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3.8 Effects of Tobacco Smoke on Biological Systems 

Kave H. Kiomonx 

381 OBJECTIVES 

The objective of this review is to assess 
the mechanisms of effects of cigarette 
smoke upon biological systems ranging 
from isolated enzymes to different cell 
systems. Such data, particularly dose- 
response relationships. would provide a 
basis for predicting the risks of exposure 
to environmental tobacco smoke. Biolog- 
ical systemis will be compared for sensi- 
tivity and a hicrarchy established of im- 
portant effects. The elfects of certain 
vapor phase compounds and nicotine have 
been well characterized in biological sys- 
tems and these data will be applied to the 
problem. 

Common to studies of many environ- 
mental agents is the dilficulty in analysing 
effects. Acute and chronic effects may be 

unrelated, simultaneous exposure to other 
materials may be important. there may be 
synergism of effects, and disease effects 

may have latent periods of several de- 

cades. For example. the ssnergian with 
wsheston o produce lung cancer reguires 

20 years (Selikoff et al. 19681, 

There are few observations on the of- 
fects of sidestream smoke exposure in man 
in which dose was measured. Cigarette 

tohacco is a complex mixture (Stedman 
1908, and even its major chemical groups 
or the major fractions of tobacco smoke 
condensate are 100 complex (Scholtzhauer 
et al. 1972) (Table 1) to achieve the 

ideal of relating hiological effeets 1o single 
chemical components. Furthermore, pyro- 
Ivsis of tobacco and its additives increases 
the complexity and yields over a thousand 
produces (Newrath 1972, Sidestream 

smoke contains greater quanties of chloro- 
form. extractable tar. nicotine. pyrene and 
cadmium (Table 2,. Concentrations de- 
pend upon the duration of puffing. con- 
densation and volatilization plus filtra- 
tion. Differences in mainstream 1o side- 
stream ratios for certain constituents of 
smoke are large as shown by Wakcham 
11972, (Table 2). 

Furthermore, chemicals may be intro- 
duced by bacterial or microbial action 

during storage or processing. whilst others 
such as sucker depressants and pesticides 

are deliberately intnsdiced Exampdes of 
the former group are atlaosins By and G, 

and penicillic acid by fungi during - 
bhaceo storage Forgaes and Caell 190, 
Smith and Louria 197480 That microbial 

action may operate 0 add wosie agents 
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TABLL | Chemical compoition o flue-cured tobaccn 

Leaf fractum Conatnurents e Dry leal weieht 

Ash T ganies 135 21 925 (22, 
Crude Tibwrs Cellubose, lignin 12 3 
Carlwbydiates Poly wodd monnwccharides, starch, 

detrin N 225 3635 
Pecting Pectinic acids 80 B8R 
Organic acids Krebs cvele acids 122 9.9% 
Fther-solubles Oils. wanes, resine 13 661 
Tannins Poly phenols 22 - 
Nuzrowrn compounds Proteins, aminn acils, nitrates, 

alkaloids 152 - 

It is noted that the Jeal consists of 3 prepanderance of carboliydrates, erude fibers, pectins, etc., 
with sualler amounts of nitrogennus materiale, hipids, and poly phenols. 

Source: Schlowhauer et al 

TABLYE, 2. Ratios of smobe con-tituents in 

sidestrcam and marnidroam 

(Based on Yiekds per Gram of Tobaco 
consumed 

Constitnent SSMS 

Acetic acnl 042 
Acetamide 068 
HON 003 
Mcetonitiile 23 
Aldeln 2 
3.4-Benzo a4 praene 21 
Henvene 19 
Toluene 35 
Phenol 2 | 
Niotine 23 
Muonanin 0 
Pyiole il 
Poodine “wh 
SV i e o 

Setiee Wl 

or detonify those present was shown n 
Gibson (Pli He hos stdied baeteria 
which wndder the mildest conditions van 
|u||||-|--lvl\ degrade the benzene nimg B 
boggie ally pustent wterials are addedd e 

whacco during growth either by nature or 
by man. These include from nature cad- 

v o Nawdier al. 19687 Lewis et al 
1972, Friber et al. 1973 and other metals 
(Stahly 1973 and from man anenic and 
walvic hvdrazide, a sucker control agent 
which has been shown to be mutagenic 

+ Lin and Hoffiwann 1973 ., 
For epidemiologic studies index com- 

pounds are needed for cigarcie smoke 
whith contaminate the ammosphere. are 
absorbed by the non-smoker and excreted 
by him as an index of exposure. Suggested 
index compounds include carbon mesno- 
side, hydrogen evanide. nicotine. cotinine 
and cadmivm and poloninm-210in tissae. 
The rate metabolisme of phenacetin and 
IWnphoeste evels of and hadrobis have 
also been sugzested 10 easane e 

Criteria for such a materal ae: 1w 
should be specifie for cigarette smohe: 23 
ebtainable by nonsimsive weehnigue: 30 
e vasy 10 anabizae accurateh s 1 welaed 
ter tonicinn s ad 30 wafievted by genetw 
or nutritional ditterences, . 

