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Abstract—A reaction of the biogenic amines 5-hydroxytryptamine, dopamine, histamine, p-tyramine,
fB-phenylethylamine and tryptamine with components of cigarette smoke was observed. The adducts
formed from 5-hydroxytryptamine and f-phenylethylamine were purified by chromatographic pro-
cedures and identified by high resolution mass spectrometry. The structures of some of these compounds
were established as cyanomethylamine derivatives. i.e. RCH,CH,NHCH,CN. In the case of 5-hydroxy-
tryptamine, a cyanomethyl-$-1,2,3,4-tetrahydrocarboline product formed via a Pictet-Spengler con-
densation reaction was isolated. The mass spectra of such adducts and their fragment ions were observed
to be identical to those of chemically synthesized cyanomethylamines. Both formaldehyde and cyanide,
which are known to be present in cigarette smoke, were involved in the reaction with the primary
amines. The reaction was time dependent and was enhanced by an increase in temperature or by
incubation under alkaline conditions. Cyanomethyl adduct formation was increased when smoke from
cigarettes with higher tar and nicotine content was used. When the amines were incubated with human
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saliva obtained after cigarette smoking, cyanomethylamine products were readily detected.

A large number of tumorigenic and carcinogenic
agents have been identified in cigarette smoke includ-
ing volatile, non-volatile, and tobacco-specific N-
nitrosamines [1, 2]. This latter group of substances
is formed from amines and nitrogen oxides during
smoking [3,4]. The formation of nitrosamines in
vitro has been widely investigated [5, 6]. Their for-
mation in vive in cigarette smokers has been con-
sidered to be feasible since smoke contains high
concentrations of nitric oxides [7, 8]. During a recent
study on the effect of cigarette smoke on monoamine
oxidase activities, we observed that monoamines
such as fS-phenylethylamine, p-tyramine and 5-
hydroxytryptamine could readily interact with some
components in the cigarette smoke to produce lipo-
philic adducts [9]. These amine adducts were not
formed via nitrosation with nitric oxides. In this
paper we describe the formation and identification
of some of these amine derivatives. The possible
implications of such new compounds irn vivo are
discussed.

MATERIALS AND METHODS

Preparation of cigarette smoke solution. The ciga-
rette smoke solution was prepared from a brand of
filtered cigarettes with a tar content of 16 mg and
nicotine, 1.2 mg. Smoking was simulated as one puff/
0.5 min with a 2-sec puff duration. The resultant
smoke was bubbled through 0.02 M phosphate buffer
solution at pH 8.0 (one cigarette/3 ml) as previousty
described [9].

* Author to whom correspondence should be addressed.

Formation and detection of amine—~smoke adducts.
Radio-isotopically labelled amines including 5-[2-
YClhydroxytryptamine,  fB-[ethyl-*C]phenylethyl-
amine, p-[1-'*Cltyramine, [2-'*CJtryptamine and [8-
SH(N)]dopamine (New England Nuclear, Boston,
MA) were incubated with freshly prepared cigarette
smoke solution in a total volume of 200 ul in 0.02 M
phosphate buffer (pH 8.0) at 37° for 30 min.The
reaction was terminated by adding 250 ul of 2 M citric
acid. The formed adducts were extracted into 1 ml
of toluene :ethyl acetate (1:1, v/v) of which 600 ul
was transferred to a counting vial containing 10 ml
Omnifluor fluid (New England Nuclear, Boston).
The radioactivity was assessed by liquid scintillation
spectrometry (Beckman LS 7500, Fullerton, CA).

Purification of the amine—smoke adducts. Cigarette
smoke solution (60 ml) was prepared as described
above from twenty cigarettes. We observed that the
active components in the cigarette smoke which
interacts with amines cannot be extracted by
toluene : ethyl acetate, whereas the cigarette smoke—
amine adducts can be extracted by the same solvent.
To reduce the complexity for structural deter-
mination, we prepurified the cigarette smoke solu-
tion by solvent extraction, i.e. shaking vigorously
three times with an equal volume of toluene:ethyl
acetate. The pH value of the extracted aqueous
solution (25ml) was then adjusted to 8.0 with
Na,CO;, and fB-phenylethylamine or 5-hydroxy-
phenylethylamine (10 mg of each) was added. The
mixture was then incubated at 60° for 60 min, and
then 10 ml of 2 N citric acid was added. The amine
adducts were then extracted twice with toluene : ethyl
acetate (1:1, v/v). The organic extracts were then
pooled, concentrated under vacuum, and finally
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dried under a stream of nitrogen. The amine adducts
were further purified by preparative thin-layer
chromatography. The f-phenylethylamine adduct
was separated on a reverse phase plate (Whatman
KC-18) in the solvent system acetonitrile:etha-
nol:H-0 (25:35:40, by vol.). The 5-hydroxytrypt-
amine adducts were separated on a silica gel plate
(Merck Keiselgel 60) in the solvent system ethyl
acetate : toluene (3:1. v/v). The parts of the plates
corresponding to radioactively labelled authentic
amine-adducts run in parallel were delineated.
removed, and eluted with acetonitrile. These isolated
compounds were then analyzed by mass spectro-
metry. In the control experiments, 25 ml of cigarette
smoke solution in the absence of amines was pre-
pared and analyzed as described above.

