 ppm
(531-625)
sec-Butyl 1753 ppm
(1552-1964)
tert-Butyl 10852 ppm
(626-15408)
Methyl Rat 176 ppm Klonne et al. 1987
(169-183) (4-hour exposures)
Ethyl 160 ppm
(151-169)
n-Propyl 300 ppm
(293-308)
n-Butyl 4210 ppm
(410-431)
Isobutyl 777 ppm
(747-809)
Isopentyl 716 ppm
(Isoamyl) (702-731)
n-Butyl Rat 1470 ppm CPSC memo fro Perez to
(1226-1823) Preuss, September 24, 1979
Isobutyl 1000 ppm Federal Hazardous
(815-1255) Substances Act protocol
Isoamyl Rat 1118 ppm (1-hour exposures)
(797-1493)
Note: LDsy=Median lethal dose (lethal to 50 percent of test subjects).

LCso=Lethal concentration, 50 percent.
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Indications From Animal and
Chemical Experiments of a
Carcinogenic Role for Iso-
Butyl Nitrite

Sidney S. Mirvish, Martin O. Ramm, and
David M. Babcook

INTRODUCTION

We have been studying the in vivo formation of carcinogenic
nitrosamines and nitrosamides (which together constitute the highly
carcinogenic N-nitroso compounds) after exposure of laboratory
animals to the atmospheric pollutant nitrogen dioxide (NO,). In the
course of those experiments, we found that the nitrite ester of
cholesterol participated in the formation of nitrosamines. This

finding is consistent with suggestions that simple nitrite esters may
form similar carcinogenic compounds in man. In this chapter we
describe experiments evaluating the carcinogenic potential of amyl
nitrite and isobutyl nitrite (IBN), a major component of abused room
odorizers, and speculate on the possible relationship between nitrite
ester abuse and the development of Kaposi’s sarcoma (KS) in patients
with Acquired Immunodeficiency Syndrome (AIDS). We first
summarize our data on NO, and describe the nitrite ester studies, and
then discuss the possible connections between KS and nitrite ester
abuse.

NITROSAMINE FORMATION DUE TO EXPOSURE TO NO?

In chemical systems, NO, reacts with amines to form nitrosamines.
On this basis we studied whether the same reactions could occur in
vivo. We exposed rats to NO, in air (50 ppm for 4 hours), gavaged
them with the secondary amine morpholine, and later analyzed the
carcasses for the corresponding nitrosamine, N-nitrosomorpholine
(NMOR). The final stage of the analysis involved gas chromatography
of the NMOR, with detection by Thermal Energy Analysis (GC-TEA),

a system that can detect as little as 0.1 ng nitrosamine. While no
NMOR was detected, the carcasses did contain a “nitrosating agent”
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that reacted with morpholine in dichloromethane or ether solution to
produce NMOR in vitro (Mirvish et al. 1981). All subsequent studies
were done on Swiss mice. The nitrosating agent was soluble in lipids
and occurred only in the skin; most of it persisted in the body for 24
hours after the NO, exposure (Mirvish et al. 1983). The nitrosating
agent was shown to be produced by direct contact of NO, with the
skin. Later, these findings provided some ideas about the possible
route of exposure to ISN vapor.

To identify the nitrosating agent derived from NO, we examined the
nature of the precursor in skin lipids that reacted with NO, to
produce this agent. About 40 percent of the precursor was associated
with the triglyceride fraction and 60 percent was identified as
cholesterol (Mirvish et al. 1986). These findings were discovered by
separation of the lipids on thin-layer and high-performance liquid
chromatography, with analysts of each fraction for a nitrosating agent
precursor. Cholesterol reacted with NO, to produce the known
nitrite ester, cholesteryl-3-B-nitrite. Synthetic cholesteryl nitrite
reacted with morpholine by the scheme shown below to give 13
percent yields of NMOR. We showed that the cholesterol-derived
nitrosating agent in mouse skin was almost certainly cholesteryl
nitrite. These findings agreed with previous studies showing that
nitrite esters (including IBN) react fairly readily with secondary
amines to form nitrosamines (Doyle et al. 1983; Dabora et al. 1984;
Loeppky et al. 1984).