None of the alwn e mentioned substances 
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| et 

e or 

I cad- 

vt al 

[oetals 

Praes 

wnowdeal for the purpene. Thoooyanate 

andd cotinme e urme have bevn osed and 
might become more satisfactory - with 
further validation. Carbon monoside s 
less specific; it requires alveolar air sam- 
pling or bloud specimens and the amounts 

hound o hemoglobin may not be related 
o tonicity of other materials. The rates 
of detosification of phenacetin are prob- 
ably related to induction by smoke of en- 
zymes which convert phenacetin to N- 
acetyl, p-amino phenol which has been 
shown to be inducible in animals by poly- 
cyclic hydrocarbons (Panturk et al. 1972). 
Because the urine of patients with blad- 
der cancer contains no amino-phenol 
onidation products with a phenoxyazone 

structure the urine of smoke exposed peo- 
ple could be analyzed for phenoxyazones 
as a measure of exposure. These are in- 
termediate metabolies of tnyptophane. The 
reactive agent niay be methy Inicotinamide 
and the posible mechanims the inhibition 
of the detoxifying enayme by cigarette 
smohe (Wynder and Hoffmann 1908, 

3.8.2 PRINCIPAL EFFECTS OF 
KNOWN COMPOLENTS 
OF SMOKE 

38.2.1 Gaws 

3.8.2.1.1 Carbon monovide is reviewed in 
section 3.7 

382 1.2 Hydrogen cyanide posions 1es- 

piratony enzvmes and is probably the Canse 

of tobacco amblvopia Heaton ol I 
mainstream smohe it may be responsible 
for rapid cesation of ciliary beating in 
the repitatory tract of smohers during 
sohing (Dallamn 1966), but i side- 

65 

strvatn siwke the cyanide levels are too 
b 1o annicipate any effect. Cyanide may 
b responsibile for inhibitory effects on oral 
leukocstes +Eichel et al. 1969, Detoxifi- 
cation is by combination with sulphur (as 
sulfie or swlfhydnly o forin a thio- 
evanate jon which is excreted in urine 
and saliva. Such detoxilication appean 
o depend on thicamino acids such as 
wethionine and cysteine. The oxidized 
ferric form of cytochrome oxidase com- 
bines readily with cyanide. Cytochrome 
oxidase is alo reactive with carbon mono- 
xide. However. the hepatic ename rho- 
danese promotes formation of thiocyanate 
jon from eyanide jon and sulphite (White 
et al 1958, 

38213 Nitric ovide and nitrozen dio- 
vide . Oxides of nitrogen damage cell mem- 
braues in the lung. particalarh cells of 
th respiratory bronchioles and capillaries 
(Dowell et al. 1971, Parkinson ad Steph- 
ens 19730, They also combine with amines 
to procluce nitrosamines which are oxidi- 
zed to alkyiating agents (HN. These are 
both potent carcinogens and sensitizing 
agents, 

38204 Aldehydis. Acrolein and formal- 
dehnvde are the most important examples 
of agents which cross-link proteins. They 
alw stitnulate mucus secretion in the air- 
wars. Both are excellent tissue fixatives., 
perhaps substituting for the alpha-amino 

i acid. semialdelyde, cnvs-linked 
weir Iy forming Schiff hases with the 

ady 
« 

ATt L'l'll.'l'> oTM "\ .lll'l" |ul|.l-|'~..!l--l|~ 
(White et ab 190 L Acrolein alibits the 
DNA polumerase in regenerating rat liver 
at hevels beoween 2 8 103 and 8 50104 
M. B aces on the SH group of the ename 
Munsch et all 19748 
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022 Water soluble agenty 

SH220 Mhalods. Nwotine s the nunt 

studied and most clearly important. Tt has 
many of the properties of ernbchedine 
It is o wenromusenlar transmitter, stim- 
ulates secretions. releases catecholanines, 
enhances imtracellular eyclic AMP. and 
by these and or other mechanisnis pro- 
duces cerchral stimulation followed by de- 
pression. Furthermore, heart rate and 
blood pressure are enhanced. The addic- 
tive effect of tobacco is probably related 
to the nicotine and its metabolites. These 
include cotinine and myosmine 1 Stedman 
1968 

$48.23 Fat soluble and insoluble particles 
or “tar” 

Tar materials, including the “brownTM pig- 
ments in the particle phase. have defied 
analisis. Recentl. however. sequential 
solvent extractions and analyses wsing gas- 
liguid chromatography and spectrophoto- 
metny. have identified polyeselic hydro- 
carbons. polyphenols derived from liguins 
and sugars. carbohvdrates including cellu- 
lose, pectin, starches. brown pigments and 
metals and metal compounds (Table 3 
\Clmn)i 1972, Schlotzhauer et al. 1972). 

