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Background: Exposure to secondhand smoke causes lung cancer; however, there are little data in the open
literature on the in vivo toxicology of fresh sidestream cigarette smoke to guide the debate about smokefree workplaces and public places.
Objective: To investigate the unpublished in vivo research on sidestream cigarette smoke done by Philip
Morris Tobacco Company during the 1980s at its Institut für Biologische Forschung (INBIFO).
Methods: Analysis of internal tobacco industry documents now available at the University of California
San Francisco Legacy Tobacco Documents Library and other websites.
Results: Inhaled fresh sidestream cigarette smoke is approximately four times more toxic per gram total
particulate matter (TPM) than mainstream cigarette smoke. Sidestream condensate is approximately three
times more toxic per gram and two to six times more tumourigenic per gram than mainstream condensate
by dermal application. The gas/vapour phase of sidestream smoke is responsible for most of the sensory
irritation and respiratory tract epithelium damage. Fresh sidestream smoke inhibits normal weight gain in
developing animals. In a 21day exposure, fresh sidestream smoke can cause damage to the respiratory
epithelium at concentrations of 2 mg/l TPM. Damage to the respiratory epithelium increases with longer
exposures. The toxicity of whole sidestream smoke is higher than the sum of the toxicities of its major
constituents.
Conclusion: Fresh sidestream smoke at concentrations commonly encountered indoors is well above a
2 mg/m3 reference concentration (the level at which acute effects are unlikely to occur), calculated from the
results of the INBIFO studies, that defines acute toxicity to humans. Smoke-free public places and
workplaces are the only practical way to protect the public health from the toxins in sidestream smoke.

S

econdhand tobacco smoke is a complex mixture
containing known carcinogens, teratogens, and toxins
that causes 53 000 deaths per year in the USA, about
one non-smoker for every eight smokers.1 There is a broad
scientific consensus that secondhand smoke (SHS) causes
lung cancer,1–3 beginning with the 1986 publication of the US
Surgeon General’s report The health effects of involuntary
smoking.2 Despite this consensus, the tobacco industry has
vigorously challenged the link between SHS and lung
cancer,4–8 including funding of research published in 2003
challenging the evidence linking SHS and lung cancer.8 9
However, while it publicly challenged the link between SHS
and lung cancer, Philip Morris Co privately performed
extensive in vivo toxicological testing of sidestream smoke
at its secret Institut für Biologische Forschung (INBIFO) in
Germany.10 (Sidestream smoke is the smoke that rises from
the tip of the burning cigarette between puffs and constitutes
approximately 85% of SHS.2) This paper reviews and
summarises this large body of high quality research.

METHODS
We located the INBIFO research among approximately 40
million pages of tobacco industry documents made public as
a result of litigation against the tobacco companies. Between
June 2004 and December 2004, we searched the websites of
the University of California San Francisco (UCSF) Legacy
Tobacco Documents Library (http://www.legacy.library.ucsf.
edu), Philip Morris (http://www.pmdocs.com), Tobacco
Documents Online (www.tobaccodocuments.org), and the
Centers for Disease Control (http://www.cdc.gov/tobacco/
industrydocs) using standard strategies,11 starting with keywords ‘‘sidestream’’ and ‘‘INBIFO’’, including misspellings
and truncations. The initial searches yielded names of
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projects, research institutions, researchers and assays, which
were then searched.
Between 1981 and 1989, INBIFO did at least 115 studies of
sidestream smoke. Of these 115 studies, 67 were basic
research studies and 48 were simple product testing studies.
Of the 67 basic research studies, 22 tested freshly generated
sidestream smoke and 11 tested sidestream smoke condensate or ‘‘tar’’ of University of Kentucky standard reference
cigarette 2R1.12 Of these 33 studies, 28 were completed and all
or part of their results are available in the tobacco documents.
These studies form the basis of this paper. The remaining 34
basic research studies include tests of the effects of aging on
sidestream toxicity, comparisons of sidestream and diesel
engine smoke toxicity, and methods development studies.
They will be treated in a future paper. Each INBIFO study had
a unique identifying number, which we use to identify the
studies.

