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Original Article  Pulmonary fibrosis (PF) is a lethal inflammatory disease and there has been no effective medication
for this progressive disease up to now. Paraquat is commonly used in agricultural settings to control
weed growth and is one of the important risk factors for PF. Additionally, emerging evidence has
demonstrated Capparis spinosa (C. spinose) fruit extract has anti-fibrotic, anti-inflammatory, and
antioxidant properties. We aimed to evaluate whether C. spinose fruit hydroalcoholic extract has a
positive effect against Paraquat-induced PF in rats. 30 male Wistar rats were randomly divided into
5 groups, which included: a control group, a Paraquat control group, a C. spinose group with a dose
of 20 mg/kg, a C. spinose group with a dose of 30 mg/kg, a C. spinose group with a dose of 50
mg/kg. After 21 days of the treatment, levels of hydroxyproline and malondialdehyde (MDA) in
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Introduction

Pulmonary fibrosis (PF) is a deadly disease manifested by scar tissue accumulation in the lung, which
results in alveolar dysfunction, deterioration of lung structure, and respiratory failure(1). Multiple risk
factors have been suggested to cause PF, including microbial infections, toxic chemicals, and radiation
exposure (2). There have been some therapeutic options for treating PF, such as immunosuppressive,
antifibrotic medications, antimicrobial therapy, and others; however, most of them have not been efficiently
curative or cost-effective (3, 4). For instance, it is proven that antimicrobial agents like doxycycline not only
have no remarkable patient clinical benefits but also it is associated with some side effects such as
gastrointestinal toxicity and skin rash (5, 6). Pirfenidone and nintedanib are two anti-fibrotic agents that are
scarce or affordable (7). Therefore, it is urgently needed to explore an influential and low-cost approach to
the treatment of PF.

Paraquat dichloride is commonly used in agricultural settings to control weed growth (8). Moreover,
the increasing application of Paraquat dichloride has been reported in agricultural areas, which can cause
life-threatening toxicity in humans and animals (9). Paraquat is regarded as one of the important risk factors
for PF, which in high doses can be toxic to multiple organs like the liver, lungs, and kidney (10). The major
organ that is targeted by Paraquat dichloride intoxication is the lung, and it is the most common reason for
mortality (11).

PF induced by Paraquat poisoning led to stimulating oxidative stress via redox- cycling, and the
production of radical oxygen species (ROS), which in turn affects key components of cell metabolism,
resulting in cell death. Elevated ROS leads to lipid peroxidation that damages nucleic acids and proteins,
produces inflammatory mediators, and activates stress-related transcription factors (12). Lipid peroxidation
produces malondialdehyde (MDA) as a reactive aldehyde byproduct, which participates in further
deterioration of the lung by stimulating apoptosis and inflammatory responses (13). The high levels of
inflammatory cytokines contribute to acute lung injury as a result of apoptosis or necrosis of lung epithelial
cells, which triggers PF (14, 15). In patients with PF, oxidative stress occurs due to the impairment or
overwhelming of antioxidant defenses by the presence of ROS (16). Thus, high-dose antioxidant therapy
that has been shown to prevent ROS generation and has a better therapeutic effect can be considered a
candidate treatment for PF patients (17). Additionally, fibrogenic factors like TGF-p and a-smooth muscle
actin (a-SMA\) also enhance the progression of PF (18).