3.8.2.3.10 Polyeyche hydrocarbons. These 
include benziaipyrene, benzanthracene 
and other potent carcinogens 

AR 232 Polyphenols. These are deriv vd 
from lenins and suge s by pyrolusis which 
induees cither osclization o depeiyinenisa- 
tion and exchzation. These waterials e 
strong irnitants and may osene ds oo 

carvinogens serving the function of pro- 
moters 1o dnitiatons such s bonzoapaaewe 
Friedwald and Rous 19904 

TABLE 3. A comparion of smoke and leef 
pigment, 

Lr sp 

Chlnrogenic acud - . 
Glocose, rhamnose + - 

Trom, silicon + + 

Ao acids * + 
N<aloids + + 4 
Yold 34 5% 
Hidrolysis resistance b 4 + - 
Molecular weight, major 30,000 100,000 

Source: Chornk 

38.2.3.3 Carhohydrates. These are long 
chained polymer of high molecular weight 
which are soluble in ethanol. They have 
a slow biological decay after phagocytosis 
and may senve to enhance the effects of 
other agents by making them penist 
Warren 1972, 

48234 Brown pigments. These are com- 
pounds of carbon. hydrogen. nitrogen. sul- 
fur and iron. Typically. they can be shown 
o contain iron, protein, chlorogenic acid 
and rutin in compleses. They are formed 
vither directh by condensation or through 
the action of pulyphenol oxidase in the 
typical browning reaction. They range in 
molecular weight from 2000 10 over 
100,000 and when phagoeytized may serve 
as intracellular wwirves of epoxides and 
hadrosides 1 Chornk 19720, 

AR285 Motals, Abeolar damaze has 
been found afier heavy oecupational ex- 
e to micael Chresamne, cadii, 
and arsenic. Mthough these wetals are 
contained in whacce smoke and the low 
Tevels nuke it unlikels that they prodoce 
tonie effevts., there is insufticient data to 
exomerate them A possibiling for chronic 

. 

Lhi A 

wnic effects is prov 
wnt of lung. liver 
which has a mean 
10 6.6 mg in non« 
1973). Cadmium 3 
plicated in emph 
1964). Furthermo 
compounds such 
carcinogens in low 

183 TARGETS 
FOR TON! 

‘Targets include ¢ 
platelets and thn 
and cerchral fw 
have high sensiti 
dise-response v 
“.pmdm-ihilily a 

responses. 

3831 Culls, o7 
zymes have beet 
cigarette smoke 
chiemicals foun 
1971, Brexch et 
dence of stimul. 
city and neopls 
densates from 
Iy perplasia wit 
newly formed ¢ 
thelium of hun 
Lasniteki (195! 
including ben 
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i et ts is peonsded Dy cadiniun cons 
wnt of lang, liver and Kiduey of snehers 
which has a mean of 150 myg compared 
o 6.6 mg in non-smokers (Friberg ot al 
1973, Cadimium and arenic may e m- 
plicated in emphysemia (Nandi et al 
1%9,. Furthermore, organified metallic 
compounds such as wickel carbonyl are 
carcinogens in low concentrations 

383 TARGETS AND MECHANISMS 
FOR TOXIC EFFECTS 

Targets include cells. lung cells and lung. 
platclets and thrombi, fetal development 
and cerebral function. Bioassays should 
have high sensitivity. moderately reliable 
dose-response relations. intra-laboraton 
reproducibility and be relevant to human 
n-;ynn\n 

