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3.8 Effects of Tobacco Smoke on Biological Systems

Kave H. Kiomery

381 OBJECTIVES

The objective of this review is to assess
the mechanibms 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 elfects. 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 difficulty 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 sspergism with
asbestos 1o produce lung camcer reguires
20 years (Schikoff et al. 1968,

There are few observations on the eof-
feets of sidestream smoke exposire in man

in which dose was measurcd. Cigaretie
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tohacco is a complex mixture (Stedman
198, and even its major chemical groups
or the major fractions of tbacco smoke
condensate are 100 complex (Scholizhauer
et al. 1972) (Table 1) to achieve the
ideal of relating hiological effeets 10 single
chemical components. Furthermore. pyro-
hsis of tebacco and its additives increases
the complexity and yvields over a thousand
produces  (Neurath 1952,
smohe contains greater quantics of chloro-
forin, extractable tar. nicotine. pyrene and
cadmium (Table 2. Concentrations de-
pend upon the duration of puffing. con-
densation and  volatilization plus filira-
tion. Differences in mainstream 10 side-
stream ratios for certain constituents of
smoke are large as shown by Wakeham
11972, (Table 2.

Furthermore., chemicals may be intro-
duced by bacterial or microbial action
during storage or processing. whilst others

Sidestream

such as sucker depressants and pesricides
are deliberately intnsduced  Exangples of
the Tormer group are atbaosins By and G,
andd penicillic acid by fungi during to-
baceo storage  Forgaos and Call 190,
Smith and Louria 19780 That microbial

action man operate o add e auents
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TABLE 1. Chemical compo,ition o flue-cured tobaccn

Beal Tt Comstitarnts

% Dry leal weight

Ash
Crude Iilwis
Carteshiydiates

Tontanies
Coellulone, hgnin

detrin
Pectinie acids
Krebs evele acids
Oils, wanes, resins
Poly phenols

Pectins

Organic acids

Etherawolubles

Tannins

Nutrogen compounds
alkaloidds

Puls i monnsaccharudes, starch,

Proteins, amine aculs, nitrates,

135 210 925 (22,
1.2 M
- 223 3635
80 B4R
122 9.9%
13 661
22 -
15.2 -

It is noted that the beal consists of 3 prepanderance of carbolydrates, crude fibers, pectins, etc.,
with saller amounts of nittogensus materials, hipids, and pols phenols.

Sournce: Schlozhaver et al

TABLE

2. Ration of smobe con-titwents i
sidestrcam and mainidr.am

(Based on Yields per Gram of Tohaco
consiimed

Comtitnent S5\
Acetic acul 042
Acetamicle 06
HUN 003
Acetonitnile 23
Aldehsdes (1otal 2.2
3. 4-Benzo o praene 21
Henzene 19
Toluene 35
Phienol 21
Nwotine 2 5
Mt 70
SYTIC il
Porndine LR}
LIS ST PR LI nn

or detonify those present was showu n
Gibson (i Hh
which wnder the

B stidiedd baetenia
wiildest comditions can
compleweh degrade the henzene tmg. B

bogically  peatent mterials adidedd 1

Effects of Tobacco Smoke on Biological Systems

ACL Doc 25356 - Page 2 of 16

tohacco during growth either by nature or
These include from nature cad-
iNawdier al. 19647 Lewis et al,
1972, Friber et al. 1973 and other metals
(Stably 1973 and from man anenic and
maleic hvdrazide. a sucker control agent
which has been shown to be mutagenic
+Lin and Hoffiwann 1973

For cpidemiologic studies index com-
pounds are needed for cigareie smoke
which contaminate the atmosphere. are
absorbed by the non-smoker and excreted
by him as an index of exposure. Suggested
index compounds include carbon meno-
side, hydrogen evanide. nicotine. cotinine
and cadmium and polonium-210 in tissae,

by man,

The rate wetabolism of phenacetin and
Wnphoeste evels of and hadiolise bave

Al Been sugeested 10 mweastine enjeeate
Criteria for such o matenal a1 1t
sdiould be specific for cigarette smvche: )
ebitainable by non-imosive wechnigue: 3¢
e vasy 10 anabize accarateh s 1 pelated

s tonicitn s amd 30 unallected by genetie
or nutnitienal ditterences,

Nowie of the alsn e mentioned substances

e ' 6 S B

--u.

