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This study aimed to assess the influence of the nonsteroidal anti-inflammatory drug ketorolac on cardiotoxicity. 
Fifty albino mice were randomly divided into three equal groups: Group I, Group II, and Group III (single/daily 
intraperitoneal injection of 0.132, 0.66, and 1.32 mg/kg, respectively/for 12 days), and also the control group. After 
48 h of treatment, blood samples were collected to evaluate cardiac enzymes, including troponin I, creatine kinase-
MB, and myoglobin. The results showed, at the ultrastructural level, that the myocardium of Group I exhibited 
characteristic changes, including congested blood vessels, inflammatory cell infiltration between the muscle fibers, 
and dissociation of muscle cells. In Group II, karyorhexis atrophied. Group III showed necrosis of cardiomyocytes. 
We found a positive PAS reaction in the Purkinje fibers and cardiomyocytes and fibrosis in the heart muscle when 
compared with the control. Ultrastructurally, the lung of Group I revealed edematous and bronchiolar debris. Group 
II was observed to have necrosis of bronchioles and desquamation of alveolar cells. Group III showed hemosiderin 
deposition, and discontinuous and collapsed alveoli. We observed a PAS-positive reaction in the alveolar, bronchi-
olar, and pulmonary blood vessel walls; and also fibrosis of necrotic alveoli, bronchiolar, and blood vessel walls. 
The analysis of cardiac enzymes revealed a significant increase in troponin I in all experimental groups. On the 
other hand, a significant increase in myoglobin was seen in all experimental groups, whereas creatine kinase signifi-
cantly increased in the groups II and III, P  < 0.05 compared with the control group. In conclusion, this experimental 
study demonstrates for the first time the histopathological changes in the myocardial tissue and the lung, including 
congested blood vessels, atrophy, karyorhexis, and degeneration of myocardium, as well as inflammatory cell infil-
tration. In alveolar fibrosis, bronchial cellular debris was present. This reflects the toxicity of ketorolac during this 
experimental.  

Keywords: ketorolac; cardiomyocytes; atrophy; lung; bronchiolar debris.  

Introduction  
 

Nonsteroidal anti-inflammatory drugs (NSAIDs) are commonly 
used to mitigate pain during inflammatory responses (S et al., 2024). 
They are widely used due to their availability and affordability, which 
makes them a popular medication for pain management. While NSA-
IDs can be obtained without any prescription, medical staff often 
prescribe them in combination with other medications to reduce spe-
cific pain (Moro et al., 2016). These drugs exert analgesic, antipyretic, 
and anti-inflammatory effects and can be used for short-term post-
operative, traumatic pain, and severe pain and swelling (Bosch et al., 
2022). Nonsteroidal anti-inflammatory drugs can inhibit the enzyme 
cyclooxygenase (COX). This enzyme is required to convert cellular 
arachidonic acid into prostaglandins, prostacyclins, and thromboxanes 
(Shalabi et al., 2024). Their functions are fundamental to the body's 
internal environment. Thromboxanes play a major role in platelet 
adhesion, while prostaglandins act as vasodilators, contributing to 
reduced pain and fever (Gokul et al., 2023).  

Ketorolac is a nonselective NSAID with a powerful analgesic ef-
fect (close to opioids) (Carneiro et al., 2014; Atefinezhad et al., 2022). 
The injectable formulation provides an immediate, effective analgesic 
therapy for the management of acute, severe pain, acting as an alter-
native to opioids for specific clinical situations (Lu et al., 2025). Keto-
rolac has a pharmacological and adverse effect identical to other 
NSAIDs (Forestell et al., 2023). Numerous clinical studies have used 
ketorolac for postoperative pain medication in children (Boric et al., 
2017; Alsabri et al., 2025). Several studies have proposed the analge-
sic activity and safety of ketorolac (Esparza-Villalpando et al., 2024; 
Zhou et al., 2025) for post-surgery pain management (Uddin et al., 
2008), particularly in dental surgery (Isiordia-Espinoza et al., 2022). 

It was found to be an effective analgesic for lumbar spinal cord sur-
gery (Wang et al., 2022; Guan et al., 2024). Ketorolac is suitable as an 
intravenous dose in pediatric patients for headache analgesia (Lefchak 
et al., 2024).  

