Journal of Applied Toxicology

WILEY

Journal of

AppliedToxicology

| RESEARCH ARTICLE

Pulmonary Side Effects Associated With Abemaciclib the
Antibreast Cancer Drug in Female Mice

Wajdan S. Algahtani® | Badr A. Aldahmash! | Doaa M. Elnagar! | Ahmed M. Rady' | Elham M. Alzahrani! | Waad Alsubaie! |
Shahad Gannamah! | Saad Alkahtani! @ | Mobarak S. Al Mosallam! | Amjad Khan? | Savarimuthu Ignacimuthu® |
Pathalam Ganesan3

!Department of Zoology, College of Science, King Saud University, Riyadh, Saudi Arabia | 2Kangbuk Samsung Hospital, Samsung Medical Center, School
of Medicine, Sungkyunkwan University (SKKU) Seoul, Seoul, South Korea | 3Interdisciplinary Research Centre in Biology, Xavier Research Foundation, St
Xaviers College (Affiliated to Manonmaniam Sundaranar University), Tirunelveli, Tamil Nadu, India

Correspondence: Pathalam Ganesan (sundarganeshps@gmail.com)
Received: 2 September 2025 | Revised: 23 September 2025 | Accepted: 25 September 2025

Funding: The authors express their sincere appreciation to the Ongoing Research Funding Program, King Saud University, Riyadh, Saudi
Arabia (ORF-2025-214).

Keywords: abemaciclib drug | adiponectin | DMBA | lung toxicity | mammary carcinoma

ABSTRACT

This study investigated the potential lung-related side effects of abemaciclib in virgin female mice. Animals were divided into four
groups: Group 1 (control) received clean drinking water; Group 2 received abemaciclib orally (50 mg/kg/day) for 28 days; Group
3 was given a single dose of 7,12-dimethylbenz(a)anthracene (DMBA, 50mg/kg) to induce mammary carcinoma; and Group
4 received DMBA followed by abemaciclib treatment (50 mg/kg/day for 28 days) starting 10days post-induction. Biochemical,
histopathological, and immunohistochemical analyses were performed, including hormonal assays, liver enzymes, kidney bi-
omarkers, oxidative stress markers (malondialdehyde [MDA] and catalase [CAT]), and adiponectin/TNF-a expression. DMBA
administration significantly elevated estrogen, progesterone, liver enzymes, kidney biomarkers, and MDA, while reducing CAT
activity. Abemaciclib treatment decreased estrogen and progesterone levels but further increased liver enzymes, kidney biomark-
ers, MDA, and reduced CAT. Breast histopathology in the DMBA group revealed invasive ductal adenocarcinoma with strong
desmoplastic reaction, whereas abemaciclib treatment reduced tumor size and stromal reaction. Lung tissue of the DMBA group
showed severe inflammation, epithelial hyperplasia, and dysplasia. Abemaciclib-treated lungs exhibited interstitial inflamma-
tion, fibrosis, and vascular thrombosis, indicating aggravated pulmonary changes. Immunohistochemically, DMBA reduced adi-
ponectin expression in the breast, which was restored by abemaciclib. Conversely, TNF-a expression in the lung was increased by
DMBA and further elevated after abemaciclib. In summary, DMBA successfully induced mammary carcinoma and lung toxicity.
While abemaciclib reduced breast tumor burden, it was associated with exacerbated pulmonary toxicity, suggesting the need for
careful evaluation of its lung-related side effects.

1 | Introduction

Cancer is the second leading cause of mortality worldwide,
following cardiovascular diseases. In 2008, malignant neo-
plasms were responsible for approximately eight million
deaths globally, a number projected to rise to 11 million by
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2030 (Momenimovahed and Salehiniya 2019). Cancer poses a
significant threat to public health across all human societies.
Among men, the most commonly diagnosed cancers include
those of the prostate, lung, colorectum, and urinary bladder,
whereas in women, breast and uterine cancers are most prev-
alent. These data indicate that prostate cancer in men and
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breast cancer in women account for a substantial proportion of
all cancer cases by gender (Hassanpour and Dehghani 2017).

Breast cancer is the most frequently diagnosed malignancy world-
wide, with its incidence and disease burden rising steadily over
recent decades (Arnold et al. 2022). It is the most common can-
cer among women, accounting for approximately 30% of all can-
cer diagnoses annually, excluding skin cancers. Furthermore, it is
the second leading cause of cancer-related death among women
(Cakcak et al. 2023). Although breast cancer occurs globally,
there are significant regional differences in incidence, mortality,
and survival rates. These disparities may be attributed to multiple
factors, including population demographics, lifestyle, genetic pre-
disposition, and environmental influences. The increasing preva-
lence of breast carcinoma is largely driven by changing risk factors
(Momenimovahed and Salehiniya 2019).