RONO + R';)NH -> ROH + R',NNO

Thus far, we have described in vitro reactions of the NO,derived
nitrosating agent to form nitrosamines. To be significant, these
reactions must also be shown to occur in vivo. To test for this, we
applied one of the secondary amines, morpholine or N-methylaniline,
to the skin of mice 20 hours after they were exposed to 50 ppm NO,
in air for 4 hours. After another 0.5 to 2.0 hours, the mice were

killed and the skins were analyzed for NMOR or N-nitroso-N-
methylaniline (NMA) by GC-TEA. We did not observe significant
NMOR, but did detect NMA, with maximum values of 187 nmol/mouse
(mean + SD) for 6 mice killed 40 minutes after the amine was applied
(Mirvish and Ramm 1987). In a similar experiment, the mice were
shaved 30 minutes after methylaniline was painted, and the hair and
shaved skin were analyzed separately for NMA. The hair contained
87 percent of the NMA. This demonstrates the importance of direct
access of NO, to the skin lipids, which should be more facile for
lipids in hair than for those in the skin itself. We attribute the
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formation of NMA, but not NMOR, mainly to the lipid solubility of
N-methylaniline, which enables this amine to react with the skin
nitrosating agent (Morpholine is not extractable by lipids at neutral
pH.) The analyses included checks to ensure that the nitrosamines
were not produced during the workup.

Lipid Peroxidation By Cholesteryl Nitrite

Nitrite esters (but not nitrate esters) absorb ultraviolet light

between 320 and 380 nm, which helps explain why nitrite esters are
decomposed by light or heat to yield alkoxy radicals and nitric oxide
(Smith 1988):

light
RONO -> RO + NO

This reaction proceeds readily, with a free energy of 37 kcal/mol
(Gingras and Waters 1954). For this reason, methyl nitrite is used to
initiate radical reactions in studies on atmospheric pollution
(Magalhaes and Chalk 1986). It struck us that such a reaction of
cholesteryl nitrite could be biologically significant, because radical
production is closely linked with the promotion stage of carcino-
genesis (Kensler and Taffe 1986). Lipid peroxidation is a measure of
radical production In the lipid phase of tissues and also shows
associations with tumor promotion. For these reasons, we tested
whether cholesteryl nitrite could catalyze the peroxidation of methyl
linoleate, used as a model for unsaturated lipids (Mirvish et al.

1987).

One gram of methyl linoleate, with and without the addiiion of 50

mg cholesteryl nitrite, was allowed to autoxidize in a sealed

dessicator (20 cm in diameter) for up to 7 days. To measure
autoxidation, we determined conjugated dienes end compounds (malon-
dialdehyde plus endoperoxides) that react with thiobarbituric acid

(TBA) (Buege and Aust 1978).

Table 1 shows that cholesteryl nitrite significantly increased the
production of both conjugated dienes and TBA-reacting substances.
In a preliminary experiment, painting a cholesteryl nitrite solution
(12.5 mg/250 | acetone) once on the skins of mice produced a
significant increase after 1 to 2 days in TBA-reacting material in the
skin lipids (4.5 £ 0.2 (four mice, mean SE) compared to 0.1 £ 0
(two mice) in mice painted with acetone alone). As explained earlier,
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TABLE 1. Effect of the nitrite esters cholesteryl nitrite and IBN on autoxidation of methyl linoleate®

Yield of peroxidized material (nmol/mg methyl linoleate,

mean = SD)
Exposure Number Conjugated diene test TBA test

Nitrite time of Ester Ester Ester Ester
ester (days) exposures absent present absent present
Cholesteryl 0 3 14+24 21+ 2.4b 04+03 61+03°
nitrite 1 2 40424 635+ 35° 0801 14:34C

3 2 101 + 98 931 1 0° 4218 23+78

7 1 94 714 1.6 38
IBN 0 2 16+21 16 +24 06+04 06+04

45 2 98 + 43 98335 0804 54422
7 2 286 + 117 150 1 18 35317 553300

°IBN results are based on weight of methyl linoleate at the beginning of the experiment. because some IBN distilled into the
linoleate. Cholesteryl nitrite results are based on weights at the time of measurement.

*Results were significantly greater than those for corresponding samples without addition of nittrite ester, with p<0.05b or <0.01c.



these results suggest that cholesteryl nitrite could promote carcino-
genesis in mouse skin.

In Vivo Formation of the Nitrosamine NMA from Amyl Nitrite

This and the following section describe our studies on amyl nitrite
and IBN, which were based on our findings about cholesteryl nitrite.
The studies in this section demonstrated that amyl nitrite can react
to produce a nitrosamine in vivo (Mirvish et al., in press; Mirvish and
Ramm 1987).