It has been investigated that some herbal products possess components with antioxidant, anti-apoptotic,
and anti-inflammatory effects (19). Along with effectiveness, another reason for the popularity of traditional
medicine is the lower cost which can be chosen as an affordable alternative strategy in poor countries (20).
The genus Capparis spinosa (C. Spinosa) is regarded as an aromatic plant that is derived from dry regions
in the West or Asia. The aerial parts, roots, and seeds of C. spinosa contain a variety of bioactive
phytochemical compounds that have been extracted and characterized. Individually or in combination, these
constituents are responsible for the plant's varied pharmacological actions (21). Accumulating evidence has
demonstrated the diverse beneficial pharmacological effects of C. spinose, including antioxidant, antifungal,
antihepatotoxic, anti-inflammatory, anti-allergic, antihistaminic, anti-diabetic, anti- cancer, antihypert-
ensive, and antibacterial (22). According to this line of research, C. Spinosa reduces biochemical and
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oxidative stress markers, protecting against cyclophosphamide-induced nephrotoxicity in mice (23).
Furthermore, C. Spinosa's beneficial components and antioxidant characteristics are what give them its
therapeutic qualities. According to the literature that has been published, using C. Spinosa has no known
negative effects, proving that this plant is safe to use. (24). Although the beneficial effects of C. Spinosa have
been determined in various diseases, its effects on PF have not yet been investigated. Thus, we determined
the therapeutic effects of this plant in the Paraquat-induced PF model.

Materials and methods

Wistar rats were purchased from the Laboratory Animal Center of the Pasteur Institute of Iran. C.
Spinose fruit was obtained from Shushtar City, Khuzestan province Iran, and after approval by the
Khuzestan Medicinal Plants Research Center. In addition, paraquat, hydroxyproline, and malondialdehyde
(MDA), and all the reagents for histological staining were obtained from Sigma—Aldrich Chemical Co.
(USA).

Study design

30 male Wistar rats with a weight range of 190-200g were used. Rats were randomly divided into 5
groups of 6, which included: Group 1: As the negative control group, rats received normal saline for 21
days; Group 2: As the positive control group, rats received a single dose of paraquat (50 mg/kg, orally) only
on the seventh day (the rats were taken normal saline for the first six days) and they received saline until the
21st day; Groups (3 — 5): rats treated with C. spinosa extract orally in doses of 20, 30 and 50 mg/kg,
respectively, for 6 days, and then received a single dose of paraquat (50 mg/kg, orally) (25) only on the
seventh day, and they received C. spinosa extract orally in doses of 20, 30 and 50 mg/kg, respectively until
the 21th day (Figure 1). During the study, the animals were examined for respiratory changes, weight, and
general condition. At the end, all animals were killed and their lungs were removed and weighed. Two parts
of the lungs were isolated for biochemical and histological tests. The part related to histological tests was
placed in a container containing 10% formalin. This research was approved by the Asadabad University of
Medical Sciences Ethics Committee, Hamedan, Iran (ethics number, IR ASAUMS.REC.1400.012). The
animal procedures of this study were performed according to the ARRIVE Guidelines for Reporting Animal
Research.

Group 1 Normal saline
Group 2 Normal saline Normal saline
Group 3 C. spinosa (20 mg/kg) C. spinosa (20 mg/kg)
Group 4 C. spinosa (30 mg/kg) C. spinosa (30 mg/kg)
Group 5 C. spinosa (50 mg/kg) C. spinosa (50 mg/kg)
0 7 21
i Days

Fig. 1. Experimental protocol to study alleviative effects of Capparis spinosa at doses of 20, 30, and 50 mg/kg on Paraquat -induced

PF in rats.
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Preparing of C. spinose fruit extract

C. Spinose fruit was collected from Shushtar city, Khuzestan province Iran and after approval by
Khuzestan Medicinal Plants Research Center, it was washed and dried in the shade. Then, the hydroalcoholic
extract of C. spinose fruit was extracted (26). According to the LD50 of the plant extract and the doses used
in intraperitoneal injection in previous studies, three doses of 20, 30, and 50 mg/kg body weight were used.
Measurement of hydroxyproline and MDA

The lungs were defrizzed and 0.2 g of it was homogenized in 2 ml of distilled water and increased to
10 ml with distilled water. Then the amount of hydroxyproline as a pulmonary collagen index was measured
at 557 nm by the method described by Martin CJ and Axelrod A(27). The principles of the reaction of
thiobarbituric acid with MDA are based on the formation of a color complex and the adsorption against the
control at a wavelength of 532 nm(28).
Histological tests