Mass spectrometery. Mass spectra were obtained
using a VG 70-70F double focussing mass spec-
trometer equipped with an HP 5700 gas chro-
matograph containing a J and W 60m x 0.32 mm
i.d. DB1 bonded phase capillary column (helium
flow. 32 cm/sec). a J and W 15 x 50 DB1 megabore
capillary column (helium flow, 5ml/min), and a
direct insertion probe. Electron impact low and high
resolution spectra were recorded at 800 and 3000
resolution respectively. The phenylethylamine
adduct was admitted via the capillary column (GC
program 100° 4 min. 6 degrees/min to 290°, retention
time 19 min, 54sec) and the r-butyl-dimethylsilyl
(TBDS) derivative of the 5-HT adduct via the mega-
bore column (conditions, R;). The 3-hydroxy-
tryptamine adduct and the l-dimethylamino-
naphthalene-5-sulfonyl derivative of the phenyl-
ethylamine adduct were admitted using the direct
probe. Low resolution ammonia chemical ionization
spectra of the phenylethylamine complex were also
measured.

Chemical synthesis of N-cyanomethyl derivatives
of p-phenylethylamine and S-hydroxytryptamine. To
confirm the structure of the amine—cigarette smoke
adducts, the N-cyanomethylamine derivatives were
chemically synthesized according to Winstead er
al. [10]. To a solution of 37% formaldehyde
(37.5 nmole) and sodium bisulfite (37.5 mmol) in
2.5 ml water was added phenylethylamine ( free base,
25 mmol), followed by sodium cyanide (1 equivalent)
in 2.5 ml water. After stirring for 1 hr at room tem-
perature, the product was extracted with ether. the
extract was dried over anhydrous sodium sulfate,
and the solvent was removed. Distillation of the
product (117-119°/30 mm) gave a viscous, colorless
liquid. the mass spectrum of which showed major
jons at mfe 160 (M%), 132, 105, 91. 69
(CH,NHCH,CN) and 42. This is consistent with
N-cyanomethylphenylethylamine. No  f-phenyl-
ethylamine was present.

When 5-hydroxtryptamine creatinine sulfate salt
was treated as described above with formaldehyde
and cyanide, three products were isolated. These
were separated by HPLC and identified by mass
spectrometery  as  6-hydroxy-1.2.3.4-tetrahydro-
carboline (M* = 188). 6-hydroxy-2-cyanomethyl-
1,2.3. 4-tetrahydrocarboline (M* =227) and N-
cyanomethyl-5-hydroxytryptamine (M~ =215). In
aqueous solution, the major product was 6-hydroxy-
tetrahydrocarboline  which precipitated before
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addition of cyanide. The approximate ratio of the
three above-mentioned products was 2:1:1 (hased
on the relative intensities of the molecular ions).
Pure 6-hydroxy-2-cyanomethyltetrahydrocuarboline
was prepared by treating a methanol-water (2:1)
solution of 6-hydroxytetrahydrocarboline  hvdro-
chloride with equimolar amounts of formaldehyde
and cvanide. The product precipitates on dilution
with water,

RESULTS

Reaction of biogenic amines with components in
the cigarette smoke solution. As can be scen in Fig.
1, A and B, when "C-lubelled amines such as p-
tyramine, f-phenyiethylamine. dopamine, trypta-
mine and serotonin were incubated with different
concentrations of cigarette smoke solution, labelled
adducts were formed in direct proportion to the
amount of smoke components. and these could be
separated from the parent amines by extraction with
the organic solvent mixture toluene:ethyl acetate
(1:1, v/v). Histamine also reacted with the cigarette
smoke solution to form adducts in a similar manner
(data not shown). We also observed that. when an
aqueous extract of cigarette tobacco was incubated
with the labelled amines. adducts were not formed
(results not shown).

