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Histopathological Changes in the
Lung of Rat Following Long -Term

Exposure to Biomass Smoke

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: Ex pe ri men tally to show the his to pat ho lo gic al te ra ti ons in the trac he a and
lungs du e to long term ex po su re to bi o mass smo ke in rats. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  30 fe ma le Wis-
tar-Al bi no adult rats we re used in the ex pe ri ment. The rats we re ex po sed to bi o mass smo ke for one
ho ur a day for 3, 6, and 9 months. At the end of the ex pe ri ment, the rats we re de ca pi ta ted un der
de ep anest he si a. The tis su e samp les we re taken and were pro ces sed for his to pat ho lo gi cal exa mi na -
ti ons. RRee  ssuullttss::  Gross fin dings we re fo cal small ant hra co tic ac cu mu la ti ons, mul tip le abs ces ses, cysts
with mu ci no us flu id and emph yse ma tic chan ges in the lungs. His to pat ho lo gi cally, lymphocy tic,
eo si nop hi lic and mac rop ha ge in fil tra ti ons in var ying den si ti es we re ob ser ved in the in ters ti ti um of
the lungs. Ba sed on the ex po su re ti me, small pa pil lary struc tu res we re ob ser ved in the airway mu-
cosa. As most ap pa rent in pul mo nary ve ins, the in ti ma e and me di a of the pul mo nary ves sels we re
thic ke ned and the ir lu mens were nar ro wed. In one ca se, we no ti ced pa pil lary ade no ma to us pro li -
fe ra ti on of the mu co sa. In trac he al mu co sa, the ant hra co tic spots we re en co un te red. We al so ob-
ser ved ul ce ra ti on, ero si on are as and squ a mo u se me tap la si a in the trac he al mu co sa e. CCoonncc  lluu  ssii  oonn::
Long-term ex po su re of rats to bi o mass smo ke was as so ci a ted with chro nic inf lam ma tory and pre-
ma lignant al te ra ti ons in dif fe rent re gi ons of the res pi ra tory trac such as trac he a, bronc hi a, bronc -
hi o les, and pa rench yma inc lu ding subp le u ral are as.