Breast cancer is categorized into five stages based on the TNM
staging system—Tumor (T), Node (N), and Metastasis (M)—
which considers tumor size, lymph node involvement, and the
presence of distant metastasis (CRUK 2023). In addition to stag-
ing, breast cancer is graded histologically into three levels based
on cellular differentiation and malignancy. Breast cancers are
further classified based on hormone receptor (HR) status, de-
pending on the presence or absence of estrogen (ER) and proges-
terone (PR) receptors on tumor cells (ACS 2021).

Abemaciclib is a small-molecule drug used in the treat-
ment of HR+/HER2— breast cancer. Its chemical formula is
C, H,F,N.0.S, and it is known as the mesylate salt of N-[5-[(4-
ethylpiperazin-1-yl)methyl]pyridin-2-yl]-5-fluoro-4-(7-fluoro-
2-methyl-3-propan-2-ylbenzimidazol-5-yl)pyrimidin-2-amine;
methanesulfonic acid (NCI 2022). In October 2021, the US Food
and Drug Administration (FDA) approved abemaciclib (mar-
keted as Verzenio by Eli Lilly and Company) as the first and
only CDK4/6 inhibitor for adjuvant treatment in adults with
HR+, HER2—, node-positive breast cancer (Food and Drug
Administration 2021; Royce et al. 2022). Abemaciclib targets
cyclin D1-CDK4 and cyclin D3-CDK6 pathways, thereby in-
hibiting cell cycle progression and exerting anticancer effects
(NCI 2022). Abemaciclib reduced tumor growth in mice by in-
hibiting CDK4/6-mediated phosphorylation of the Rb protein
and suppressing E2F activity, resulting in G1 cell-cycle arrest
and the subsequent induction of apoptosis in tumor cells (Corona
and Generali 2018). Given its widespread use in breast cancer
therapy, the present study was designed to evaluate the potential
side effects of abemaciclib on lung tissue in female mice.

2 | Materials and Methods

2.1 | Materials

Abemaciclib, with the commercial name Verzenio, was pur-
chased from Eli Lilly and Company, Riyadh, Saudi Arabia.

2.2 | Experimental Animals

Forty virgin female Swiss Albino mice, aged 14weeks and
weighing 25+5g, were obtained from the Animal House

Facility, College of Science, King Saud University, Riyadh, Saudi
Arabia. The animals were housed in clean cages under standard
environmental conditions (25°C, 12-h light/dark cycle) with free
access to a balanced diet and clean drinking water.

2.3 | Experimental Design and Sample Collection

The animals were randomly divided into four groups, with 10
mice in each group:

« Group 1 (Control): Received no treatment (drinking water
only).

« Group 2 (Abemaciclib): Received a daily oral dose of
50mg/kg abemaciclib for 28 days.

¢ Group 3 (Tumor Group): Received a single dose of
50mg/kg 7,12-dimethylbenz[a]anthracene (DMBA; Sigma,
Taufkirchen, Germany) injected into the breast fat pad to
induce mammary tumors.

« Group 4 (DMBA +abemaciclib): Received DMBA as
in Group 3, followed by abemaciclib treatment (50 mg/kg
orally, once daily) starting 10days after tumor induction,
and continued for 4 weeks.

At the end of the experiment, animals were euthanized under
carbon dioxide (CO,) anesthesia. Blood samples were collected
via cardiac puncture and transferred into EDTA-coated tubes
for complete blood count analysis.

Breast and lung tissues from all groups were excised and fixed
in 10% formalin for histopathological and immunohistochemi-
cal evaluation. Liver and ovary tissues were collected, homog-
enized in ice-cold phosphate-buffered saline (PBS) at a ratio of
1:3 for 3min, and then centrifuged twice at 3000 X g for 20 min.
The resulting supernatant was filtered and stored at —80°C for
subsequent biochemical analyses.

2.4 | Breast and Lung Index

Each mouse was individually weighed, and the lungs and breast
tissues were excised and weighed. The breast and lung indices
were calculated by dividing the organ weight by the body weight
and multiplying by 100:
Organ Index = <w> X 100
Body Weight (g)

2.4.1 | Biochemical Analysis

2.4.11 | Estimation of Female Hormones. Estrogen
and progesterone levels were measured in homogenized ovarian
tissue using enzyme-linked immunosorbent assay (ELISA) kits
(Elab Science Company, Texas, USA), following the manufac-
turer's protocols.

2.41.2 | Determination of Liver Enzymes. Liver
homogenate supernatants were used to assess the activity
of liver enzymes—alanine transaminase (ALT), aspartate
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aminotransferase (AST), and alkaline phosphatase (ALP)—
using commercial kits provided by Elabscience (Texas, USA), in
accordance with the manufacturer's instructions.

2.4.1.3 | Estimation of Kidney Biomarkers. Levels
of uric acid, urea, and creatinine were quantified from liver
homogenate supernatants using commercial kits (Elabscience,
Texas, USA), following the respective manufacturer protocols.

