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Introduction:-

Objective: p- Coumaric acid (p- CA) is an pervasive plant metabolite
with antioxidant, anti- inflammatory and anticancer possessions. The
present study was designed to estimate the curative effect of p- CA on
sulfasalazine stimulated pulmonary injury.

Materials and Methods: 20 adult male albino rats were divided into 4
groups; group (1): control group received 0.5ml carboxy methyl
cellulose (CMC), group (2): rats were treated with p- CA (100 mg/ kg
b.w.), group (3): animals were treated with sulfasalazine (600 mg/ kg
b.w.), (4): rats were treated with sulfasalazine associated with p-CA.
The injection of both substances was orally for 2 weeks. At the end of
the treatment, the rats were sacrificed and lungs were taken out for
biochemical, histological, histochemical and immnuochistochemical
examinations.

Results: Sulfasalazine caused pulmonary injury as judged by an
increase in MDA tissue level and decrease in SOD and GSH levels.
The thickness of alveolar epithelium and hemorrhage were observed.
There was an increment in collagen fibers around bronchiole and in the
lung interstitium. Moreover, positive alpha smooth muscle actin (a-
SMA)- immunoreactivity detected within the cytoplasm of fibroblast
cells. Administration of p- CA restorative these changes towards
normal state.

Conclusion: The handling with p- CA could serve as a potential
protective agent with therapeutic capabilities against sulfasalazine
induced- lung toxicity.

Copy Right, 1JAR, 2017,. All rights reserved.

--------------------------------------------------------------------------- coce

The lung is a highly particular and vigorous organ that has developed to exploit gas exchange. It is an object for a
variety of possible toxic substances due to its large contact surface. It also may serve as a metabolism site for certain
drugs (Schwaiblamir et al., 2012). Drug- induced lung damage may comprise each compartment of the lung. The
most conventional form of drug- induced lung toxicity is drug- induced interstitial lung disease (DILD)
(Schwaiblmair et al., 2012). Each compartment of the lung may be disturbed by chronic inflammation, with
functional consequences that imitate the role of that structure. Patients suffer from rheumatoid arthritis have an
increased sensitivity to chronic suppurative lung disease and bronchiolitis obliterans organizing pneumonia (BOOP)

(Walsh and Pearson, 2001).
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Sulfasalazine (sulfa) is a widely administrated drug against rheumatoid arthritis and other inflammatory- mediated
disorders as Crohn’s disease in the human (Corea, 2007). On the other hand, lung damage is one of the grave
adverse incidents accompanied by sulfasalazine treatment. Some investigations implied the role of reactive oxygen
species and oxidative stress in the organ injury induced by this drug (Linares et al., 2009 and Linares et al., 2011).
Oxidative stress emerges to be one of the mechanisms of sulfasalazine- induced organ injury (Linares et al., 2011).

It could be expected that the administration of some antioxidants might be a therapeutic attitude. Hence, chemicals
that acquire multifactorial defensive activity, including antioxidant properties may propose pharmacological benefit
against sulfasalazine- induced lung injury (Heidari et al., 2016). There is a converse correlation between dietary
phenolic compound intake and mortality from various diseases (Yoon et al., 2013). Phenolic compounds are a group
of phenolic acids that are widely disseminated in whole grains, fruits, pears, vegetables and beverages as tea, coffee,
wine and chocolate.

p- Coumaric acid (p- CA) [4- hydroxyphenyl-2- propenoic acid], a phenolic acid is a hydroxyl derivative of
cinnamic acid. In plants, p- CA is a transitional product of the phenylpropanoid pathway, widely distributed in
apples, pears, potatoes, pineapples, tomatoes, grapes, oranges, berries, onions, oats, wheat and beans. p- CA has
been suggested to exhibit antioxidant, anti- inflammatory, anticancer activities (Lee et al., 2009; Kong et al., 2013
and Yoon et al.,, 2013). Also, it has neuroprotective, cardioprotective and anti- ulcer activities, respectively
(Vauzour et al., 2010; Abdel- Wahab et al., 2003 and Barros et al., 2008).Keeping the above facts in view, the
present study was designed to investigate the ameliorative effect of p- CA acid on sulfasalazine- induced lung lesion
in rats.