RESULTS
21 day inhalation studies comparing mainstream and
sidestream smoke
The first study of sidestream smoke at INBIFO, study 3047,13–16
was a 21 day inhalation study started in November 1981.
Male Sprague Dawley rats were exposed to equal concentrations (based on total particulate matter (TPM) per litre)
of mainstream cigarette smoke, sidestream smoke from a
cigarette that was puffed according to the Federal Trade
Abbreviations: CalEPA, California Environmental Protection Agency;
DMBA, 7,12 dimethylbenz(a)anthracene; FTC, Federal Trade
Commission; INBIFO, Institut für Biologische Forschung; LOAEL, lowest
observed adverse effect level; NOEL, no observable effect level; SHS,
secondhand smoke; TPM, total particulate matter
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mainstream dose to a 90 mg/l sidestream dose. The animal
handlers noted: ‘‘all smoke treated rats showed general signs
of exhaustion after the end of the daily exposure. In contrary
to all the other rats which recovered until the next morning,
the rats of the highest sidestream group continued to show
shaggy fur and slightly decreased rectal temperature.’’24
Considering these factors together, the authors of integrating
reports for studies 3069 and 3081 stated: ‘‘The mainstream
and high dose sidestream exposed groups reacted approximately similarly, although the TPM concentration in the high
dose sidestream-exposed group was approximately a factor of
four lower than in the mainstream-exposed one.’’25 41
The results of the histopathological examination of the
respiratory epithelia support the idea that sidestream smoke
is four times more toxic than mainstream smoke per gram.
Compared on the basis of TPM, the concentration of
sidestream smoke sufficient to cause necrosis of the
epithelium lining the nasal cavity was 23% that of mainstream (table 1). The concentration of sidestream smoke
sufficient to cause atrophy of the olfactory epithelium was
one tenth that of mainstream and the concentration of
sidestream sufficient to cause squamous metaplasia of the
nasal epithelium was one third (table 1).
In March 1982, INBIFO researchers compared mainstream
and sidestream smoke condensates (collected in an impaction trap) in a bacterial mutagenesis test (306742). They used
the plate incorporation assay with S9 microsomes and two
strains of Salmonella typhimurium, TA 98 (which detects
frameshift mutations), and TA 100 (which detects DNA base
pair substitution). Strain TA 98 showed no difference, but
strain TA 100 showed 30% higher activity with sidestream
condensate. These results suggest that sidestream condensate
and its metabolic breakdown products induced more base
pair substitutions per gram than mainstream condensate.
Tumourigenesis
In 1982, sidestream smoke condensate was included in an 80
week skin painting tumourigenesis experiment on mice
(306843–45). Half of the mice received a single pretreatment
with 7,12 dimethylbenz(a)anthracene (DMBA), half did not.
Chemical compounds like DMBA, which are sufficient to
cause tumours by themselves, are called tumour initiators.
Chemical compounds that do not cause tumours on their
own, but which increase the incidence or multiplicity of
tumours when applied after a tumour initiator, are called
tumour promoters. The doses of cigarette smoke condensate
applied were 60, 90, or 120 mg per mouse per week.
Signs of intoxication (frantic activity, prone position,
panting, closed eyes) were more pronounced among the
sidestream treated mice and persisted for longer. Only
sidestream condensate caused dosage dependent mortality45
(table 2). Among the mice that were not treated with DMBA,
the incidence of tumours was 3.4–5 times higher in the mice
treated with sidestream condensate than the mice treated
with mainstream condensate (table 2), suggesting that
sidestream condensate is a far more potent tumour initiator
than mainstream condensate. Taking the time to tumour
development, tumour incidence, and tumour multiplicity into
account, the INBIFO researchers concluded that sidestream
condensate, without DMBA treatment, was 2–6 times more
tumourigenic than mainstream condensate and that sidestream condensate, preceded by DMBA treatment, was 2–3
times more tumourigenic than mainstream condensate.43