38.3.1 Cells, organclles and wolated rn- 
zymes have been wsed as targets to assay 

cigarette smoke condensate and pure 
chemicals found in smoke (Rylander 
1971, Bresch et al. 19721, There is evi- 
dence of stimulation. inhibition, €y totoxi- 
city and neoplastic ransformation. Con- 
densates from tobacco smoke caused 
hyperplasia with pleomorphism in the 
newly formed cells in the bronchial epi- 
thelium of human fetal lung as noted by 
Lasnitzki (1938, 1968) and carcinogens 
including benz(a)pyrene. methylcolan- 
threne. and di-methylhenzanthracene - 
duced similar changes n neonatal rat 
tracheal epithelivm (Crocker et al. 19650, 
Fibrohlasts from hamster lung were trans 

formed in culture by exposure for 3 houts 
10 crude cigarette tar (Inwi and Takas- 
ama 19710, Signs of wnicity, such as prh- 
nosis in nuclei. vacoolated evtoplasim. eell 
pecronis, and giant cells were found e 

twren 2 and 48 hours after treatment and 
transformation occurred over 100 days 
after treatment. Skin painting of mice 
with crude cigarette smoke condensate 
has heen used 10 determine the aust po- 
wnt fractions. Buck et al. (1969 found 
the soluble weak acids and the nitrome- 
thane soluble neutral fractions had the 
greatest tumor stimulating activity while 
Wynder and Hoffman (1968) repurted 
that in addition. strong acid fractions 
were potent. 

Rhim and Huebner (1973), using the 
ame fractions bolated by Bock et al 
(1969, found in vitre cell transformation 
in rat and mouse cells infected with C- 
type RNA tumor virses wsing the in- 
soluble bases fraction 3. ether soluble 
weak acids. fraction 8. and nitromethane 
soluble neutrals, fraction 14. This C-RNA 
tumor virus assay was worked out by Free- 
man et al. 1971 in the Syrian hamster 
embnonic cell lines. They showed that 
after treatment with S-methy ke holanthrene 
or methylbenzanthracene. cigarette simoke 
condensate produced tramsplantable - 
mors which, although negative for in- 
fectious virus before innoculation. con- 
tained hamster specific C-type RNA vie 
ruses afterward. Thus, chemical treatment 
was associated temporally with activation 
of the virus. 

$.8.3.2 Mechanism of carcinogenots 
The mechanism of these effects has been 
elucidated. at leas in part. revently. It 
appears w0 depend upon 4 mic rosomal 
ename ssstem and hydnwathon hndroe 
ahase AT The AHEE cnzvme susiem 

both activates and detosifies. Although it 
converts pohoyln hsdnwarbons 1o either 
weak OF pon-cavinogenic compomils 
(Gelboin et al. 1972, Watenbene 103, 
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Figuwre 1. Diagram of poly. 

| dnas - oL cyche hydricarbun metabolism 
| | -— in cell enlure, uitimately lead. 

‘ ing 1o the two distinctly dif- 
el G ferent proceses caused by cer. 

» (o] AR O fain carcinngra: .|nmlm. 
boon g2 000 4w tion or cytotoxicity. Source: 
s Benedict et al. 1972, 
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it also activates them to induce malignant 
tramsformation. The toxicity of the poly- 
evelic hydrocarbon to cells grown in cul- 
wire is corrclated with the presence of 
AT activits and the inhibition of hydro- 
salase activine in the cells by 7 8 beny- 
flavone as paralleled by an inhibition of 
the toxic effect. Activation and inhibition 
may be unique for each hydrocarbon as 
suggested by Gelboin et al. (1972, Fur- 
ther experimental studies in inbred mice 
have shown that anl hydroxslase induc- 
tion is most likely controlled by an auto- 
somonal trait in skin. peritoneal lining. 
lung. liver. Kidoey and bowel Apparenthy 
basal levels of hydrosylase activity are suf- 
ficient in these tmor prone mice o in- 
duce carcinoma as shown by Benedict et 
Al (1973 Although there is much species 
and tisue variation in o the microsomal 
Bt anstformation of pelvosclic hvdioear 
B, the relation o epeoside Tomation, e 

intracellular hadrosides and 0 evtotoni- 

city has been most coherently formulated 
v Benedict etal. (19720 (Figure 1. Two 
additional generalities have emerged. One 
by Feuer et al. (19730 that miethy lation 
of —coumarin. BHT-alcohol. “pyrazole. 
amphetamine and - nicotine induce the 
microsomal metabolizing ennmes and 
raise the level of micrsomal phospho- 
lipid methytransferase, The other by 
Ames et al. (19724 showing in homo- 
genates of rat hepatic cells that epoxides 
of benzanthracene. particularly epoxides, 
formed by the an! hadroxsbLise are potent 
frameshift mutagens sugeesting at east 
one pathway for a relaticnship between 
mutage cin amd carcinogenicin in rodl- 
ents Buerki et all 1973, 

