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Comparison of Anti-Inflammatory
Effects of Theopylline and Resveratrolin in
Chronic Bronchitic Rats

Kronik Bronsitli Farelerde Teofilin
ve Resveratroliin Anti-Inflamatuar
Etkinliklerinin Kargilagtirilmasi

ABSTRACT Objective: The aim of this study was to compare the anti-inflammatory effects of
resveratrol and theophylline in rats with chronic bronchitis exposed to passive cigarette smoke.
Material and Methods: Thirty-five Wistar-Albino rats were enrolled into five groups. After ex-
posure to passive cigarette smoke for 20 weeks, the rats in the first four groups were treated
with intraperitonaeal administration of resveratrol solved in dimethylsulfoxide (DMSO), DMSO,
theophylline solved in physiologic saline (PS) or PS for 21 days. The rats in the fifth group we-
re healthy controls. At the end of the experiment, blood samples were obtained to measure se-
rum tumor necrosis factor alpha (TNF-«) levels and lung samples were obtained for light and
electron microscopic examination. Results: Serum TNF-o level was lower in rats treated with
resveratrol and theophylline compared to control rats (p< 0.05). Smoke induced lung injury de-
creased with resveratrol and theophylline administrations compared to carrier administrations
(p< 0.05). Neither serum TNF-« nor lung histopathology scores of rats treated with resveratrol
and theophylline were different (p> 0.05). Conclusion: Resveratrol and theophylline were found
to have similar effects on histopathological findings and cytokine expression, therefore could be
considered for treatment of chronic obstructive pulmonary disease. However, comprehensive
long-term clinical studies are needed.

Key Words: Pulmonary disease, chronic obstructive; resveratrol; theophylline;
tumor necrosis factor alpha (36-68)

OZET Amag: Bu caligmanin amaci, pasif sigara dumanina maruz birakilan kronik bronsitli fare-
lerde teofilin ve resveratroliin anti-inflamatuvar etkilerinin karsilagtirilmasidir. Gereg ve Yén-
temler: Toplam 25 Wistar-Albino faresi bes gruba ayrildi. Pasif sigara dumanina 20 hafta stireyle
maruz birakildiktan sonra dort grup fareye sirasiyla dimetilsiilfoksid i¢inde ¢6ziinmiis resveratrol,
demetilstilfoksid, serum fizyolojik i¢inde ¢6ziinmiis teofilin ve serum fizyolojik periton i¢ine te-
davi amagli olarak verilmistir. Son grup saglikli kontrollerden olusmustur. Deney sonunda fare-
lerden alinan kan 6rneklerinde serum tiimor nekroz faktor-alfa (TNF-alfa) diizeylerine bakilds,
akciger dokusu 6rnekleri 151k ve elektron mikroskobunda incelendi. Bulgular: Serum TNF-alfa de-
gerleri resveratrol ve teofilin verilen farelerde kontrol grubuna gére daha diisiik diizeyde bulun-
du (p< 0.05). Sigara dumanina bagh akciger hasar resveratrol ve teofilin verilen farelerde ¢oziicii
verilen farelere gore daha az olmugtur. Resveratrol ve teofilin gruplari arasinda ne serum TNF-al-
fa seviyelerinde ne de akciger histopatoloji skorlarinda farklilik saptanmamistir (p> 0.05). Sonug:
Resveratrol ve teofilinin histopatolojik degisiklikler ve sitokin salimi tizerine etkileri benzer bu-
lunmugtur, bu nedenle kronik obstriiktif akciger hastaliginin tedavisinde kullanilabilecekleri dii-
stintilmektedir. Ancak, bu konuda biiyiik ve uzun siireli caligmalara ihtiya¢ bulunmaktadir.

Anahtar Kelimeler: Akciger hastalii, kronik obstriiktif; resveratrol; teofilin;
timor nekroz faktori alfa (36-68)
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hronic obstructive pulmonary disease
C(COPD) is characterized by chronic and

progressive airflow limitation which is as-
sociated with inhalation of noxious particles and
gases, especially smoking. These chronic irritants
provoke an abnormal inflammatory response in the
respiratory tract which induces the parenchymal
destruction and causes several damages of the de-
fense and repair mechanisms. Consequently, char-
acteristic pathophysiological changes in COPD
occur, which are parenchymal destruction (emph-

ysema) and airway obstruction (obstructive bronc-
hitis).!?