Acute toxicity
The first acute toxicity study (307146 47) compared single
applications of mainstream and sidestream cigarette smoke
condensate, ranging from 100–2115 mg/kg body weight, to
mice.48 The mice were studied for two weeks after the
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Commission (FTC) protocol,17 and sidestream smoke from a
free-burning cigarette.14 Because fresh sidestream cigarette
smoke particulates have a mass-median aerodynamic diameter of 0.23 mM,18 modern particulate measurements of
PM2.5 and PM3.5 are equivalent to the TPM measurements
used by INBIFO.
The concentration of smoke was 170 mg/l TPM
(170 000 mg/m3), approximately one third of the maximum
tolerated dose determined by INBIFO’s earlier inhalation
studies on mainstream smoke.19 20 Twenty rats in each
exposure group were exposed to the smoke seven hours a
day for 21 days. The method of exposure was ‘‘head only’’,
meaning that the rats were placed head first in snug fitting
plastic tubes with a screened head portion that projected into
a duct through which the smoky air flowed. Controls for the
experiment consisted of rats kept in their normal cages (cage
controls) and rats that were placed in exposure tubes but
were given fresh air to breathe (sham exposure).
None of the control rats died, one rat from the mainstream
exposure group died, 11 rats from the puffed sidestream
group died or were killed in a moribund state, and 12 rats
from the free burning sidestream group died or were killed in
a moribund state14 (table 1). At the end of the daily
exposures, the mean body temperature was 37˚C for sham
exposed and cage control rats, 36˚C for mainstream exposed
rats, and 32˚C for the sidestream exposed rats14 (table 1). The
increase in mortality indicates that the sidestream smoke was
more acutely toxic and the drop in body temperature suggests
shock and depressed metabolic function in the sidestream
exposed rats.21
The respiratory frequency of sham and cage control groups
was 107 breaths/min, mainstream exposed rats 91 breaths/
min, and sidestream exposed rats 86 breaths/min.14 The sham
and the cage control rats gained weight during the 21 day
exposure to approximately 150% of their initial body weight;
the mainstream exposed group reached 130% of their initial
body weight; the sidestream exposed groups lost weight,
dropping to 80% of their initial body weight14 (table 1). The
decreased body weights were associated with decreases in
food consumption and suggest shock and cachexia.21
After 21 days exposure, 6% of the mainstream exposed rats
showed slight atrophy to the olfactory epithelium, and 13%
showed slight basal cell hyperplasia of the ciliated epithelium
in the nasal cavity. All the sidestream exposed rats showed
pronounced atrophy or ulceration of the olfactory epithelium
and both hyperplasia and squamous cell metaplasia of the
ciliated epithelium in the nasal cavity, with cornification in
some cases (table 1). The investigators concluded: ‘‘sidestream exposure induced more frequent and more severe
epithelial lesions in the olfactory and ciliated epithelium of
the nasal cavity than the mainstream. If one extrapolates
from the experience of previous mainstream inhalation
studies, the mainstream total particular material concentration of this study would have to be increased by a factor of
three to produce similar strong reactions than seen with
sidestream exposure in this study.’’14
A total of seven 21 day inhalation studies comparing
mainstream and sidestream smoke were performed between
1982 and 1985 (3057,35–37 3061,20 22–24 3069,25–29 3081,30–33
3108,38 311339 40). Four of these studies (3057, 3061, 3069,
3081) used concentrations of smoke that were sufficient to
kill 10% or more of the rats (table 1). Weight loss and rectal
temperature below 33.5˚C correlated with mortality.
Averaged over the four studies, sidestream smoke caused
similar rates of mortality at one third the concentration
(140 mg/l TPM) of mainstream smoke (469 mg/l).
The technicians who handled the animals also noted other,
more subtle, signs of the comparative toxicity of sidestream
cigarette smoke. Study 3061 compared a 380 mg/l TPM
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25–29