2.4.1.4 | Determination of Oxidative Stress Bio-
marker (MDA) and Antioxidant Activity (Catalase
[CAT]). Malondialdehyde (MDA) and catalase (CAT) levels in
liver homogenates were determined using commercial kits sup-
plied by Elabscience (Texas, USA).

2.4.2 | Histopathological Analysis

Breast and lung tissues were fixed in 10% formalin, dehy-
drated through ascending grades of alcohol, embedded in
paraffin, sectioned at 6 um thickness, and dried. Sections
were stained with hematoxylin and eosin (H&E), Masson's
Trichrome (M.Tr), and Periodic Acid-Schiff (PAS) stain (for
lung tissues). Photomicrographs were captured using a Nikon
microscope (Nikon, Tokyo, Japan), and image analysis was
performed using Fiji software (FNPF Place, Suva, Fiji) to cal-
culate the area percentage and optical density (OD), using the
formula:

Max
Mean

OD = 10g< ) % 100

Breast tissue sections were graded according to the Nottingham
histological score (Takahashi et al. 2020):

» Grade 0 (score 0): Normal tissue
+ Grade 1 (score 3-5): Low-grade carcinoma
+ Grade 2 (score 6-7): Intermediate-grade carcinoma

+ Grade 3 (score 8-9): High-grade carcinoma

Lung sections were evaluated using the pulmonary histopatho-
logical scoring system described by Passmore et al. (2018).

2.4.3 | Immunohistochemistry

Immunohistochemical detection of adiponectin in breast tissue
and TNF-ain lung tissue was performed using the Avidin-Biotin
Complex (ABC) method. Paraffin-embedded sections were de-
paraffinized, rehydrated, and subjected to antigen retrieval
using Tris-EDTA buffer (pH9) in a microwave for 7min. After
washing with PBS (three times), endogenous peroxidase activity
was blocked using hydrogen peroxide, followed by incubation
with a protein blocking solution. Sections were then incubated
with primary antibodies, followed by biotinylated secondary
antibodies (30min), and subsequently with Streptavidin-HRP
(10min). Finally, sections were developed using DAB substrate
for 30min. All steps were carried out in a humidity chamber.
Antibodies were obtained from Santa Cruz Biotechnology Inc.,
California, USA (IMMUNE SYSTEM SC-2018). Images were

analyzed using Fiji software to calculate area percentage and
optical density (OD), using the same formula as above.

2.4.4 | Statistical Analysis

Data are presented as mean + standard error of the mean (SEM).
Statistical differences between control and treated groups
were analyzed using one-way analysis of variance (ANOVA).
Differences were considered statistically significant at p <0.05.
Analyses were conducted using SPSS software version 16.0
(IBM, Armonk, NY, USA).

3 | Results
3.1 | Breast and Lung Index

In the breast index, the abemaciclib-treated group showed no
significant change compared with the control group. However,
the tumor group showed a significant increase relative to the
control (p<0.05). The tumor group treated with abemaciclib
exhibited a non-significant decrease compared with the tumor
group. Regarding the lung index, both the abemaciclib-treated
group and the tumor group showed a significant increase com-
pared with the control (p <0.05). Additionally, the tumor group
treated with abemaciclib displayed a significant increase in
lung index compared with the tumor group alone (Figure S1).

3.2 | Abemaciclib Inhibits Estrogen
and Progesterone Levels

Estrogen levels were significantly decreased in the abemaciclib-
treated group compared with the control group (p<0.05),
whereas the tumor group showed a significant increase. The
tumor group treated with abemaciclib demonstrated a signif-
icant decrease in estrogen levels compared with the tumor
group. Progesterone levels were significantly increased in both
the abemaciclib-treated and tumor groups relative to the con-
trol group (p <0.05). However, the tumor group treated with
abemaciclib showed a significant reduction in progesterone
levels compared with the tumor group (Figure S2).

3.3 | Liver Enzyme Activity (ALT, AST, ALP)

Levels of ALT, AST, and ALP were significantly elevated in both
the abemaciclib-treated and tumor groups compared with the
control (p<0.05). Furthermore, the tumor group treated with
abemaciclib exhibited significantly higher levels of these liver
enzymes compared with the tumor group alone (Figure S3).

3.4 | Kidney Biomarkers

Uric acid levels were significantly increased in both the
abemaciclib-treated and tumor groups compared with the control.
However, the tumor group treated with abemaciclib showed no sig-
nificant change in uric acid levels compared with the tumor group.
Urea levels were significantly elevated in the abemaciclib-treated
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and tumor groups compared with the control, while the tumor
group treated with abemaciclib showed a significant decrease in
urea compared with the tumor group. Creatinine levels were sig-
nificantly decreased in the abemaciclib group compared with the
control, whereas the tumor group exhibited a significant increase.
No significant difference was observed between the tumor and
tumor + abemaciclib groups (Figure S4).