The formation of the adducts was dependent on
pH. For cxample. the hnkage of S-hvdroxy-
tryptamine and p-phenylethylamine with the ciga-
rette smoke components occurred favourably in an
alkaline condition; below pH 4.0 the adducts were
not formed (Fig. 2A). Their formation was also
temperature dependent with more adducts being
formed at higher temperatures (Fig. 2B).

The reactions of the amines with cigarette smoke
from nine different brands of filtered cigarcttes were
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Fig. 1. Reactions of biogenic amines with components of
cigarette  smoke. (A) Radioactively  labelled  amines
(0.1 nmol, 0.1 uCi) {p-tyraminc  (TA). S-hvdroxy-
tryptamine (5-HT). tryptamine (). dopamine (DA) and
B-phenylethylamine (PE)] were incubated with increasing
amounts of cigurette smoke solution at pH 8.0, 37° for
20 min. and the labelled adducts formed were isolated
by extraction with toluene:ethyl acetate (1:1. v/v) and
counted in a hiquid scintillation counter. (B) Time course
of the reaction. The same amines were incubated with the
cigarette smoke solution (50 ul). and the reactions were
terminated after different time intervals,
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Fig. 2. Effects of pH and temperature on the formation of
amine adducts. (A) 5-Hydroxytryptamine (5-HT) and §-
phenylethylamine (PE) were incubated with the cigarette
smoke solution in buffers at different pH values [borate
buffer (pH 9-10), phosphate buffer (pH 6-8) and sodium
citrate buffer (pH 3-5)] at 37° for 20 min. (B) Labelled 5-
HT and PE were incubated in phosphate buffer, pH 8.0,
at different temperatures for 20 min, the reactions were
terminated by addition of citric acid, and the labelled
products were extracted immediately with toluene:ethyl
acetate (1:1, v/v).

compared. As listed in Table 1, the smoke from all
of these brands interacted with 5-hydroxytryptamine
and (-phenylethylamine. Apparently more amine
adducts were formed as the tar and nicotine content
increased.

Formation of cyanomethylamine derivatives from
amines and cigarette smoke constituents. Several toxic
substances, known to be major constituents of ciga-
rette smoke [2], as listed in Table 2, were incubated
with '“C-labelled pB-phenylethylamine and 5-
hydroxytryptamine. Any formed lipophilic-labelled
adducts were extracted with the toluene: ethyl acet-
ate solvent, and their radioactivity was assessed. As
can be seen from Table 2, the highest recovery of
radioactivity was found when the amines were incu-
bated with a mixture of formaldehyde and potassium
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cyanide. Very little radioactivity was extracted when
any of the other substances listed in Table 2 were
used except for acetaldehyde and cyanide.

The amine adducts formed after reaction with the
cigarette smoke and extracted in the toluene:ethyl
acetate solvent mixture were concentrated under a
stream of N, at 45° and separated by thin-layer
chromatography. In the case of the pf-phenyl-
ethylamine adduct, as can be seen in Fig. 3A, a single
zone at an R, value of 0.67 appeared to contain all
the radioactivity. When labelled 5-phenylethylamine
was reacted with 0.25% formaldehyde and 0.25%
sodium cyanide, or when unlabelled pS-phenyl-
ethylamine was incubated with [*C]sodium cyanide
and formaldehyde, the adducts formed were chro-
matographically identical with the g-phenyl-
ethylamine adduct obtained after reaction with the
cigarette smoke.

When the smoke adducts formed from 5-hydroxy-
tryptamine and the products of the S5-HT-for-
maldehyde-KCN reaction were chromatographed
(see Fig. 3B), a major zone at the R, value of 0.53
was revealed along with at least two minor zones at
Ry values of 0 and 0.75 respectively.

‘Determination of the chemical structures of the
amine—cigarette smoke adducts by mass spectrometry.
Figure 4a shows the mass spectrum of the amine
adducts formed from reaction of the smoke extract
with an equimolar mixture of phenylethylamine and
2,2-’H,-phenylethylamine (PE and PE-d, respect-
ively), and Fig. 4b shows the spectrum of the protio
compound alone. The ion pairs of masses 160 and
162, 130 and 132, and 91 and 93 contained the benzyl
fragments which are from PE and PE-d,., whereas
ions of m/z 69 and 42 contained only the new part
of the molecule. High resolution mass analysis gave
the following exact mass measurements and elemen-
tal compositions, m/z 69.0466 (C:H:N,, 69.0452),

m/z 91.0548 (C,H,, 91.0458), m/z 93.0666
(C;HsH,. 93.0673), m/z 160.0987 (CyH,5Na,
160.1000). and m/z 162.1111 (CH*HaNo.