4 pm tissue sections were prepared from the lungs of animals and then stained with hematoxylin and
eosin (H&E) dye for the general examination.
RNA isolation, cDNA synthesis, and gRT-PCR

Tissue samples were homogenized using TRIzol reagent. In the next step, the total RNA was isolated
using a Hybrid-R RNA Purification Kit (GeneAll. South Korea) and subsequently, the quality and quantity
of the extracted RNA were assessed using a NanoDrop 1000 Spectrophotometer (Thermo Scientific. USA).
Then, using 1000 ng of the RNA as substrate, cDNA was synthesized using a RevertAid First Strand cDNA
Synthesis Kit (Thermo Scientific. USA). The synthesized cDNA was then used as the template for the RT-
gPCR experiment which was performed using an SYBR Green RealQ Plus 2x Master Mix Green
(Ampligon). All the reactions were done as duplicates and were loaded into the Rotor-Gene Q real-time
PCR cycler (QIAGEN Hilden. Germany) using the following cycle parameters: a 30-second stage at 95°C
for the initial denaturation of DNA followed by 40 PCR cycles with 5 seconds at 90°C and 20 seconds at
60°C in each cycle. The obtained data were analyzed using the 2-2t method.
Statistical analysis

To examine the differences between different groups, One-way ANOVA followed by the Tukey post-
hoc test were used. Data analysis was done using the IBM SPSS 23 software package (SPSS, Chicago, IL,
USA) and the presented graphs were developed using GraphPad Prism 8 software (San Diego, CA, USA).

Results

Evaluation of body and lung weight changes in rats

Paraquat administration reduces body weight and increases lung weight. Body weight changes during
the experimental period in the negative control group showed a gradual increase until the 21st day of the
experiment (Figure 2), in the paraquat group from the first to the fifth-day severe body weight loss was
observed and after that, there was a slight weight gain. In the other treatment groups, first body-weight loss
and then weight gain were observed. Early body weight loss was lower in the 50 mg/kg dose treatment
group, but in general, no significant difference was observed in terms of body weight changes in different
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treatment groups. The results of the lung-to-body weight ratio showed that the therapeutic effects of the
extract are dose-dependent (Figure 3).
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Fig. 3. Effects of Capparis spinosa at doses of 20, 30, and 50 mg/kg on the percentage of body weight changes (A), lung weight (g)

(B), lung to body weight ratio (lung index) (C), levels of hydroxyproline (D) and malondialdehyde (MDA) (E) of rats in PF induced
by paraquat. All data are expressed as means = SEM.
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Comparison of hydroxyproline and MDA levels in rat lung

The results of the current study showed that paraquat increased the levels of hydroxyproline and MDA in the
lungs, and C. spinose fruit extract decreased them in the lungs in a dose-dependent manner (Figure 3). These results
confirm the therapeutic effects of this plant.
Investigation of lung morphological changes and histological tests

In the negative control group, the appearance of the lung was completely normal and its color was uniform pink.
In the paraquat group, the lungs were larger than the normal lungs, and there was edema, emphysema, and bleeding
points on the surface of the lung (Figure 4), indicating the destruction of the alveoli and the creation of large open
spaces. These changes were such that the general shape of the lungs and lobes was out of normal. Microscopic
observations obtained from lung tissue sections showed that in the negative control group, the appearance of lung
tissue, alveoli, and interstitial tissue was normal and there was no damage to them. In the Paraquat group, in most areas,
the alveoli are destroyed and become open and irregular spaces. In the areas where the alveoli remained intact, their
duct was filled with macrophage cells with abundant cytoplasm and the duct wall was thickened. In the C. spinose
group with a dose of 20 mg/kg, inflammatory and fibrotic lesions were reduced compared to the paraquat group, but
the alveolar wall was still thick and inflammatory cells were seen in many areas of the tissue. In the C. Spinose group
with a dose of 30 mg/kg, decreased inflammatory cells and alveolar wall thickness were also seen. Also, a decrease in
collagen deposition was observed in this group compared to the group treated with a dose of 20 mg/kg (Figure 4). In
the C. Spinose group at a dose of 50 mg/kg, alveolar destruction, alveolar wall thickness as well as collagen
accumulation were significantly reduced and the structure of lung tissue is very similar to the control group (Figure 5).
Effect of hydroalcoholic extract of C. spinose on the a-SMA, TGF-p1 expression