3.5 | Oxidative Stress and Antioxidant Markers

MDA levels were significantly increased in both the abemaciclib-
treated and tumor groups relative to the control (p <0.05). However,
the tumor +abemaciclib group did not differ significantly from the
tumor group. CAT activity was significantly decreased in both the
abemaciclib-treated and tumor groups compared with the control.
No significant difference in CAT activity was observed between
the tumor and tumor +abemaciclib groups (Figure S5).

3.5.1 | Histopathological Analysis

3.5.1.1 | Abemaciclib Reduces Mammary Carcinoma
Formation. Breast tissue in the control group appeared nor-
mal with well-formed mammary glands and ducts (Figure 1A).
The abemaciclib-treated group showed mild tissue congestion

(Figure 1B). The tumor group (DMBA only) exhibited exten-
sive invasive tubular mammary adenocarcinoma with pleo-
morphic cancer cells forming carcinoma nests (Figure 1C). The
tumor group treated with abemaciclib displayed a reduced inci-
dence of carcinoma (Figure 1D). Masson's Trichrome staining
showed normal collagen distribution in the control and abemac-
iclib groups (Figure 2A,B), with significantly lower area percent-
age and optical density in the abemaciclib group compared with
control (Figure S6). In contrast, the tumor group exhibited marked
collagen deposition and desmoplastic stroma (Figure 2C), with
significantly increased area percentage and optical density. Abe-
maciclib treatment in the tumor group reduced collagen deposi-
tion and desmoplasia significantly compared with the untreated
tumor group (Figure 2D; Figure S6). All images were graded using
the Nottingham histological score (Table 1).

3.5.1.2 | Adverse Effects of Abemaciclib on Lung Tis-
sue. Lung tissue from the control group showed normal
architecture, including well-opened bronchioles and alveolar
sacs (Figure 3A). The abemaciclib group showed thickened
interalveolar septa and leukocytic infiltration (Figure 3B).
The tumor group displayed inflammatory cell accumulation,
septal thickening, and alveolar obstruction (Figure 3C). The
tumor + abemaciclib group exhibited severe alterations includ-
ing bronchiolar epithelial dysplasia and dense inflammatory
infiltration (Figure 3D).
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FIGURE1 |

Photomicrographs of breast tissue (A) untreated control showing normal appearance, adipose tissue (AT), gland (black arrow), (B)

breast of mice treated with 50mg/kg of abemaciclib (C) breast of tumor group atypical proliferative cells in the ductal lumen (green arrow), carci-

noma nests (N), desmoplastic stroma (red arrow), (D) breast of tumor group treated with 50 mg/kg of abemaciclib showing less carcinoma incidence

(black arrow) (H&E—400X).

4
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FIGURE2 | Photomicrographs of breast tissue (A) untreated control showing no fibrosis, (B) breast of mice treated with 50 mg/kg of abemaciclib

(C) breast of tumor group revealing intense desmoplastic stroma (red arrow), (D) breast of tumor group treated with abemaciclib 50 mg/kg posting

less desmoplastic reaction (red arrow) (M.tr.—400X).

TABLE 1 | Nottingham histopathological score showing reduced
effect of abemaciclib on mammary adenocarcinoma.

Group Grade Score
Control 0 0
Abc 50 0 0
Tumor (DMBA) 2 7
T+ Abc 50 1 4

Masson's Trichrome staining of the lungs revealed no colla-
gen deposits in the control (Figure 4A), while the abemaciclib
group showed excessive collagen and ECM deposits (Figure 4B),
with increased percentage and optical density (Figure S7). The
tumor group displayed bronchiolar destruction and high colla-
gen deposition (Figure 4C), with significantly increased area
and optical density. The tumor +abemaciclib group exhibited
high fiber content with insignificant changes in area percentage
but increased optical density compared with the tumor group
(Figure 4D; Figure S7).

PAS staining showed normal ECM distribution and absence of
hyaline membranes in the control (Figure 5A). The abemaciclib
group exhibited hyaline membranes and mucus accumulation
(Figure 5B), with high PAS area percentage and optical density
(Figure S8). The tumor group also showed hyaline membrane
accumulation (Figure 5C), with high area percentage but lower
optical density. The tumor + abemaciclib group displayed simi-
larly high hyaline content, with increased optical density and no
significant change in area percentage compared with the tumor
group (Figure 5D; Figure S8). All sections were scored accord-
ingly (Table 2).

3.6 | Immunohistochemistry Analysis

3.6.1 | Abemaciclib Enhances Adiponectin Expression
in Breast Tissue

Adiponectin expression was intense in the control group
(Figure 6A) and remained strong in the abemaciclib-treated
group (Figure 6B), with no significant changes in area per-
centage or optical density (Figure S9). In contrast, the tumor
group showed reduced adiponectin expression (Figure 6C),
while the tumor + abemaciclib group exhibited significantly
enhanced expression, with increased area percentage and
optical density compared with the tumor group (Figure 6D;
Figure S9).