As in the studies on skin NSA, N-methylaniline was chosen as the
test amine, mainly because it is lipid-extractable from water at
neutral pH and, hence, could react with the lipid-soluble nitrite ester,
amyl nitrite. Adult male Swiss mice were treated with methylaniline
and amyl nitrite, with each agent delivered to a different site in the
body. In the main experiment, methylaniline (250 mg/ml water/kg
body weight) was injected IP and, 30 minutes later, amyl nitrite (40
mg/ml corn oil/kg body weight) was gavaged. After another 30 or 60
minutes, the mice were killed and the carcasses were analyzed for
NMA, using the methods described earlier. For six mice killed after
30 minutes, we obtained 480 + 310 nmol NMA/mouse (mean * SD).
Six mice killed after 60 minutes yielded 380 £ 100 nmol NMA/mouse.
The results at 30 minutes were 18 times higher than those for NMA
produced from the NO,derived skin nitrosating agent.

In a different procedure, methylaniline in water was gavaged, amyl
nitrite in corn oil was injected IP 30 minutes later, and the mice

were killed after another 30 minutes. In four mice, the NMA yield

was only 6 £ 6 nmol/mouse. When amyl nitrite, but not methyl-
aniline, was administered to four mice as in our main experiment, and
an amount of methylaniline similar to that injected IP was added to
each homogenate before the workup, NMA yield was only 5 + 3
nmol/mouse, indicating that most NMA in the main experiment was
produced in vivo and not during the workup.

Four mice were treated as in the first experiment, with 30 minutes
elapsing between dosage with amyl nitrite and sacrifice, and certain
tissues were analyzed for NMA. These yielded 630 + 140 (stomach
contents), 90 £ 2 (stomach wall), 9 £ 3 (liver), 5 £ 3 (intestines plus
contents), and 0.5 + 0.3 (Mood) nmol NMAI/mouse. Hence, most NMA
was produced at the site of delivery of the amyl nitrite. These

results demonstrate that simple nitrite esters can produce large
yields of nitrosamine in vivo, if a lipid-soluble amine is supplied. In

43



humans, exposure to volatile nitrite esters could produce
carcinogenic N-nitroso compounds from endogenous or exogenous
amines, or, perhaps, from N-substituted amides (which can be more
lipid-soluble than most amines).

In Vitro Enhancement of Lipid Peroxidation by IBN

We have described our finding that cholesteryl nitrite enhanced the
autoxidation of methyl linoleate. We have now repeated this
experiment using IBN. Since IBN is volatile, methyl linoleate (0.5 g
in an evaporating dish), was placed in a sealed glass tank (8 x 21 x
28 cm) also containing a beaker with 2 ml IBN. After 4 to 5 days,
some IBN had distilled into the linoleate and IBN in the beaker was
replenished. As a control, methyl linoleate was stored in a similar
tank without IBN. Table 1 shows that IBN significantly enhanced the
formation of IBA-reading material but (unlike cholesteryl nitrite) did
not affect (or even reduce) the level of conjugated dienes. This
indicates that IBN increased the prcduction of endperoxides, but not
that of hydrcperoxides.

In conclusion, the nitrosamine formation and lipid peroxidation
experiments suggest that IBN could be carcinogenic in man, either
because it produced carcinogenic N-nitroso compounds in vivo, or
because it enhanced lipid peroxidation in vitro and hence could be a
tumor promoter.

POSSIBLE ASSOCIATION BETWEEN EXPOSURE TO IBN AND KS IN
AIDS

At about the time we were studying cholesteryl nitrite, Newell et al.
(1985) proposed that IBN could produce N-nitroso compounds in vivo,
which in turn could potentiate the induction of AIDS or KS

associated with AIDS. After the role of human immunodeficiency
virus (HIV) in AIDS was discovered, emphasis shifted to the second
of these hypotheses.

About 15 to 25 percent of U.S. homosexual males with AIDS have
developed KS; this cancer is often the cause of death (Leu and
Odermatt 1985; Safai et al. 1985; Biggar et al. 1985). Heterosexual
AIDS patients have a much lower incidence of KS (Haverkos et al.
1985). KS also occurs in immunosuppressed patients who do not have
AIDS, but at far lower incidences than in homosexual AIDS patients
(Friedman-Kien et al. 1982). Hence, KS in AIDS appears to be
associated with the lifestyle of homosexual men in the United States.
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Haverkos et al. (1985) reported a significant association of KS in
homosexual male AIDS patients with their exposure to IBN measured
as total days of use.