The present study was carried out to assess the role of different 
dosages of ketorolac on the heart and lung tissues by evaluating the 
levels of cardiac enzymes (TnI, CK-MB, and myoglobin) in the se-
rum of albino mice.  
 
Materials and methods  
 

From March 2025 to May 2025, the entire experiment described 
in the present article was carried out in the animal house of Tikrit 
University's Veterinary Medicine College. The experiment involved 
forty male albino Swiss mice Mus musculus Balb/c, aged 8–9 weeks. 
The five mice were housed in plastic cages with a metal cover 13 * 
16 * 30 cm, and they were fed commercial pellets and given water 
prior to the experiment. The mice were kept in suitable environmental 
conditions of 21–25 °C, with free access to food and water, and con-
tinuous cleaning cycles. The study was designed to investigate the 
effects of varying dosages of ketorolac trometamol 30 mg/mL (Ouba-
ri Pharma, Syria) on the heart and lung tissues, focusing on the levels 
of cardiac enzymes (TnI, CK-MB, and Myoglobin) in serum. The 
experimental animals were subdivided into three groups plus a con-
trol group. Group I received 0.132 mg/kg, Group II received 
0.066 mg/kg, and Group III received 1.32 mg/kg of the drug daily for 
12 days. The control group received saline 0.9 mg/L, injected intrape-
ritoneally (Obayes et al., 2020). Biochemical tests: After 48 h of 
treatment and before euthanasia, blood samples were collected from 
25 mice. The samples were then centrifuged to obtain serum to eva-
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luate the levels of cardiac enzymes (TnI, Myoglobin Wondfo
Guangzhou Wondfo Biotech Co., Ltd. and CK-
Co.). Serum was collected and preserved at –20 
tests.  

The remaining animals were kept until the end of the experiment 
and then euthanized by using a dosage inhalation
pors inside a sealed glass container. Heart and lung samples from all 
experimental and control groups were fixed immediately with 10% 
neutral buffer formalin for 24 h. Fixed specimens 
tap water, ascending dehydrated ethyl alcohol, cleared in xylene, 
embedded in paraffin blocks at 60 °C, then sectioned by a microtome 
(7 μm thick) and stained with hematoxylin and eosin. 
Schiff staining was used to detect glycogen and glycoprotein and 
polysaccharide, which appeared red. Masson’s trichrome 
visualize collagen, staining it blue. The tissue sections were mounted 
on the slides using Dibutylphthalate Polystyrene Xylene (DPX) and 
covered by cover slides (Obayes et al., 2020).  

The data are expressed as mean ± standard deviation (SD). The 
differences were considered significant at p value 

Fig. 1. Representative histological heart sections from mice stained 
cytes (Ca) (10x); b – Group I showing complete blood hemolysis of congested blood vessels (Co), adipose tissue (Ad)

infiltration (In) (10x); b – Group I heart section 
fibers (Ds) and perinuclear halo of cardiomyocytes (40
tion (In), karyorhex of muscle fibers (Ka) and perinuclear halo of cardiomyocytes 
cells (At), inflammatory cell infiltration (In), longitudinal section show
d – Group III heart section with necrosis of muscle cells (N), 
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rdiac enzymes (TnI, Myoglobin Wondfo, 
-MB-Spin react, Spain 
20 ℃ for biochemical 

until the end of the experiment 
d by using a dosage inhalation of chloroform va-

pors inside a sealed glass container. Heart and lung samples from all 
experimental and control groups were fixed immediately with 10% 
neutral buffer formalin for 24 h. Fixed specimens were washed with 
tap water, ascending dehydrated ethyl alcohol, cleared in xylene, 

sectioned by a microtome 
ned with hematoxylin and eosin. Periodic acid–

gen and glycoprotein and 
trichrome was used to 

tissue sections were mounted 
on the slides using Dibutylphthalate Polystyrene Xylene (DPX) and 

tandard deviation (SD). The 
nificant at p value below 0.05 using 

one-way ANOVA and post hoc Tukey test with Bonferroni correc
tion.  
 