The normal metabolism of polverelic 
Ivdiocarbons is o an eposide by the 
M wstem Figoe 1 
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comjogated 1 spreifie bandimg 1o DNA 
i essential for tramsformation, it may be 
whibited by benzanthvacene or alpha- 
naphthollwone. Direct hinding of the 
parent molecule with DNA - was thought 
unlikely in view of the fact that both the 
K region eposide and the corresponding 
dibydroldiol (DHD) tramform cells in 
culturs and bind cellular constituents 
much more readily than the parent com- 
pound or the phenol. However, the later 
conclusion is questionable since DHD did 
not bind or transform in subsequent exper- 
iments (Marquardt 1972). The mono- 
hydroxyl derivative may be further meta- 
bolized (Figure 1). Cytotoxicity would 
reflect the accumulation of phenolic deriv- 
atives in sufficient amounts to surpass the 
threshold depicted by the wide arrow re- 
sulting in disruption of the mitotic spind- 
le, of transcription and of tramslation. as 
well as in euplodity with chromatid break- 
age. Using several different tissue cul- 
ture cells, Diamond (19711, showed that 
the kinetics of hydrocarbon metabolism 
may be sequential, involving conversion 
to alkaline extractable derivatives and 
then to water soluble derivatives. When 
growth in cell cultures was inhibited, the 
water soluble derivatives of the hydro- 
carbon were found. Little or no ability 
to metabolize hyvdrocarbons was found in 
cells resistant to the cytotoxic effects 
Pregnant rats treated with benz(alpyrene 
showed a 15 fold increase in anyl hydro- 
sylase activity in the liver compared 0 
control and there was detectable enzyme 
activity in the fetns after 15 davs of ges- 
tation which increased with age compared 
o ne activity in the contiol fetes 
(Schlede and Merker 1972). 

Of most relevance to lung cancer e 
the observations of Kellermann et al. 

69 

(1973 who studied the AHH system of 
hmphioeytes from patients with lung can- 
cer and tumor and non-tumor controls. 
‘The AHIL was induced in the lympho- 
estes of healihy controls and wmor con- 
ol by 3-methy icholanthrene showed dis- 
tributions of approximately 4592 low, 
455 inermediare, 10 % high induci- 
bility, while patients with lung cancer 
were 495 low, 66 % intermediate and 
30 % high. All 50 patients with lung can- 
cer had been heavy smokers for 20-60 
years. 

This system may be important in human 
exposure 1o sidestream smoke. Cigarette 
smoke exposure of the non-smoker could 
constitute a heavier exposure to polycyclic 
hyvdrocarbon carcinogens than is derived 
from fossil fucl combution except under 
exceptional circumstances (Hocegg 1972). 
The levels of benzia)prrene. methychol- 
anthrene or benzanthracene might be sig- 
nificant for those individuals with gene- 
tically high inducibility of of AHH and 
further examination of this relationship 
is imperative. Recently it was shown in 
rats that a single dose of nicotine reduced 
hilary excretion of radioactive metabolites 
of 34-benzoprrene and the nicotine re- 
duced the AHH activity in vitro. Because 
such microsomal metabolism of these poly- 
eyclic hydrocarbons to epoxides appears 
1o enhance their carcinogenic effect, nico- 
tine may have a protective role ( Weber 
et al. 1974). 

1833 Effects on pulmonary colls 
1o is doubttul whether L oelis A 

advantage i the assay ol cigarette smohe, 
cigarette smohe condensate or fractions 
thereof. Nicotine and water soluble frac- 
tions of cigarette smoke condenate have 
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Iwen fonnd 1o suppress Tghand TG 
responses in lymphoid ool culiures fronn 
rabibits 1o stimulation with sheep erythro- 
ceytes. The rabbits wene semsitized 1o sheep 
enthrcytes hefore obtaining Tymphond 
cultures from the spleens (Ronaman and 
Rogers 19731 Cigarette smoke exposure 
of lymphocytes inhibited phytohemaglutin. 
nin-stimulated thymidine uptake by lym- 
phocyte cultures from 92 patients. How- 
ever. in cight patients who were hyper- 
wmitive to cigaretie smoke stimulation 
did occur (Savel 1970, 