KKeeyy  WWoorrddss::  Lung; smo ke; bi o mass; pat ho logy

ÖÖZZEETT  AAmmaaçç::  Önemli halk sağlığı sorunlarına yol açan biyomas yakıtları gelişmekte olan ülkelerde
sıklıkla kullanılmakta ve önemli halk sağlığı sorunlarına yol açmaktadır. Bundan en çok et ki le nen
or gan ak ci ğer ler ol mak la bir lik te, de ği şen de re ce ler de di ğer or gan la r da et ki le nmek te dir. Bu ça lış -
ma nın ama cı, böl ge miz de yay gın ola rak kul la nı lan te ze ğin ak ci ğer le re olan et ki si ni de ney sel ola -
rak gös ter mek tir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Ça lış ma da her bi ri yak la şık 300 gr ağır lı ğın da 30 di şi Wis tar
Al bi no sıçan kul la nıl dı. Sıçanlar gün de bir sa at ol mak üze re 3, 6, ve 9 ay lık sü re ler le te zek du ma -
nı na ma ruz bı ra kıl dı. Sü reç so nun da sıçanlar de rin anes te zi al tı nda de ka pi te edil di ler. Do ku lar pa -
ra fin blok lar da mik ros ko bik in ce le me için ha zır ha le ge ti ril di. BBuull  gguu  llaarr::  Mak ros ko bik in ce le me de
de ği şen sü re ler le te zek du ma nı na ma ruz bı ra kı lan sıçanlarda fo kal kü çük an tra ko tik lez yon lar, ve
pnömoniye bağlı, müsinöz sıvıyla dolu birden çok apse gö rül dü. Mik ros ko bik in ce le me de he men
he men tüm sıçanlarda pe ri vas kü ler, pe rib ro nşi yo lar ve in te ral ve o ler sep ta lar da len fo sit in fil tras -
yon la rı, de ği şen yo ğun luk ta mak ro faj ve eo zi no fil in fil tras yon la rı gö rül dü. Maruz kalma  sü re siy le
oran tı lı ola rak bronş ve bron şiy ol le rin sub mu ko za la rın da hi ya li ni zas yon ve kol la jen ar tı şı, ay rı ca
mu ko za da kü çük pa pil ler olu şum lar göz len di. Ba zı sıçanlarda al ve o ler sep ta lar da be lir gin in cel me, ba -
zı la rı per fo re ge niş am fi ze ma töz böl ge ler gö rül dü. Pul mo ner ve na lar da be lir gin ol mak üze re pul mo -
ner da mar la rın in ti ma ve me di a ta ba ka la rın da ka lın laş ma, lü men de da ral ma (skle ro zis) var dı. Bir
ol gu da mu ko za nın pa pil ler ade no ma töz pro li fe ras yo nu fark edil di. Hem tra kea hem  de in ters tis yum -
da gra nü ler ve si yah renk li le ke ler gö rül dü. Tra ke a mu ko za sın da sku a möz me tap la zi, ge niş ül se ras -
yon ve eroz yon alan la rı da var dı. SSoo  nnuuçç:: Ça lış ma da, te zek du ma nı na ma ruz kal ma nın tra ke a, bronş,
bron şi yol, ak ci ğer in ters tis yu mu ve da mar la rı gi bi so lu num yol la rı nın fark lı böl ge le rin de kro nik
yangısal ve premalin de ği şik lik le re yol aç tı ğı gös te ril miş tir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Ak ci ğer; du man; bi yo mas; his to pa to lo ji
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i o mass smo ke in our re gi on wi dely re sults
from bur ning of bi o mass, which is ma de of an-
i mal ma nu re/dri ed dung. Bi o mass is wi dely

used un der pri mi ti ve and inef fi ci ent con di ti ons as the
ma jor so ur ce of do mes tic energy in de ve lo ping co -
un tri es. Ex po su re to bi o mass, du ring co o king, ba king
and he a ting has be en sug ges ted to be a po ten ti al risk
fac tor for obs truc ti ve air way di se a se (OAD) and
bronc ho pul mo nary di se a se.1-3 Two re ports ha ve sug-
ges ted that ex po su re to bi o mass smo ke in cre a ses the
pre va len ce of chro nic bronc hi tis and pro du ces lung
da ma ge.4,5 Bi o mass smo ke re sul ted from bur ning up
dri ed dung inc lu des NO2 (oxi des of nit ro gen), NH3
(am mo ni a), hydro gen cya ni de al dehy de, ke to ti e ac -
ro le in etc. and par tic les.6 In the study of Ba rış et al,
chro nic obs truc ti ve pul mo nary di se a ses (COPD) was
sig ni fi cantly mo re common in wo men who co o ked
in a tra di ti o nal un der gro und oven, which is cal led
“tan dı r” for they we re mo re ex po sed to bi o mass smo -
ke than ot hers we re.7 Ad di ti o nally, they ob ser ved
that COPD pre va len ce rose as ex po su re ti me in cre a -
sed.7 In pre vi o us stu di es per for med in wo men highly
ex po sed to bi o mass smo ke exa mi ning  func ti o nal and
ra di o lo gi cal ef fects of smo ke on lung, severe ob-
struction and increased lung volumes were reported.
In addition, radiological examination showed dif fu -
se emph yse ma, in ter lo bu lar sep tal thic ke nings, fo cal
emph yse ma to us are as, in cre a sed car di ot ho ra cic in -
dex, and bronc ho vas cu lar ar bo ri sa ti ons. Biomass
smoke was suggested te lead to obs truc ti ve and res -
tric ti ve pat ho lo gi es and ha zar do us ef fects on pul mo -
nary func ti on and struc tu re.8,9 Fi dan et al exa mi ned
the acu te ef fects of en vi ron men tal to bac co smo ke
and dri ed dung smo ke on lung his to pat ho logy in rab-
bits, and they sta ted that alt ho ugh less than the ef-
fects of ci ga ret te smo ke, dri ed dung smo ke had se ve re
his to pat ho lo gi cal ef fects on rab bit lungs.10 Ho we ver,
the amount of bi o mass smo ke re la ted to ani mal dung
af fecting the lung was not stu di ed. The re fo re, in this
study we ai med to in ves ti ga te the ef fect of lon g– term
ex po su re to bi o mass smo ke on rat lung.