3069

Sham
MS 170
SS 160
Sham
MS 371
MS 181
MS 86
SS 89
SS 89 K*
Sham
MS 510
SS 119
SS 68
Sham
MS 526
MS 261
SS 133
SS 59
Sham
MS 60
SS 60

0
1/20 (5%)
23/40 (57%)
0
17/20 (85%)
0
0
0
0
0
16/20 (80%)
2/24 (8%)
0
0
14/24 (58%)
0
11/24 (46%)
0
0
0
0

Mortality
150%
130%
80%
137%
97%
117%
127%
114%
126%
140%
78%
89%
114%
130%
82%
116%
86%
116%
142%
134%
124%

% initial body
weight
37
36
32
36.7
29.6
34.2
36.8
33.7
34.9
37
28.3
32.7
34.7
36.3
31.1
35.9
33.2
36.0

Rectal
temperature
˚C`

2, not observed; +, observed; ¡, observed in 10% or fewer of subjects; empty cell: no data.
*K: indicates half day exposure (210 minutes instead of 420 minutes).
1 mg/l: 1000 mg/m3.
`Body temperature and respiratory frequency were measured at the end of the exposure.
MS, mainstream smoke; SS, sidestream smoke.

311334

308130–33

20 22–24

3061

304714

Smoke type
mg/l TPM

21 day smoke inhalation studies on rats: high concentrations

107
91
86
113
98
111
123
89
95
107
95
74
82
137
96
110
79
97

Respiratory
frequency`

2
+
+

2
+
+
2
+
2
2
+
+

Nasal reserve
cell hyperplasia

2
+
+

2
2
+
2
+
+
2
+
+

2
+
+

2
¡
+

Nasal squamous Nasal epithelial
metaplasia
cornification

2
2
+

2
¡
+
2
+
+
2
+
+

Atrophy
olfactory
epithelium

2
2
2

2
2
+
2
+
2
2
+
+

Necrosis nasal
epithelium

2
+
+

2
+
+
2
+
+

Trachea reserve
cell hyperplasia

Tob Control: first published as 10.1136/tc.2005.011288 on 30 November 2005. Downloaded from http://tobaccocontrol.bmj.com/ on February 25, 2021 by guest. Protected by copyright.

www.tobaccocontrol.com

Project number

Table 1

398
Schick, Glantz

Fresh sidestream smoke toxicology

399

Tumour probability
Mortality at 80 weeks at 80 weeks

Dose
(mg/week)

DMBA

MS

0
0
60
90
120
60
90
120

2
+
2
2
2
+
+
+

33
19
29
29
30
27
30
35

SS

MS

SS

41
55
61
63
74
86

0
0.003
0.12
0.21
0.13
0.38
0.48
0.49

0.55
0.71
0.65
0.65
0.82
0.86

DMBA, 7,12 dimethylbenz(a)anthracene; MS, mainstream smoke; SS,
sidestream smoke.

condensate application. The LD50 concentration (concentration sufficient to cause death in 50% of the animals) for
sidestream condensate was 608 mg/kg. The animals painted
with mainstream condensate did not reach 50% mortality
during the study, but the extrapolated LD50 was 2370 mg/kg.
The sidestream LD50 for dermal exposure was about one third
the mainstream LD50.
Study 3099,47 a toxicity test on human lung tissue culture
cells, also demonstrated the difference in toxicity between
mainstream and sidestream smoke. The cells were seeded in
confluent monolayers, allowed to attach overnight, and
exposed to fresh smoke.49 The smoke was pumped into the
sealed airspace above the lung cells and culture medium in
varying concentrations and retained overnight, then the cells
were detached from the flasks and tested for viability the
next morning. The LD50 for sidestream smoke was one third
that of mainstream smoke.49
In 1984, research on sidestream smoke began to turn from
acute toxicological effects and tumourigenesis to testing its
effects on specific cell types and cellular systems in an effort
to determine which chemical components made sidestream
smoke uniquely irritating, and to find a no observable effect
level (NOEL) for inhalation of sidestream smoke.

White blood cells
Three studies tested the effect of smoke inhalation on the
white blood cell populations within the lung (3108,38
3113,39 40 501550). Inhalation of mainstream and sidestream
smoke did not have as notably different effects on these cells
as it had on the respiratory epithelium. Both kinds of smoke
increased the number of polymorphonuclear leucocytes and
pulmonary alveolar macrophages recovered from the lungs,38
but decreased number of total leucocytes recovered from the
blood.39 Lymphocytes recovered from the lungs of mainstream exposed animals had slightly higher rates of mitogen
induced proliferation than those from sidestream exposed
animals.50 Lymphocytes recovered from sidestream exposed
animals were less viable than those from mainstream
exposed animals.38 50 The findings of reduced lymphocyte
viability suggest that the immune capacity of the animals
exposed to sidestream smoke might be reduced relative to
that of the animals exposed to mainstream smoke.51
Chemical basis for enhanced sidestream toxicity
The first study to examine the chemical basis for the
difference between mainstream and sidestream smoke
compared sidestream smoke and ammonia vapour in a one
day inhalation experiment with rats (310452–54). Sidestream
smoke contains between 15–300 times more ammonia than
mainstream smoke. The introduction to report 3104 states:
‘‘ammonia was expected to be one of the main irritative
complements in sidestream smoke.’’52 Five concentrations of