Materials and Methods:-

Animals

Twenty adult male albino rats weighing (160+10g) were obtained from the Medical Research Centre Ain Shams
University. Experimental protocols followed the Guidelines for the Care and Use of Laboratory Animals approved
by the Institutional Ethics Committee of Ain Shams University. They were kept under observation for 2 weeks
before the onset of the experiment to exclude any intercurrent infection. All the animals were kept in standardized
cages (5 rats in each) at normal atmospheric temperature (25+ 5°C), humidity (55+ 5%) and with an alternating 12-h
light and dark cycle. During, the entire period of the study, the rats had access to food and water ad libitum.

Chemicals:-
Colosalazine- EC was purchased from Arab Caps, Egypt. p- Coumaric and carboxy methyl cellulose (CMC) were
purchased from Sigma Chemical Company (St. Louis, MO, USA).

Experimental design:-

Group (1):(control) rats received 0.5 ml of (CMC, 0.5%).

Group (2): rats were treated with p- CA (100mg/ kg b.w.).

Group (3): rats were treated with therapeutic dose of sulfa (600mg/ kg b.w.).
Group (4): rats treated with sulfa accompanied with p- CA.

All treatments were dissolved in 0.5% of carboxy methyl cellulose (CMC) and given daily for 2 weeks by gastric
intubation. Furthermore, body weight of experimental groups was recorded and mean final body weight was
calculated.

At the end of the treatment period, all rats were sacrificed. The lung was dissected out, washed in ice- cold saline
and patted dry. The lung weight of each rat was recorded at the terminal sacrifice and the relative lung weight was
calculated. A part of lung tissue was homogenized and 10% tissue homogenate was used for estimation of various
biochemical parameters. While, the other part of the lung was fixed in 10%buffered formalin solution and processed
for paraffin sections of 5-7 um thickness for histological studies.

Biochemical estimations:-

Determination of MDA, SOD and GSH levels according to the method of (Ohkawa et al. 1979; Nishikimi et al.
1972 and Beutler et al. 1963), respectively.
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Histological& histochemical studies:-
Lung sections were stained with hematoxylin and eosin (H& E) (Harris, 1900) and Masson’s trichrome (Bancroft
and Gamble, 2002).

Immunohistochemical study:-
Alpha smooth muscle actin (a- SMA) immunohistochemical staining was done according to (Bancroft and Cook,
1994).

Statistical analysis:-

The data were expressed as meant standard error (S.E). The results were analyzed using an analysis of variance
one- way test (ANOVA) using SPSS 17 software. Statistically significant when the P value was < 0.05 and highly
significant when the P value < 0.001 (Dawson and Trapp, 2001).

Results:-

Mean final body weights of control and treated rats are presented in (Table 1). At the end of the experiment, group
(3) treated with therapeutic dose of sulfa exhibited a marked decrease (p< 0.001) of the body weight as compared to
the control group. Group (4) treated with p- CA showed a significant (p< 0.01) protection against body weight loss
as compared to group (3).

Treatment with sulfa showed a substantial increase in the mean and relative lung weights, when they compared to
control group. While the group treated with sulfa accompanied with p- CA displayed an obvious decrease for both
mean and relative lung weights as tabulated in (Table 1).

The administration of sulfa created a prominent impairment of lung functions as the elevated MDA level (Table 1).
Moreover, the pulmonary level of both SOD and GSH were significantly decreased. It was found that p- CA
administration produced an expressive decrease in MDA level. While it caused an indicative increase in both SOD
and GSH levels as presented in Table (1).

On examination, pulmonary tissue in normal control group bared both the bronchioles with normal epithelium and
alveolar sac (Figs.1A,B&C). Group (3) exposed degeneration in the bronchiolar epithelium, thickening of
interalveolar septa, dilated congested a branch of pulmonary artery and accumulation of inflammatory cells within
the interalveolar and the bronchiole (Figs.1D, E&F). While in group (4), nearly normal pulmonary architecture with
a slight damage in the bronchiole and alveolar wall was observed (Figs. 1G&H).

