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AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: The aim of this study was to com pa re the an ti-inf lam ma tory ef fects of
res ve rat rol and the ophy lli ne in rats with chro nic bronc hi tis ex po sed to pas si ve ci ga ret te smo ke.
MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Thirty-fi ve Wis tar-Al bi no rats we re en rol led in to five  gro ups. Af ter ex-
po su re to pas si ve ci ga ret te smo ke for 20 we eks, the rats in the first four gro ups we re tre a ted
with in tra pe ri to na e al ad mi nis tra ti on of res ve rat rol sol ved in di methy lsul fo xi de (DMSO), DMSO,
the ophy lli ne sol ved in physi o lo gic sa li ne (PS) or PS for 21 days. The rats in the fifth gro up we -
re he althy con trols. At the end of the ex pe ri ment, blo od samp les we re ob ta i ned to measure se -
rum tu mor nec ro sis fac tor alp ha (TNF-α) le vels and lung samp les were obtained for light and
elec tron mic ros co pic examination. RRee  ssuullttss::  Se rum TNF-α le vel was lo wer in rats tre a ted with
res ve rat rol and the ophy lli ne compared to con trol rats (p< 0.05). Smo ke in du ced lung in jury de-
c re a sed with res ve rat rol and the ophy lli ne ad mi nis tra ti ons com pa red to car ri er ad mi nis tra ti ons
(p< 0.05). Ne it her se rum TNF-α nor lung his to pat ho logy scores of rats tre a ted with res ve rat rol
and the ophy lli ne were dif fe rent (p> 0.05). CCoonncc  lluu  ssii  oonn::  Res ve rat rol and the ophy lli ne we re fo und
to ha ve si mi lar ef fects on his to pat ho lo gi cal fin dings and cyto ki ne ex pres si on, the re fo re co uld be
con si de red for tre at ment of chro nic obs truc ti ve pul mo nary di se a se. Ho we ver, com pre hen si ve
long-term cli ni cal stu di es are ne e ded.

KKeeyy  WWoorrddss::  Pul mo nary di se a se, chro nic obs truc ti ve; res ve rat rol; the ophy lli ne;
tu mor nec ro sis fac tor alp ha (36-68)

ÖÖZZEETT  AAmmaaçç:: Bu ça lış ma nın ama cı, pa sif si ga ra du ma nı na ma ruz bı ra kı lan kro nik bron şit li fa re -
ler de te o fi lin ve res ve rat ro lün an ti-inf la ma tu var et ki le ri nin kar şı laş tı rıl ma sı dır. GGeerreeçç  vvee  YYöönn--
tteemmlleerr:: Top lam 25 Wis tar-Al bi no fa re si beş gru ba ay rıl dı. Pa sif si ga ra du ma nı na 20 haf ta sü rey le
ma ruz bı ra kıl dık tan son ra dört grup fa re ye sı ra sıy la di me til sül fok sid için de çö zün müş res ve rat rol,
de me til sül fok sid, se rum fiz yo lo jik için de çö zün müş te o fi lin ve se rum fiz yo lo jik pe ri ton içi ne te-
da vi amaç lı ola rak ve ril miş tir. Son grup sağ lık lı kon trol ler den oluş muş tur. De ney so nun da  fa re -
ler den alı nan kan ör nek le rin de se rum tü mör nek roz fak tör-al fa (TNF-al fa) dü zey le ri ne ba kıl dı,
ak ci ğer do ku su ör nek le ri ışık ve elek tron mik ros ko bun da in ce len di. BBuull  gguu  llaarr:: Se rum TNF-al fa de-
ğer le ri res ve rat rol ve te o fi lin ve ri len fa re ler de kon trol gru bu na gö re da ha dü şük dü zey de bu lun -
du (p< 0.05). Si ga ra du ma nı na bağ lı ak ci ğer ha sa rı res ve rat rol ve te o fi lin ve ri len fa re ler de çö zü cü
ve ri len fa re le re gö re da ha az ol muş tur. Res ve rat rol ve te o fi lin grup la rı ara sın da ne se rum TNF-al -
fa se vi ye le rin de ne de ak ci ğer his to pa to lo ji skor la rın da fark lı lık sap tan ma mış tır (p> 0.05). SSoonnuuçç::
Res ve rat rol ve te o fi li nin his to pa to lo jik de ği şik lik ler ve si to kin sa lı mı üze ri ne et ki le ri ben zer bu-
lun muş tur, bu ne den le kro nik obs trük tif ak ci ğer has ta lı ğı nın te da vi sin de kul la nı la bi le cek le ri dü -
şü nül mek te dir. An cak, bu ko nu da bü yük ve uzun sü re li ça lış ma la ra ih ti yaç bu lun mak ta dır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Ak ci ğer has ta lı ğı, kro nik obs trük tif; res ve rat rol; te o fi lin;
tü mör nek roz fak tö rü al fa (36-68)
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hro nic obs truc ti ve pul mo nary di se a se
(COPD) is cha rac te ri zed by chro nic and
prog res si ve airf low li mi ta ti on which is as-