Results  
 

The histological examination of the study's heart 
vealed a normal texture of intact cardiomyocytes 
In Group I, the examination revealed complete blood hemolysis 
congested blood vessels and inflam
neath the pericardium. We observed d
perinuclear halo of cardiomyocytes, degeneration of cardiac muscle 
fibers, with inflammatory cell infiltration. Gro
karyorhexis of atrophied muscle fibers
tration between them; other muscle fibers 
of cardiomyocytes. The longitudinal section showed muscle fiber 
atrophy and a congested blood vessel. In 
necrosis of muscle cells, with coarse infi
and fibrocytes; on the other hand, the
muscle fibers and congested blood vessel (Fig. 1).

 

epresentative histological heart sections from mice stained with hematoxyline and eosin: a – control group demonstrating cardiomy
complete blood hemolysis of congested blood vessels (Co), adipose tissue (Ad)

I heart section with degeneration of muscles cells (D), inflammatory cell infiltration 
fibers (Ds) and perinuclear halo of cardiomyocytes (40x); c – Group II heart section with atrophy of muscle cells (At), 

(In), karyorhex of muscle fibers (Ka) and perinuclear halo of cardiomyocytes (Pe) (40x); c – Group II heart section 
(In), longitudinal section showing atrophy of muscle fibers (At), and con

necrosis of muscle cells (N), inflammatory cell infiltration (In), karyorhex of muscle fibers (Ka)
blood vessel (Co) (40x)  

Tukey test with Bonferroni correc-

on of the study's heart samples re-
tact cardiomyocytes in the control group. 

roup I, the examination revealed complete blood hemolysis of 
inflammatory cells infiltrating under-

We observed dissociation of muscle fibers, 
perinuclear halo of cardiomyocytes, degeneration of cardiac muscle 

infiltration. Group II presented with 
karyorhexis of atrophied muscle fibers, with inflammatory cell infil-

between them; other muscle fibers exhibited a perinuclear halo 
of cardiomyocytes. The longitudinal section showed muscle fiber 
atrophy and a congested blood vessel. In Group III, we observed 

cells, with coarse infiltration by inflammatory cells 
, the section showed karyorhex of 

muscle fibers and congested blood vessel (Fig. 1). 

  
ontrol group demonstrating cardiomyo-

complete blood hemolysis of congested blood vessels (Co), adipose tissue (Ad), and inflammatory cell 
infiltration (In), dissociation of muscle 

atrophy of muscle cells (At), inflammatory cell infiltra-
roup II heart section with atrophy of muscle 

nd congested blood vessel (Co) (40x);  
(In), karyorhex of muscle fibers (Ka), and congested 
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The histological examination of the heart samples
PAS (red), revealed that the control group had a negative reaction 
had a normal texture of intact cardiomyocytes. In 
sections revealed a positive reaction with pericardium
of the Purkinje fibers, and pyknosis of degenerated cardiomyocytes. 
Dissociation of muscle fibers was observed. Group II showed blood 
vessels with luminal fibrinoid deposition and PAS
with tunics and adjacent cardiomyocytes, while the other cardiomy

Fig. 2. Representative histological heart sections from mice stained 
ing PAS-negative reaction in cardiomyocytes Ca (10

lemma of Purkinje fibers (S.P.), degeneration of cardiomyocytes (D), pyknosis of nucleus  of muscle cells (Pic), dissociation of interc
in) between muscle fibers (Ds) (40x PAS); Group I heart section 

cytes (S), dissociation of intercalated discs between muscle fibers (Ds) (10
layer (En), tunics of blood vessel (T) and adjacent cardiomyocytes (Cm), fibriniod deposition (Fi), necrosis of cardiomyocyte
cell infiltration In (40x PAS); d – Group III showing PAS

(D), cardiomyocytes (Cm), necrosis of cardiomyocytes (N), 
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heart samples, stained with 
a negative reaction and 

normal texture of intact cardiomyocytes. In Group I, the heart 
pericardium, a sarcolemma 

Purkinje fibers, and pyknosis of degenerated cardiomyocytes. 
Group II showed blood 

vessels with luminal fibrinoid deposition and PAS-positive material, 
rdiomyocytes, while the other cardiomyo-

cytes underwent necrosis with the spread of inflammatory cells. Ca
diomyocytes appearred with a high affinity for PAS
were undergoing necrosis, and were surrounded
cells. Group III showed positive substances in the pericardium and 
Purkinje fibers with the degeneration of other muscle fibers. In additi
on to PAS-positive substances in the
karyomegaly of the endocardium, with the spread of numerous i
flammatory cells underneath it (Fig. 2).