Lung tissue of control group showed normal distribution of collagen fibers in the lung parenchyma as around the
bronchiole and intra- alveolar septa (Fig.2A). In group (3), lung sections exhibited an extensive collagen fibers
deposition in the thick in the intra- alveolar septa as well as around the pulmonary bronchiole and blood vessels
(Figs.2B). Group (4) showed a few to moderate collagen fibers in the lung interstitium and around the bronchiole
(Figs.2C).

Control group presented a deficiency of a- SMA immunoreactivity within the lining cells of the alveoli (Fig.3A).
Group (3) displayed a positive a- SMA immunoreactivity detected within the cytoplasm of fibroblast cells (Fig.3B).
While, the group (4) demonstrated pale a- SMA immunoreactivity within the cytoplasm of pneumocyte Il cells
(Fig.3C).

Discussion:-

Sulfasalazine is used as antimicrobial agent; however, its use is often allied with grave pulmonary complications, the
most common of which is chronic interstitial pneumonitis with organizing pneumonia and pulmonary fibrosis
(Bhullar et al., 2007).

Our findings of the body and lung weights confirm that sulfa administration caused a loss of body weight due to the
loss of appetite and also owing to protein degradation as a result of oxidative damage process. Also, the increment
of the lung weight might be due to the lung hypertrophy and the proliferation of pneumocytes type Il (Durmus et
al., 2005).
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The present work showed that the administration of sulfa stimulated free radicals generation and lipid peroxidation.
These radicals cause severe destruction to the plasma membrane and interfere with cytoskeleton assembly and cause
protein degradation (Linares et al., 2009 and Linares et al., 2011).

Moreover, lung tissue is particularly susceptible to the free radical injury because of the low level of free radical
detoxifying agents as SOD and GSH. Sulfa administration induced oxidative stress in lung tissue by the alteration
observed in the antioxidant defense system, both enzymatic and non- enzymatic (Linares et al., 2011).

The association between elevated pulmonary content of MDA and lowered pulmonary contents of SOD and GSH
found in the study strongly proves the oxidative damage caused by sulfa. This observation has been supported by the
findings of Serrano- Mollar et al. (2003); Linnebur and Parnes (2004) and Koulaouzidis et al. (2007).

The treatment with p-CA showed a significant decrease in MDA level and an increase in the levels of SOD and
GSH. This may be due to the increase in GSH biosynthesis or reduce the oxidative stress leading to less degradation
of both GSH and SOD (Shairibha and Rajaduarai, 2014).

In this study, examination of the pulmonary tissue of sulfa treated group showed severe alveolar damage in the form
of heavy infiltration of thickened interalveolar septum with inflammatory cells associated with congested blood
capillaries. Also, there was a proliferation of pneumocytes type I1.

Proliferation of pneumocytes type Il form predominant lining cells of the alveoli was consistent with the previous
experimental studies submitted that pneumocytes type Il might constitute the reserve epithelial cells of the alveoli,
and its proliferation and hyperplasia were regarded as a sign of pneumocytes type | repair and manifested its
underlying injury (Durmus et al., 2005).

The presence of congested blood vessels and cellular infiltration indicates the presence of inflammatory reactions
that might be attributed to the release of IL-6 and IL-8 from a human lung epithelial cell line as a response to
oxidative stress (Massey et al., 1995). Also, that might increase capillary permeability evoking an inflammatory
response via activation of oxidative stress- sensitive signaling pathway ( Zidan, 2010 and Abdel- Gawad et al.,
2012).

This study showed an emphysema and alveolar wall destruction that might be explained by the increased interstitial
collagen fiber deposition and marked cellular infiltration (Stankiewicz et al., 2002; Zidan, 2010 and Abdel-
Gawad et al., 2012).

While the destruction of alveolar wall might be due to the excess of the protease or elastase activity unopposed by
appropriate antiprotease regulation with subsequent elastic tissue destruction and ruptured septal walls. Also, matrix
metalloproteinases derived from macrophages, neutrophils and toxic- free radicals that had a role in tissue
destruction (Kumar et al., 2004 and Abdel- Gawad et al., 2012).