There is evidence both for and against nitrites being involved in the
genesis of AIDS associated KS. In addition to Involvement in the
formation of nitrosamines, IBN is mutagenic in the Ames test
(Osterloh and Goldfield 1984), and Dax (this volume) reports an
immunosuppressive action of IBN that could contribute to cancer
induction. However, three points argue against the involvement of
IBN in the etiology of AIDS associated KS. First, the increased
incidence of KS in heterosexual AIDS patients in Africa is unlikely to
be associated with nitrite abuse (Kestens et al. 1985; Marquart 1986).
Second, there is some suggestion that concurrent cytomegalovirus
infection is associated with KS in AIDS (Safai et al. 1985). Third,
amyl nitrite was used for many years to treat angina pectoris without
any evidence of a carcinogenic effect.

Possible Routes of Access of IBN to the Tissue of Origin for KS

KS is a cancer of the endothelium of blood vessels (Leu and
Odermatt 1985) or lymph vessels (Beckstead et al. 1985; Jones et al.
1986). The main sites of origin for KS in AIDS are the dermis of

the skin or (less often) the submucosa of the oral cavity (Safai et

al. 1985; Volberding 1986). Common sites in the skin for AIDS-
associated KS are the upper body, arms, and head, including the tip
of the nose. The tumor is often multicentric in origin, illustrating

the potency of the etiologic agents (Safai et al. 1985).

We favor the hypothesis that, if IBN is involved, its route of access

is by direct contact to the skin or oral mucosa with airborne IBN
vapor. This could occur directly when IBN is sniffed, which would
explain the site at the tip of the nose, or by general exposure to IBN
vapor inhaled by the subject or by others in bars, bathhouses or
homes (Lauritzen and Wilson 1986). (These places often smell
strongly of IBN, as reported at this meeting.) Hence the location of
the sites for AlDS-associated KS support our hypothesis about direct
contact with IBN vapor. This idea was suggested by our finding that
exposure to NO, (which, like IBN vapor, is a lipid-soluble gas) results
in nitrosating agent formation only in the skin.

Another possibilit y is that IBN vapors are absorbed by the lungs and

travel to the skin via the bloodstream. In support of this view,
sniffed IBN does reach the peripheral blood vessels, where it
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produces vasodilation (Needleman et al. 1985), and the brain, where
it produces a “high” sensation. This view could be valid, even
though IBN may only persist in the body for about 1 minute after it

is sniffed (the time for which the flushing and high feeling persists).

Needs for Research on IBN in Laboratory Animals

Research on the action of IBN in experimental animals would serve
to establish more firmly whether IBN is a likely factor in the

etiology of KS, and perhaps B-cell ymphoma (Levine et al. 1984;
Biggar et at. 1985; Ziegler et al. 1 984), associated with AIDS.
Specifically, we propose that research should be undertaken: (1) to
determine whether IBN can be an initiator and/or a promoter of
carcinogenesis; (2) to determine the route of access of IBN to the
dermis; and (3) to establish the mechanisms of any carcinogenic
effects of IBN.

With respect to point (1), initiation of carcinogenesis is a single,

rapid event, probably involving a mutation of the DNA. Promotion of
carcinogenesis is a second stage and usually involves chronic
exposure to the active agent. In man, IBN could initiate carcino-
genesis via the formation of N-nitroso compounds or by a direct
reaction with DNA, and HIV could promote KS development, probably
via its immunosuppressive action. Alternatively, HIV could initiate
and IBN could promote KS development, perhaps via its effect on
lipid peroxidation. A determination of whether IBN initiates or
promotes carcinogenesis would help epidemiologists decide whether to
estimate IBN exposure before or after infection with HIV.

Hence, we recommend carcinogenesis tests to determine whether IBN
is: (1) a complete carcinogen, (2) a promoter of carcinogenesis,
especially in the skin, and (3) a cocarcinogen with viruses, including,

if possible, HIV in chimpanzees and feline leukemia virus in cats.
These tests should be done with IBN administered systemically and by
exposure to its vapors.

We further recommend metabolic studies, which should also be
performed with IBN given systemically and by exposure to its vapors.
These studies will establish the conditions under which various
N-nitroso compounds and nonvolatile nitrite esters (which could be
long-lasting indirect sources of N-nitroso compounds) are produced
from IBN; determine the distribution and metabolism of IBN in the
body, including its conversion to inorganic nitrite (which is also a
vasodilator); determine whether tissue lipids can be peroxidized by
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IBN; and test for DNA damage caused by IBN, including the induction
of single-strand breaks and base alkylation (since these types of
damage could result in tumor initiation).
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