L —— - —

-O

mwf D R i

i~ ideal for the §
und cotinine in urin
might become mc
further validation.
less specific; it requ
pling or blond speci
lwund to hemoglob
1o toxicity of other
of detovification of
ably related 1o inds
nmes which cons
acetyl, p-amino pl
shown to be induci
evelic hydrocarbon
Because the urine
der cancer cont
oxidation product:
sructure the urine
ple could be anal
as a measare of «
rermediate metals
reactive agent ma
and the possible n
of the detosilyin
smoke { Wynder .

182 PRINCIPA
RNOWN
OF SMOR

38.2.1 Gaws

RILAN Carbon

wetion 37

38282 Hytey
piraton ename
of tohacen amb
pradnstrvam s
for mpid cesa
the mpiiaton
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o owdeal for the porpese. Tlioeyvanate
andd cotinime meurme hasve been wsed
might  become  more satisfactory with
further validation. Carbon monoside s
less apecific; it requires alveolar air sam-
pling or blood specimens and the amounts
bound to hemoglobin may not be related
to tosicity of other materials. The rates
of detoxification of phenacetin are prob-
ably related to induction by smoke of en-
zymes which convert phenacetin to N-
acenyl, 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 tnyprophiane. The
reactive agent niy be methy Inicotinamide
and the possible mechanims the inhibition
of the detoxifying enayme by cigarette
smoke (Wynder and Holfmann 1908,

3.8.2 PRINCIPAL EFFECTS OF
KNOWN COMPOLENTS
OF SMOKE

38.2.1 Gasrs

38.2.1.1 Carbon monoride is reviewed in

section 3.7.

T2 1.2 Hydvogen cyanide posions 1o
piratony cnavmes and s probably e canse
of tohacco amblyvopia (Heaton Bnl o In
mainstream simoke it may be responsible
for rapid cessation of ciliary beating in
the repiratory  tract of smokers during
soking  (Dallomn 1966, but i side-
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stieatn siwhe the cyanide levels are 100
bevs v amticipate any effect. Cyanide may
b responsilile for inhibitory effects on oral
leukonytes +Eichel et al. 1969, Detoxifi-
cation is by combination with sulphur (as
sulie or sullhydnily 1o forin a thio-
evanate don which is excreted in urine
and saliva. Such detoxiflication appean
to depend on thicamino acids such as
methionine and cysteine. The  oxidized
ferric form of cytochrome oxidase com-
bines readily with cyanide. Cytochrome
oxidase is abo reactive with carbon mono-
side. However. the hepatic ename rho-
danese promotes formation of thiocyanate
jon froan evanide jon and sulphite (White
et al 1958

2K 213 Nitric ovide and mitrozen dio-
viddi . Oxides of nitrogen damage cell mem-
brawes in the lung. particularh colls of
the respiratory bronchioles and capillarics
(Dowell et al. 1971, Parkinson amd Steph-
ens 19730, They abo combine with amines
to 'uu‘Juu‘ nitrosamines which are oxidi-
zed 1o alkviating agents (HNg ). These are
both potent carcinogens and sensitizing
agents,

382104 Aldvhyds s. Acrolein and formal-
dehvde are the most important examples
of agents which cros-link proteins. They
alw stimnulate mucus secretion in the air-
wars, Both are excellent tissue fisatives,
perhaps substituting for the alphacamino
adipic  acid. semialdelivde,  cnvs-linked
collieen Wy forming Schiff hases wirh the
atiinee wrovps or baoaldel conndensations
tWhite et ai 1o
DA polumerase in egenerating vt liver
at levels beoween 2 8 103 and 8 50 104
AL Traces on the SH group of the ensme
Munsch et al, 197380

- Acrolein wlobats the

e
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P22 Water solubl agents

822

studied and most clearly important. T has

Alhalosds, Nwotine s the pst

many of the properties of acersdcholine
It is & wenromusenlar transmitter, stim-
ulates seeretions. releases catecholamines.
enhances intracellular eyelic AMP. and
by these and or other mechanismis 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 | Stedman
1968