383310 Anyl hydrocarbon hydrovylas. 
Mined function oxidase activity in liver 
and lung was compared in rabbits and 
was found 1o be concentrated in the wi- 
crosomal fractions of both organs, e 
quiring NADPH and oxygen for activin 
and more inhibited Iy carbon monoxids 
eytochiome €. Cytochrome P-450 levels 
and aniline hydroxvlase activity alone 
were approximately 20 % those of liver 
while NADPH evtochrome-C reductase. 
bensphetamine demethylase and biphem| 
hydroxylase were nearly equal in lung and 
liver microsomwes (Gram 19731, Matsu- 
bara and Toching (19711 showed similar 
results i rabbit whole lung and liver 
microsome systems. This naturally led w 
the question of which cells in the Tung 
have the mised function oxidase activin., 
Two studies are pertinent in this regard 
Mook et al. (1972 found thar the micro- 
wnal faction of aholan macrophaees 
bad veny b, levels ot iphemnd 4 bt 
salase, benziaipyrene hadrosylase. amd 
di = henzphetamine: Ned-methy Lise while 
evtochome P4 was alsent: bt both 
NADPH eviochiome-Caacdintase el 
NADIHE e ytowchrome-Caredine tase At Ites 
Wene present, sageesting that the e 

phages play a small role. if any, in detoxi- 
fication of materials in the lung. Reid et 
al. 11972 found that alveolar macro- 
phages atkylated para amino benzoic acid 
1 the same extent as did the liver and 
lung parenchyma. but microsomes (rom 
wacrophages lacked detectable anyl hvdro- 
carbon hydroxylase activity, even in ani- 
mals treated with 3-methylcholanthrene. 
Similarly. brombenzene was metabolized 
by microsomes prepared for liver and lung 
hut not from alveolar macrophages. How- 
ever. these macrophages may not have 
been induced because of their extra 
viscular (alveolar: location 

48432 Polymorphonuclear leukocytes 
CPAIN 1. Oral PMN's cluster and fail to 
wpread and migrate after expowure in the 
oral cavity to cigarette smoke, This effect 
i related 1o the gas phase in which acro- 
Jein and evanide are present. Exclusion 
of the gas phase showed that particle 
phase did not produce the inhibition 
(Eichel et al. 1969), Exposure of guinea 
pigs 10 cigaretie siwohe significantly in- 
creased the numben of polymorpho- 
muclear leuhocytes recoverable by pulmo- 
wary lavage wver a 10 week period 1 Flint 
et al. 1971 . Rilander (19710 has abo 
diown that the number of polymorpho- 
muckear Jeucoestes obtainable by lavage 
are inereased after cigarente smoking. Re- 
centh Kilburn and McKenzie (19740 
dhowed that whole smohe and water solu- 
ble entracts of cigaeiie tohia co ll'\llti' 
podymorphiono fear lennen stes fite sonalier 
airwan i 4 wanner similar W that for 
cotton dust - Kilburn et al. 19730 Man- 
e reeruitment oveuts in 46 houns 
Exclusion of the gas phase by chareoal 
filivation does not alter the reensitment 
effert. Mowerver, removal of the particle 

phase by doubl 
ishes the recrv 

duces pyknosis 

perinuclear vac 
oles and exfolia 
may be import. 
Reast (1972) 
smoke exposur 
creased the nu 
Jeukocytes rect 
the numbers © 
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phase by donble Cambridge filiers abwl- 
ihes the recruitment and instead pro- 
duces pyhinin of nuclei kanorrhexs, 
Ranyolysis, ciliary bns, nuclear exfoliation, 
'l'rll'l“ 'l ar \fll"“.l"‘. f)l‘l.ild\llll( Nacu- 

oles and exfoliation of wany cells. Species 
may be important as shown by Holt and 
Keast (1972) in €57 black mice that 
smoke exposure daily for 34 weeks in- 
creased the number of macrophages and 
leukoeytes recovered but did not affect 
the numben of polys. 

38.3.33 AMacrophages. Increase in the 
numbers and in the fluorescent inclusions 
in the macrophages obtained from the 
lungs of cigarette sinokers was first noticed 
by Vassar et al. (1960). Rogue and 
Pickren (1968 using lung biopsies from 
cigarette smokers and non-smokers showed 
that the alveolar macrophages of the 
smokers had decreased activity of oxido- 
reductases and hydrolases by histochem- 
ical techniques and that this was pro- 
portional to the amount of fluorescent 
material stored in the cells. Succinate de- 
hydrogenase. cytochrome oxidase. and 
NADH diaphorase were also severely sup- 
pressed. Utilizing lavage Pratt et al. (1969 
showed that smokers had an increased vol- 
ume of brown sediment in lavage fluid 
which contained pigmented macrophages 
and were greater in volume; Cook and 
Webb (1966, showed that surfactant ob- 
tained from smokers exhibited higher min- 
imal surface tension than that obtained 
from non-smokers. That macrophages 
from smokers are stimulated has been 
dhown by Warr and NLirtin (19730 whe 
found that the migration rate was three 
times faster than in cells from non-smok- 
ens, whereas although the migration in- 
hibitonn factor decreased migration at 