so ci a ted with in ha la ti on of no xi o us par tic les and
ga ses, es pe ci ally smo king. The se chro nic ir ri tants
pro vo ke an ab nor mal inf lam ma tory res pon se in the
res pi ra tory tract which in du ces the pa rench ymal
des truc ti on and ca u ses se ve ral da ma ges of the de-
fen se and re pa ir mec ha nisms. Con se qu ently, cha r-
ac te ris tic pat hoph ysi o lo gi cal chan ges in COPD
oc cur, which are pa rench ymal des truc ti on (emph -
yse ma) and air way obs truc ti on (obs truc ti ve bronc -
hi tis).1,2

Se ve ral inf lam ma tory cells in cre a se in the air-
ways in COPD. The deg re e of con tri bu ti on of the -
se inf lam ma tory cells in the de ve lop ment and
prog res si on of COPD is not fully un ders to od yet.
Mac rop ha ges are tho ught to be the prin ci pal inf -
lam ma tory cells le a ding to pul mo nary inf lam ma ti -
on. Ne ut rop hils and T-lymphocy tes are al so
in cre a sed in the air ways in COPD, and tho ught to
be res pon sib le for the prog res si on of inf lam ma ti on
and pa rench ymal des truc ti on.3-5 The se inf lam ma -
tory cells pro du ce and sec re te se ve ral cyto ki nes and
che mo tac tic fac tors so me of which have been al-
re ady pro ven to ha ve se ve ral ro les in the tis su e de-
s truc ti on and per ma nent inf lam ma ti on. The most
stu di ed cyto ki nes in the pat ho ge ne sis of COPD are
in ter le u kin-8 (IL-8), tu mor nec ro sis fac tor alp ha
(TNF-α) and LTB4.6,7

An ef fec ti ve an ti-inf lam ma tory tre at ment that
sup presses the air way inf lam ma ti on and pre vents
the di se a se prog res si on in COPD is not yet ava i lab -
le. Ho we ver, for bet ter un ders tan ding of pat ho ge -
ne sis of COPD, se ve ral new an ti-inf lam ma tory
agents ha ve ga i ned at ten ti on.7 Res ve rat rol (trans-
3,5,4’-trihy droxy stil be ne) is an ex tract of red wi ne
and tho ught to ha ve se ve ral an ti-inf lam ma tory and
an ti o xi dant pro per ti es.8-10 It sup pres ses the cyto ki -
ne sec re ti on from mac rop ha ges in cor ti cos te ro id-
unres pon si ve COPD pa ti ents.8 The exact
mec ha nism of this ef fect has not be en elu ci da ted
yet. The ophy lli ne is a drug in methy lxant hi ne
class, and has be en used in the tre at ment of COPD
for ye ars. It is a non-se lec ti ve in hi bi tor of phosp -
ho di es te ra se enz yme type III and IV thro ugh in-

cre a sing the le vel of cAMP in the smo oth musc le
cells and le a ding to bronc ho di la ta ti on. It al so sup-
pres ses the sec re ti on of ade no si ne, pros tag lan dins
and TNF-α vi a the in hi bi ti on of phosp ho di es te ra se
type IV iso enz yme, which is sug ges ted as the an ti-
inf lam ma tory pro per ti es of the ophy lli ne.11 This
study was con duc ted to com pa re the an ti-inf lam -
ma tory ef fects of the ophy lli ne and res ve rat rol in
chro nic bronc hi tis-in du ced rats by ex po su re to pas-
si ve ci ga ret te smo ke, as ref lec ted by se rum TNF-α
le vel and lung in jury sco re.