To further verify the effect of hydroalcoholic extract of C. spinose on Paraquat-induced PF and its potential
mechanism, the mRNA levels of a-SMA, TGF-B1 in lung tissue of rats were measured using RT-qPCR. Our data
indicated that compared with the control group, the mRNA levels of a-SMA and TGF-B1 significantly increased.
However, compared with the Paraquat group, the expression levels of a-SMA and TGF-B1 in the treatment groups
significantly decreased. Among treatment groups, the C. Spinose group at a dose of 50 mg/kg indicated further effect
relative to other treatment groups (Figure 6).

Fig. 4. A part of the normal lung (left) and fibrous lung (right). The healthy lung is pink and has uniform color but in the fibrous

lung the bleeding points, emphysema, and fibrosis are marked in the photograph as numbers 1, 2, and 3, respectively.
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Fig. 5. A) Normal lung tissue sections with H&E staining; B) lung tissue sections of Paraquat (50 mg/kg) group. The accumulation
of inflammatory cells, as indicated by arrows. C) Lung tissue sections of the group received 20 mg/kg daily of hydroalcoholic
extract. The number and extension of observed lesions are less than the Paraquat group; D) lung tissue sections of the group received
30 mg/kg daily of hydroalcoholic extract E: lung tissue sections of the group received 50 mg/kg daily of hydroalcoholic extract.
H&E staining at x100 magnification.
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Fig. 6. Effects of Capparis spinosa at doses of 20, 30, and 50 mg/kg on the expression of the TGF-$ and a-smooth muscle actin
(0-SMA) in the lung tissue of rats. All data were analyzed by Student's t-test. The results are expressed as the mean = SEM (n = 5)

of at least three separate experiments.

Discussion

Paraquat's pulmonary effects have been thoroughly investigated from a biochemical and histological
perspective(29). Our findings support past research on Paraquat's fibrogenic effects. However, little success
has been reported for the treatment of PF. Regarding the herbicide's toxicity mechanism, many medications
have been tested to stop Paraquat-induced PF in both humans and animals (30, 31). Accumulating evidence
has demonstrated that treatment with C. spinosa has a therapeutic effect on the lung, reducing damage and
improving histological structure. Phenolic compounds in C. spinosa have antioxidant activity against lung
damage(32, 33). Hence, we evaluated impacts of thin plant on Paraquat-induced PF in the animal model.

Our findings elucidated that C. Spinose fruit extract administration in experimental rat animals could
attenuate PF progression via decreased levels of MDA and hydroxyproline in a dose-dependent manner.
Based on our findings, the comparison among 20 mg/kg, 30 mg/kg, and 50 mg/kg of C. Spinose groups has
confirmed that ameliorating of MDA contents is the indicator of oxidative cell membrane damage (34) can
efficiently occur in high dosage of 50 mg/kg. These findings confirm another study in which the positive
influence of the hydroalcoholic extract of C. spinose against cyclophosphamide-induced nephrotoxicity in
mice was investigated. They reported that CSE is dose-dependent, and due to the highest antioxidant and
anti-inflammatory properties of C. Spinose MDA level has significantly reduced in mice(23). Our results
demonstrated that Paraquat noticeably increased the lung wet/dry ratio, MDA, and Hydroxyproline levels
(35-37). The Paraquat accumulates in the lung and contributes to the production of free radicals, which result
in acute oxidative stress-related damage(38). As a result of the imbalance between oxidants and antioxidants
in the lung, which has been shown as the most important reason for airway diseases, the accumulation of
oxidative markers, including MDA, will be increased(39). Other studies support our results that Paraquat
increases hydroxyproline levels and, consequently collagen fiber accumulation, which is the primary
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pathological manifestation of PF (40, 41). It is proven that hydroxyproline has been identified as the major
component of collagen fibers; thus, the lung tissue level of hydroxyproline can be employed as the direct
indicator of PF (42, 43). In this regard, the effect of hydroalcoholic C. spinose with a great amount of
flavonoid and phenolic ingredients indicated an improved histological profile with near-normal
hydroxyproline contents and normal collagen deposition. Accordingly, histological analysis of the H&E
staining has strongly established antifibrotic effects of C. spinose extract against cisplatin/CCL4-induced
injury in liver and kidney tissues that agree with our results with Paraquat-induced lung injury (44). The
primary building block of collagen is hydroxyproline, which is produced when proline is hydroxylated. The
amount of collagen fibers in the lung increases significantly during lung fibrosis, and only collagen fibers
contain hydroxyproline. To represent the extent of lung fibrosis, the lung hydroxyproline content might be
changed to the lung collagen content (45). In the current study, Paraquat elevated the concentration of
hydroxyproline in the lungs, and C. spinose fruit extract reversed their effects in a dose-dependent manner,
which these results was consistent with the results of other studies (46).

