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This study explores the impact of silymarin, a potent natural flavonoid with robust
antioxidant properties, on paclitaxel-induced lung injury. Paclitaxel, a widely used
chemotherapeutic agent for cancer, is known for its adverse effects on various organs.
The research involved four groups: the Control group (6 animals) received oral saline;
the SIL group (6 animals) received 200 mg/kg silymarin orally for 10 days; the PAX
group (6 animals) received intraperitoneal paclitaxel (2 mg/kg) for 5 days; and the
PAX+SIL group (6 animals) received both treatments. All groups were sacrificed on
the 10th day. Histopathological analysis revealed pathological changes in the lung
tissue of the PAX group. Immunopositivity of Bax, iNOS, Nf-kB, and IL-6 antibodies
was higher in the PAX group compared to silymarin-treated groups. Conversely, Bcl-
2 and MUC1 immunopositivity was lower in the PAX group but higher in silymarin-
treated groups. Silymarin administration decreased IL-6, Caspase-3, P2x7 and NF-
kB p65 immunoreactivity, while increased Bcl-2 immunoreactivity. Protein
expression levels of IL-6, Caspase-3, P2x7, and NF-kB were higher in the PAX group
but decreased in the PAX+SIL group. Bcl-2 protein expression was lower in the PAX
group but higher in the PAX+SIL group. Additionally, antioxidant enzyme levels
increased, while MDA levels decreased in the PAX+SIL group. In conclusion, the
findings indicate that silymarin effectively ameliorated paclitaxel-induced lung
damage, highlighting its potential therapeutic role in mitigating chemotherapy-related
side effects.
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INTRODUCTION

Nowadays, although there are different methodologies
for cancer treatment, radiotherapy and chemotherapy are
the most frequently used methods. Taxol is a
chemotherapeutic agent produced from the bark of the
Taxus brevifolia plant grown in the USA. Taxol is
neoadjuvant that was licensed by FDA and is used for
ovarian and breast cancer. Its active ingredient is paclitaxel.
Paclitaxel increases microtubule accumulation and
prevents depolarization in cancer cells that proliferate and
spread uncontrollably (Celik et al., 2020).

Paclitaxel (PAX) and similar drugs produce free
radicals and kill cancer cells. However, they might cause
secondary tumors in cells without cancer characteristics.
Resultant reactive oxygen species may cause damage to

169

cellular DNA, protein, lipid, and carbohydrate molecules.
If these damages are not repaired, they might induce
cancer. Disruption of the endothelial and epithelial barrier
might cause the migration of inflammatory cells to the
damaged area. Decreased lung perfusion causes hypoxia
(Erbas et al., 2023). According to respiratory function tests
performed after neoadjuvant chemotherapy, it was seen
that carbon monoxide diffusion capacity decreases. In
addition, the incidence of pulmonary complications in
postoperative period was also reported to be significantly
increased. Paclitaxel is a widely used neoadjuvant
chemotherapy drug. Neoadjuvant treatments are thought to
damage the lung. Alveolar diffusion is dependent on the
normal function of the alveolar-capillary barrier. Besides,
tight junctions between endothelial cells and epithelial cells
are important components of the alveolar-capillary barrier.
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Changes in occludin cause disruption in the integrity of
tight junctions between zonula occludens and claudin
protein families, and as a result, cellular connections open.
Increased permeability in the alveolar-capillary membrane
cause deposits of high protein fluids and cells in lung
interstitium and alveolar spaces. This leads to pulmonary
dysfunction (Le et al., 2012). Furthermore, the use of
paclitaxel is shown to affect gas diffusion by damaging the
endothelial-epithelial barrier with thickening of the
alveolar-capillary membrane and exudation (Liu et al.,
2015).

The inflammation role has been attributed to the P2X7
receptors in innate and adaptive immune responses.
Considering its crucial role in immune response, it is
expected that an imbalance in P2X7 receptor activation
may favor several pathological conditions, including
inflammatory diseases and cancer. Studies on the
pathophysiological functions of purinergic signaling and its
therapeutic potential for several disorders have recently
been conducted (Burnstock, 2006).