Table 1. Formation of lipophilic adducts of -phenylethylamine and 5-hydroxytryptaminc with
cigarette smoke obtained from different commercially available brands of cigarettes

Tar Nicotine Adduct formationt (dpm x 10°%)
Cigarette content® content
brand (mg) (mg) 5-Hydroxytryptamine f-Phenylethylamine
1 16 1.2 48.3 + 4.1 39.0 = 4.4
2 15 1.2 47.7 = 4.1 R.0=x1.5
3 13 1.0 43.0 = 1.0 32.0x0.3
4 13 1.0 367+ 1.3 257 09
5 10 0.8 347209 27+ 13
6 9 0.8 31.0 = 1.0 19.7 £ 0.9
7 8 0.8 233+ 1.4 123 £ 0.3
8% 8 0.8 33724 27 %23
9 4 0.4 263+ 32 16.7 =33

* Tar and nicotine contents were indicated on the packs of cigarettes.

T "C-Labelled f-phenylethylamine or 5-hydroxytryptamine (1 % 10" M, 0.1 uCi) dissolved
in 100 ul of 0.1 M phosphate buffer (pH 8.0) was incubated at 60° for 30 min with 100 ul of
cigarette smoke solution obtained from different brands of cigarettes. At the end of the
incubation period, 1 ml of a toluene: ethyl acetate (1: 1, v/v) mixture was added to each tubc
and, after vigorous shaking followed by centrifugation, 600 ul of the organic phase was rcmoved
for scintillation counting. Each value is the mean = SE of three experiments.

+ A menthol cigarette.
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Table 2. Formation of lipophilic adducts of S-phenylethylamine and 5-hydroxytryptamine with
some volatile substances known to be present [2] in cigarette smoke

S-Hydroxytryptamine

p-Phenylethylamine

(dpm) (dpm)
H.O 392 315
Formaldehyde (0.25%) 325 515
Formaldehyde (0.25%) + KCN (0.25%) 10,151 4,553
Acetaldehyde (0.25%) 310 343
Acetaldehyde (0.25%) + KCN (0.25%) 1,226 RN
KCN (0.25%) 341 407
H-,0, (0.025%) 391 451
NaNO. (0.256) 609 268
Acetonitrile (0.25%) 326 429
Ammonia hydroxide (0.25%) 417 279

"C-Labelled p-phenylethylamine or 5-hydroxtryptamine (1 x 10" M, 0.1 uCi) dissolved in
0.02 M phosphate buffer (pH 8.0) (50 gl) at 37° for 30 min was incubated with the substances
listed in the above table. At the end of the incubation period, a toluene:acetate (1:1, v/v)
mixture (1 ml) was added to each tube and, after vigorous shaking followed by centritugation.
an aliquot (600 ul) of the organic phase was removed for scintillation counting. The values listed

are the means of duplicate experiments.

162.1126). Thus, the molecular ion of the protio
compound appears to be m/z 160, C;;H;,N, which
fragments into two ions, m/z 91 (C;H;) and m/z 69
(C3H;sN,) through beta cleavage of the alkyl chain.
Ammonia chemical ionization gave a somewhat simi-
lar spectrum to Fig. 4a with ions at m/z 161 and 163
for the protio and deutero compounds respectively.

In addition, the spectrum of the dansyl derivative
of the adduct (results not shown) from the smoke