MATERIAL AND METHODS

ANI MALS

The pre sent study was per for med in ac cor dan ce
with the Gu i ding Prin cip les for the Ca re and Use of
La bo ra tory Ani mals; all pro ce du res we re ap pro ved
by the et hics com mit te e of Ko ca e li Uni ver sity. Ma -
le Wis tar-Al bi no rats, we ig hing 250-300 g, we re
used in this study (n=35). The rats we re kept un -
der stan dard con di ti ons (sta in less-ste el ca ges, 18-
21oC, 55-60% re la ti ve hu mi dity, and 12 ho urs
light/dark cycles). Stan dard chow in tab let form
and wa ter we re ava i lab le ad li bi tum. All ani mals
we re fre e from in fec ti ons.

Rats we re ex po sed to pas si ve ci ga ret te smo ke
in or der to de ve lop COPD for 20 we eks12 and we -
re de ca pi ta ted 24-ho ur af ter the last in jec ti on of
agents and sol vents; 4 ml of blo od was ta ken in tra-
cor di ally for the me a su re ment of se rum TNF-alp ha
le vels. Rat lung tis su es we re dis sec ted af ter in tra-
car di ac per fu si on.

SMO KE EX PO SU RE MAC HI NE

A spe ci al smo ke ex po su re mac hi ne ba sed on Chen
de fi ni ti on and Wal ton mo di fi ca ti on was pre pa red
in Ko ca e li Uni ver sity, Ex pe ri men tal Me di ci ne Re-
se arch La bo ra tory.13 Bri efly, the mac hi ne was con-
sis ted of thre e se pa ra ted cham bers con nec ted to
each ot her. The first cham ber was ge ne ra ti on
cham ber whe re smo ke was ge ne ra ted, the se cond
one was re si den ce cham ber whe re smo ke was di lu -
ted and the last one was ex po su re cham ber whe re
rats we re ex po sed to smo ke. The fans bet we en the
cham bers we re used to con duct smo ke to one
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cham ber to anot her, wor ked in a spe ed of 5.2 l/min.
Stan dar di zed ni co ti ne and tar inc lu ded ci ga ret te
(LM, Phi lip Mor ris) we re used for ex po su re for 20
we eks, two ho urs da ily.

EX PE RIMEN TAL GRO UPS

The rats we re di vi ded in to five gro ups with seven
rats in each to be ad mi nis te red in tra pe ri to ne ally
with 20 mg/kg res ve rat rol (Sig ma-Al drich, Italy)
dis sol ved in 1 ml di methy lsul fo xi de (DMSO) (Gro -
up 1), 1 ml DMSO (Sig ma-Al drich, Italy) (Gro up
2), 14 mg/kg the ophy lli ne (Sig ma-Al drich, Italy)
dis sol ved in 1 ml physi o lo gi cal sa li ne (PS) (Gro up
3), and 1 ml PS (Gro up 4). The gro up not ex po sed
to smo ke ex po su re inc lu ded he althy rats and ser -
ved as con trol. All in jec ti ons we re per for med every
day at 09:00 am af ter de ve lop ment of COPD, and
con ti nu ed for 21 days. The con trol rats we re kept
in sa me mac hi ne for 2 ho urs da ily with cle an air in
or der to ex po se si mi lar stress.

HIS TO PAT HO LO GI CAL EVA LU A TI ON

Light Mic ros co pic Eva lu a ti on

Af ter per fu si on of 2.5% glu ta ral dehy de, lung tis su -
e spe ci mens we re dehy dra ted in a gra ded se ri es of
et ha nol (70%, 80%, 90% and 100%), cle a red in to -
lu e ne and em bed ded in pa raf fin. Sec ti oned pa raf fin
blocks at a 5 µm thick ness we re sta i ned with he-
mo toxy len & eo sin and eva lu a ted under Oly mpus
BH2 pho to mic ros co pe (Tok yo, Ja pan). Light mic -
ros co pic re sults we re sco red in fo ur his to pat ho lo -
gi cal ca te go ri es: 1) di la ta ti on of res pi ra tory tract, 2)
in fil tra ti on of inf lam ma tory cells, 3) pro li fe ra ti on
of res pi ra tory epit he li um and 4) vas cu lar con ges ti -
on. The first thre e ca te go ri es we re sco red from 0 to
3 whi le 0 in di ca ted no pat ho logy and 3 in di ca ted
the most se ve re da ma ge, using the se mi-qu an ti ta ti -
ve sca le and the last ca te gory was sco red from 0 to
1 with res pect to ab sen ce or pre sen ce of vas cu lar
con ges ti on. The to tal his to pat ho lo gi cal sco re of the
lung was cal cu la ted as the sum of the sco res gi ven
for each cri te ri on.14