Nowadays, natural antioxidants are widely used to
increase cancer-preventing effects and limit the resultant
side effects of the drugs used in chemotherapy. One of the
antioxidants used for this purpose is silymarin (SIL).
Silymarin is an extract of the Silybum marianum plant.
Silymarin is chemically composed of isosilybin, silybin,
silychristine, dehydrosilybin, and silydanin isomers
(Taleb et al., 2018). Silymarin a combination of flavonoid
and flavonolignan isomers has a broad pharmacological
potential including triggering tissue regeneration,
removing ROS, facilitating protein, DNA and RNA
syntheses, increasing the amount of SOD and preventing
peroxidation. Its ability to scavenge free radicals is
explained by increasing intracellular GSH density and
stabilizing the membrane by preventing lipid
peroxidation. In addition, nitric oxide and superoxide
anion productions are decreased. In alternative medicine,
it could also be used as a hepatoprotective agent (Yardim
etal., 2021).

This study was conducted to investigate the potential
effects of Silymarin on Paclitaxel-induced lung damage.
Various signaling pathways involved in oxidative stress,
inflammation and apoptosis were examined using
biochemical, histochemical, immunohistochemical, and
Western blot techniques.

MATERIALS AND METHODS

Animals housing: Twenty-four male Wistar rats (12-14
weeks old, 270-300 g) were sourced from Medical
Experimental Application and Research Center of Atatlrk
University. Ethical approval (Decision no: 2022/98) guided
experimental procedures by the Atatiirk University Animal
Experiments Local Ethics Committee. Rats were housed in
plastic cages under standard lab conditions (23 + 2°C, 12-
hour light/12-hour dark). They had ad libitum access to
pellet food and water.

Drugs and treatments: Animals were divided into 4
groups (n=6 each): control group received oral
physiological saline via gavage, silymarin (SIL), paclitaxel
(PAX) and paclitaxel+silymarin (PAX+SIL). PAX was
administered intraperitoneally (i.p.) at a dose of 2 mg/kg
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for five days (Taksen, Kogak Farma, Turkiye) (Amoateng
et al., 2017). Silymarin, in pharmaceutical powdered form,
was orally gavaged at 200 mg/kg for 10 days (Cheng et al.,
2014).

Sample collection and processing: After the last
silymarin administration (24h), animals were euthanized
with i.p. sodium pentobarbitone (60 mg/kg) and sacrificed
by cervical dislocation. Lung tissues were divided; one
part fixed in 10% formaldehyde for 72 hours and the other
stored at -80°C for Western blot and oxidative stress
analysis.

Biochemical analysis: The lung tissues were
homogenized using a 1.15% potassium chloride (KCI)
solution to measure tissue malondialdehyde (MDA),
glutathione (GSH), glutathione-peroxidase (GPx), and
superoxide dismutase (SOD) activities. 1:10 (a/h)
homogenate and tissue were isolated as described in a
previous study (Celik et al., 2020). Malondialdehyde
(MDA\) level was determined colorimetrically as described
by previous study (Aydemir Celep et al., 2023). GSH level
was determined with the methods proposed by Sedlak and
Lindsay (Sedlak and Lindsay, 1968). GSH and MDA
levels were given as nmol/g tissue. Absorbance
measurements were made with an ELISA plaque reader
(Bio-Tek, Winooski, VT, USA). SOD activity was
measured according to the method described by Sun et al.
(Sun et al., 1988). GPx activity was tested in line with
procedures developed by Matkovics (Matkovics, 1988).
The activity of these enzymes was reported as U/g protein.
CAT activity was tested with the Aebi method and the
activity was reported as katal/g protein (Aebi, 1983).

Histopathological analysis: Tissues were preserved in
10% formaldehyde for 72 hours to maintain structural
integrity and ensure proper fixation of cells and proteins for
optimal histological analysis. Subsequently, they were
paraffin-embedded through a series of scaled alcohol and
xylol steps. 5-pum thick sections from Paraffin blocks were
stained with Crossman modified Triple dye and evaluated
for histopathology under trinocular light microscopy.
Parameters, including pulmonary edema, vascular and
alveolar characteristics, and bronchiolar pathology, were
graded (0 to 3) based on Passmore et al. (2018). Detailed
analysis of these characteristics is presented in Table 1,
adhering to the referenced protocols.