sidestream smoke were tested, ranging from 13–253 mg/l
TPM. The five ammonia vapour concentrations tested ranged
from 51 mg/l (about the ammonia in 253 mg/l TPM sidestream) to 414 mg/l (about 106the ammonia in 253 mg/l TPM
sidestream).
Twelve of the 20 rats exposed to the highest sidestream
concentration died. None of the rats in the ammonia groups
died.52 Averaged over the entire seven hours, the respiratory
rate of the rats in the highest dosage sidestream group was
less than half that of sham controls. The respiratory rate of
the rats in the highest dosage ammonia group equalled the
sham controls.52 At the higher sidestream concentrations, the
body temperature of the rats dropped steadily over the seven
hours exposure, from 37˚C down to 30˚C, but the temperature
of the ammonia groups did not change. INBIFO scientists
concluded that sidestream smoke is 10 times more irritating
than the ammonia vapour it contains.52
Study 506155 was a follow up to study 3104. It tested the
effects of five chemicals found in high concentrations in
sidestream smoke—formaldehyde, acetaldehyde, acrolein,
ammonia, and isoprene—in a three day exposure that
measured the amount of carbon dioxide exhaled by the
rats.55 Changes in the amount of exhaled carbon dioxide
indicate changes in both respiratory rate and tidal volume.
Decreased respiratory rate and shallow breaths are responses
to sensory irritation.56 The study found that the combination
of all five compounds, at the concentrations at which they are
present in sidestream smoke, was only 10–20% as irritating as
whole sidestream smoke.55
The next study (312457–61) to examine the chemical basis for
the toxicity of sidestream smoke compared the effects of
whole sidestream smoke, the particulate phase of sidestream
smoke, the gas and vapour phase of sidestream smoke, and a
recombined sidestream made of the particulate phase and the
gas and vapour phase. Rats were exposed to the different
smokes for seven hours a day for three days. Respiration,
symptoms of irritation, body temperature, and body weight
were monitored, then the rats were killed and their
respiratory tracts examined.
Whole sidestream smoke was the most irritating, followed
by the gas/vapour phase, the recombined smoke phase, and
finally the particulate phase.58 The gas/vapour phase had
much stronger effects on the epithelium lining the respiratory
tract than the particulate phase.60 The incidence of hyperplasia and metaplasia was higher among the animals exposed to
the gas/vapour phase than among the animals exposed to the
particulate phase.60 The only site within the respiratory tract
where the particulate phase did more damage than the gas/
vapour phase was the anterior larynx,60 possibly because the
anterior larynx is a major site of impact for inhaled particles
in the rat.62
Experiment 506263 compared the effects on the upper
respiratory epithelium of whole sidestream smoke, sidestream gas/vapour phase and a mixture of formaldehyde,
acrolein, and ammonia at twice the concentration at which
these compounds are present in the whole sidestream smoke.
The mixture caused approximately 35% of the damage caused
by whole sidestream smoke.63
Experiment 312664–66 compared sidestream smoke from 2R1
cigarettes to sidestream from a non-tobacco cigarette, sidestream from the non-tobacco cigarette with added nicotine,
and aerosols of pure nicotine, formaldehyde, acetaldehyde,
acrolein, and ammonia. The concentrations of the aerosols of
single chemicals were scaled so that the highest concentration would be approximately twice as high as the concentration of that component in 2R1 smoke.
The end points assayed included weight gain, carbon
dioxide (CO2) exhalation, and histopathology of the respiratory tract. 2R1 smoke decreased weight gain the most,
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Table 2 Skin tumourigenicity of mainstream and
sidestream whole smoke condensate43–45
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Project number

Exposure type

311467 68

Head only

3125

69

Nose only

3123

34 71–73

Whole body

Smoke type
mg/l PM

Nasal reserve
cell hyperplasia

Nasal squamous Upper vocal cord
metaplasia
hyperplasia

Sham
SS 17
SS 17 K*
SS 5
SS 5 K*
SS 2
SS 2 K*
Sham
SS 6
SS 2
Sham
SS 19
SS 60

2
+
+
+
+
2
2
2
2
2
2
+
+

2
+
+
2
2
2
2
2
2
2
2
2
+

+
+
+
+
+
2
2
2
+
2
2
2
2

Larynx ventral
depression thick

Trachea reserve
cell hyperplasia

2
+
2
2
2
2
2
2
+
+
2
2
+

¡
+
+
+
+
+
2
2
+
2
2
¡
¡

2, not observed; +, observed; ¡, observed in 10% or fewer of subjects; empty cell: no data.
*K: indicates half day exposure (210 minutes instead of 420 minutes).