Several inflammatory cells increase in the air-
ways in COPD. The degree of contribution of the-
se inflammatory cells in the development and
progression of COPD is not fully understood yet.
Macrophages are thought to be the principal inf-
lammatory cells leading to pulmonary inflammati-
on. Neutrophils and T-lymphocytes are also
increased in the airways in COPD, and thought to
be responsible for the progression of inflammation
and parenchymal destruction.*> These inflamma-
tory cells produce and secrete several cytokines and
chemotactic factors some of which have been al-
ready proven to have several roles in the tissue de-
struction and permanent inflammation. The most
studied cytokines in the pathogenesis of COPD are
interleukin-8 (IL-8), tumor necrosis factor alpha
(TNF-o) and LTB4.57

An effective anti-inflammatory treatment that
suppresses the airway inflammation and prevents
the disease progression in COPD is not yet availab-
le. However, for better understanding of pathoge-
nesis of COPD, several new anti-inflammatory
agents have gained attention.” Resveratrol (trans-
3,5,4-trihydroxystilbene) is an extract of red wine
and thought to have several anti-inflammatory and
antioxidant properties.®'? It suppresses the cytoki-
ne secretion from macrophages in corticosteroid-
COPD patients.® The
mechanism of this effect has not been elucidated

unresponsive exact
yet. Theophylline is a drug in methylxanthine
class, and has been used in the treatment of COPD
for years. It is a non-selective inhibitor of phosp-
hodiesterase enzyme type III and IV through in-
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creasing the level of cAMP in the smooth muscle
cells and leading to bronchodilatation. It also sup-
presses the secretion of adenosine, prostaglandins
and TNF-«a via the inhibition of phosphodiesterase
type IV isoenzyme, which is suggested as the anti-
inflammatory properties of theophylline.!" This
study was conducted to compare the anti-inflam-
matory effects of theophylline and resveratrol in
chronic bronchitis-induced rats by exposure to pas-
sive cigarette smoke, as reflected by serum TNF-a
level and lung injury score.

I MATERIAL AND METHODS
ANIMALS

The present study was performed in accordance
with the Guiding Principles for the Care and Use of
Laboratory Animals; all procedures were approved
by the ethics committee of Kocaeli University. Ma-
le Wistar-Albino rats, weighing 250-300 g, were
used in this study (n=35). The rats were kept un-
der standard conditions (stainless-steel cages, 18-
21°C, 55-60% relative humidity, and 12 hours
light/dark cycles). Standard chow in tablet form
and water were available ad libitum. All animals
were free from infections.

Rats were exposed to passive cigarette smoke
in order to develop COPD for 20 weeks!? and we-
re decapitated 24-hour after the last injection of
agents and solvents; 4 ml of blood was taken intra-
cordially for the measurement of serum TNF-alpha
levels. Rat lung tissues were dissected after intra-
cardiac perfusion.

SMOKE EXPOSURE MACHINE

A special smoke exposure machine based on Chen
definition and Walton modification was prepared
in Kocaeli University, Experimental Medicine Re-
search Laboratory.' Briefly, the machine was con-
sisted of three separated chambers connected to
each other. The first chamber was generation
chamber where smoke was generated, the second
one was residence chamber where smoke was dilu-
ted and the last one was exposure chamber where
rats were exposed to smoke. The fans between the
chambers were used to conduct smoke to one
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chamber to another, worked in a speed of 5.2 1/min.
Standardized nicotine and tar included cigarette
(LM, Philip Morris) were used for exposure for 20
weeks, two hours daily.

EXPERIMENTAL GROUPS

The rats were divided into five groups with seven
rats in each to be administered intraperitoneally
with 20 mg/kg resveratrol (Sigma-Aldrich, Italy)
dissolved in 1 ml dimethylsulfoxide (DMSO) (Gro-
up 1), 1 ml DMSO (Sigma-Aldrich, Italy) (Group
2), 14 mg/kg theophylline (Sigma-Aldrich, Italy)
dissolved in 1 ml physiological saline (PS) (Group
3), and 1 ml PS (Group 4). The group not exposed
to smoke exposure included healthy rats and ser-
ved as control. All injections were performed every
day at 09:00 am after development of COPD, and
continued for 21 days. The control rats were kept
in same machine for 2 hours daily with clean air in
order to expose similar stress.