MATERIAL AND MET HODS

ANI MALS 

30 adult in bred fe ma le Wis tar Al bi no rats we ig hing
abo ut 300 g we re ob ta i ned from the La bo ra tory of
Ani mal Sci en ce, Me di cal Scho ol of Uni ver sity. The

ani mals we re gi ven stan dard rat pel lets and tap wa -
ter ad li bi ti um. The rats we re ho u sed in in di vi du al
ca ges (360 mm x 200 mm x 90 mm) 1 month be fo -
re the start of the ex pe ri ments. Rats  were ex po sed
to bi o mass smo ke ob ta i ned by bur ning up to 500 g
ani mal dung  one huor daily for 3, 6 and 9 months
vi a in ha la ti on cham bers equ ip ped with a trap and
de sig ned to sus ta in dyna mic and ad jus tab le airf low
using a mo di fi ed smo king ca bi n.6 CO and NO con-
cen tra ti ons ran ged bet we en 40-270 ppm and 2-5
ppm, res pec ti vely.11 Ne it her fo od nor wa ter was gi -
ven to ani mals du ring the ex po su re, which was ma -
de in a 2 m clo sed are a. All ani mals we re ho u sed in
sta in less ca ges un der stan dard la bo ra tory con di ti -
ons (light pe ri od 7.00 a.m to 8.00 p.m, 21 ± 2oC, re l-
a ti ve hu mi dity 55%), and re ce i ved hu ma ne ca re
ac cor ding to the cri te ri a out li ned in the “Gu i de for
the ca re and use of la bo ra tory ani mal s” pre pa red by
the Na ti o nal Ins ti tu tes of He alth.

HIS TO LO GI CAL PRO CE DU RE

At the end of the ex pe ri ment, rats we re sac ri fi ced
by de ca pi ta ti on, un der chlo ralhy dra te anest he si a (6
ml of 7% chlo ralhy dra te/kg). Lung and trac he al tis-
su e samp les we re ta ken from rats in each gro up for
his to lo gi cal exa mi na ti on at pre vi o usly men ti o ned
time points. Lungs we re inf la ted with fi xa ti ve vi a
the trac he a. The lungs we re ma in ta i ned in inf la ti -
on for 24 ho urs and were sec ti o ned in a sa git tal pla -
ne. The mid sa git tal sli ces of the lungs we re
em bed ded in pa raf fin wax. Rep li ca te sec ti ons we re
cut at 4-5 µm thick ness and were sta i ned with ha -
e ma toxy lin and eo sin (HE). Ad di ti o nal sec ti ons we -
re sta i ned with van Gi e son and Ma son tric hro me.

RE SULTS

MAC ROS CO PIC FIN DINGS

The re was no cle ar al te ra ti on mac ros co pi cally in
the gro up of three months. Small blac kish spots
we re de tec ted in the lungs of rats of six months.
The se spots be ca me mo re evi dent at nine months.
Ad di ti o nally, in one ca se, many gray and yel lo wish
co lo red fo cal abs ces ses in a no du lar man ner we re
ob ser ved in the lungs. In anot her ca se, the re we re
lar ge pne u mo nic are as in the di ap hrag ma tic lo bes.
In two ca ses, many small sacs fil led with gra yish
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co lo red mu ci no us flu id we re par ti cu larly se en in
the di ap hrag ma tic lo bes of the lungs (Figure 1A).