followed by the non-tobacco cigarette with added nicotine,
the non-tobacco cigarette, then pure nicotine and acrolein.66
2R1 smoke and nicotine, at their highest concentrations,
decreased body temperature by 5˚C and 3.5˚C, respectively.66
The medium and highest concentrations of 2R1 smoke
decreased CO2 exhalation by approximately 50%.66 The
highest concentration of pure nicotine decreased CO2
exhalation by approximately 20%.66 Acrolein aerosol had
20–25% of the effect of 2R1 smoke on the histopathology of
the respiratory epithelium.64 In the larynx, the highest
acrolein aerosol concentration caused almost as much
thickening of the epithelium as the 2R1 smoke.64
Formaldehyde, acetaldehyde, and ammonia had no effects.
Taken together, these experiments show that although
acrolein and nicotine can account for some of the effects of
sidestream smoke, the whole smoke is more toxic than the
sum of the effects of its major components.
No observable effect levels
A series of experiments began in 1985 that was designed to
compare different methods of exposure and find NOEL for
exposure to short term (21–90 day) exposures of fresh
sidestream smoke using concentrations from 2–20 mg/l TPM
and three different methods of smoke exposure. The method
used in study 311467 68 was head only, the standard method
used in all of the previous experiments. Studies 312569 and
312770 used a nose only exposure. This approach required a
more restrictive exposure chamber and resulted in greater
stress upon the animals. The sham exposed rats, confined in
nose only exposure tubes and given fresh air to breathe,
weighed 20% less than the cage control rats. Study 312334 71–73
used a whole body exposure. In the whole body exposure
system, the animals were exposed to smoke while they were
in their cages, moving freely in groups of two, instead of
being confined solo in an exposure tube.
Table 4 21 day versus 90 day inhalation studies
Project
number

TPM mg/l

Nasal
reserve cell
hyperplasia

Total
vocal cord
hyperplasia

Total
vocal cord
metaplasia

Sham
SS 2
SS 6

2
2
2

2
2
+

2
2
+

Sham
SS 2
SS 6

2
+
+

2
+
+

2
2
+

69

3125
(21 day)
70

3127
(90 day)

Study 311467 68 tested sidestream smoke at 3, 5, and 17 mg/l
TPM. The rats were divided into two groups, one receiving the
smoke for 3.5 hours/day and the other for 7 hours/day. They
also tested the effects of a 14 day recovery period after the
smoke exposure. Based on the results, the INBIFO scientists
proposed different NOELs for each site within the upper
respiratory tract: 2 mg/l for reserve cell hyperplasia of the
epithelium in the front of the nose, 17 mg/l for cornification of
the epithelium in the front of the nose and atrophy of the
olfactory epithelium, and between 2–17 mg/l for hyperplasia
of the epithelium of the vocal cords depending on the exact
site within the vocal cords (table 3). (These levels are not true
NOELs, since some effects were still observed.) All of the
observed changes to the respiratory epithelium caused by 21
days of inhalation were reversible after 14 days recovery.
Study 312334 71–73 measured the effects of higher concentrations of sidestream smoke (20 and 60 mg/l TPM) using a
whole body exposure system. The technicians responsible for
maintaining the smoke concentration at the specified levels
sampled the smoke just before it was released into the cages
and from within the cages and noticed that: ‘‘The ‘real’
concentrations in the cages were lower than those determined at the inlet by the factor 0.8–0.9 for TPM, 0.6 to 0.8 for
nicotine, 0.3 for ammonia, and 0.4 to 0.5 for formaldehyde.
With the other components the factor was nearly one.’’71 The
lower concentrations of some smoke components were
reflected in less severe damage to the respiratory tract.72
Despite the low smoke concentrations and non-restrictive
exposure chambers, the smoke exposed rats still showed
decreases in weight gain of approximately 15%71 (table 3).
Studies 312569 (21 days) and 312770 (90 days) tested 2 mg/l
and 6 mg/l TPM using nose only exposure. In the 21 day
exposure neither concentration caused hyperplasia in the
nasal epithelium and the 6 mg/l concentration caused
hyperplasia and slight metaplasia in the vocal cords
(table 3) as well as a decrease in weight gain of 12% for
the low concentration and 24% for the high concentration
group.74 In the 90 day study both dosages caused hyperplasia
in the nasal epithelium and the vocal cords70 (table 4), but
there was no effect on weight gain. At 6 mg/l TPM for 90 days
there was significant metaplasia at the vocal cords. The
damage to the respiratory epithelium at both concentrations
was more severe and more prevalent after 90 days than after
21 days70 (table 4), which demonstrates that longer exposures
to sidestream smoke cause more severe damage to the
respiratory tract.