38.23 Fat solubls and inwluble particles
or “tar”

Tar materials, including the “hrown™ pig-
ments in the particle phase. have defied
analisis. Recently,  however. sequential
solvent extractions and analyses using gas-
liguid ehromatography and spectrophoto-
metn. have identified polieselic hydro-
carbons. polyphenols derived from liguine
and sugars. carhohvdrates including cellu-
lose. pectin, starches, brown pigments and
metals and metal compounds (Table 3

1CImn_\i 1972, Schlotzhauer et al. 1972),

3.8.2.3.1 Polyeyelic hydrocarbons. These

include  benziatpyrene.  benzanthraceny

and other potent carcinogens

AB232 Polyphenols. These are derived
from Dienins and s s by purolveis which
indlin es vither osclization o depeiyineriza-
tion and evelzation. These materuls e
strong  nitants and may s ds co-
carcinogens serving the function of o
moters o imtiatons such s bonzoapureme
i Frivdwald and Rous 1990

L0 )
k ."-“.‘.‘1‘“‘:.“,_”6‘_" !,-f e -
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TAMLE 3. A comparion of smoke and lea]

pigment,

Lr SP
Chlnrogenic acul - +
Glutese, rhamnow + -
Trom, silieon + +
Arine acids - +
Alsaloids + + 4
Yield 34 3%
Hidrolysis resistance > -
Moleeular weight, major 30,000 100,000

Source: Chortvk

38.2.3.3 Carhohydrates. These are long
chained polymers of high molecular wright
which are soluble in ethanol. They have
a slow biological decay after phagorytosis
and may serve to enhance the effcets of
other agents by making them  penist
‘Warren 1972

48284 Brown pigments. These are com-
pounds of carbon, hydrogen. nitrogen. suls
fur and iron. Typically, they can be shown
tw contain iton, protein. chlorogenic acid
and rutin in compleses. They are formed
cither directh by condensation or through
the action of polyphenol oxidase in the
npical browning reaction. They range in
molecular weight from 2000 10 over
100,000 and when phagoestized may serve
as intracellular swirves of epoxides and
hadrosides Chornk 19720,
A8205 Motals, Aheolar damaze

been found afier heavy occupational ex-

has

prestne to wiche L chreoane, cadnmai,

and arsenic. Mthough theswe wetals e
contained in whacee sinoke and the low
levels mahe it unlikels that they produce

ronie effevts, there is imsutficient data to

exomerate them A possibiling for chronic

-
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wonite effects is peon wded Iy cadim con-
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taren 2 and 48 hours after treatment and
transformation occurred over 100 days
afwr treatment. Skin painting of mice

TN
b g

§
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—.’f.} b Y e S
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',. - o b6 myg in noncsokers (Friberg et al  with crude cigarette smoke condensate

' 1973, Cadimium and arenic may be im- has bern used 10 determine the awst po-

plicated in emphysemia (Nandi et al tent fractions. Buck et al. (1969 found

; 1'ni,. Furthermore, organificd metallic  the soluble weak acids and the nitrome-

S componnds such av nickel carhonyl are  thane soluble neutral fractions had the

2 5% carcinogens in low concentrations greatest tumor stimudating activity while

‘o4 Wynder and Hoffman (1908) repurted

p' 100,000 that in addition. strong acid fractions
38.3 TARGETS AND MECHANISMS  were potent.

FOR TONIC EFFECTS Rhim and Huebner (1973), using the
| Targets include cells. lung cells and lung. same fractions iolated by Bock et al.
; e '_0"8 platelets and thrombi, fetal development 11969, found in vitre cell transformation
'.'I‘" weight and cerehral function. Bicassays should in rat and mouse cells infected with C- ¢
; Tlwy have have high sensitivity, moderately reliable  type RNA - tumor vimses using the in-

oy LOsis
vllvets of

dose-response  relations. intra-laboraton
reproducibility and be relevant to human

