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Abstract:

Tamoxifen (TMX), a selective estrogen receptor modulator used for hormone-dependent breast cancer,
is therapeutically effective but may induce lung injury with physiological consequences. This study
evaluated the protective potential of Saussurea lappa root aqueous extract (SLRE) against TMX-
induced oxidative stress, inflammation, and lung damage in female rats. Twenty-four female rats were
randomly assigned to four groups (n = 6 each): control, SLRE (200 mg/kg/day), TMX (40 mg/kg/day),
and TMX + SLRE. Treatments were administered orally for 28 days. Serum levels of malondialdehyde
(MDA; marker of lipid peroxidation), superoxide dismutase (SOD), and catalase (CAT) were measured
as indices of oxidative stress. Circulating inflammatory cytokines, including interleukin-6 (IL-6) and
tumor necrosis factor-a (TNF-a), were quantified. Lung histopathology was examined to support
biochemical data. TMX administration caused a significant increase in serum MDA levels with a parallel
reduction in antioxidant enzymes (SOD, CAT) compared with controls (p < 0.001). TMX also markedly
elevated IL-6 and TNF-a level (p < 0.001). Co-treatment with SLRE significantly reduced oxidative
damage, restored antioxidant enzyme activities, suppressed cytokine expression, and improved lung
histological architecture compared with TMX alone. TMX induced substantial oxidative and
inflammatory lung injury, reflected by increased lipid peroxidation, impaired antioxidant defenses, and
heightened cytokine release. SLRE exerted a protective effect by mitigating oxidative stress, restoring
antioxidant capacity, and reducing inflammation. These findings suggest SLRE as a promising
supportive therapy for limiting TMX-induced pulmonary toxicity.
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Introduction

The lungs play a critical physiological role as the primary organs responsible for gas exchange,
ensuring oxygen uptake and carbon dioxide elimination, processes essential for maintaining systemic
homeostasis and supporting cellular metabolism [1]. Beyond their respiratory function, lungs actively
regulate systemic acid-base balance, filter blood-borne microthrombi, and contribute to immune
surveillance by defending against inhaled pathogens and environmental toxins [2]. Optimal pulmonary
function depends on the integrity of the alveolar-capillary barrier, adequate lung elasticity, and a
balanced immune response. Disruption of these physiological parameters can lead to impaired
ventilation and compromised oxygen delivery to tissues, resulting in systemic consequences. The
lungs, due to their extensive surface area and exposure to the external environment, are susceptible to
damage from harmful agents including drugs, pollutants, and reactive oxygen species (ROS), which
can trigger inflammation, fibrosis, and loss of lung compliance [3]. Drug-induced lung injury is of concern
as it may alter normal lung physiology through cellular toxicity and immune-mediated mechanisms [4].

Tamoxifen (TMX), a selective estrogen receptor modulator widely used in breast cancer therapy,
although effective in targeting estrogen-positive tumors, has been associated with adverse effects in
multiple organs including the lungs [5]. Pulmonary complications such as inflammation, fibrosis, and
pleural effusion have been reported, likely resulting from tamoxifen-induced oxidative stress,
mitochondrial dysfunction, and elevated pro-inflammatory cytokines that disrupt alveolar-capillary
integrity [6]. Furthermore, tamoxifen upregulates transforming growth factor-beta (TGF-B), a key
mediator promoting fibroblast activation and pathological lung remodeling [7].

These pathophysiological changes directly impact lung elasticity and gas exchange efficiency,
leading to respiratory insufficiency [8]. Therefore, natural products with antioxidant and anti-
inflammatory properties may have an essential role in mitigating oxidative and inflammatory tissue
damage linked to drug toxicity. Saussurea lappa, (S. lappa) commonly known as costus root, is a
medicinal herb recognized for its antioxidant and anti-inflammatory constituents [9]. Experimental
studies have demonstrated its ability to enhance endogenous antioxidant defenses and mitigate
oxidative tissue damage induced by drugs [10]. This study aims to investigate the potential beneficial
impact of S lappa root extract (SLRE) against oxidative stress and inflammatory lung tissue damage in
female rats subjected to TMX therapy. Through correlating the biochemical and histological findings
with known physiological implications, this work seeks to contribute to understanding therapeutic
strategies against drug-related pulmonary dysfunction.