3.6.2 | Abemaciclib Increases TNF-a Expression in
Lung Tissue

TNF-a expression was weak in the control group (Figure 7A),
but increased in the abemaciclib-treated group (Figure 7B),
with significantly higher area percentage and optical density
(p<0.05) (Figure S10). Both the tumor and tumor + abemaciclib
groups showed strong TNF-a expression (Figure 7C,D). While
the tumor + abemaciclib group had no significant change in area
percentage compared with the tumor group, it exhibited a signif-
icant increase in optical density (Figure S10).

4 | Discussion

In the present study, DMBA (7,12-dimethylbenz[a]anthra-
cene), an aromatic chemical carcinogen, was used to induce
mammary carcinoma. DMBA has been widely employed in
experimental models as a potent chemical tumor inducer,
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FIGURE 3 | Photomicrographs of mice lung stained with H&E. (A) Untreated control lung showing normal pulmonary view, bronchiole (BR),
alveolar sac (AS), interalveolar septum (black arrow), (B) lung treated with abemaciclib 50 mg/kg showing infiltrative cells blocked bronchiole (green
arrow) and thickened interalveolar septa (black arrow), (C) lung of tumor mice displaying infiltrative cells (red arrows), (D) lung of tumor group
treated with abemaciclib 50 mg/kg showing dysplasia interalveolar septum (black arrow), high infiltrative cells blocked bronchiole (green arrow)

(H&E—400X).

particularly for mammary carcinoma in laboratory animals
(Buque et al. 2021; Corso and Acco 2018). Mechanistically,
DMBA functions as a procarcinogen undergoes metabolic
activation within breast tissue to form DMBA-3,4-diol-1,2-
epoxide (DMBA-DE), a highly reactive intermediate.
DMBA-DE disrupts redox homeostasis and triggers oxidative
stress. The resulting reactive oxygen species (ROS) inflict
damage on cellular DNA and cell cycle proteins, potentially
leading to uncontrolled cell proliferation and tumor forma-
tion. The increasing incidence of estrogen receptor-positive
(ER+) breast cancers further contributes to enhanced tumor
cell proliferation (Hamza et al. 2022; Ma et al. 2018). In the
current study, the DMBA-treated group exhibited a high in-
cidence of mammary adenocarcinoma, consistent with previ-
ously reported findings.

Mechanistically, DMBA-induced tumorigenesis was associ-
ated with disruptions in signaling pathways regulating pro-
liferation and survival. This was evidenced by an increased
breast index, reflecting enhanced mammary tissue growth
and hyperplasia, likely driven by DMBA-mediated DNA
damage and impaired cell-cycle control (Alanazy et al. 2021;
Hendi et al. 2020). Consistent with these findings, the pres-
ent study observed a significant increase in the breast index
of the DMBA-induced tumor group, likely due to congested

blood vessels and a pronounced desmoplastic reaction, re-
flecting stromal remodeling in response to tumorigenesis.
Interestingly, the abemaciclib-treated tumor group also ex-
hibited an elevated breast index, which could be attributed
to persistent breast tissue congestion, suggesting that while
abemaciclib inhibits tumor cell proliferation, it may not im-
mediately reverse tumor-associated stromal or vascular
changes. Furthermore, previous studies have reported that
DMBA-induced mammary carcinoma can elevate the lung
index (Patel and Shah 2021) and that DMBA exposure can
result in a high incidence of differentiated lung adenocarci-
noma (Duro de Oliveira et al. 2013). In agreement with these
reports, the current study found an increased lung index in
the tumor group, possibly due to excessive accumulation of in-
flammatory cells, vascular congestion, and extracellular ma-
trix deposition, leading to lung enlargement. Notably, both the
tumor group treated with abemaciclib and the abemaciclib-
only group showed a significant increase in lung index, likely
resulting from inflammatory cell infiltration and alveolar sac
blockage.

Moreover, DMBA-induced mammary carcinoma is known to
elevate the levels of female sex hormones, particularly estrogen
and progesterone (Alghamdi et al. 2024). In ER + breast cancer,
estrogen activates ER signaling, promoting cyclin D expression
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FIGURE 4 | Photomicrographs of mice lung stained with Masson's trichrome. Key: (A) Untreated control lung showing no collagenous deposi-

tions, (B) lung treated with abemaciclib 50 mg/kg showing heavy depositions of collagenous fibers (green arrow), (C) lung of tumor group display-

ing depositions of collagenous fibers (green arrows), (D) lung of tumor group treated with abemaciclib 50 mg/kg showing high depositions of fibers

(green arrow) (Masson's trichrome—400Xx).