Elec tron Mic ros co pic Eva lu a ti on

Af ter the per fu si on of 2.5% glu ta ral dehy de, lung tis-
su e spe ci mens we re post-fi xa ted with 1% os mi um

tet ro xi de (0.1 M, pH 7.2), dehy dra ted in a gra ded
se ri es of et ha nol (70%, 80%, 90% and 100%), cle a -
red in to lu e ne and em bed ded in Epon812 for 24 ho -
urs at 60oC. Se mi-thin sec ti ons (1 µm) we re cut,
sta i ned with to lu i di ne blu e and vi e wed under the
light mic ros co pe for pro per ori en ta ti on. Tis su es we -
re then thin sec ti o ned (60 nm), sta i ned with uranyl
ace ta te and le ad cit ra te and eva lu a ted under JE OL
1200 SX trans mis si on elec tron mic ros co pe.15

SE RUM TNF-ALP HA ME A SU RE MENT

Blo od samp les we re ta ken in tra-cor di ally into dry
tu bes. Af ter cen tri fu ga ti on, se rum was as pi ra ted
and TNF-α was me a su red using the ELI SA met hod
(Bi o so ur ce Rat TNF-alp ha kit, CA, USA). The cur -
ve for TNF-α ran ged from 0 to 1000 pg/ml. 

STA TIS TICAL ANALY SIS

One way ANO VA and Bon fer ro ni’s test as a post
hoc test was used for mul tip le com pa ri sons among
ex pe ri men tal gro ups and bet we en the con trol and
ex pe ri men tal gro ups (SPSS, ver si on 13.0, Chi ca go,
IL). The re sults we re ex pres sed as me an ± stan dard
er ror (SE). A p va lu e less than 0.05 was con si de red
sig ni fi cant.

RESULTS

LIGHT AND ELEC TRON MIC ROS COPY FIN DINGS

The re was di la ta ti on in al ve o lar duct and res pi ra -
tory bronc hi o les, pro li fe ra ti on of al ve o lar epit he li -
al cells, inf lam ma tory cell in fil tra ti on and vas cu lar
con ges ti on in rats re ce i ved DMSO and PS. The
num ber of type 2 pne u mocy tes and sur fac tant le v-
els were in cre a sed in both gro ups (Fi gu re 1 and 2).

In res ve rat rol gro up, di la ta ti on of al ve o lar duct
was se en less pro mi nently, with a dec re a sed the in-
f lam ma tory cell in fil tra ti on and vas cu lar con ges ti -
on. Res pi ra tory epit he li al cells we re re la ti vely
nor mal in morp ho logy. Elec tron mic ros co pic fin d-
ings we re com pa rab le with he althy con trols whe re
type 2 pne u mocy tes and sur fac tant le vels we re nor-
mal (Fi gu re 3). To tal his to pat ho lo gi cal sco re was 3.2
± 0.2 in res ve rat rol gro up, which was not dif fe rent
from he althy con trols (2.0 ± 0.5), whe re as it was sig-
ni fi cantly lo wer than DMSO and PS gro ups (7.2 ±
1.2 and 8.2 ± 0.6 res pec ti vely, p<0.05) (Fi gu re 4).
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FIGURE 1: Light and electron microscopic photomicrographs of lung tissue obtained from the physiologic saline group. 

FIGURE 1c, d: Increase in surfactant deposition (→), increase in the number of macrophages (►) and irregular alveolar-capillary barrier (*) (1c:X3000, 1d:X5000).

FIGURE 1a, b: Alveolar duct dilatation (*), respiratory epithelial proliferation (→) and inflammatory cell infiltration (►) (H&E, 1a:X100; 1b:X400).