Material and methods
Drug

Tamoxifen (tamoxifen citrate), commercially marketed as Nolvadex®, and was supplied by
AstraZeneca, United Kingdom, in tablet form. For this study, the tablets were suspended in distilled
water and administered orally to the experimental animals at a dose of 40 mg/kg body weight. This dose
corresponds to the therapeutic dose used in humans and was given once daily for 28 consecutive days,
following the protocol described by [11].

Preparation of Saussurea lappa Extract

Dried roots of Saussurea lappa were procured from a local medicinal plant market in Benghazi,
Libya. For aqueous extraction, 1 kg of powdered root material was boiled in 5 L of distilled water for
30 min and then filtered. The filtrate was freeze-dried (lyophilized), yielding approximately 35 g of
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dried extract. This extract was reconstituted in distilled water to prepare a stock solution of 50 mg/mL
for experimental use [12].
Experimental Animals and Grouping
Twenty-four female albino rats aged eight weeks and weighing 180-190 g, were obtained from the
Animal House of the Faculty of Medicine, University of Benghazi. The animals were housed under
controlled environmental conditions (temperature 23-25 °C, humidity 50-65%, 12-hour light/dark cycle)
with free access to standard diet and water. Following a 7-day acclimatization period, the rats were
randomly divided into four groups (n = 6 per group) and treated orally via gastric tube for 28 consecutive
days as follows:
= Group I (Control): Received normal saline.
= Group Il (SLRE): Received Saussurea lappa root extract (SLRE) at 200 mg/kg/day [12].
= Group Il (TMX): Received tamoxifen (TMX) at 40 mg/kg/day [11].
=  Group IV (TMX + SLRE): Received a combined treatment of TMX (40 mg/kg/day) and SLRE
(200 mg/kg/day.
Blood sampling and tissue collection
Rats from the different experimental groups were anesthetized for the collection of blood samples,
followed by serum separation. Subsequently, lung tissues were harvested from all groups after
euthanasia for histopathological examination.
Biochemical serum analysis
Malondialdehyde (MDA), a marker of lipid peroxidation, along with antioxidant enzymes superoxide
dismutase (SOD) and catalase (CAT) were measured using commercial kits (Biodiagnostic, Cairo,
Egypt). Inflammatory cytokines, interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a), were
qguantified using rat-specific ELISA kits (ABCAM, UK) according to the manufacturer’s instructions.
Histopathological Examination
Lung samples were carefully rinsed with physiological saline and fixed in 10% neutral buffered
formalin for 24—-48 hours to preserve the delicate tissue architecture. Standard histological processing
was performed, and 4-5 um thick sections were prepared and stained with hematoxylin and eosin
(H&E) according to the method described by [13].
Statistical analysis
Data were analyzed by comparing the mean values for different TMX groups with the mean values
of controls. Results are expressed as mean + SD. Significant differences among values were analyzed
using one-way analysis of variance (ANOVA) followed by Bonferroni’s test post-ANOVA. Values were
considered statistically significant at p < 0.05.
Results
Serum biochemical results
Oxidative stress markers
The effects of SLRE on serum oxidative stress and antioxidant markers in TMX-treated rats are
presented in Table 1. Tamoxifen administration significantly increased serum MDA levels, an index of
lipid peroxidation, while concomitantly decreasing the activities of SOD and CAT compared to the
control group (P < 0.001). Co-administration of SLRE with TMX effectively mitigated these alterations,
restoring MDA, SOD, and CAT levels toward normal values in the TMX + SLRE group relative to TMX-
treated rats (P < 0.001).