and subsequent CDK4/6 activation, which drives uncontrolled
cellular proliferation. CDK4/6, as a key component of this
pathway, representing a therapeutic target; its inhibition has
been shown to suppress the progression of ER + breast cancer
(Huang et al. 2022). In this study, a single injection of DMBA
into the breast fat pad led to mammary carcinoma with a sig-
nificant rise in estrogen and progesterone levels, indicating a
hormone-dependent tumor. Treatment with abemaciclib effec-
tively reduced the levels of both hormones in the tumor group.
DMBA injection resulted in a significant increase in liver en-
zyme activity, indicating hepatic damage, as previously reported
by Dakrory et al. (2015). This aligns with the present findings,
where DMBA-induced breast cancer led to elevated levels of
ALT, AST, and ALP, likely due to hepatocellular injury and
the subsequent leakage of these enzymes into the bloodstream.
Liver injury following administration of the CDK4/6 inhibitor
abemaciclib has been attributed to its potential inhibition of the
bile salt export pump (BSEP), a key transporter in bile acid ex-
cretion, or alternatively to an abemaciclib-induced autoimmune
hepatic response (Taniguchi et al. 2022). In the current study,
liver enzyme levels in the tumor group significantly increased
after abemaciclib treatment, suggesting further hepatic damage.

DMBA exposure has also been reported to cause marked his-
tological alterations in the kidneys, including tubular dilation

and epithelial sloughing, indicating enhanced tubular disinte-
gration—especially affecting the proximal convoluted tubules
and Bowman's capsule (Dosumu et al. 2021). Similarly, DMBA-
induced breast cancer has been associated with elevated levels
of kidney function biomarkers such as BUN and creatinine
(Hendi et al. 2020), which is corroborated by the present study.
Tumor-bearing mice exhibited significantly increased levels of
BUN, uric acid, and creatinine, indicating renal impairment.
Although abemaciclib administration has been associated with
mild and variable elevations in serum creatinine, this may re-
flect a reduced glomerular filtration rate (GFR) and potential
nephron injury (Chappell et al. 2019). In this study, abemaciclib-
treated tumor mice exhibited a further increase in BUN, while
changes in uric acid and creatinine levels were statistically in-
significant compared with the control group, suggesting a mild
but notable impact on renal function.

Previous studies have reported that DMBA-induced breast tu-
mors increase oxidative stress by elevating lipid peroxidation
products such as MDA, while reducing the levels of antioxidant
enzymes such as CAT (Alanazy et al. 2021; Batcioglu et al. 2012).
Consistent with these findings, the present study demonstrated
that DMBA injection significantly elevated MDA levels and re-
duced CAT activity, likely due to overproduction of ROS which
can damage cellular biomolecules and induce cytotoxicity.
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FIGURE 5 | Photomicrographs of mice lung stained with periodic acid Schiff. (A) untreated control lung showing no hyaline membranes, (B)
lung treated with abemaciclib 50 mg/kg showing intense existence of hyaline membranes and mucus (black arrow), (C) lung of tumor group display-
ing hyaline membranes (black arrow), (D) lung of tumor group treated with abemaciclib 50 mg/kg showing high hyaline membranes (black arrow)

(PAS—400X).

TABLE 2 | Effect of abemaciclib on the pathological scoring of lung
induced by DMBA.

Vascular
and

Vascular alveolar Bronchiole Total
Group alterations changes alterations score
Control 0 0 0 0
Abc 50 2 2 1 5
Tumor 2 3 2 7
(DMBA)
T+ Abc 3 2 3 8
50

Under physiological conditions, ROS such as hydroxyl radicals,
superoxide anions, and hydrogen peroxide are generated during
normal cellular processes and are neutralized by the body's an-
tioxidant defense mechanisms (Mates 2000). However, the car-
cinogen DMBA induces excessive ROS generation and promotes

lipid peroxidation. Chemical carcinogens like DMBA are known
to stimulate ROS production through gene mutations, increased
metabolic activity of tumor cells, and enhanced activity of oxi-
dases, lipoxygenases, and cyclooxygenases (Perillo et al. 2020).
Due to its high polyunsaturated fatty acid content, DMBA in-
tensifies the lipid peroxidation process, further disrupting the
cellular antioxidant defense system (Batcioglu et al. 2012).