extract that reacted with PE and PE-d, contained
highest mass ions of m/z 393.1450 (CxH,;3N;S05)
and 395.1597 (C,,H,,2H:N3SO,) respectively.
Figure 5a illustrates the spectrum produced by
reaction of a cigarette smoke solution with a 1:1
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Fig. 3. Thin-layer chromatographic separation of amine—
cigarette smoke solution adducts. (A) “C-Labelled phenyl-
ethylamine (V). and adducts prepared after reactions of
[“C]phenylethylamine with cigarette smoke (V) or in
0.25% sodium cyanide and 0.25% formaldehyde (O) as
well as unlabelled phenylethylamine incubated with 0.1 uCi
of "(C-labelled sodium cyanide (0.25%) and unlabelled
0.25% formaldehyde (<), were separated on a KC-18
reverse phase thin-layer plate and were developed in a
solvent system of acetonitrile:ethanol:water (25:35:40,
by vol.}. (B) "“C-Labelled 5-hydroxytryptamine (A) and
adducts prepared after reactions of [“C]5-hydroxy-
tryptamine with cigarette smoke (A) or in 0.25% sodium
cyanide and 0.25% formaldehyde (O) were separated on a
silica gel plate in a solvent system of toluene : ethyl acetate
(3:1. v/v).
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Fig. 4. Mass spectra of: (a) cigarette smoke adduct and an
equimolar mixture of PE and PE-S,8-d,: (b) cigaretie
smoke adduct and PE; and (¢) synthetic cyanomethyl-f3-
phenylethylamine. Mass spectra were obtained using a VG
70-70F double focussing mass spectrometer equipped with
an HP 5700 gas chromatograph containing a J and W
60m x 0.32mm i.d. DBI bonded phase capillary column
(helium flow, 32 cm/sec), a J and W 15 m x 50 DBI mega-
bore capillary column (helium flow. 5 ml/min) and a dircct
insertion probe. Electron impact low and high resolution
spectra were recorded at 800 and 3000 resolution
respectively. The phenylethylamine adduct was admitted
via the capillary column (GC program 100° 4 min.
6 degrees/min to 290°, retention time 19 min, 54 sec)
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Fig. 5. Mass spectra of: (a) cigarette smoke adduct formed
from an equimolar mixture of 5-hydroxytryptamine and
1,1-dideuterated 5-hydroxytryptamine; and (b) synthetic
6-hydroxy-2-cyanomethyl-1,2.3,4-tetrahydro--carboline.
Samples were admitted via the direct insertion probe.

mixture of 5-HT and 1,1-’H,-5-hydroxytryptamine
(5-HT-d,). Only the highest mass ions m/z 227 and
229 contained the deuterium label. The ions were
mass measured as 227.1060 (C;3H;3sN;O) and
229.1179 (C;3H;)N3O°H,). The base peak m/z
159.0706 (C,,HgNO) lost the deuterium atoms since
they were originally in the alpha position of the
alkyl chain. The spectrum of the TBDS derivative
contained high mass ions m/z 341 and 343 with
precise mass values and elemental compositions
which agree with the above measurements: 341.1946
(C1sHa;N30 Si) and 343.2000 (C,9H,5°H,N3O Si) as
well as the corresponding M-57 ions.

Formation of cyanomethylamine derivatives from
reaction of amines with saliva collected after cigarette
smoking. Saliva before and after smoking a single
cigarette from a non-smoker was collected and incu-
bated with '“C-labelled S-phenylethylamine and p-
tyramine. A small but significant amount of labelled
cyanomethyl derivatives of g-phenylethylamine and
p-tyramine was found as shown (Fig. 6). The labelled
products were chromatographically identical to
cyanomethyl-p-tyramine and cyanomethylphenyl-
ethylamine respectively.

DISCUSSION

This present study has demonstrated that some
components of cigarette smoke can react directly
with biogenic amines in aqueous solution under
physiological conditions. It proved possible to
isolate, purify and identify some of these amine-
smoke complexes. Since the active components of a
cigarette smoke solution were not extracted by a
toluene: ethyl acetate solvent mixture, the com-
plexity of the smoke solution could be reduced con-
siderably by three successive extractions with this
solvent mixture. When labelled S-phenylethylamine
or 5-hydroxytryptamine was added to, and incubated
with, this “washed” cigarette smoke solution,
labelled amine-adducts were quickly and easily
formed, and they could then be simply extracted with
the same organic solvent mixture. After preparative
thin-layer chromatography in one dimension, the
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Fig. 6. Formation of cyanomethylamine adducts by incu-

bating labelled S-phenylethylamine (A) and p-tyramine

(<) with saliva obtained before (open) and after (closed)

smoking a single cigarette. The saliva was centrifuged,

and different volumes of the supernatant fraction were

incubated with labelled B-phenylethylamine and p-tyr-
amine at 37°.

compounds became reasonably pure and suitable for
mass spectrometric analysis.