Immunohistochemical analysis: Lung tissue paraffin
blocks (Abcam and Santa Cruz), sectioned at 4 pm, were
placed on poly-lysine slides. Sections underwent xylol and
alcohol treatment, PBS washing, and 3% H202 exposure
for endogenous peroxidase inactivation. Antigen retrieval
involved 4x5 minutes at 600 watts in citrate solution
(pH:6.0). Tissues were treated with protein blocking
solution and incubated overnight at +4°C with iNOS
(Abcam, ab15323, 1/200 dilution), Bax (Abcam, ab53154,
1/200 dilution), Nf-kB (Santa Cruz, sc-109, 1:200
dilution), Bcl-2 (Santa Cruz, sc-7382, dilution), IL-6
(Abcam, ab208113, 1:100 dilution), and Muc-1 (Santa
Cruz, Sc53381, 1:200 dilution) primary antibodies.
Secondary antibody (Large Volume Detection System:
anti-Polyvalent) and HRP (Thermo Fischer, TP-125-HL)



were applied per manufacturer instructions, with DAB
(Thermo Fischer, 3,3’-Diaminobenzidine) as chromogen.
After Mayer's Hematoxylin counterstaining, slides were
covered with Entellan and examined under a light
microscope. Numerical density of immune reactive cells in
lung tissue was determined using a stereology workstation
(Leica DM4000B; Leica Instruments) and software
(Microbrightfield Stereo-Investigator software v. 9.0;
Microbrightfield, Williston, VT, USA), as described in Glr
et al. (2022).

Western blot analysis: Lung tissues were homogenized
in RIPA buffer (Ecotech Bio, Turkey) with protease and
phosphatase inhibitors using a Qiagen tissue lyser. Total
protein was extracted, quantified with a Pierce BCA assay
kit (Thermo Sci., USA), and 30 pg protein separated by
10% SDS-PAGE, transferred to a PVDF membrane. After
blocking with 5% BSA, membranes were incubated
overnight at 4°C with primary antibodies (P2X7,
Caspase-3, Bcl-2, IL-6, Nf-kB, and Beta-actin) at 1:1000
dilution. Following washing, membranes were incubated
with HRP-conjugated secondary antibody (Santa Cruz)
and protein bands visualized with ECL substrate
(Thermo). Analysis used Bio-Rad's Image Lab™
Software.

Statistical analysis: Study data were analyzed using SPSS
20.00. Normal distribution was confirmed (asimp. Sig.),
and statistical analysis employed one-way ANOVA. Tukey
test compared four independent groups, with p < 0.05
considered statistically significant.

RESULTS

Biochemical results: When biochemical oxidative stress
parameters were evaluated, tissue MDA levels were
found significantly higher in the PAX group (p<0.05). In
the control, SIL and PAX+SIL groups this value was
lower than PAX group and there was not a significant
difference. GSH, SOD, GPx and CAT parameters were
lower in control, SIL and PAX+SIL groups, and
significantly higher in the PAX group (p<0.05). Oxidative
stress parameter values and comparisons are shown in
Table 2.

Histopathological scores: In the histopathological
examinations, it was determined thickness in interseptal
areas, debris in bronchial, inflammatory cells infiltration
and alveolar congestion in the section of groups (Fig. 1). In
our histopathological examination, lung tissue’s vascular
characteristics were evaluated according to alveolar
content and bronchiolar characteristics and scored. The
scores were found to be lower in the control and SIL groups
and significantly higher in the PAX group (p<0.05). These
values were significantly lower in the PAX+SIL group than
the PAX group (p<0.05). Histopathologic changes are seen
in Fig. 1 and all scores are shown in Table 3.

Immunohistochemical results: In the
immunohistochemical analysis, immune reactivity of Bax,
iNOS, Nf-kB, IL-6 and MUCL levels were higher in the
PAX group than other groups (p<0.05). but, these
reactivities were decreased in the PAX+SIL groups
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Fig. I: lllustration of histologic lung section for all groups, Br; Bronchial,
Al; Alveoli, Tc; thickness in interseptal areas, V: Arteriole, Long arrow;
debris, arrow; inflammatory cells, circle; alveolar congestion, Crossman
modified Triple staining, X200 Magnification.
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Fig. 2: Immunohistochemical illustration of lung sections staining with
ani-Bax, anti-Bcl-2, anti-iINOS, anti- Nf-kB, anti-IL-6, and anti-Muc-1|
antibodies, Br; Bronchiole, Al; Alveoli, Streptavidin—Biotin (LSAB)
staining, X200 Magnification.