soluble bases fraction 3. ether soluble
weak acids. fraction 8. and nitromethane

W persist responses swoluble neutrals, fraction 14, This C-RNA
tumor virus assay was worked out by Free- "
| 38.3.1 Cells, organclles and isolated en- man et al. 19711 in the Syrian hamster "
‘ Care com- zymes have been used 3 targets to assy embryonic cell lines. They showed that 7
toen, sul- cigarette  smoke  condensate and pure  after treatment with Fomethy lcholanthrene I
In shown chemicals found in  smoke {Rylander  or methy Ihenzanthracene. cigarette stnohe i
oo acid 1971, Bresch et al. 19721, There is evi- condensate  produced transplantable  tu- :
v lonned dence of stimulation. inhibition, eytotoxi-  wors which, although negative for in- ':
P through city and neoplastic ransformation. Con-  fectious virus before innoculation, con- :
w in the densates from tobacco smoke caused ined hamster specific C-type RNA vie |
P range in hyperplasia  with pleomorphism in the  ruses afterward. Thus. chemical treatment !
o over newly formed cells in the bronchial epi-  was associated temporally with activation s
e thelium of human fetal lung as noted by of the virus. ’?
wles and Lasnitzki (1938, 19681 and carcinogens |
including  benz(a)pyrene. methylcolan- 3832 Mechanim of carcinogenesis 1
threne. and di-methylhenzanthracene in- The mechanism of these effects has been 3 %
age s duced similar changes in neonatal rat clucidated. at least in part. nventh. Tt ‘B
el e tracheal epithelium (Crocker et al. 19631, appears W depend upon a mic rosomal e
A, Fibroblasts from hamster g were thans ename swstem and hydie athon hvdro- 4
s e formed in culture by exposure for 3 houts avhase AL The AT cnzvme sasieim & 3
the lom 1o crude cigarette tar (Ioui and Takav-  both activates and detonifies. Mthough it .
presluce ama 19710, Signs of 1onicity. such as prh-  converts pohieseln hndiw arhons o either : ) f
it 1o powis in nuclei. vacoolated ovtoplasm. cell  weak or po-carvinogenic  componid , '_
hromie pecrnis, o giant cells were foumd e (Gelboin vt al. 1972, Watenbenz 19721, K F‘;

v smesadme
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| wensowsron Figure 1. Diagram of poly. conjugated

| oo | = M fytlu hydmurhur'l metabolism is cssenti

d | 2 -— ,n cell enliure, ullnrufcrly lead- iuhibil!d '

ing to the two distinctly dif-

Lot NN ferent processes caused by cer. 3 "‘Ph‘hon.

- AR 0 AN O tain carcinogens:  transforma. Pi".““ l”

ot PR 008 an tion o cytotoxicity. Source: . unlikly 0

00 A ol Benedict et al. 1972, ~ "ﬂ“" '

. dihydroldis

ranmt culture &

won it . & oo much mor

wrORO T e T I, pound or
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T et —— ! hydroxyl ¢
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threshold

sulting in

it also activates them 1o induce malignant ity has been most coherently formulated le, of tra

transformation. The toxicity of the poly- by Benedict et al. (19724 «Figure 1. Two well as in

= evelic hydrocarbon to cells grown in cul- additional generalitics have emerged. One age. Usit
= tre is corvlaed with the presence of by Feoer et al, (1973 that methy lation ture cvlls.
B4 AT activits and the inhibition of hydro- — of -~ coumarin. BHT-alcohol, “pyrazole. the Kinet
2 salase activite in the cells by 7 8 benye amphetamine and - micotine induce  the may be
p - flavone as paralleled by an inhibition of microsomial  metabolizing  ennmes  and o alkalis
3 the tosic efivct. Activation and inhibition  raise the Jevel of microsomal  phospho- then to 3
i may be unique for each hydrocarbon as  lipid methytransfernse. The  other by i growth it
suggested by Gelboin et AL 01072, Fur-  Ames et al (1972, showing in homo- ] water so!
ther experimental studies in inbred mice  genates of rat hepatic cells that eposides ¢ carbon w
have shown that anl hydroxslase induc-  of benzanthracene. particularly epoxides, to metab

tion is most likely controlled by an aute- formed v the an! hadrosylase are potent cells rosi

somonal trait in skin. peritoneal lining.  frameshift mutagens sugeesting at least Pregnant
lung. liver. kiduey and bowel Apparenth  one pathway for a relationship between showed 2

basal levels of hydroxvlase activity are suf- mntagenicity and carcinogenicing in roxl- sylase ac
ficient in these tumor prone mice W in- - ents Buerki ev all 1973, control 8

duce carvinoma as shown by Benedwr et The normal metabolism of pnlu'\rlic activity |

al (197% Although there is much species
and tissue variation in the mi vowonnial
Lt ansformation of pelves lis Indeacire

bras, the velation we ||u-\c.|x Lokttt e

inteacellular hadrosides and 0 extotosi-
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hvdiocarbons is to an eposide by the tation wh