The identification of these amine derivatives was
based on a strategy of reducing the problem to its
simplest form. From the chromatographic and
extraction data it appeared that the reaction involved
the primary amine group from which we would
expect a secondary or tertiary amine compound to
be formed. One of the simplest aromatic biogenic
amines is phenylethylamine since it possesses no
other functional groups that could cause secondary
reactions or affect the chromatographic properties
of the formed adduct. We concentrated first, there-
fore, on identifying the phenylethylamine-smoke
adduct and then we applied the information gained
to the analyses of the other amine-smoke complexes.
The phenylethylamine-smoke adduct would be
expected to retain its phenylethyl chain which in the
mass spectrometer would give rise to an intense ion
at m/z 91 due to alpha—beta cleavage of the alkyl
side chain. Furthermore, by using a mixture of
phenylethylamine and its isotopomer labelled with
the stable isotope deuterium, in the beta position
(i.e. B,B-?H,-phenylethylamine), we would expect to
observe two ions, m/z 91 and 93, of approximately
equal intensity (see Fig. 4a) (i.e. the “twin ion”
technique of Knapp et al. [11]. Using this strategy,
it was possible to select from the many mass spectra
of the total GC analysis only those compounds orig-
inating from phenylethylamine and PE-d, (i.e. all
fragments containing two ions of approximately
equal intensity and differing by 2 milli mass units).
Mass measurement of m/z 91 and 93 (Fig. 4a) con-
firmed their identities as C;HF and C,Hs’H7 as
expected. It was established that m/z 160 (and 162)
was the molecular ion by the use of chemical ion-
ization and by preparation of the dansyl derivative
(spectra not shown); its elemental composition was
measured as C;;H >N and confirmed by the elemen-
tal composition of 162 (C,,H,,>H,N,) arising from
the deuterated isotopomer and m/z 69 (C3;HN-).
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This structure was consistent with formation of the
ion m/z 69 and of an ion m/z 132 (M—H.CN). In
addition. the compound chemically synthesized from
an aqueous mixture of f-phenylethylamine, for-
maldehyde and KCN gave an identical spectrum (see
Fig. 4¢). The data are consistent with the structure
N(cyanomethyl)-phenylethylamine. similar to struc-
tures reported previously by Winstead et al. [10]
following reaction of an amine with formaldehyde
and cyanide.

The spectrum of the S-HT-smoke adduct (see Fig.
5a) was consistent with the authentic 6-hydroxy-2-
cvanomethyl-1.2.3 4-tetrahydro-f-carboline  (Fig.
5b). The TBDS derivative (of the phenolic group)
gave a spectrum with an elemental composition
which confirms the identity.

The formation of cyanomethylamine derivatives is
conceivable since both formaldehyde and cyanide
are present in significant amounts in cigarette smoke
[12].The mechanism of formation of cyanomethyl-
amine derivatives in the presence of sodium bisulfite
has been proposed previously [10]. In the present
experiments we observed that the reactions can
readily proceed in the absence of sodium bisulfite
in aqueous solution (Table 1) as indicated in the
scheme:

O

I + () cH,CH,NH,

H-0

HCH + HCN

H

|
8 CHZCHZNH—‘C—(EN
H

It does not rule out that other components in the
cigarette smoke may be involved in the intermediate
step for the synthesis of cyanomethylamine
compounds. In the case of the reaction of 5-HT with
formaldehyde and cyanide, 6-hydroxy-f-carbolines
can easily be formed by a Pictet-Spengler con-
densation reaction, which is well known [13].

It is not yet known whether such a chemical reac-
tion as described above actually occurs in vivo. The
fact that saliva after the smoking of a single cigarette
did trap components which facilitated the formation
of cyanomethylamine derivatives (Fig. 6). however,
suggests that the occurrence of such reactions is quite
possible, at least locally (i.e. in the lung). In the case
of human smoking, the exposure of the lung tissues
to the smoke could be quite extensive. The total
surface areas of the respiratory tract and pulmonary
alveoli are quite large. Cigarette smoke components

P.H. YU et al.

may easily diffuse into these tissues and into the
bloodstream. It is known that the concentrations of
various primary amines (5-hydroxytryptamine and
histamine, for example) are very high in the lung
[14]. The lungs. in contrast to other organs. receive
the total venous return and have been proposed to
play a role in regulating the concentration of amines
in venous blood before they reach the arterial cir-
culation where amines exhibit profound effects
[15, 16]. The interaction of lung amines and perhaps
circulating amines with cigarette smoke may be
implicated in many pathophysiological conditions.
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