In the ophy lli ne gro up, al ve o lar duct di la ta ti on
and inf lam ma tory cell in fil tra ti on we re still se en,
with a dec re a sed res pi ra tory epit he li al cell pro li fe -
ra ti on. The re was in cre a sed type 2 pne u mocy tes and
sur fac tant le vels, sur fac tant ac cu mu la ti on in the al -
ve o lar sac and vas cu lar con ges ti on in elec tron mic -
ros co py (Fi gu re 5). To tal his to pat ho lo gi cal sco re for
the ophy lli ne gro up was gre a ter than he althy con-
trols (5.0 ± 0.7 vs. 2 ± 0.5, p<0.05). Mo re o ver, it was
lo wer than that for DMSO (7.2 ± 1.2, p>0.05) and PS
gro ups (8.2 ± 0.6, p<0.05). The re was dif fe ren ce for
to tal his to pat ho lo gi cal sco re bet we en res ve rat rol and
the ophy lli ne gro ups (Fi gu re 4, Tab les 1 and 2). 

SE RUM TNF-α LE VEL

Se rum TNF-α le vels we re lo wer for res ve rat rol and
the ophy lli ne gro ups compared to DMSO and PS
gro ups. The re we re no sig ni fi cant dif fe ren ces bet -
we en he althy con trols and the ophy lli ne and res ve -
rat rol gro ups (Fi gu re 6, Tab le 3).

DISCUSSION
In this study, we ha ve com pa red the an ti-inf lam -
ma tory ef fects of two no vel an ti-inf lam ma tory
agents in smo ke-in du ced inf lam ma tory chan ges in
rats, and fo und that both res ve rat rol and the ophy -
lli ne sup pres sed the TNF-α le vels and re ver sed the
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FIGURE 2a, b: Alveolar duct dilatation (*), respiratory epithelial proliferation (→), inflammatory cell infiltration (►) and arterial wall edema (o) (H&E, 1a:X100;
1b:X400).

FIGURE 2c, d: Capillary wall edema (*), increase in surfactant deposition and number of the type 2 pneumocytes (→), increase in the number of macrophages
(►) (1c:X4000, 1d:X5000).

FIGURE 2: Light and electron microscopic photomicrographs of lung tissue of the DMSO group. 

his to pat ho lo gi cal chan ges ob ser ved in the lung tis-
su e both in light and elec tron mic ros copy. To our
know led ge, this is the first study com pa ring the o-
phy lli ne and res ve rat rol and re por ted si mi lar an ti-
inf lam ma tory ef fects of both agents.

Bronc ho di la tor the rapy is the cor nersto ne in
COPD be ca u se of its inf lam ma tory cha rac te ris tics.
In ha led cor ti cos te ro ids are known as the most po-
tent an ti-inf lam ma tory agents in ast hma; ho we ver
it is sug ges ted that dif fe rent cells and inf lam ma tory
mar kers are res pon sib le in the air way inf lam ma ti -
on in COPD re sis tant to cor ti cos te ro ids.8 This ob-
ser va ti on le ads the in ves ti ga ti on of new an ti-inf-
lam ma tory agents.

Sin ce epi de mi o lo gi cal stu di es re por ted an in-
ver se cor re la ti on bet we en wi ne con sump ti on and

car di o vas cu lar events, phe no lic com po unds such as
res ve rat rol that is pre sent in the skins of red 
gra pes has be ca me a new fo cus of in te rest.16 It pos-
ses ses an ti-inf lam ma tory, an ti-oxi dant and an ti ne -
op las tic pro per ti es.14,16,17 The sug ges ted mec ha -
nisms for an ti-inf lam ma tory ef fect of res ve rat rol in-
c lu de the sup pres si on of NF-KB, in hi bi ti on of arac -
hi do nic acid me ta bo lism and ac ti va ti on of AP-1.16,18

The pos sib le pre ven ti ve ef fect of res ve rat rol on
smo ke-in du ced in jury was de mons tra ted in thyro -
id tis su e of smo ke-ex po sed rats.19 Pre vi o us stu di es
in ves ti ga ting pul mo nary ef fects of res ve rat rol re-
por ted in hi bi ti on of air way ne ut rop hi li a, sup pres -
si on of se ve ral inf lam ma tory cyto ki nes such as
TNF-alp ha, IL-8, IL-6, GM-CSF and re ver sion of
the his to pat ho lo gi cal chan ges.8,14,20-22 This study al -
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so de mons tra ted sig ni fi cant sup pres si on of TNF-α
le vels and re duc ti on in his to pat ho lo gi cal sco re in
the res ve rat rol gro up com pa red to un tre a ted gro -
up upon smo ke ex po su re.