Tablel: Effect of Saussurea lappa Root Extract (SLRE) on Serum Oxidative Stress Markers in Rats
with Tamoxifen-Induced Lung Injury.

Parameters Control SLRE TMX TMX + SLRE
MDA (nmol/ml) 1.20+0.10 1.20+0.10 b~ 2.90+0.10 a" 1.93+0.15 &~
SOD (U/L) 5.30+0.10 5.40+0.1°> 3.03+0.152a" 4.16 +0.15a"b™
CAT (U/L) 45.30+1.50 47.00+1.00 0" 28.3+1.50 a" 41.60+1.50 b

Values are expressed as mean + SD of 6 rats, #"P=0.001, compared to control, ®*P= 0.001 compared to TMX.

Inflammatory markers

Table 2 demonstrates an elevation in serum inflammatory cytokines, namely IL-6 and TNF-q, in
TMX-treated rats compared to the control group (P < 0.001). Administration of SLRE along with TMX
markedly reduced the levels of these markers in the TMX + SLRE group relative to TMX-treated rats (P
<0.001).
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Table2: Effect of Saussurea lappa Root Extract (SLRE) on Serum Inflammatory Markers in Rats with
Tamoxifen-Induced Lung Injury.

Parameters Control SLRE TMX TMX + SLRE
IL-6 (pg/ml) 19.00+1.00 18.00+ 1.00 b** | 87.60+2.50 a** | 51.00+ 1.00 a**b**
TNF-a (pg/ml) 13.00+1.00 13.7+0.64 > 76.63+1.532" 43.60 1,532

Values are expressed as mean + SD of 6 rats, ®'P=0.001 compared to control, °*P=0.001 compared to TMX.

Histomorphological Analysis of Lung Tissue

The protective role of SLRE against tamoxifen-induced lung histomorphological alterations in rats is
illustrated in Figures 1-4. Lung sections from control rats exhibited well-preserved histological
architecture, characterized by normal alveoli with thin alveolar septa, each lined by a single layer of
squamous epithelium with a thin layer of connective tissue. Normal alveolar ducts and respiratory
bronchioles were also evident, lined by ciliated columnar epithelium in larger bronchioles and cuboidal
epithelium in smaller bronchioles as illustrated in Figure 1. Similarly, lung sections from SLRE-treated
rats displayed intact architecture, comparable to that of control animals as shown Figure 2.
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Figure 1: Photomicrograph of lung from a normal rat showing normal alveoli (A), alveolar sac (AS),
thin alveolar septa lined by a single layer of squamous epithelium with a thin layer of connective
tissue, alveolar duct, and respiratory bronchiole (RB) lined by ciliated columnar epithelium in larger
bronchioles or cuboidal epithelium in smaller bronchioles leading to alveoli, as well as blood vessels

(b) (H&E, x400).

Figure 2: Photomicrograph of lung section from a normal rat administered Saussurea lappa root
extract (SLRE) showing preserved lung architecture (H&E, x400).

In contrast, TMX-treated rats demonstrated marked disruption of lung tissue organization, as
evidenced by alveolar collapse, infiltration of inflammatory cells, thickening of inter-alveolar septa with
fibrosis, and bronchiolar epithelial disruption with cellular debris in the lumina (Figure 3). Co-
administration of SLRE with TMX resulted in substantial improvement of lung histomorphology (Figure
4), indicated by reduced infiltration of inflammatory cells, decreased alveolar wall thickness, and limited
fibrosis when compared with TMX-intoxicated rats.
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Figure 3: Photomicrograph of lung section from a rat intoxicated with tamoxifen showing disorganized
lung architecture, collapsed alveoli (black thin arrows), thickened inter-alveolar septa with fibrosis
(yellow star), infiltration of immune cells (blue arrows), and disruption of bronchiolar epithelium with
cellular debris in the lumen (black thick arrow) (H&E, x400).