 

epresentative histological heart sections from mice stained with periodic acid-Schiff (PAS): a – control group heart section demonstra
cardiomyocytes Ca (10x PAS); b – Group I heart section with PAS-positive reaction in

urkinje fibers (S.P.), degeneration of cardiomyocytes (D), pyknosis of nucleus  of muscle cells (Pic), dissociation of interc
roup I heart section with  PAS-positive reaction with pericardium (Peri), sarcolemma of cardiomy

cytes (S), dissociation of intercalated discs between muscle fibers (Ds) (10x PAS); c – Group II showing PAS-positive 
layer (En), tunics of blood vessel (T) and adjacent cardiomyocytes (Cm), fibriniod deposition (Fi), necrosis of cardiomyocyte

roup III showing PAS-positive reaction in pericardium (Peri), Purkinje fibers (Pf), 
(Cm), necrosis of cardiomyocytes (N), karyomegaly of endocardium (Ka), and inflammatory cell infiltration 

3 

cytes underwent necrosis with the spread of inflammatory cells. Car-
with a high affinity for PAS-positive material, 

re surrounded by inflammatory 
howed positive substances in the pericardium and 

Purkinje fibers with the degeneration of other muscle fibers. In additi-
in the cardiomyocytes, they showed 

of the endocardium, with the spread of numerous in-
ry cells underneath it (Fig. 2).  

  

ontrol group heart section demonstrat-
reaction in pericardium (Peri), sarco-

urkinje fibers (S.P.), degeneration of cardiomyocytes (D), pyknosis of nucleus  of muscle cells (Pic), dissociation of intercalated (discs 
with pericardium (Peri), sarcolemma of cardiomyo-

positive reaction in endothelial 
layer (En), tunics of blood vessel (T) and adjacent cardiomyocytes (Cm), fibriniod deposition (Fi), necrosis of cardiomyocytes (N) and inflammatory 

urkinje fibers (Pf), degeneration of cardiomyocytes 
inflammatory cell infiltration (In) (40x PAS)  
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The histological examination of the heart samples
Masson’s trichrome to highlight collagen fibers (blue), revealed the 
following. Group I showed a spread of fibrosis and inflammatory 
cells between muscle bundles and adjacent blood vessels, l
striations of cardiomyocytes, and atrophy of cardiomyocytes
regions. Group II had a deposition of collagen fibers in the walls of 
the blood vessel and between the heart muscle fibers, 

Fig. 3. Representative histological heart sections from mice stained with
omyocytes (Ca) and connective tissue of the heart (C.T.) (blue) (40
between cardiomyocytes and in adjacent blood vessel, 
Group II showing fibrosis (Fb) and inflammatory cell

showing fibrosis (Fb) between necrotic (N) cardiomyocytes with infiltration 
fibrosis (Fb) of cardiomyocytes with inflammatory cell

and fibroblasts (Fib) between ne

The histological examination of the lung samples
hematoxylin and eosin, revealed the following findings
group exhibited a normal texture of bronchioles, characterized by 
squamous epithelium types I and II. In Group I, the bronchiole 
went edematous changes. In addition, we observed a
degenerated epithelial layer lining the bronchiole, with accumulation 
of cellular debris in its lumen. In the lung section
saw desquamation of alveolar cells, inflammatory cell
the plasma, and necrosis of bronchioles. Lung samples from 
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heart samples, stained with 
trichrome to highlight collagen fibers (blue), revealed the 

fibrosis and inflammatory 
adjacent blood vessels, loss of 

atrophy of cardiomyocytes in some 
deposition of collagen fibers in the walls of 

the blood vessel and between the heart muscle fibers, and coarse 

inflammatory cell infiltration between 
showed a spread of collagen fibers and neutrophils between necrotic 
muscle fibers and dissociation of atrophied muscle bundles. Group
was observed to have a coarse fibrosis between cardiomyocytes, with 
inflammatory cell infiltration. Other spots sho
gen fibers with inflammatory cells and fibro
muscle fibers (Fig. 3).  