AL

Figure |

s ostetn The epeside ey Mer .
can e comerted nonenaateall oo Scliledy
monohivdrosxa ] derivative, metabolized by Oi um
an eponide hydrolase 10 a dibvdrol ™ the ol

Published by AsbestosClaims.Law
asbestosclaims.law/library/25356/6


https://asbestosclaims.law/library/25356/6

vl |u|];.
oot lailisin
viv lead-
wnth il
wil I cers
nshovrimae

| Newiiee:

wlated
. Two
<. One
nlLition
o,
v the
s and
wprhio-
v by
b
wnvides
niacdes,
ferent
least
Tween
1oul-

e
v il
CENTHE
e
I In
-4 o

comjugated 1 spreifie Danding 1o DNA
is essentinl for transformation, ity be
whibited by benzanthvacene or alpha-
maphthollavone. Direct hinding ol the
parent molecule with DNA was thought
unlikely in view of the fact that both the
K region eposide and the corresponding
dibydroldiol (DHD) transform cells in
culturs and bind cellular  constituents
miich more readily than the parent com-
pound or the phenol. However, the latter
conclusion is questionable since DHD did
not bind or transform in subsequent exper-
iments (Marguardt 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 tramscription and of tramslation. as
well as in euplodity with chromatid break-
age. Using several different tissue cul-
wre 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 bene(alpyrene
showed a 15 fold increase in anyl hydro-
sylase activity in the liver compared o
control and there was detectable enzyme
activity in the fetns after 15 davs of ges-
tation which increased with age compared
o no actinity i the contol feiuses
(Schlede and Merker 1972).

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

>
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(197%) who studied the AHH system of
hmpliocytes from patients with lung can-
cer and tumor and non-tumor controls.
‘The AHEL was induced in the lympho-
estes of healthy controls and wmor con-
trods by 3-meths Icholanthrene showed dis-
tributions of approximarely 4547 low,
45 %  inermediate, 10 %  high induci-
bility, while patients with lung cancer
were 4% low, 66 7% inwrmediate 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 {Hocgg 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 ritro. Because
such microsomal metabolism of these poly-
eyclic hvdrocarbons to epoxides appears
1o enhance their carcinogenic effect, nico-
tine may have a protective role Weber
et al. 1974).

18.93 Effocts on pulmenary ¢ ls

e is douhittul whether e o Hat

e NN
advantage i the assay of cigaes sk,
cigarette smoke condensate or fractions
thereof. Nicotine and water soluble frac-

vions of cigarcte smoke condenate have

’
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b
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“
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in

been fonnd 1o suppress Tghand gt
responses in lymphoid ool culiures froan
rabibits 10 stimulation with sheep erythre
ceytes. The rabibits wen: semsitiaed 1o sheep
envthroestes before  obtaining Iymphioid
cultures from the spleens (Rosaman and
Rogers 19731 Cigarctte smoke exposure
of lymplxytes inhibited phatohemaglutin
nin-stimulated thymidine uptake by hm-
phocyte cultures from 92 patients. How-
ever. in vight patients who were hyper-
wmitive to cigaretie smoke  stimulation
did occur (Savel 1970,