HISTOPATHOLOGICAL EVALUATION

Light Microscopic Evaluation

After perfusion of 2.5% glutaraldehyde, lung tissu-
e specimens were dehydrated in a graded series of
ethanol (70%, 80%, 90% and 100%), cleared in to-
luene and embedded in paraffin. Sectioned paraffin
blocks at a 5 pm thickness were stained with he-
motoxylen & eosin and evaluated under Olympus
BH2 photomicroscope (Tokyo, Japan). Light mic-
roscopic results were scored in four histopatholo-
gical categories: 1) dilatation of respiratory tract, 2)
infiltration of inflammatory cells, 3) proliferation
of respiratory epithelium and 4) vascular congesti-
on. The first three categories were scored from 0 to
3 while 0 indicated no pathology and 3 indicated
the most severe damage, using the semi-quantitati-
ve scale and the last category was scored from 0 to
1 with respect to absence or presence of vascular
congestion. The total histopathological score of the
lung was calculated as the sum of the scores given
for each criterion.'*

Electron Microscopic Evaluation

After the perfusion of 2.5% glutaraldehyde, lung tis-
sue specimens were post-fixated with 1% osmium
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tetroxide (0.1 M, pH 7.2), dehydrated in a graded
series of ethanol (70%, 80%, 90% and 100%), clea-
red in toluene and embedded in Epon812 for 24 ho-
urs at 60°C. Semi-thin sections (1 pm) were cut,
stained with toluidine blue and viewed under the
light microscope for proper orientation. Tissues we-
re then thin sectioned (60 nm), stained with uranyl
acetate and lead citrate and evaluated under JEOL
1200 SX transmission electron microscope."

SERUM TNF-ALPHA MEASUREMENT

Blood samples were taken intra-cordially into dry
tubes. After centrifugation, serum was aspirated
and TNF-a was measured using the ELISA method
(Biosource Rat TNF-alpha kit, CA, USA). The cur-
ve for TNF-« ranged from 0 to 1000 pg/ml.

STATISTICAL ANALYSIS

One way ANOVA and Bonferroni’s test as a post
hoc test was used for multiple comparisons among
experimental groups and between the control and
experimental groups (SPSS, version 13.0, Chicago,
IL). The results were expressed as mean + standard
error (SE). A p value less than 0.05 was considered
significant.

I RESULTS
LIGHT AND ELECTRON MICROSCOPY FINDINGS

There was dilatation in alveolar duct and respira-
tory bronchioles, proliferation of alveolar epitheli-
al cells, inflammatory cell infiltration and vascular
congestion in rats received DMSO and PS. The
number of type 2 pneumocytes and surfactant lev-
els were increased in both groups (Figure 1 and 2).

In resveratrol group, dilatation of alveolar duct
was seen less prominently, with a decreased the in-
flammatory cell infiltration and vascular congesti-
on. Respiratory epithelial cells were relatively
normal in morphology. Electron microscopic find-
ings were comparable with healthy controls where
type 2 pneumocytes and surfactant levels were nor-
mal (Figure 3). Total histopathological score was 3.2
+ 0.2 in resveratrol group, which was not different
from healthy controls (2.0 + 0.5), whereas it was sig-
nificantly lower than DMSO and PS groups (7.2 +
1.2 and 8.2 + 0.6 respectively, p<0.05) (Figure 4).
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FIGURE 1c, d: Increase in surfactant deposition (=), increase in the number of macrophages (>) and irregular alveolar-capillary barrier (*) (1c:X3000, 1d:X5000).

i ; . S

FIGURE 1: Light and electron microscopic photomicrographs of lung tissue obtained from the physiologic saline group.