We have also investigated morphological changes in the lung tissue and histological analysis and
microscopic examination have shown that the lung structure was destroyed after Paraquat administration in
rats, and the fibrotic pattern was observed. Mirzaee et al. also approved alveolar destruction, alveolar wall
thickness, accumulation of inflammatory cells, and lung fibrosis in paraquat-induced PF in mice (35). On
the contrary, there were no pathological changes in the negative control group, and the architecture of the
lung was completely normal. Furthermore, we have noticed that in all three groups of rats with Paraquat-
induced PF that were treated with C. spinose, attenuating effects of this medicinal plant improved by adding
dosages from 20 mg/kg, 30 mg/kg, and 50 mg/kg, respectively. Our data surprisingly confirmed that at a
dose of 50 mg/kg of C. spinose, alveolar destruction, alveolar wall thickness, as well as collagen
accumulation, severely decreased. Therefore, at the end of the experiments, it can be seen that the structure
of lung tissue is very similar to the control group.

TGF-B1 plays a crucial role in the fibrosis of injured organs. Abnormal expression of TGF-B1 is
hypothesized to be important in the pathogenesis of PF. TGF-p1 is a wvital regulator of
Epithelial-mesenchymal transition (EMT) (47). EMT, is regarded notable part in the pathological process
of PF. Over activation of TGF-B1 can induce EMT in alveolar epithelial cells, which promotes the
occurrence and development of PF. Moreover, it has been revealed that TGF-f1 is a key fibro genic
cytokine, which plays a critical role in the expression of a-SMA and induction of PF (48). In the current
study it was illustrated that TGF-B1 and o-SMA levels enhanced remarkably following Paraquat,
simultaneous to the progression of PF. Therefore, it was conclude that TGF-B1 may contribute to lung injury,
and which was consistent with previous documents (49, 50). In agreement with our results (21, 51),
interestingly, our findings demonstrated that different doses of C. spinose extract have positive effect on
improvement of PF, which dose of 50 mg/kg indicated better effect on PF.

PF induced by Paraquat, which involved alveolar thickness correlated with fibroblast and myofibroblast
proliferation along with an increase in lung weight, MDA and hydroxyproline contents were reported. We
have demonstrated a possible intervention effect of C. spinose in paraquat-induced PF. It may be related to
the inhibition of the mMRNA expression of TGF-1 and a-SMA by C. spinose. Treatment with hydroalcoholic
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extract of C. spinose has shown beneficial effects in rat PF intoxicated by Paraquat in a concentration-
dependent- manner. Overall, it seems that oral consumption of C. spinose can be useful for the improvement
of lung tissues against Paraquat -induced oxidative stress. Further studies are required to be carried out to
elucidate the anti-oxidant and anti-fibrotic effects of C. spinose on lung fibrosis.
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