compared to PAX group. Also, there were no statistical
differences between the SIL and control groups in regards
of the Bax, iNOS, Nf-kB, and IL-6 immune reactivities
(p>0.05). On the other hand, Bcl-2 immune reactivity was
found lower in the PAX group, but higher in the PAX+SIL
group (p<0.05). The immune reactivity of antibodies for all
groups were presented in the Table 4. The immune
reactions of tissue sections are seen Fig. 2.

Relative protein expression levels of Caspase-3, Bcl-2, IL-
6, Nf-kB-p65 and P2X7R: In protein expression analysis,
P2X7R, IL-6, Nf-kB-p65 and Caspase-3 expressions were
found to be significantly higher in the PAX group, and
significantly lower in control, SIL and PAX+SIL groups
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Fig. 3: Relative protein expression levels of P2X7R, IL-6 and Nf-kB-p65 for all groups using western blot technique, the values are expressed as mean
* standard deviation. The letters (a,b) indicate the statistical differences between groups in the same column.

Table I: Lung histopathological evaluating scoring system

Score Vascular features

Extravascular and alveolar involvement

Bronchiole features

0 Minimal Minimal

None

| Blood leaking into interstitium; mild RBC Mild inflammatory exudate; areas of patchy edema Mild infiltration of inflammatory cells

obstruction

with some disordered structure

2 Mild RBC and vascular obstruction; areas Moderate inflammatory exudate; areas of moderate Moderate infiltration of inflammatory cells;

of mild and moderate congestion

alveolar thickening (25-50% visualized lung)

detachment of lining in some bronchioles

Table 2: Biochemical Malondialdehydes (MDA), glutathione (GSH), Superoxide dismutase (SOD), glutathione peroxidase (GPx), and Catalase (CAT)

parameters for all groups.

Groups (n:6) MDA GSH SOD GPx CAT
(nmol/g tissue) (nmol/g tissue) (U/g protein) (U/g protein) (katal/g protein)
Control 37.91+2.57° 1.50+0.08* 21.82+1.45° 28.95+1.58° 38.10£1.62°
SIL 37.58£1.90° 1.59+0.08* 23.87%1* 30.01£0.91° 39.04+1.83°
PAX 61.95+2.50° 1.04£0.07° 15.68+0.93° 18.84+0.90° 22.70+1.47°
PAX+SIL 52.20+2.83° 1.28+0.07* 19+0.77° 23.88+1.29° 29.44+1.15*

The values are expressed as mean + standard deviation. The letters (** indicate the statistical differences between groups in the same column.

Table 3: Histopathologic scores of lungs of all groups

Score Value (n:6) Vascular features

Extravascular and alveolar involvement

Bronchiole features Mean of scores

Control 0.17+0.41* 0.33+0.52* 0.17+£0.41* 0.22+0.44*
SIL 0.33+0.52* 0.14+0.38* 0.14+0.38* 0.20+0.29*
PAX 2.5+0.55° 2.33+0.52° 2.1740.75° 2.33+0.61°
PAX+SIL 1.85+0.69° 1.57+0.53¢ 1.85+0.9¢ 1.76x0.71°¢

Note: The values are expressed as mean + standard deviation. The letters (**9 indicate the statistical differences between groups in the same column.

Table 4: Inmunohistochemical evaluation of the Bax, Bcl-2, iINOS, Nf-kB, IL-6 and MUCI reactivities for all groups.

Groups (n:6) Bax Bcl-2 iNOS Nf-kB IL-6 MUCI

Control 0.01410.014* 0.025+0.005° 0.01840.009* 0.010£0.003* 0.019+0.003* 0.01340.005*
SIL 0.025+0.014* 0.015+0.005° 0.020+0.009* 0.015+0.003* 0.025+0.003* 0.016+0.005*
PAX 0.067+0.011° 0.070+0.009¢ 0.068+0.010° 0.079+0.008° 0.083+0.008° 0.076+0.009°
PAX+SIL 0.03940.014¢ 0.037+0.005¢ 0.03240.009* 0.032+0.003¢ 0.027+0.003* 0.054+0.005¢

Note: The values are expressed as mean * standard deviation. The letters (*>9 indicate the statistical differences between groups in the same column.