In theophylline group, alveolar duct dilatation
and inflammatory cell infiltration were still seen,
with a decreased respiratory epithelial cell prolife-
ration. There was increased type 2 pneumocytes and
surfactant levels, surfactant accumulation in the al-
veolar sac and vascular congestion in electron mic-
roscopy (Figure 5). Total histopathological score for
theophylline group was greater than healthy con-
trols (5.0 £ 0.7 vs. 2 £ 0.5, p<0.05). Moreover, it was
lower than that for DMSO (7.2 + 1.2, p>0.05) and PS
groups (8.2 + 0.6, p<0.05). There was difference for
total histopathological score between resveratrol and
theophylline groups (Figure 4, Tables 1 and 2).
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SERUM TNF-o LEVEL

Serum TNF-a levels were lower for resveratrol and
theophylline groups compared to DMSO and PS
groups. There were no significant differences bet-
ween healthy controls and theophylline and resve-
ratrol groups (Figure 6, Table 3).

I DISCUSSION

In this study, we have compared the anti-inflam-
matory effects of two novel anti-inflammatory
agents in smoke-induced inflammatory changes in
rats, and found that both resveratrol and theophy-
lline suppressed the TNF-« levels and reversed the

Turkiye Klinikleri ] Med Sci 2011;31(3)
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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.

histopathological changes observed in the lung tis-
sue both in light and electron microscopy. To our
knowledge, this is the first study comparing theo-
phylline and resveratrol and reported similar anti-
inflammatory effects of both agents.

Bronchodilator therapy is the cornerstone in
COPD because of its inflammatory characteristics.
Inhaled corticosteroids are known as the most po-
tent anti-inflammatory agents in asthma; however
it is suggested that different cells and inflammatory
markers are responsible in the airway inflammati-
on in COPD resistant to corticosteroids.® This ob-
servation leads the investigation of new anti-inf-
lammatory agents.

Since epidemiological studies reported an in-
verse correlation between wine consumption and

Turkiye Klinikleri ] Med Sci 2011;31(3)

cardiovascular events, phenolic compounds such as
resveratrol that is present in the skins of red
grapes has became a new focus of interest.'® It pos-
sesses anti-inflammatory, anti-oxidant and antine-
oplastic properties."*1%7 The suggested mecha-
nisms for anti-inflammatory effect of resveratrol in-
clude the suppression of NF-KB, inhibition of arac-
hidonic acid metabolism and activation of AP-1.1618

The possible preventive effect of resveratrol on
smoke-induced injury was demonstrated in thyro-
id tissue of smoke-exposed rats.!? Previous studies
investigating pulmonary effects of resveratrol re-
ported inhibition of airway neutrophilia, suppres-
sion of several inflammatory cytokines such as
TNF-alpha, IL-8, IL-6, GM-CSF and reversion of
the histopathological changes.®!#?22 This study al-

563



Sahin ve ark.

Gogiis Hastaliklar:

FIGURE 3a,b: Less prominent alveolar duct dilatation (*),less inflammatory cell infiltration (>), respiratory epithelial cells (—) nearly normal in morphology (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.

so demonstrated significant suppression of TNF-a
levels and reduction in histopathological score in
the resveratrol group compared to untreated gro-
up upon smoke exposure.

Theophylline is an old drug and used as a
third-line bronchodilator agent in obstructive lung
disease.!! It is also used as an anti-inflammatory
agent in asthma at lower doses and reported to de-
crease the number of neutrophils, IL-8, TNF-alpha
levels in the induced sputum of COPD patients.*
This study demonstrated that theophylline rever-
sed smoke-induced histopathological changes as
well as TNF-a levels. Kaneko et al reported similar
beneficial effect of theophylline and dexamethaso-

ne in the LPS-induced lung injury in guinea pigs.?

Researches have focused on the steroid resis-
tance mechanisms and steroid activity modulation
in COPD. Increased activation NF-KB in response
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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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to oxidative stress thought to be one of the impor-
tant mechanisms for steroid resistance. NF-KB in-
creases acetylation of histones and decreases the

Turkiye Klinikleri ] Med Sci 2011;31(3)
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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 5c, d: Increase in the number of macrophages (5¢) and eosinophils (5d) (-), increase in synthesis and deposition of surfactant in alveolar lumen (*)
(5¢), increase in the number of type 2 pneumocytes(*) (5¢) (5¢,d:X3000).

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

expression and activation of histone deacetylase
(HDAC), thus up-regulates inflammatory genes
and the levels of inflammatory cytokines. These
smoke-induced inflammatory changes are thought
to be controlled by alveolar macrophages and res-
ponsible for failure of steroid response in COPD.?”?