The ophy lli ne is an old drug and used as a
third-li ne bronc ho di la tor agent in obs truc ti ve lung
di se a se.11 It is al so used as an an ti-inf lam ma tory
agent in ast hma at lo wer do ses and re por ted to de-
c re a se the num ber of ne ut rop hils, IL-8, TNF-alp ha
le vels in the in du ced spu tum of COPD pa ti ents.23-25

This study de mons tra ted that the ophy lli ne re ver -
sed smo ke-in du ced his to pat ho lo gi cal chan ges as
well as TNF-α le vels. Ka ne ko et al re por ted si mi lar
be ne fi ci al ef fect of the ophy lli ne and de xa met ha so -
ne in the LPS-in du ced lung in jury in gu i ne a pigs.26

Re se arc hes ha ve fo cu sed on the ste ro id re sis -
tan ce mec ha nisms and ste ro id ac ti vity mo du la ti on
in COPD. In cre a sed ac ti va ti on NF-KB in res pon se

to oxi da ti ve stress tho ught to be one of the im por -
tant mec ha nisms for ste ro id re sis tan ce. NF-KB in-
cre a ses acety la ti on of his to nes and dec re a ses the

FI GU RE 3a,b: Less pro mi nent al ve o lar duct di la ta ti on (*),less inf lam ma tory cell in fil tra ti on (►), res pi ra tory epit he li al cells (→) ne arly nor mal in morp ho logy (H&E,
3a:X100; 3b:X400).

FIGURE 3c, d: Figure 3c,d; showing surfactant deposition, type 2 pneumocyte (→) and alveolarcapillary barrier (►) nearly normal in morphology (3c,d:X6000).

FIGURE 3: Light and electron microscopic photomicrographs of lung tissue in the resveratrol group.

FIGURE 4: Histopathological score of the lung tissue specimen. *p<0.05 theo-
phylline vs. physiological saline, **p<0.01 resveratrol vs. dimethylsulfoxide,
***p<0.001resveratrol vs. physiologic saline, and ****p<0.001 control vs. phys-
iological saline and dimethylsulfoxide.
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FIGURE 5a, b: Alveolar duct dilatation (*), inflammatory cell infiltration (►), less respiratory epithelial cell proliferation (→) (H&E, 5a:X100; 5b:X400).

FIGURE 5: Light and electron microscopic photomicrographs of lung tissuein the theophylline group.

FIGURE 5c, d: Increase in the number of macrophages (5c) and eosinophils (5d) (→), increase in synthesis and deposition of surfactant in alveolar lumen (*)
(5c), increase in the number of type 2 pneumocytes(*) (5c) (5c,d:X3000).

ex pres si on and ac ti va ti on of his to ne de a cety la se
(HDAC), thus up-re gu la tes inf lam ma tory ge nes
and the le vels of inf lam ma tory cyto ki nes. The se
smo ke-in du ced inf lam ma tory chan ges are tho ught
to be con trol led by al ve o lar mac rop ha ges and res -
pon sib le for fa i lu re of ste ro id res pon se in COPD.27,28

Al ter na ti ve an ti-inf lam ma tory the ra pi es to sup-
press mac rop ha ges, NF-KB ac ti vity and up-re gu la -
te the HDAC in the lung are ne e ded to de al
inf lam ma ti on in COPD and to mo du la te the ac ti -
va ti on of ste ro ids. Res ve rat rol, the ophy lli ne and
spe ci fic phosp ho di es te ra se 4 in hi bi tors are con si -
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de red as fu tu re pro mi sing agents at this po int of vi -
ew.27-29

The se the ra pi es al so might ha ve a ro le to mo -
du la te ste ro id ac ti vity in COPD. The ophy lli ne has
shown to res to re ste ro id res pon si ve ness vi a ac ti va -
ti on of HDAC in al ve o lar mac rop ha ges of COPD
pa ti ents.30 It is re a so nab le to ex pect si mi lar mo du -
la tor ef fect with res ve rat rol tre at ment. Ho we ver,
no cli ni cal studies have in ves ti ga ting this ef fect of
res ve rat rol yet. Cli ni cal stu di es are ne e ded to de-
ter mi ne the exact ro le of res ve rat rol in COPD tre -
at ment and de ve lop ment of res ve rat rol ana lo gu es
with high bi o a va i la bi lity are ne e ded for fu tu re cli -
ni cal stu di es.