(p<0.05). Also, there was no significant differences in
regards of P2X7, IL-6, Nf-kB-p65 and Caspase-3 immune

reactivities between the SIL and Control groups (p<0.05).
However, Nf-kB immune reactivity of PAX+SIL group
was not significantly different from PAX group (p<0.05).

Bcl-2 protein expression values were significantly higher
in Control, SIL and PAX+SIL groups than the PAX group
(p<0.05). The relative protein expression levels of the
Caspase-3, Bcl-2, IL-6, Nf-kB-p65 and P2X7R were seen
in the Fig. 3 and 4.
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Fig. 4: Relative protein expression levels of Bcl-2 and Caspase-3 for all groups using western blot technique, the values are expressed as mean *
standard deviation. The letters (a,b) indicate the statistical differences between groups in the same column.

DISCUSSION

Paclitaxel is an agent that has caused significant
advancements in chemotherapy in recent years (Barbuti
and Chen 2015). Paclitaxel is one of the taxen group
antineoplastic agents, and it prevents the transformation of
microtubules to tubulins by binding to the B-tubulin group
of microtubules during mitotic division. Thus, the
destruction of spindles is prevented during mitotic division,
and cell division is terminated (Giovinazzi et al., 2016;
Yasuhira et al., 2016). However, as paclitaxel treatments
might also damage healthy cells, the use of substances with
antioxidant properties in combination with this agent is an
issue that has been emphasized in recent years. Thus, this
study aimed to increase the effectiveness of paclitaxel by
combining silymarin with paclitaxel and eliminate
oxidative stress in healthy cells.

In some studies, it was reported that silymarin
stimulates tissue regeneration, facilitates DNA, RNA, and
protein synthesis, eliminates reactive oxygen species,
increases superoxide dismutase levels, and prevents
peroxidation. At the same time, it was proven that silymarin
protects the cell membrane thanks to its antioxidant
properties in the studies (Mili¢ et al., 2013). In another
study, cell lines treated with silymarin were shown to be

more resistant to paclitaxel-induced cytotoxicity due to its
high total antioxidant capacity. Additionally, antioxidants
like superoxide dismutase, catalase and tiols (N-acetyl
cysteine) also inhibit cytotoxicity (Hadzic et al., 2010). In
a study in which rats were given paclitaxel, various
histopathological findings like widening in endoplasmic
reticulums of type 2 alveolar cells and degeneration in
mitochondria were reported. In a study by Liu et al. (2015)
lung damage was produced with paclitaxel and with
histopathological scoring made in lung tissue, disruption in
alveolar structure, inflammation, hemorrhage, pulmonary
interstitial edema, and thickening were seen. In another
study, immune and nonimmune responses were seen like
acute bilateral pneumonia, hypersensitivity reactions, and
cytokine release from alveolar macrophages in patients
treated with paclitaxel. In addition, pulmonary damage
induced by paclitaxel is defined as subacute interstitial
pneumonia, acute diffuse intersititial pneumonia, and
noncardiogenic pulmonary edema. In the CLP sepsis model
by Adiguzel et al. (2016) hemorrhage, edema, epithelial
damage, and a significant decrease in neutrophil infiltration
were found histopathologically in silymarin-applied rat
lungs. In our study, with silymarin treatment a significant
improvement was obtained in paclitaxel-induced lung
damage and degeneration in vascular structure, increased



alveolar content, thickening in alveolar septa, and
disruption in bronchiolar structure compared to the PAX
group. This induced damage is in line with the literature
above.