MIC ROS CO PIC FIN DINGS (TAB LE 1)

His to pat ho lo gic Fin dings at three months

Lung

In te ral ve o lar sep ta e we re thic ke ned du e to litt le
con nec ti ve tis su e in cre a se as so ci a ted with lympho-
cy te and mac rop ha ge in fil tra ti on in the pe ri vas cu -
lar, pe rib ronc hi o lar and in te ral ve o lar sep ta e. In
ad di ti on, eo si nop hi lic in fil tra ti ons of various den-
si ti es we re al so se en in the se are as, es pe ci ally in the
pe ri vas cu lar are as. Small black dusts we re en co un -

te red in the cytop las ms of mac rop ha ges and fre ely
in the in ter cel lu lar re gi ons. Si mi lar linear ac cu -
mula ti ons we re detected in the api cal sur fa ces of
the bronchial and bronchiolor epithelial cells. The -
re was de ge ne ra ti on and des qu ama ti on in the  mu-
co sal epithelium of the bronc hi a and bronc hi o les,
as well. Furt her, fo cal emph yse ma to us al te ra ti ons
and rup tu re of the al ve o lar sep ta e had ta ken pla ce.
Mi ni mal thic ke ning was de tec ted in the in ti ma e
and me di a la yers of pul mo nary ve ins. In two ca ses,
mu co sal small pa pil lary pro li fe ra ti ons we re se en to-
ward the lu men of the bronc hi a, and hyalinized tis-
sue had increased in the bronc hi al and bronc hi o lar
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FIGURE 1: (A) Showing many small grayish sacs (arrows)  filled with mucinous fluid, particularly seen in the diaphragmatic lobes of the lung. 
(B) Alveolar septae thickening due to mononuclear cell infiltrations and emphysematic alveoli. HE, x100.
(C) Note alveolar septae had rather thinned, some destructed, and large alveolar emphysematous areas had occurred. HE, x60.
(D) Note the papillary adenomatous proliferation of bronchiolar mucosa and peribronchiolar fibromatous developing. HE, x100.
(E) Black pigment depositions (arrows) in the epithelial surfaces and submucosa of the trachea. HE, x140.



submucosa. One ca se had fib ro tic ple u ral thic ke -
ning and no du les as so ci a ted with in cre a sed hya li -
ni zed tis su e and mo no nuc le ar cell in fil tra ti on in
ple u ra. Black pig ment ac cu mu la ti ons we re pre sent
in the subp le u ral lympha tic spa ces.

Trac he a

A few lymphocy te, mac rop ha ge and fib rob last in-
fil tra ti ons in the sub mu co sa and small black pig-
ment ac cu mu la ti ons in the cytop las ms of mac rop-
ha ges and in are as of the in ters ti ti al space we re pre -
sent. Si mi lar linear ac cu mu la ti ons we re al so de-
tected in the api cal sur fa ces of the epit he li al cells of
the tracheal mu co sa and as thin gra nu les wit hin
the ir cytop lasms. In addition, de ge ne ra ti ve and
des qu a ma ti ve al te ra ti ons we re se en in the trac he al
mu co sa. In one ca se, the tracheal mu co sa had pro-
du ced small pa pil lary pro li fe ra ti ons to ward the lu -
men. Fib ro tic thic ke ning and sub se ro sal ble e dings
we re recognized in the trac he a.

His to pat ho lo gic Al te ra ti ons in 6th Month

Lung

Pa rench ymal le si ons we re mo re ap pa rent and wi -
des pre ad in the gro up of sik months than in the
three month group. Es pe ci ally, al ve o lar sep ta e next
to the ple u ra had be en rat her thin ned and al ve o lar