Moreover, treatment with abemaciclib alone has also been as-
sociated with increased MDA levels and decreased CAT activ-
ity, possibly due to its role in enhancing lipid peroxidation and
ROS production, thereby altering oxidative metabolism (Franco
et al. 2016; Ucar et al. 2022). In the current study, mice treated
with abemaciclib alone exhibited a significant increase in MDA
levels and a decrease in CAT activity. Similarly, the tumor group
treated with abemaciclib showed elevated MDA levels and re-
duced CAT activity, indicating a continued oxidative imbalance.
Histopathologically, mammary carcinoma is characterized
by nests and ribbons of invasive ductal adenocarcinoma com-
posed of relatively large, pleomorphic, and atypical cells, often
surrounded by a dense desmoplastic stroma rich in collagen fi-
bers (Alghamdi et al. 2024). In this study, the DMBA-induced
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FIGURE 6 | Photomicrographs of breast tissue stained immunohistochemically for adiponectin expression. (A) Untreated control showing a
strong immune response, (B) breast of treated mice with abemaciclib 50 mg/kg displaying strong immune response, (C) breast of tumor group reveal-

ing negative immune response, (D) breast of tumor group treated with abemaciclib 50 mg/kg showing increased immune response (ABC—400x).

tumor group exhibited mammary carcinoma with pleomorphic
carcinoma cells arranged in nests and ribbons, along with high
Nottingham histopathological scores and pronounced desmo-
plastic reactions. In contrast, the tumor group treated with
abemaciclib displayed a noticeable reduction in carcinoma cell
presence, lower histopathological scores, and diminished des-
moplastic stromal response.

Mammary carcinoma induced by DMBA is often associated
with generalized pathological changes in the lung. Intra-
alveolar congestion and inflammatory infiltration are prom-
inent features, with alveoli appearing swollen and filled with
blood due to the prolonged action of DMBA. This alveolar swell-
ing leads to increased tissue opacity and density, impairing nor-
mal lung function (Mannan et al. 2017). Consistent with these
findings, the present study observed severe lung pathological
alterations following a single DMBA dose, including intense
inflammation, bronchial epithelial hyperplasia and dysplasia,
along with marked accumulation of fibrosis, extracellular ma-
trix components, and hyaline membranes. Administration of
abemaciclib has also been reported to cause histopathological
changes such as alveolar wall thickening, interstitial inflamma-
tion, and fibrosis, accompanied by infiltration of lymphocytes

and macrophages (Mitarai et al. 2022). In agreement with this,
the current study revealed that abemaciclib treatment further
increased lung inflammation, collagenous fiber deposition, and
accumulation of hyaline membranes and mucus—findings con-
sistent with those reported by Mitarai and colleagues.

Adiponectin, an adipokine with anti-inflammatory and antitu-
morigenic properties, plays a critical role in suppressing breast
tumorigenesis and mitigating various pathological conditions
including inflammation and malignancy (Nehme et al. 2022).
A meta-analysis by Gu et al. (2018), which included 31 stud-
ies, reported significantly lower circulating adiponectin levels
in breast cancer patients, suggesting an inverse association be-
tween adiponectin levels and breast cancer risk. In the present
study, the DMBA-induced tumor group exhibited reduced adi-
ponectin expression, as demonstrated by immunohistochemis-
try, likely due to the high tumor burden. However, in the tumor
group treated with abemaciclib, adiponectin expression was in-
creased, which may be attributed to the drug's inhibitory effects
on tumor progression and inflammation.

TNF-a is a multifunctional proinflammatory cytokine of the
TNF superfamily that signals through two primary receptors:
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FIGURE7 | Photomicrographs of lungs stained immunohistochemically against TNFa. (A) Untreated control showing a weak immune response,
(B) lungs of treated mice with abemaciclib 50 mg/kg displaying strong immune response in columnar epithelia (black arrow), (C) lungs of tumor
group revealing intense immune response (black arrow), (D) lungs of tumor group treated with abemaciclib 50 mg/kg showing intense immune re-

sponse (green arrow) (ABC—400x).

TNFR1 and TNFR2. While the role of TNF-a in lung carcino-
genesis remains unclear, chronic TNF-a production is believed
to promote tumor development by facilitating tissue remodeling
and stromal expansion necessary for tumor growth and me-
tastasis (Arnott et al. 2002). Nadda et al. (2013) reported that
TNF-a expression is significantly elevated in DMBA-induced
tumor models, underscoring its role in inflammation and an-
giogenesis. The present study corroborates these findings,
showing that DMBA-induced mammary carcinoma signifi-
cantly elevated TNF-a expression, likely due to its involvement
in inflammatory responses, immune modulation, and carcino-
genic processes. Furthermore, abemaciclib treatment led to an
additional increase in TNF-a expression, indicating a potential
proinflammatory effect associated with the drug.