With the use of chemotherapeutic agents, reactive
oxygen species (ROS) or free radicals are produced in
cancer cells. That’s why, serious side effects are observed
in cancer treatment. Studies show that this oxidative
damage might be decreased with natural compounds (Butt
et al., 2018). There is a delicate balance between free
oxygen, antioxidants, and radicals in the body. Disruption
of this balance in different directions is called oxidative
stress. Oxidative stress might cause bio-molecular
damage called lipid peroxidation. MDA is one of the
products of lipid peroxidation which is an important
marker of oxidative stress. The level of oxidative stress is
regulated by both enzymatic and nonenzymatic
antioxidant systems. SOD, GPx and CAT are enzymatic
and GSH is a nonenzymatic antioxidant (Birben et al.,
2012; Kumar Arora and Kumar Singh, 2014). In our
study, it was determined that while MDA levels
significantly increased in the PAX group compared to the
control group, GSH, SOD, GPx and CAT levels
decreased. The results that paclitaxel use causes oxidative
stress in lung tissue are parallel to the literature.
Compared to the PAX group, MDA levels were lower,
and GSH, SOD, GPx, and CAT levels were higher in the
PAX+SIL group. Accordingly, silymarin decreases lipid
peroxidation by antioxidant and free radical scavenging
effects and by the way increases GSH, SOD, GPx and
CAT concentrations. Thus, silymarin contributes cellular
defence mechanism.

Apoptosis is a marker that results from excessive ROS
levels and indicates that the inflammatory phase in the cell
suddenly switches to the proliferative phase. During
apoptosis, there are changes in the amount of Bax and Bcl-
2 proteins that are members of the caspase family. Bax is
proapoptotic, while Bcl-2 is an antiapoptotic protein (Cui
etal., 2018). In our study, dense Bax immunopositivity was
detected in the PAX group, and thinner in Control, SIL, and
PAX+SIL groups. When the sections were scored in terms
of Bcl-2 immunopositivity, it was significantly thinner in
the PAX group compared to the Control, while denser in
control and silymarin treated SIL and PAX+SIL groups
compared to the PAX group.

Transcription factor nuclear factor kappa B (NF-«xB) is
a dimeric transcription factor that is associated with the
regulation of genes in pathological events like apoptosis
and inflammation. Additionally, in a study, it was
demonstrated that NF-kB inhibition with proteasome
inhibitors increases apoptosis in lung adenocarcinoma cells
(Milligan and Nopajaroonsri, 2001). The nuclear factor
kappa-beta (Nf-kB) is a critical transcription factor that
controls the expression of inflammation-related inducible
nitric oxide (iNOS), adhesion molecules, and some other
mediators. iINOS synthesis is known to be associated with
Nf-«xp activation (Sordi et al., 2015). In our study, Nf-«xp
expression was shown to increase immunohistochemically
in the PAX group. On the other hand, Nf-k} expression was
significantly lesser in the silymarin-treated group. It was
also seen that with paclitaxel application iNOS expression
increased and silymarin application suppressed iNOS
activity. With all these results, silymarin application was

174

Pak Vet J, 2024, 44(1): 169-175.

shown to be effective against paclitaxel-induced rat lung
damage, and decreased the damage by suppressing Nfif
activity and iNOS synthesis.

Paclitaxel-induced lung tissues, and the use of
Silymarin alleviated the P2X7R expression. Similar to the
increase in P2X7R expression, tissue damage and cytokine
generation increase with paclitaxel exposure, and
Silymarin decreases tissue cytokine levels. It has been
reported previously that in the inflammation process,
P2X7R expression increases in immune response, and
consequently, the generation of inflammation-mediated
cytokine is stimulated (Kara and Ozkanlar, 2023). In
addition, Silymarin reduces P2X7R expression and inhibits
tissue damage caused by inflammation and the P2X7R
inhibition also suppresses the production of chemokines
(Xieetal., 2013) . In other mechanism, NF-kB also induces
the transcription of proinflammatory cytokines like TNF-a,
and IL-6 that cause self-activation by providing a positive
feedback mechanism because of its role in inflammation.
IL-6 plays an important role in the immunity of the body
and stress response and has both pro-inflammatory and
anti-inflammatory effects (Heink et al., 2017). Bcl-2
protein expression values were found to be significantly
higher in Control, SIL, and PAX+SIL groups compared to
the PAX group.

In conclusion, silymarin is therapeutically effective
against lung damage resulting from paclitaxel treatment
and it could help repair cellular damage and alleviate the
P2X7R mediated inflammation and apoptotic cell death by
in keeping oxidant-antioxidant balance and regulating of
inflammatory mediator release. Future more detailed
molecular studies are needed to elaborate metabolic
pathways of these mechanisms.
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