spa ces en lar ged, even so me ti mes per fo ra ted le a ding
to emph yse ma are as. So me al ve o lar sep ta e had thic -
ke ned du e to mo no nuc le ar cell in fil tra ti ons and so -
me of the al ve o li we re emph yse ma tic (Figure 1B).
In cre a sed con nec ti ve tis su e oc cur red as so ci a ted
with pe ri vas cu lar, pe rib ronc hi al, and pe rib ronc hi -
o lar den se lymphocy te, eo si nop hils and mac rop ha -
ge in fil tra ti ons, so me ti mes as lymphocy te fol lic les.
Mu co sa had pa pil lary pro li fe ra ti ons of va ri o us
lengths, and the hya li ni zed tis su e in cre a sed in the
sub mu co sa of bronc hi a and bronc hi o les. So me
walls of the bronc hi o les we re fo cally des truc ted
and the re we re fib rob las tic poly po id pro li fe ra ti ons
to ward the lu men and par ti al obs truc ti ons (bronc -
hi o li tis ob li te rans). Fo cal no du lar or dif fu se fib ro -
tic thic ke nings we re de tec ted in the ple u ra. Li ne ar
or gra nu lar black pig ments (ant hra co sis) we re en-
co un te red in the subp le u ral lympha tic spa ces, in
the cel lu lar exu da tes aro und bronc hi a, bronc hi o les
and ves sels, and fi nally in the api cal sur fa ces of
bronc hi al and bronc hi olar epit helial cells. The se
de po si ti ons we re mo re com mon and in ten si ve at
six months than at three months. De ge ne ra ti on,
nec ro sis, des qu a ma ti on in the epit he li um of mu co -
sa, and in cre a sed hya li ni sab le con nec ti ve tis su e we -
re de tec ted in the sub mu co sa e of bronc hi a and
bronc hi o les.
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Lesions At 3 months At 6 months At 9 months
Intraparenchymal infiltration + 8/10* ++ 10/10 +++ 10/10

Intraparenchymal fibrosis + 5/10 ++ 10/10 +++ 10/10

Alveolar destruction + 4/10 + 10/10 +++ 10/10

Emphysema + 10 ++ 10/10 +++ 10/10

Perivascular infiltration + 4 ++ 7/10 +++ 10/10

Peribronchial-bronchiolar infiltration + 3 ++ 10/10 +++ 10/10

Intraparenchymal haemorrhage + 3/10 ++ 6/10 +++ 810

Intraparenchymal vascular congestion and thrombosis + 2/10 ++ 5/10 +++ 8/10

Sclerosis + 3/10 ++ 4/10 +++ 8/10

Bronchial-bronchiolar papillary formations 0 10/10 ++ 10/10 +++ 10/10

Bronchiolitis obliterans + 3/10 ++ 7/10 +++ 8/10

Abscesses 0 0/10 0 0/10 +++ 1/10

Necrotizing pneumonia 0 0/10 0 0/10 +++ 1/10

Adenoma 0 0/10 0 0/10 + 2/10

Tracheitis + 5/10 ++ 7/10 +++ 10/10

Tracheal ulcer + 4/10 ++ 7/10 +++ 10/10

TABLE 1: Microscopic findings and severity of lesions in time course.

Severity of lesions:  no changes (0), mild (+), moderate (++), severe (+++)
* The number of lungs with lesion / The number of examined rats



Trac he a 

Lymphocy te and mac rop ha ge in fil tra ti on and in-
cre a sedof con nec ti ve tis su e in the sub mu co sa and
black dust de po si ti ons in epit he li al sur fa ces we re
mo re in ten si ve and wi des pre ad. The trac he al epit -
he li um was usu ally com pres si ve. The re was so me -
ti mes hydro pic de ge ne ra ti on on the trac he al
epit he li um. In ad di ti on, fo cal ero si on and ul ce ra ti -
on had developed. In so me ca ses, mul ti fo cal pa pil -
lary pro li fe ra ti ons to ward the lu men in the trac he al
mu co sa were pro du ced. 