38331 Anl hydeocarhon  hydrovylas.
Mised function oxidase activity in lver
and lung was compan<l in rabbits and
was found 1o be concentrated in the wi-
crosomal  fractions of both organs. e
guiring NADPH and oxagen for activin
and more inhibited by carbion monoxid
extochiome €. Cytochrome PA530 levels
and aniline  hydroxvlase  activity  alone
were approximately 20 % those of liver
while NADPH exvtochrome-C reductase.
bensphetamine demethylase and biphem|
hvdrosslase were neardy equal in lung and
liver microsomes (Gram 19731, Matsu-
bara and Tochine (19710 showed similar
results i rabbit whole lung and liver
microsome systems. This naturally led 1w
the guestion of which eells in the lung
have the mised function oxidaswe activin.,
Two studies are pertinent in this regard
Hook et al. (1972 found that the micro-
wital Traction of aleolar macrophuoses
b venn b, Jevels oot biphend 4 hiadae-
salase, benziaipyrene havdrosylase, amd
di = lenzphetamine: Ned-methn L while
evtechome P was absent: bt both
NADbEPH
NADH ¢ ytowhirome-Caredie tase AtV Ites

evtoehiome-Cavdictaee il

WO pIesent, stgeesting 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 alkylated para amino benzoic acid
o the same extent as did the liver and
lung parenchyma. but microsomes {rom
pacrophages lacked detectable anyl hydro-
carbon hydrusylase activity, even in ani-
mals treated with 3-methylcholanthrene.
Similarly. brombenzene was metabolized
Iy microsomes prepared for liver and lung
but not from aheolar macrophages. How-
ever, these macrophages may not have
been induced because of their extra
vaseular talveolar: location.

48432 Polymorphonuclear  leulocytes
PAIN <. Oral PMN's chuster and fail to
spread and migrate after exposure in the
wral cavity 1o cigarette smoke, This effect
is lated 1o the gas phase in which acro-
lein and cvanide are present. Exclusion
of the gas phase showed that particle
phase did not produce  the inhibition
(Eichel et al. 1969, Exposure of guinea
pigs 1o cigarctie sioke significantly in-
creased  the numben  of  polymorpho-
muclear leukocytes recoverable by pulmo-
wary lavage wver a 10 week period (Flint
et al. 1971 . Rilander (19710 has abo
diown that the number of polvmorphu-
puckear Jeucoestes obtainable by lavage
are inereased after cigarene smoking. Re-
centh  Rilburn and  McRenzie (19740
dhonwed that whole smoke and water solu-
e entraets of cigareite b cn peonsit
peoh morphiono e lenhen A tees dites simadior
airwan i a4 wanner similar w thar for
cotton dust - Kilburn et al, 19735, M-
e reeruitment oveurs in 46 houns

Fxclusion of the gas phase by chareoal
filteation dhes not alter the nvritment
effevt, Mowever, remonal of the particle

phase by doubl
ishes the recru
duces pyknosis
Laryolysis, ciliar
perinuclear vac
oles and exfolia
may be import.
Reast (1972)
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the numbers ©
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phise by donbde Cambiridge filters alwl-
whes the recruitment and  istead  pro-
duces pyhinin of moclei, kanvorrhesis,
hanolysis, ciliary ks, nudclvar exfoliation,
perinuclear vacnolation, cytoplasiie vacu-
oles and exfoliation of wany cells, Species
may be important as shown by Holt and
Keast (1972) in €57 black mnce that
smoke exposure daily for 34 weeks n-
creased the number of macrophages and
leukucytes recovered but did not affect
the numben of pulys.

38.3.33 Macrophages. Increase in the
numbers and in the fluorescent inclusions
in the macrophages obtained from the
lungs of cigarette simokers was first noticed
by Vassar et al. (190). 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-
reductascs 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 flind
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
shown by Ware and NMurtin (19730 whe
found that the migration rate was three
times faster than in cells from non-smok-
ers, whereas although the migation in-
hibiton factor decreased  migration  at

Effects of Tobacco Smoke on Biological Systems
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least 30 % in nonamokers it had no ef-
fect on the migration of macrophages
Histochemical  evidence
has been presented by Powell and Green
(1972, that phagocytic compeience of
macrophages is reduced in smoken and
that smoke inhibits the enzyme glyceralde-
hyvde-3-phinsphage 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 macrophage 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

fronm smokers

3.8.3.3.4 Ciliary beating. This i~ inhibited
by smoke as shown by Dalhamn 19656
and by Westergaard and Olen 1973,
This may be due to eficcts of formal-
dehvde. acrolein or cyanide 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:.