n 

least 30 % in nonsmokers it had no cf- 
fect on the migration of nacrophages 
from smokers. Hitochemical evidence 
has been presented by Powell and Green 
(1972 that phagocytic competence of 
macmphages v reduced in smokens and 
that smoke inhibits the enzyme glyceralde- 
hyde-3-phosphage dehydrogenase. Wheth- 
er this is an effect of eyanide is not known. 
It iy somewhat surprising in view of the 
lack of induction of aryl hydrocarbon 
hydrolases mentioned above. Cantrell et 
al. (1973, found that enzyme activity was 
low in the alveolar macrophages of non- 
smokers, 008 £ 004 u 10* cells and was 
higher, a mean of 0.095 + 0.024 u 10* in 
smokers. One smoker who was studied 
showed low activity while not smoking 
and four times the activity when he re- 
sumed smoking 

3.8.4.3.4 Ciliary beating. This is inhibited 
by smoke as shewn by Dalhamn 1956 
and by Westergaard and Olen 1973, 
This may be due to effects of formal- 
dehyde. acrolein or eyanide at high expo- 
sure levels but to tar at lower levels. 
Chronic smoke exposure appears to re- 

duce the number of cilia (Watson and 
Brinkmann 1964 .. 

38.33.5 Airway morphology. Nitrogen 
dioxide. which is found in levels as high 
as 400 ppm in main line smoke. produces 
early changes in the morphology of the 
respiratory and terminal bronchiolar re- 
gion in rat lungs with levels of 2 ppm 
for 1. 2 and 7 days. Thewe included los 
of cilia and increase in micresith Expo- 
swire (o bevels of 37 ppra for one hout 
produces changes in the alveolar epithe- 
livm and capillary endothelium in beagle 
dogs (Dowell et al. 1971 . 
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Ftleots of ebionn EAAIIE o Clgaretie 
sohe on the bronehial epithelivan have 
been shown by Auerhach et al, (1972, 
and Mawdedey-Thomas and Healey 
(1978 in lambn which smoked through 
tracheostomies. Tracheal and bronchial 
gland hyperplasia had a significant dose 
related response, Lamib and Reid (1964, 
have shown that rats have an increase in 
the number of gublet cells (n tracheal and 
intrapulmonary airmays over a six week 
period of exposure 1o smoke of both cigars 
and cigarettes. Hemandez e al. (1966 
and Frasca et al. (18 have shown 
changes in alveoli. particularly in the area 
of the respiratory bronchioles in dogs 
chionically exposed 1o cigarette smoke., 
These effects may be related by bhens. a 
pyrene and particles, as suggested by the 
finding of Port et al. (1973, wsing scan- 
ning electron microscopy of hamster tra- 
crval and bronchial epithelivm follow ing 

Jerric oxide and ferric oxide plus (henz 
pyrenc. The former produces loss of cili- 
ated cells and hyperplsia of nouciliated 
cells. while the addition of benziaipyrene 
produced squamous metaplasia, 

AB34 Effects on blood and blood vvssl 
colls 

Effec.s of smoking upon platelets and 
blood clotting appear to e mediated by 
nicotine induced catecholamine welease, 
Ardbe et al. (1960 dowed that cate- 
cholamines enhanee ATP or ADP indu- 
cod plaelet aseresation Rowsell e al 
1 hesed o formation in th 
extracorporal sustem and chotting time in 
silicon tles was incrvased o mederane 
doses of epinepliine. Schoendo! et al 
(19700 o cigaretie smoking, partic - 

vdhied 
the silicon clotting time by 110G wintes 

wlarly of high nicotine cigareties, 

and inereawd platelet adhesiveness. Shi- 
mamnto ad Ishioka (1963) proposed an 
elfect, other than epinephrine-like, on ar- 
terial walls causing a release of the throm- 
boplastin-like substance leading to in- 
creased plateler aggregation. Murchison 

. and Fyle 11966, have shown that the rise 
in plasma free fauy acids following cigar- 
ette smoking is preceded by increased pla- 
telet adhesiveness and Harrison and Mit- 
chell (19656) have suggested that the pla- 
telet adhesiveness tests in 1itro are influ- 
enced by ADP released from damaged red 
cells. Kerr et al. (1955 showed that un- 
saturated fatry acids have a protective ef- 
fect on increased platelet adhesiveness. 
From another angle Salky and Dugdale 
(1973, have found that about 10 % of 
patients with ichemic heart discase 
have abnoanal pl:m-l'fl aggregation o 
dilutions of plima, as well as reduced 
plateler sunvivals Most of these patients 
were smoken. Harkavy (19681 has sug- 
gested that migratory phlchitis. cosino- 
philia. and thromboangiitis obliterans may 
be related 0 vascular hypersensitivity to 
components of cigarette smoke. Al hough 
the mechanism is still obsure. the phle- 
bitis in patients with thromboangiitis ob- 
literans clears when they cvase smoking 
and returns if they take it up again. 