His to pat ho lo gic Al te ra ti ons at nine months

Lung

Al ve o lar sep ta e had be en rat her thin ned, des truc -
ted, and ex ten si ve and lar ge al ve o lar emph yse ma -
to us are as had oc cur red (Figure 1C). Evident
in ters ti ti al thic ke ning had for med in the pe ri vas -
cu lar, pe rib ronc hi al, and in te ral ve o lar sep ta e with
lymphocy te, mac rop ha ge, and eo si nop hil le u kocy -
te in fil tra ti on, so me ti mes as lympho id fol lic le for-
ma ti ons. Eo si nop hile infiltration had in ten si fi ed,
es pe ci ally, aro und bronc hi a, bronc hi o les and ves-
sels. Cle ar pa pil lary pro li fe ra ti ons toward the
lumen had formed especially in the majority of
bronchial mucosa. Bronc hi o li tis ob li te rans had oc-
cur red in many bronc hi o les. Res pi ra tory epit he li -
um was trans for med to mo nos tra ti fi ed squ a mo us
and/or cu bic epit he li um. In cre a sed con nec ti ve tis-
su e had hya li ni zed as no du lar in so me are as. The
in ti ma and me di a la yers of pul mo nary ve ins we re
rat her thic ke ned and the ir lu mens we re nar ro wed
(scle ro sis). Black pig ment ac cu mu la ti ons we re si -
mi lar in lo ca li za ti on to tho se at sixth months but
much mo re in ten si ve. In one ca se, pne u mo ni a with
abs ces ses and nec ro sis was al so ob ser ved. In anot -
her ca se, pa pil lary ade no ma to us pro li fe ra ti on in
some bronchial and bronchiolar mucosa and col-
lagenous tissue increase around them had de ve lo -
ped (ade no ma to us and fib ro ma to us pre ma lignant
al te ra ti on) (Figure 1D).

Trac he a

Lymphocy te and mac rop ha ge in fil tra ti on and con-
nec ti ve tis su e in cre a se we re de tec ted in the sub mu-
co sa. Black pig ment de po si ti ons in the epit he li al

sur fa ces and sub mu co sas we re mo re in ten si ve and
wi des pre ad than that at three and six months (Fig-
ure 1E). Trac he al epit he li um was mo nos tra ti fi ed
and flat te ned. Furt her mo re, fo cal ero si on and ul-
ce ra ti on had for med (ero si ve – ul ce ra ti ve trac he i tis).
Fi nally, mul ti fo cal pa pil lary pro li fe ra ti ons had pro-
du ced to ward the lu men in so me are as of trac he al
mu co sa.

DIS CUS SI ON

We assumed that pol lu tants from bi o mass smo ke
ob ta i ned by bur ning up dri ed ani mal dung might
play a ro le in the eti o logy of COPD, in ters ti ti al lung
di se a se and pul mo nary hyper ten si on, which are
common in nons mo ker fe ma le pa ti ents in living re-
gi ons. Se ve rity of chro nic bronc hi tis and air way
obs truc ti on ca u sed by bi o mass fu el was strongly
cor re la ted with du ra ti on and in ten sity in pre vi o us
stu di es.5,7-9 Thus, we wan ted to show ex pe ri men -
tally that so me his to pat ho lo gic al te ra ti ons might
develop due to smo ke ori gi na ted from the se pol lu -
tants. We al so con si de red that this study was the
first on this sub ject in rats.

There are very few, ar tic les that are re la ted to
his to pat ho lo gic al te ra ti ons after bi o mass smo ke ex-
po su re in rats. Most ar tic les inc lu de al te ra ti ons and
inf lu en ces due to ci ga ret te smo ke ex po su re.12,13