38335 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 e Jungs with levels of 2 ppm

for 1. 2 and 7 davs. These included lows
of cilia and increase in microvith Expo-
sure o bvels of 3 7 ppra for one hour
produces changes in the alveolar epithe-
linm and capillary endothelium in beagle
dogs (Dowell et al. 1971
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Etlvors of elionn expennre to cigarette and inereased platelet adhesiveness. Shi- concentrations
sohe on the bronebial epitheliom have  mamato and Ishioka (19%3) proposed an amount of ch
been shomn by Auerhach ev al, (1972, elfect, other than epinephrine-like, on ar- tosis in rabb
and  Mawdedey-Thomas  and  Mealey  werial walls causing a release of the throm- found that ct
(1974 in lamds which smoked through boplastin-like  substance leading to in- keys showed
trachesmtomies. Tracheal and bronchial  ereased plateler aggregation. Murchison atheroxlerosis
gland hyperplasia had a significant dose . and Fyle (1966, have shown that the rise ly 10 carbon
related response. Lamb and Reid (194, in plasma free fany acids following cigar- were only exj
have shown that rats have an increase in - ette smoking is preceded by increased pla- month period
the number of gublet cells in tracheal and  telet adhesiveness and Harrison and Mit. A mechani

intrapulmonary airays over a six week
periodd of exposure 10 smoke of both cigars
and cigarcttes. Hemandez ev al. (1906650
and Frasca et al. (19%8) have shown
changes in alveoli. particularly in the area
of the respiratory  bronchioles in dogs
chionically exposed 1o cigarette stk
These effects may be related by bens.a

pyrene and panticles, as suggested Iy the

blood clotting appear 10 be mediated by
nicotine induced  catecholamine  nelease,
Ardbe et al (1% showed  that cane-
cholamines enlouwe AT or ADP indu-
cod plieler ageresation Rowsell er al,
C1 e b thirorbsos formation it
extravorporal sestem and chotting te in
silicon twilws was inervased o moderane
doses of epinepliine, Schoendorf et al
(19700 found cigarette smoking, partic -
ularly of high nicotine cigarettes, sedied
the silicon chotting time Iy 110G mintes

chell (1956, have suggested that the pla-
telet adhesiveness tests in titre are influ-
enced by ADP released from damaged red
cells. Kerr et al. (1933, showed that un-
saturated fatty acids have a protective ef-
feet on increased platelet adhesiveness.
From another angle Salky and Dugdale
1973 have found that about 10 % of
patients  with  ichemic  heart  discase

Apart from the acute eficets of nicotine
simubating catecholamine release with in-
creases in heart rate and blod pressure,
high concentrations of CO and evanide
appear te o catse or e geasiatesd  with
damage to vessels 1 the hokestendd fedd
rablbit, Astrap et al (197 showed that
such rabbits expuned w0 200 ppm carbon
mwmwnide contineomhy for up w10 weeks
hadd increasad atheromatmis of the aorta
compared 1o similarhy fed comrols. Kjeld-
s et al (P honed Sar ineneased

Whereat (19
nicotine am
(NAD) is ir
(NADH) is &
for fatty aci
zvmes. Carbx
oxidative rea
combining wi
nide is abo :

finding of Port ¢t al (1973, uwting scan-  have  abnosnal plawclet aggiegation  w and thus aff

l ning cleciron microscopy of hamster - dilutions of ploma. as well as reduced boli>m. Nicot
5 ereal and bronchial epithelivn folbming  plaelet sunvivals. Most of these patients tein lipase o
- Jernic oxide and ferric onide plus ithenzias were smokens, Harkavy (19658, has suyg- disturb lipid
: prrenc. The former produces boss of cili-  gested  that migratory  phlchitis. cosino- kov et al 1
= ated cells and hyperplasia of nonciliated philia. and thromboangiitis ebliterans may that pulmon.
1 cells. while the addition of benziaipyiene e relared o vascular hypenensitivity to are about twi
p produced squamous metaplasia, components of cigaretie smoke. Al hough ers as in no
? the mechanisin is still obscure. the phle. of 30 and 70
s AB34 Effects on blood and blood vesel  bitis in patients with thromboangiitis ob- Before extr
alls literans cleans when they cvase smoking ette  smokers