Confirming results of pulmonary sections stained with H&E and Masson’s trichrome stains. Sulfasalazine
administration revealed a significant increase of a- SMA immunoreactive myofibroblast (a key marker for
myofibroblast) as compared to the control group that may be explained by the ability of sulfasalazine to increase the
number of the myofibroblasts (Kulkarni et al., 2013 and Sabry et al., 2014).

Concomitant administration of p- coumaric acid with sulfasalazine for 2 weeks showed a considerable protection of
the pulmonary tissue. The pulmonary architecture was considerably conserved; the alveoli were distended and the
intralveolar septa were mildly thickened because of the presence of some collagen fibers. Also, there was a mild
cellular infiltration according to its antioxidant and antiinflamatory effects as previous reported (Yoon et al., 2013
and Shairibha and Rajaduarai, 2014).
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Figure 1:- embraces lung sections stained with H&E (X 400). (A) control group showing lining epithelium (E),
smooth muscle (SM), adventitia (AD) and lamina propria (arrow head). (B) showing alveolar sacs (AS), alveoli (A)
with thin interalveolar septa (arrows). (C) showing type | pneumocytes (arrows)& type Il pneumocytes (arrow
heads) in the alveolar wall. (D) sulfa treated group showing a marked degenerative changes in the bronchiolar
epithelium (thick arrows), eosinophilic amorphous materials& some of cell debris (arrow head) in the bronchiolar
lumen, destructive basal lamina (curved arrows) and thickening of interalveolar septa (thin arrows) were observed.
(E, X200) low magnification of lung section showing highly congested branch of pulmonary artery (*) thickening
wall of this artery (arrow head) and thickening of interalveolar septum (arrow). (F) showing accumulation of
inflammatory cells within the interalveolar septa (1), thickened wall of alveolar septa (arrows), degenerated lining
epithelium of the bronchiole (*) and fibrotic area were also observed. (G) lung section of rat treated with p-CA

associated with sulfa showing nearly normal pulmonary architecture with slight destructive bronchiolar basal lamina
(thick arrow) and epithelail lining (short arrows). (H) showing trivial thickening of alveolar wall (arrows).

Table (1):- Mean final Body weight, lung and relative lung weights, oxidative and antioxidative parameters in

control and treated groups (Mean+S.E.).

Groups Group (1) Group (2) Group (3) | Group (4)
Parameters (Cont) (p- CA) (Sulfa) Sulfa+ p- CA
Mean final body weight (g) 180.2 + 1.1 1775+ 1.1 119+1.5% 155.7+1.3°%,
Lungweight (g) 0.537+ 0.36 0.554+ 0.29 1.11+0.55% 0.676+0.22°
_Reélative lung weight (g) 0.376+ 0.02 0.369+ 0.02 0.907+0.04 %, 0.507+0.01°,
MDA (nmol/ g tissue) 0.16+ 0.05 0.20+ 0.04 2.240.21% 0.7+0.08°,
SOD (U/ mg tissue) 31.99+ 1.4 31.07+ 2.6 4.35+0.99% 25.57+1.6";
GSH (nmol/ g tissue) 33.69+ 0.97 30.58+ 1.3 5.56+0.67 % 24.26+1.3"

a: significant value compared to the control group.

b: significant value compared to sulfa group (therapeutic dose).

1: significant value at level (p<0.05) 2: significant value at level (p<0.01)
3: significant value at level (p<0.001)
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Figure 2:- includes sections in lung stained with masson trichrome. (A, X200) control section showing fine collagen
fibers within the adventitia and lung interstitium. (B, X400) section in lung of sulfa treated group showing extensive
collagen fibers deposition around the bronchiole (arrow heads) and in the lung interstitium (arrows). (C, X400)
sulfa associated p- CA group showing faint to moderate collagen fibers deposition in the lung interstitium (arrows)
and around the bronchiole (arrowheads).

Figure 3:- contains sections in lung stained with a- SMA. (A, X400) control section showing lack of a- SMA
immunoreactivity within the lining cells of the alveoli. (B, X200&400) section in lung of sulfa treated group
showing positive a- SMA immunoreactivity within the cytoplasm of fibroblast cells (arrow heads). (C, X400) sulfa
associated p- CA group showing faint a- SMA immunoreactivity within the cytoplasm of pneumocyte type 11 cells
(arrowheads).
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