Wright et al in ves ti ga ted the long term inf lu en ces
of ci ga ret te smo king on small air ways and com pa -
red small air ways al te ra ti ons of new Gu i ne a Pigs
ex po sed to ci ga ret te smo ke for 1, 3, 6, and 12
months with not ex po sed ones.11 They fo und that
the num bers of sec re tory cells increased in air way
epit he li um of ani mals ex po sed to smo ke for 3, 6,
and 12 months. They co uld not find any al te ra ti -
ons in the air way walls and in the di men si on of pe -
rib ronc hi al and al ve o lar in fil tra ti ons of both
gro ups. In vi ew of this ob ser va ti on, they conc lu -
ded that air way obs truc ti on was du e to the loss of
elas tic re co il ca u sed by emph yse ma to us des truc ti -
on.11 Anot her study investigated the struc tu ral and
func ti o nal ef fects of smoking 10 ci ga ret tes daily 5
days in a we ek and for 1, 3, 5, and 12 months on
pig lung.12 The authors de mons tra ted that long-
term ex po su re to ci ga ret te smo ke ca u sed slow mor-
p ho lo gic and physi o lo gic al te ra ti ons that were
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cha rac te ris tics of emph yse ma.12 In ani mal mo dels,
ci ga ret te smo ke ca u sed epit he li al me tap la si a and al -
ve o lar and pe rib ronc hi al inf lam ma ti on with ac cu -
mu la ti on of pig ment-la den mac rop ha ges.14 Wright
et al ob ser ved that sec re tory cell me tap la si a de ve -
lo ped in Gu i ne a Pigs ex po sed to smo ke for mo re
than 3 months.12 This was attributed to a res pon se
to chro nic ir ri ta ti on. Gob let cell me tap la si a is a fre-
qu ent fin ding in the air way epit he li um of mem bra-
no us bronc hi o les of ci ga ret te smo king pe op le as
well.15,16 In the pre sent study, pa pil lary pro li fe ra ti -
ons in the bronc hi al-bronc hi o lar mucosal epit he -
li um we re se en af ter 6 and 9 months in rats.
Pa pil lary pro li fe ra ti ons we re al so present in the tra-
cheal mucosa. 

The present study detected in fil tra ti ons of
lymphocy te, so me ti mes in the sha pe of lympho id
fol li cu les and mac rop ha ges and so me in cre a se in
the con nec ti ve tis su e in pe ri vas cu lar and pe rib -
ronc hi o lar areas and in in te ral ve o lar sep ta e in rats,
which were ex po sed to bi o mass smo ke for 3
months. After six months of ex po su re, we no ti ced
that col la gen tis su e in cre a sed, so me ti mes hya li ni -
zed, in the sub mu co sa of bronc hi a and bronc hi o -
les. Hya li niza ti on and pre vi o us al te ra ti ons we re
highly pro mi nent at 9 months. Pa rench ymal le si -
ons se en at six months of ex po su re we re rat her cle -
ar and had be co me wi des pre ad. Par ti cu larly
al ve o lar sep ta e next to the ple u ra we re rat her thin -
ned and were des tro yed and al ve o lar spa ces had en-
larged resulting with large emphysematous areas.
Biomass smo ke dis tinctly ca u sed emph yse ma in ac-
cordance with previous data on ci ga ret te smo ke
and emph yse ma. We be li e ve that the se al te ra ti ons
re la ted to tra di ti o nal bi o mass smo ke we re dis tinctly
and cle arly shown in the pre sent study for the first
ti me in the literature. Hya li ni zed tis su e in cre ase
and col la gen col lec ti on in the in ters ti ti um se en af -
ter 6 and 9 months may be the re sult of the ha zar -
d o us ef fects of bi o mass smo ke in the eti o logy of
both emph yse ma and in ters ti ti al lung di se a ses.

In our study, bi o mass ex po sed rats had in cre -
a sed hya li ni zed tis su e in the bronc hi al and bronc -
hi o lar submucosa showing progression from three
months to nine months cor re la ting the du ra ti on of
bi o mass smo ke ex po su re with the pa pil lary pro li -