Effec.s of smoking upon platelets and  and returms if they take it up again. smoke expost

cigancties pos

3835 Elfeet
Phe tetes w

Lugwess  sglieone
This constitu
prowinee of

reviewed by
that there
fects of mat
uines veniliv

-
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Much varlier it was shown that a xic

was Shi- concentrations ol evgen pedied Ui
gl an et of Cholesterol induced atheroma-  agent. prosumably picotine, crosed the
S AN are jowin in talibits, Welnter ot Al (1970 placenta to feties 10 increase fetal heart
w theom. found that cholestend fed wpuirrel mon- Al after a human mother began 10
e ine Leys showed significamly more coronan  smoke a cigagette {Hemiot e al. 1962).
Turs hison atherosclerosis when exposed intenmitients  Nicotine administered  to  the mother
v the rise Iv to carbon monoide than those who  rhesis monkey crossed the placenta to the
e ¢igars were only exposed 1o room air over a 7 fene which responded with l.\g.pfm:-n.inm l
sl pla- month prlitd. and hruh}tardi.l o a single injrction nr '
aned Mit- A mechanism has been wggrsu-d n tachincardia 1o comstant infusion (Suzuki

hen oxidation of et al. 1971). In mature fetuses, hypoxia

b ohe pla- Whereat (1970) that w 5. hypori
and respiratory and metabolic acidosis

are influ- picotine amide  adenine dinucleotide a
the reduced form developed when picotine was administered

el red (NAD) is impaired. -t ‘
[ that un- (NADH) is available in larger quantities 1o the mother. This did not eccur n im- '
fttive ef- for fatty acid synthesis by arterial en- mature fetnses. Sawyer :.md' m-“or.lu-‘n o B
[ p— ymes. Carbon monoxide prevents the (1972) have found that micotine adminis- o
Dugdale oxidative reaction of NADH 0 NAD by tered to lactating rats depressed or d| i
me of commbining with cytochrome oxidase. Cya- laved meutin secretion. n-du.'rd. mmilk '
disease pide is also a respiraton chain inhibitor  yicld. and diminished the stimulatie:, of :
i to and thus affects arterial wall fat meta- prolactin by suckling. .
widuced bism. Nicotine sulfate depresses lipopre- l |
P opatients tein lipase activity in rais which may N
b sug- disturb lipid metabolism in vessels (Mit- T
L Ovnino- kov et al. 1971). Human studlics show ARG CO.\'CLl'SIO.\' .
PrATS T that pulm«mary arterial collagen content Much evidenee enists that anoke exposure
itivin 1o are about twice as great in cigarette smok- produces advene effects on cells, cells of
Although ers as in nmon-smokers between the ages  the Jung and the blood. The question as
o phle- of 30 and 70 (Naeye and Dellinge! 1971, 1 which of these effect appeans at the
itis ob- Before extrapolating from data in cigar- concentrations  of tohacco compunents
siohing ette smokers 10 environmental tobacco found in environmental tobacco smoke ex-
an smoke exposure, effects of low doses, 1-2  posure cannot be answered by the fragmen-
| wotine cigarcties per day mudt be studied. tary data which ar available. Although :
with in- a dependable hieranchy of effects has not 2 | E
pressure, vet been established, annoyance and acur . :
ovanide 3835 Effects on fetal deve lopment changes in air distribution in the lung are " h:
Al with The fetns will be exposed 10 cortain to-  shown by sersitive human subjects '!'r.\m.
crol fed bacen smoke products via the mother. formation of airwan cells. retardation of : 4
ol il This constitates & gpecial vase outside the  fetal developnwnt and respiraton illnArnM ; .
B ottty pm\imr of this mview Somw evidenee  may e the  sensitive il e hichier
10 works reviewed by Haworth VT4, sugeesis ey o tedagge sun A e LUl .l : _:‘
" arta that thewe ’is no threshold for fetal of- ditional dose-respense data are available ; _
- hpkl- focts of matermal smoking, bt this 10=  we must e gukln\ In lr:\;umu.u.y i|‘|- (L
el quires verificaton, formation from hutpan groups at risk n : '.7‘
. {
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