2

Alveolar duct

Figure 4. Photomicrograph of lung section from a rat administered tamoxifen along with Saussurea
lappa root extract (SLRE) showing reduced infiltration of inflammatory cells, decreased alveolar wall
thickness, and limited fibrosis. Normal alveoli (A), alveolar sac (AS), alveolar duct, and respiratory
bronchiole (RB) are also evident (H&E, x400).

o

Discussion

The lungs are vital organs responsible for the essential physiological function of gas exchange,
facilitating the entry of oxygen into the bloodstream and the removal of carbon dioxide. This process
occurs within the alveoli microscopic sacs with thin and elastic walls surrounded by a dense capillary
network enabling rapid diffusion necessary to meet the metabolic demands of body tissues. The
structural integrity of alveolar walls, along with the absence of inflammation or fibrosis, is crucial for
maintaining lung compliance, optimal ventilation-perfusion balance, and efficient gas exchange.
Disruption of this architecture can significantly impair respiratory function, leading to hypoxia and
systemic complications. Tamoxifen (TMX), a selective estrogen receptor modulator widely used in
breast cancer treatment, has been associated with pulmonary complications, particularly when
administered alongside radiation therapy. The present study aimed to investigate the potential
protective role of Saussurea lappa root extract (SLRE) on serum oxidative stress markers and
inflammatory cytokines, as well as on lung histomorphology, in female rats subjected to TMX-induced
toxicity.

Oxidative stress has been reported as a key mechanism by which tamoxifen (TMX) promotes tissue
damage [14]. In the present study, TMX-treated rats exhibited a significant increase in serum
malondialdehyde (MDA), an index of lipid peroxidation, accompanied by a decrease in the activities of
antioxidant enzymes, superoxide dismutase (SOD) and catalase (CAT), relative to control animals.
These findings are consistent with previous studies reporting that TMX administration significantly
elevates MDA levels in rat livers while impairing the antioxidant defense system [14, 15]. Moreover,
clinical evidence has demonstrated TMX-induced lung injury in a breast cancer patient following surgery
[16]. This suggests that TMX toxicity triggers excessive production of free radicals, which attack cellular
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components including lipids, proteins, and DNA leading to tissue damage. Cells can generally repair
minor oxidative perturbations; however, severe oxidative stress may induce apoptosis, and more
intense stress can result in tissue necrosis [17].

Oral administration of Saussurea lappa root extract (SLRE) significantly attenuated the TMX-induced
increase in serum MDA and restored the activities of SOD and CAT. Similarly, S. lappa demonstrated
a significant protective effect against triamcinolone acetonide-induced lung oxidative stress by
suppressing MDA production and restoring antioxidant enzyme levels [10]. This protective effect may
be attributed to the multiple bioactive compounds of S. lappa, including phenolic acids and flavonoids,
which possess potent antioxidant properties capable of preventing the oxidation of polyunsaturated fatty
acids and preserving membrane integrity [18].

Inflammation represents another mechanism by which tamoxifen (TMX) promotes tissue injury and
fibrosis. In the present studies [14,15], TMX administration caused a significant increase in the
proinflammatory cytokines IL-6 and TNF-a in the serum of treated rats compared to control animals.
Clinically, TMX treatment has been reported to induce eosinophilic pneumonia in breast cancer patients
[19]. Experimental studies further demonstrated that TMX induces inflammatory tissue damage by
stimulating the production of mediators such as TNF-a and IL-1B. The overproduction of these
inflammatory molecules can disrupt the balance between pro- and anti-inflammatory cytokines,
establishing chronic inflammation and subsequent tissue injury [20].