fe ra ti ons of mu co sa to wards the lu men. Further-
more, bronchial and bronchiolar epithelium had
hyperplasia. The tracheal epit he li um had so me ti -
mes trans for med to mo nos tra ti fi ed squ a mo us or cu -
bic epit he li um at nine months. Evi den ce of
des truc ti on in air way epit he li um ca u sed by long-
term smo ke was de ge ne ra ti on, ero si on, and ul cers
in bronc hi al mu co sa, and sig ni fi cant small pa pil -
lary pro li fe ra ti ons, which had developed in bronc -
hi al-bronc hi o lar mu co sa starting from 6 months of
ex po su re. The se fin dings we re con cor dant with
pre vi o us data of ci ga ret te smo ke ex po su re stu di -
es.12,15 In 2 stu di es, in which pigs we re ex po sed to
smo ke for 12 months, al ve o lar struc tu res we re en-
lar ged.15,16 Ya ma to et al ob ser ved that ca pil lary ves-
sels in both cen tral and ne ar pe rip he ral lo bu les had
be en pro mi nently nar ro wed in the study that exa -
mi ned the his to pat ho logy of emph yse ma du e to ci -
ga ret te smo ke ex po su re.17 In the same study,
emph yse ma was re la ted to wi des pre ad and so mew -
hat uni form ca pil lary nar ro wing and dec re a sed
den sity and fre qu ency of ca pil la ri es. In the pre sent
study, rats ex po sed to bi o mass smo ke sho wed thin-
ning of al ve o lar sep ta e ne ar ple u ra and the en lar -
ge ment of al ve o lar spa ces, even so me per fo ra ted
al ve o li cons ti tu ting emph yse ma are as.

Wright et al al so exa mi ned the ef fects of smo -
ke on pul mo nary ves sels and reported pul mo nary
hyper ten si on in pigs, ho we ver not du e to ca pil lary
bed des truc ti on.18 They suggested that long-term
bi o mass smo ke ex po su re pro mo ted the den sity of
mus cu la ri zed small ar te ri o les and the to nus of mus-
cu lar ar te ri oles.18 In the pre sent study, the re was
in cre a se in the me di a la yers of the ves sels and the -
ir lu mens we re nar ro wed. Hyper trop hic al te ra ti ons
we re partly se en in the ad ven ti ti a. Infiltration of
pe ri vas cu lar lymphocy tes, so me ti mes as fol lic les,
mac rop ha ges and eo si nop hi les we re cle arly ob ser -
ved. Our fin dings de mons tra ted that ex po su re to
bi o mass smo ke co uld in du ce pul mo nary vas cu lar
chan ges which co uld le ad to pul mo nary hyper ten -
si on with both pul mo nary vas cu lar musc le in vol -
ve ment and pe ri vas cu lar in fil tra ti on.

So me in ves ti ga tors suggested that acu te inf -
lam ma tory res pon se du e to ci ga ret te smo ke had
bronc hos pas tic and va sos pas tic ef fects. The se bron-
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c hos pas tic ef fects may re sults in chro nic air way ob-
s truc ti on and va sos pas tic ef fects in pul mo nary hy-
per ten si on in COPD. It is a re a lity that smo ke
in cre a ses epit he li al per me a bi lity. Bronc ho cons truc -
ti on developing af ter smo ke ex po su re may be due
to inf lam ma tory res pon se. James et al pro po sed that
the in cre a sed per me a bi lity co uld re sult in bronc -
hos pas tic res pon se.19 Holt zman et al exa mi ned the
ef fect of ozo ne on hyper sen si ti vity by lin king it
with acu te inf lam ma tory in fil tra te in the air ways.20

All fin dings ga ve ri se to the ide a that the morp ho -
lo gic and physi o lo gic al te ra ti ons of pul mo nary hy-

per ten si on oc cu rring af ter long-term bi o mass smo -
ke might pos sibly be ori gi na ted from the re cur rent
epi so des of pul mo nary va sos pasm du e to inf lam -
ma tory res pon se ari sing af ter acu te res pon se to
smo ke.

In the fi nal co ur se of this ex pe ri men tal tri al in
the pre sent study, we conc lu ded that long-term ex-
po su re to bi o mass smo ke was as so ci a ted with chro -
nic inf lam ma tory and pre ma lignant al te ra ti ons in
dif fe rent re gi ons of the res pi ra tory trac  such as tra-
c he a, bronc hi a, bronc hi o les, and pa rench yma inc -
lu ding subp le u ral are as.
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