In conc lu si on, COPD has been de fi ned as an
inf lam ma tory di se a se re cently; ho we ver an ef fec -
ti ve an ti-inf lam ma tory agent is ne e ded to be iden-
ti fi ed. Sin ce this study showed si mi lar an ti-

inf lam ma tory ef fects of the ophy lli ne and res ve rat -
rol, it is sug ges ted that both me di ca ti ons might be
used as  al ter na ti ve an ti-inf lam ma tory the rapies in
COPD patients eit her as prin ci pal agents or as mo -
du la tors of ste ro id ac ti vity.

FIGURE 6: Serum TNF-alpha levels of the study groups. *p<0.05 Resvera-
trol and theophylline vs. physiological saline and DMSO.

Contrast Mean Diff. t P value 95% CI

Control vs. resveratrol -1.57 1.58 P > 0.05 -4.60 to 1.45

Control vs. theophylline -3.00 3.01 P > 0.05 -6.02 to 0.02

Control vs. physiologic saline -6.29 6.30 P < 0.001 -9.31 to -3.26

Control vs. dimethylsulfoxide -5.29 5.30 P < 0.001 -8.31 to -2.26

Resveratrol vs. theophylline -1.43 1.43 P > 0.05 -4.45 to 1.60

Resveratrol vs. physiologic saline -4.71 4.72 P < 0.001 -7.74 to -1.69

Resveratrol vs. dimethylsulfoxide -3.71 3.72 P < 0.01 -6.74 to -0.69

Theophylline vs. physiologic saline -3.29 3.29 P < 0.05 -6.31 to -0.26

Theophylline vs. dimethylsulfoxide -2.29 2.29 P > 0.05 -5.31 to 0.74

Physiologic saline vs. dimethylsulfoxide 1.00 1.00 P > 0.05 -2.02 to 4.02

TABLE 1: Comparison of histopathological scores.

Groups1

Histopathological Categories Grade Control Resveratrol Theophylline PS DMSO

Dilatation of respiratory tract 0-3 0.6 ± 0.2 0.9 ± 0.1 1.3 ± 0.2 2.2 ± 0.2 2.1 ± 0.3

Infiltration of inflammatory cells 0-3 0.7 ± 0.1 1.1 ± 0.0 1.7 ± 0.2 2.7 ± 0.1 2.1 ± 0.4

Proliferation of respiratory epithelium 0-3 0.4 ± 0.1 0.9 ± 0.1 1.3 ± 0.2 2.5 ± 0.2 2.0 ± 0.5

Vascular congestion 0-1 0.3 ± 0.1 0.7 ± 0.0 0.7 ± 0.1 0.8 ± 0.1 1.0 ± 0.0

Total histopathological score 10 2.0 ± 0.5a 3.6 ± 0.2b, c 5.0 ± 0.7d 8.2 ± 0.6 7.2 ± 1.2

TABLE 2: The histopathological score of each criterion and total score.

1PS = Physiologic Saline; DMSO = Dimethylsulfoxide
ap<0.001 control vs. physiological saline and dimethylsulfoxide; bp<0.001resveratrol vs. physiologic saline; 
cp<0.01 resveratrol vs. dimethylsulfoxide; dp<0.05 theophylline vs. physiological saline.
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Contrast Mean Diff. t P value 95% CI

Control vs. resveratrol 7.12 0.38 P > 0.05 -31.20 to 45.43

Control vs. theophylline 8.04 0.43 P > 0.05 -30.28 to 46.35

Control vs. physiologic saline -35.02 1.87 P > 0.05 -73.34 to 3.29

Control vs. dimethylsulfoxide -37.17 1.98 P > 0.05 -75.48 to 1.150

Resveratrol vs. theophylline 0.92 0.05 P > 0.05 -37.40 to 39.24

Resveratrol vs. physiologic saline -42.14 2.25 P < 0.05 -80.46 to -3.85

Resveratrol vs. dimethylsulfoxide -44.28 2.36 P < 0.05 -82.60 to -5.97

Theophylline vs. physiologic saline -43.06 2.30 P < 0.05 -81.38 to -4.74

Theophylline vs. dimethylsulfoxide -45.20 2.41 P < 0.05 -83.52 to -6.89

Physiologic saline vs. dimethylsulfoxide -2.141 0.11 P > 0.05 -40.46 to 36.17

TABLE 3: Comparison of serum TNF-α levels.