DISCUSSION
Based on its chemical composition, it has been inferred that
sidestream smoke should be more toxic than mainstream
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Table 3 21 day smoke inhalation studies: low concentrations

Fresh sidestream smoke toxicology

What this paper adds
Second hand smoke (SHS) contains higher concentrations of
some toxins than mainstream smoke, but there is little
information in the open scientific literature on the relative
toxicity of a mainstream and fresh sidestream cigarette
smoke.
Philip Morris did an extensive series of studies of the
toxicity of sidestream cigarette smoke (sidestream smoke
comprises approximately 85% of SHS) at the laboratory it
owned in Germany during the 1980s. Their studies of freshly
generated sidestream smoke show that it is approximately
four times more toxic per gram total particulate matter (TPM)
than mainstream smoke by inhalation. In 21 day exposures,
fresh sidestream smoke can cause damage to the epithelium
lining the respiratory tract at doses as low as 2 mg/l TPM and
this damage increases with longer exposures. Sidestream tar
also causes two to six times more tumours per gram, when
painted on the skin of mice. None of the studies comparing
sidestream and mainstream smoke were ever published.

312770 by the same authors, which examined many more end
points and found effects in the majority of the animals. (This
example is similar to a Philip Morris funded study of SHS in
airliners that was edited to remove or downplay results that
did not support the industry’s argument that smoke-free
policies were not needed on airlines.89) Another published
study reported that the effects of inhaled sidestream cigarette
smoke on rats do not increase in severity with longer
exposure.86 The unpublished research from INBIFO contradicts this claim. Studies 312569 and 312770 show that the
damage to the respiratory epithelium does increase in
severity with longer exposures and that sidestream exposed
rats gain less weight than sham exposed rats, even at 2 mg/l
(3123,34 71–73 312569).
It is possible to use the data from Philip Morris’ research to
estimate an acute reference exposure level for fresh sidestream
smoke using the guidelines set by the California Environmental
Protection Agency (CalEPA). CalEPA defines an acute reference
exposure level as ‘‘the concentration level at or below which no
adverse health effects are anticipated for a specified exposure
duration’’.90 INBIFO found acute effects at the lowest doses
tested (tables 3 and 4), 2 mg/l (2000 mg/m3) TPM. Considering
this concentration as an estimate of the lowest observed adverse
effect level (LOAEL), the CalEPA procedure applies uncertainty
factors of 10 to allow for interspecies variation, 10 for variation
within susceptibility by humans, and 10 to account for the fact
that the experiments only identified a LOAEL, not a NOAEL.
Applying this 1000 total uncertainty factor to 2000 mg/m3, we
compute an acute reference exposure level of 2 mg/m3 TPM,
below which one would not expect acute effects in humans.
Mean particulate concentrations in public places where smoking occurs range from 27 mg/m3 to 686 mg/m391 and peak levels
can be substantially higher. This level of pollution is orders of
magnitude above the 2 mg/m3 acute reference exposure
computed based on the results found at INBIFO. To reduce
the concentration of smoke in public areas to this level through
ventilation would require increases in current ventilation rates
by factors of 14 (27/2) to 343 (686/2). Because these increases
are impractical, the data from INBIFO support smoke-free
public spaces as the only practical way to protect non-smokers’
health from the toxins in sidestream smoke.