Apart from the acute effects of nicotine 
simulating catecholamine release with in- 
creases in heart rae and blosd pressure, 
high concentrations of CO and evanide 
Appeear te o canse or e gsaesciatad with 
damage 1o ol e the Chokestene! fed 
rabbit. Astrup et al (197 dwwed that 
such rabbits expesed w0 20 ppm carbon 
mmenide continmemsh for up o 10 weeks 
bl increased atheromatsis of the aorta 
compared to similah fed comrols. Kjeld- 
s et al (1 showed Dt inereasald 

concentrations 
amount of ch 
tosis in rabb 
found that ct 
keys showed 
atheroxlerosis 
ly w0 carbon 

were only ex} 
month period 

A mechani 
Whercat (19 
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concentrations ol exyeen eddeed tiw 
A cholesterol indue vd atheroma: 

wnis i ralibits, Welnter et al (1970, 
found that cholesterd fed spuirrel mon- 
Leys showed significamly more coronan 
atherosclenonis when exposed intenmitient- 
Iy to carhon monoxide than thoe who 
were only exposed to room air over a 7 
month period. 

A mechanism has been suggested by 
Whereat (1970) that when oxidation of 
nicotine amide adenine dinucleotide 
(NAD) is impaired, the reduced form 
(NADH) is available in larger quantities 
for fatty acid synthesis by arterial en- 
zymes. Carbon monoxide prevents the 
oxidative reaction of NADH to NAD by 
combining with cytochrome oxidase. Cya- 
nide is also a respiratony chain inhibitor 
and thus affects arterial wall fat meta- 
bolism. Nicotine sulfate depresses lipopro- 
tein lipase activity in rais which may 
disturb lipid metabolism in vessels (Mit- 
kov et al. 1971). Human studics show 
that pulmonary arterial collagen content 
are about twice as great in cigarette smok- 
ers as in non-smokers between the ages 
of 30 and 70 (Nacye and Dellinger 1971 

Before extrapolating from data in cigar- 
ette smohkers 1o environmental tobacco 
smoke exposure, effects of low doses. 1-2 
cigarcttes per day must be studied 

3835 Effects on e tal devolopment 
The fetns will be exposed 10 certain to- 
bacco smoke products via the mother 
This constitutes @ spwe ial case outside the 
pros e of this mview Somw evidemoe 
reviewed by Haworth 974, suggests 
that there is no threshold for fetal of- 
focts of matermal smwoking, but this e 
quires verification. 

by TM ! g '] s : ) . 
e g AT s oL 'b.-"\'.‘,_.t,._ - 
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3 

Much varlier it was shown that a texic 
agent. prosumably nicotine, crossed the 
placenta to fetues 10 InCreas: fctal heart 
rate after a humnan mother began 1o 
anoke a cigagette (Herriot et al. 1962). 
Nicotine administered 10 the mother 
rhesiis monkey crossed the placenta to the 
fetus which responded with hypatemsion 
and hrachycardia to 3 single injection of 
tacdncardia to constant infusion (Suzuki 
et al. 1971). In mature fetuses, hyposia 
and respiratory and metabolic acidosis 
developed when nicotine was administered 
1o the mother. This did not occur in im- 
mature fetses. Sawyer and co-workers 
(1972) have found that picotine adminis- 
wred to lactating rats depressed of de- 
laved prolactin secretion. reduced milk 
yicld. and diminished the stimulatie: of 
prolactin by suckling. 

kLR CONCLUSION 
Much evidence exnists that smoke exposure 
produces advene effects on cells, cells of 
the lung and the blood. The question as 
1w which of these effect appeans at the 
concentrations of tohacco compunents 
found in environmental tobacco smoke ex- 
posure cannot e answered by the fragmen- 
ary data which are available. Although 
a dependable hierarchy of effects has not 
vet been established. annoyance and acute 
changes in air distribution in the lung are 
dhown by sensitive human subjects. Trans- 
formation of airway cells. retardation of 
fetal development and respiraton illnesses 
may be the wnsitive dndices e higher 
dones of tedrace sun FOREN LTS Uil ale 
ditional dose-resprne data are available 
we mnt be guidald In fragmentary - 
formation from huwan groups at risk in 
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