5 | Conclusion

Administration of DMBA to induce mammary carcinoma re-
sulted in a high incidence of tumor formation, pronounced des-
moplastic reactions, hormonal imbalances, liver injury, kidney
damage, and elevated oxidative stress. DMBA exposure also led
to severe pathological alterations in the lungs, characterized by
increased inflammation and extracellular matrix accumula-
tion. Treatment with abemaciclib significantly reduced mam-
mary carcinoma incidence and desmoplastic stroma formation,
in addition to partially modulating hormone levels. However,
abemaciclib administration was associated with exacerbated
liver and kidney damage, as well as heightened oxidative stress.
Furthermore, lung tissues from abemaciclib-treated groups ex-
hibited more severe pathological features, including blood clot
formation and intensified inflammation. Therefore, although

abemaciclib shows potential antitumor activity, its associated
systemic toxicities warrant further investigation. Future re-
search is necessary to better understand its safety profile and to
explore strategies for minimizing its adverse effects.
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Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Figure S1: Bar chart showing the ef-
fect of Abemaciclib (50 mg/kg, oral, daily) on mammary and lung in-
dices in DMBA-induced tumor-bearing mice. (A) Breast index and (B)
lung index were calculated as organ weight/body weight X 100. Data
are presented as mean + SEM (n =10 per group). Statistical significance
was assessed using one-way ANOVA followed by Tukey's post hoc test,
with p<0.05 considered significant. Figure S2: Bar chart showing the
effect of Abemaciclib (50 mg/kg, oral, daily) on serum female hormone
levels in DMBA-induced tumor-bearing mice. (A) Estrogen and (B)
Progesterone concentrations were measured using ELISA. Data are pre-
sented as mean + SEM (n=10 per group). Statistical significance was
evaluated by one-way ANOVA followed by Tukey's post hoc test, with
p <0.05 considered significant. Figure S3: Bar chart showing the effect
of Abemaciclib (50mg/kg, oral, daily) on hepatic enzyme activities in
DMBA-induced tumor-bearing mice. (A) ALT, (B) AST, and (C) ALP
activities were measured in liver homogenates using standard biochem-
ical assay kits. Data are presented as mean + SEM (n=10 per group).
Statistical significance was determined by oneway ANOVA followed by
Tukey's post hoc test, with p<0.05 considered significant. Figure S4:
Bar chart showing the effect of Abemaciclib (50 mg/kg, oral, daily) on
kidney function markers in DMBA-induced tumor-bearing mice. (A)
Uric acid, (B) Urea, and (C) Creatinine levels were measured in serum
using standard biochemical assay kits. Data are presented as mean +
SEM (n=10 per group). Statistical significance was determined by one-
way ANOVA followed by Tukey's post hoc test, with p <0.05 considered
significant. Figure S5: Bar chart showing the effect of Abemaciclib
(50mg/kg, oral, daily) on oxidative stress markers in DMBA-induced
tumor-bearing mice. (A) Malondialdehyde (MDA) levels and (B)
Catalase (CAT) activity were measured in liver homogenates using
standard biochemical assay kits. Data are presented as mean = SEM
(n=10 per group). Statistical significance was determined by one-way
ANOVA followed by Tukey's post hoc test, with p<0.05 considered
significant. Figure S6: Bar chart showing the effect of Abemaciclib
(50mg/kg, oral, daily) on Masson's trichrome staining in breast tissue
of DMBA-induced tumor-bearing mice. (A) Percentage area (%) and
(B) optical density (OD) of Masson's trichrome staining were quanti-
fied using Fiji software. Data are presented as mean = SEM (n=10 per
group). Statistical significance was determined by one-way ANOVA
followed by Tukey's post hoc test, with p <0.05 considered significant.
Figure S7: Bar chart showing the effect of Abemaciclib (50mg/kg,
oral, daily) on Masson's trichrome staining in lung tissue of DMBA-
induced tumor-bearing mice. (A) Percentage area (%) and (B) optical
density (OD) of staining were quantified using Fiji software. Data are
presented as mean + SEM (n=10 per group). Statistical significance
was determined by one-way ANOVA followed by Tukey's post hoc test,
with p<0.05 considered significant. Figure S8: Bar chart showing the
effect of Abemaciclib (50mg/kg, oral, daily) on PAS staining in lung
tissue of DMBA-induced tumor-bearing mice. (A) Percentage area (%)
and (B) optical density (OD) were quantified using Fiji software. Data

are presented as mean + SEM (n =10 per group). Statistical significance
was determined by one-way ANOVA followed by Tukey's post hoc
test, with p<0.05 considered significant. Figure S9: Bar chart show-
ing the effect of Abemaciclib (50mg/kg, oral, daily) on the immune re-
sponse in breast tissue of DMBA-induced tumor-bearing mice against
Adiponectin (ADIPOQ). (A) Percentage area (%) and (B) optical density
(OD) of Adiponectin staining were quantified using Fiji software. Data
are presented as mean + SEM (n=10 per group). Statistical significance
was determined by one-way ANOVA followed by Tukey's post hoc test,
with p <0.05 considered significant. Figure S10: Bar chart showing the
effect of Abemaciclib (50mg/kg, oral, daily) on the immune response
in lung tissue of DMBA-induced tumor-bearing mice against TNFa.
(A) Percentage area (%) and (B) optical density (OD) of TNFa staining
were quantified using Fiji software. Data are presented as mean + SEM
(n=10 per group). Statistical significance was determined by one-way
ANOVA followed by Tukey's post hoc test, with p<0.05 considered
significant.
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