Oxidative stress and products of lipid peroxidation are additional factors that stimulate lung cells to
release inflammatory mediators and cytokines/chemokines, including IL-13, IL-6, IL-8, and TNF-q,
which promote neutrophil chemotaxis and contribute to the histopathological features of lung damage
[21]. Oral administration of Saussurea lappa root extract (SLRE) concurrently with TMX significantly
attenuated the elevation of serum IL-6 and TNF-a in TMX-SLRE treated rat relative to the TMX-only
group. This finding is consistent with previous reports demonstrating that S. lappa reduces serum levels
of inflammatory markers, including CRP, TNF-qa, IL-1B, and IL-6, in rats with experimentally induced
arthritis [22]. In the present study, the prophylactic effect of Saussurea lappa root extract (SLRE) against
tamoxifen (TMX)-induced histological lung damage was investigated. In the control group, lung tissue
exhibited normal architecture, characterized by thin alveolar walls, patent alveolar spaces, and absence
of inflammatory infiltrates, consistent with healthy pulmonary function [23].

By contrast, TMX intoxication induced evident histopathological alterations, including alveolar
collapse, inter-alveolar septal thickening with fibrosis, inflammatory cell infiltration, and disruption of the
bronchiolar epithelium with cellular debris in the lumen. These observations can be attributed to the
oxidative and inflammatory insults elicited by TMX in lung tissue. Consistently, clinical and experimental
evidence demonstrated that TMX administration provokes lung injury through inflammation, oxidative
stress, and fibrotic remodeling [24,25]. Other investigations further confirmed alveolar septal thickening,
collagen deposition, and inflammatory infiltration, which collectively impair lung compliance and gas
exchange efficiency [26].

The inflammatory response exacerbates oxidative injury and stimulates fibroblast activation through
pro-inflammatory cytokines, particularly TNF-a and IL-6, thereby promoting fibrotic remodeling and
tissue stiffening [27]. Such pathological changes decrease lung compliance, elevate the work of
breathing, and reduce exercise tolerance, which parallels clinical reports of TMX-associated pulmonary
toxicity [28]. Indeed, study [26] demonstrated that TMX-induced histological alterations markedly impair
lung function, including reduced oxygen diffusion, defective oxygen uptake, and increased airway
resistance, resulting in ventilation—perfusion mismatch. Clinically, these dysfunctions manifest as
dyspnea, reduced exercise capacity, and, in severe cases, respiratory failure [28].

Importantly, administration of SLRE alone did not induce any morphological alterations, confirming
its pulmonary safety and biocompatibility. The preservation of normal lung histology in this group is
consistent with previous reports demonstrating the non-toxic nature of S. lappa and its bioactive
constituents [29]. Co-administration of SLRE with TMX effectively protected lung tissue from TMX-
induced injury. Compared with the TMX group, lungs of SLRE-treated rats showed markedly reduced
inflammatory cell infiltration, attenuated alveolar wall thickening, and limited fibrotic remodeling. This
protective role is largely attributed to the potent antioxidant and anti-inflammatory properties of S. lappa
phytoconstituents, including sesquiterpene lactones and phenolic compounds, which scavenge reactive
oxygen species and suppress pro-inflammatory cytokine production [30]. By preserving alveolar-
capillary membrane integrity and mitigating oxidative and inflammatory insults, SLRE may help maintain
lung compliance and efficient gas exchange, which are essential for sustaining respiratory function.
These observations align with earlier evidence showing that S. lappa attenuates chemically induced
pulmonary injury via modulation of oxidative stress and inflammatory pathways.
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Conclusion

TMX administration provokes oxidative stress and inflammation that culminate in lung injury,
histologically manifested by alveolar wall thickening, inflammatory infiltration, and fibrosis, ultimately
impairing pulmonary function and gas exchange. SLRE exerts a pronounced protective effect by
counteracting oxidative and inflammatory processes, thereby preserving lung architecture and
respiratory physiology. These findings highlight the potential of SLRE as a natural therapeutic adjunct
to prevent or alleviate drug-induced pulmonary toxicity. Nevertheless, future investigations
incorporating direct pulmonary function assessments and molecular mechanistic studies are warranted
to fully elucidate its protective pathways and optimize translational applications.
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