Turkiye Klinikleri ] Med Sci 2011;31(3)

Alternative anti-inflammatory therapies to sup-
press macrophages, NF-KB activity and up-regula-
te the HDAC in the lung are needed to deal
inflammation in COPD and to modulate the acti-
vation of steroids. Resveratrol, theophylline and
specific phosphodiesterase 4 inhibitors are consi-
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TABLE 1: Comparison of histopathological scores.
Contrast Mean Diff. t P value 95% CI
Control vs. resveratrol =187 1.58 P> 0.05 -4.60 to 1.45
Control vs. theophylline -3.00 3.01 P> 0.05 -6.02 t0 0.02
Control vs. physiologic saline -6.29 6.30 P < 0.001 -9.31t0-3.26
Control vs. dimethylsulfoxide -5.29 5.30 P < 0.001 -8.3110-2.26
Resveratrol vs. theophylline -1.43 1.43 P> 0.05 -4.45 t0 1.60
Resveratrol vs. physiologic saline -4.71 4.72 P <0.001 -7.7410-1.69
Resveratrol vs. dimethylsulfoxide -3.71 3.72 P <0.01 -6.74 t0 -0.69
Theophylline vs. physiologic saline -3.29 3.29 P <0.05 -6.3110-0.26
Theophylline vs. dimethylsulfoxide -2.29 2.29 P> 0.05 -5.31100.74
Physiologic saline vs. dimethylsulfoxide 1.00 1.00 P>0.05 -2.02104.02
TABLE 2: The histopathological score of each criterion and total score.
Groups'

Histopathological Categories Grade Control Resveratrol Theophylline PS DMSO
Dilatation of respiratory tract 0-3 06+0.2 0.9+0.1 1.3+0.2 22+0.2 21:03
Infiltration of inflammatory cells 0-3 0.7+0.1 1.1+0.0 1.7+0.2 2701 2104
Proliferation of respiratory epithelium 0-3 0.4+0.1 0.9+0.1 1.3+0.2 25+0.2 2.0£05
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 2005 36020 5007 82+06 72+12

1PS = Physiologic Saline; DMSO = Dimethylsulfoxide

3p<0.001 control vs. physiological saline and dimethylsulfoxide; ®p<0.001resveratrol vs. physiologic saline;

p<0.01 resveratrol vs. dimethylsulfoxide; “p<0.05 theophylline vs. physiological saline.

dered as future promising agents at this point of vi- [E——

ew. 2729 . e anal

55 Tamghyliar
These therapies also might have a role to mo- o L:‘j':l:;:“""' i

dulate steroid activity in COPD. Theophylline has 2.

shown to restore steroid responsiveness via activa- E

tion of HDAC in alveolar macrophages of COPD ;' =

patients.® It is reasonable to expect similar modu- EY : i

lator effect with resveratrol treatment. However, - J_I_l

no clinical studies have investigating this effect of "

resveratrol yet. Clinical studies are needed to de-
termine the exact role of resveratrol in COPD tre-
atment and development of resveratrol analogues
with high bioavailability are needed for future cli-
nical studies.

In conclusion, COPD has been defined as an
inflammatory disease recently; however an effec-
tive anti-inflammatory agent is needed to be iden-
tified. Since this study showed similar anti-
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FIGURE 6: Serum TNF-alpha levels of the study groups. *p<0.05 Resvera-
trol and theophylline vs. physiological saline and DMSO.

inflammatory effects of theophylline and resverat-
rol, it is suggested that both medications might be
used as alternative anti-inflammatory therapies in
COPD patients either as principal agents or as mo-
dulators of steroid activity.

Turkiye Klinikleri ] Med Sci 2011;31(3)
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TABLE 3: Comparison of serum TNF-a. levels.

Contrast Mean Diff. t P value 95% ClI

Control vs. resveratrol 7.12 0.38 P> 0.05 -31.20 to 45.43
Control vs. theophylline 8.04 043 P> 0.05 -30.28 t0 46.35
Control vs. physiologic saline -35.02 1.87 P> 0.05 -73.3410 3.29
Control vs. dimethylsulfoxide -37.17 1.98 P>0.05 -75.48 t0 1.150
Resveratrol vs. theophylline 0.92 0.05 P> 0.05 -37.40 t0 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 2141 0.11 P >0.05 -40.46 t0 36.17
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