Limitations
The cigarette used in these studies, the University of
Kentucky 2R1 standard reference cigarette, is a high tar,
unfiltered cigarette designed to model the cigarettes popular
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smoke.2 There are several published bacterial mutagenesis
studies indicating that sidestream particulate matter and
condensates are more mutagenic than mainstream particulate matter and condensates.75–77 One experiment indicated
that sidestream condensate is more tumourigenic than
mainstream condensate,78 and another that, when injected,
sidestream condensate induces more cell proliferation in the
bone marrow.79 Exposure to sidestream smoke results in
higher concentrations of carboxyhaemoglobin, nicotine, and
cotinine in blood of research animals than exposure to equal
quantities of mainstream smoke.80 However, there are no
inhalation experiments in the open literature comparing the
effects of mainstream smoke to sidestream smoke or
sidestream smoke constituents that are comparable to the
work Philip Morris did at INBIFO from 1981 to 1989.
The other strengths of the INBIFO research are its
consistency and breadth. The studies discussed in this paper
all utilised the same cigarettes, the same smoking machines,
and, for a given method, the same exposure equipment and
techniques. Each study is also complemented by detailed
chemical analyses of the smoke.
Comparison of the INBIFO mouse skin tumourigenesis
study 3068, conducted between 1982 and 1984, and the study
published by Mohtashamipur et al78 in 1990 illustrates the
greater depth of the INBIFO work. Mohtashamipur et al
measured the benzopyrene content of the smoke condensates
they used in their experiment, whereas INBIFO study 3068
measured the pH, the concentration of nicotine, catechol, six
different nitrosamines, and 14 different polycyclic aromatic
hydrocarbons, and did gas chromatography of the volatile
compounds.43 Mohtashamipur et al recorded the lifespan of
each mouse, number of tumours, and did histopathological
examinations of the treated skin areas from all mice. Study
3068 assessed an 80 point checklist of symptoms of
intoxication twice daily, measured body weight and temperature, noted all visible skin irritations and lesions,
recorded the size and the date of onset of each lesion, and
did histopathological examinations on the treated skin areas
and matching untreated skin areas from all mice.43 45
Mohtashamipur et al classified skin lesions into three types
(skin tumours, mammary tumours, and precancerous skin
lesions); INBIFO classified skin lesions into 25 types. The
fourfold difference Mohtashamipur et al found between
sidestream and mainstream in the number of animals with
tumours is comparable to the two to sixfold difference from
INBIFO study 3068.
INBIFO’s 1986 finding58 that the gas/vapour phase of
sidestream smoke is responsible for the majority of its
toxicity to the respiratory epithelium and its sensory irritation
preceded similar conclusions in the open literature by more
than a decade. In 1997, Witschi et al81 demonstrated that
inhalation of sidestream gas/vapour phase is just as
carcinogenic as whole sidestream smoke in the A/J mouse
and, in 2002, Melkonian et al82 demonstrated that sidestream
gas/vapour phase has most of the inhibitory effects on
angiogenesis in the chick chorioallantoic membrane of whole
sidestream smoke. Likewise, studies 3104, 5061, and 5062
support the risk assessment of Fowles et al83 which showed
that the observed cancer incidence attributable to smoking is
five times higher than calculated estimates for cancer risk
based on the cancer potency factors of the major compounds
present in mainstream tobacco smoke.
The NOEL studies with fresh sidestream done in the 1980s
are the unpublished prologue to the studies that Philip
Morris published beginning in 1994.84–88 The first of these
published studies84 reported slight hyperplasia of the squamous epithelium at the arytenoid projections and the lower
medial surface of the vocal cords in fewer than 20% of the
animals. These results are similar to the unpublished study

401

402

Conclusions
The results of the research done at INBIFO on fresh
sidestream smoke and condensates from the University of
Kentucky 2R1 cigarette show that sidestream condensate is
2–6 times more tumourigenic per gram than mainstream
condensate.43 By inhalation, whole fresh sidestream smoke is
2–6 times more toxic per gram TPM than mainstream smoke,
depending on the end point. The gas/vapour phase of
sidestream smoke is responsible for the majority of the
sensory irritation and damage to the respiratory tract
epithelium. Fresh sidestream smoke can cause damage to
the respiratory epithelium at low levels, and damage to the
respiratory epithelium increases with longer exposures. The
number, variety, and results of the fundamental toxicological
experiments done by Philip Morris at INBIFO are without
parallel in the open scientific literature. These studies were
neither published nor revealed to the government in rule
making hearings by the US Occupational Safety and Health
Administration or in risk assessments by the US EPA and
CalEPA. The unpublished research on sidestream smoke
condensates and freshly generated cigarette sidestream
smoke that Philip Morris did supports the institution of
smoke-free policies in workplaces and public places as the
only practical way to protect the public from the known risks
of lung cancer and other diseases associated with cigarette
sidestream smoke.
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in the 1950s. The advantages of the 2R1 cigarette are that it
does not change over time or from market to market. There is
evidence that the sidestream smoke from the filtered ‘‘light’’
cigarettes that now constitute the majority of market92 is
significantly more toxic, per gram and per cigarette, than that
from ‘‘full-flavor’’ cigarettes similar to the 2R1.77 Thus, the
results of the INBIFO work in the 1980s may underestimate
the toxicity of modern sidestream smoke.
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The death of ABC News anchorman Peter Jennings in August leads to an upsurge in reporting on the link between smoking and lung cancer in the US.
The cartoonist Tony Auth sees echoes of the Vietnam War Memorial, with an even more impressive death toll.E Tony Auth. Universal Press Syndicate.
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