 

art sections from mice stained with Masson's trichrome: a – control group demonstrating normal card
heart (C.T.) (blue) (40x); b – Group I showing fibrosis (Fb) and inflammatory cell

adjacent blood vessel, loss of striations of cardiomyocytes (Lo), and atrophy of cardiomyocytes (At) (40
inflammatory cell infiltration (In) between cardiomyocytes and in adjacent blood vessel (10

etween necrotic (N) cardiomyocytes with infiltration by neutrophils  (Neu) (40x); d – Group III heart section 
inflammatory cell infiltration (In) (10x); heart section with fibrosis (Fb), inflammatory cell

and fibroblasts (Fib) between necrotic (N) cardiomyocytes (40x)  

lung samples, stained with 
hematoxylin and eosin, revealed the following findings. The control 

normal texture of bronchioles, characterized by 
roup I, the bronchiole under-

In addition, we observed a discontinuous, 
the bronchiole, with accumulation 

sections from Group II, we 
inflammatory cell infiltration of 

Lung samples from Group 

III exhibited a massive inflammatory cell
ted blood vessels, with bubbles forming within them. 
ved an aggregation of cellular debris in the lumen of the bronchiole, 
with edematous tissue in the interstitial tissue. Other sections showed 
discontinuous degeneration of alveoli,
tion of hemolyzed blood vessels (Fig. 4).

The histological examination of 
PAS (red) demonstrated the following. In 
rial was PAS-negative, with normal tex

infiltration between muscle fibers. Other sections 
spread of collagen fibers and neutrophils between necrotic 

dissociation of atrophied muscle bundles. Group III 
coarse fibrosis between cardiomyocytes, with 

infiltration. Other spots showed a spread of colla-
gen fibers with inflammatory cells and fibroblasts between necrotic 

  

ontrol group demonstrating normal cardi-
inflammatory cell infiltration (In) 

loss of striations of cardiomyocytes (Lo), and atrophy of cardiomyocytes (At) (40x); c – 
adjacent blood vessel (10x); heart section 

roup III heart section with massive 
inflammatory cell infiltration (In) 

inflammatory cell infiltration between conges-
with bubbles forming within them. Also, we obser-

of cellular debris in the lumen of the bronchiole, 
interstitial tissue. Other sections showed 

of alveoli, collapse of alveoli, and conges-
tion of hemolyzed blood vessels (Fig. 4).  

The histological examination of the lung samples, stained with 
demonstrated the following. In the control group, the mate-

with normal texture of the bronchioles’ epithe-
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lial layer, and PAS-negative in the alveoli, squamous epithelium type 
I and II. The material from Group I was PAS-positive
sloughed epithelial layer and its degenerated lamina propria of bro
chiole. Necrosis of alveoli was observed. Other section 
sitive, with cell debris in the lumen of bronchiole, degeneration of 
smooth muscle fibers, and damage to the basal lamina of 
alveoli. The interstitial space was filled with inflammatory cells. 
In Group II, the results were PAS-positive, showing
mucus, cellular debris in the lumen of bronchiole, and degenerated 

Fig. 4. Representative histological lung sections from mice stained 
bronchioles (Br), squamous epithelium type I and II (SI, SII)

tion (In), bronchiole showing discontinuity of degenerated (D)
discontinuity of desquamated alveoli (Des), infiltration of 
d – Group III showing aggregate cellular debris in lumen of 
alveoli (Ed), and air bubble within congested blood vessel (Co), discontinuous

bubble within hemolyzed

The histological examination of the lung 
Masson’s trichrome for collagen fiber (blue), reveal
tial tissue and alveoli in the control group. In Group I, 
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alveoli, squamous epithelium type 
positive, with both the 

sloughed epithelial layer and its degenerated lamina propria of bron-
. Other section was PAS-po-

lumen of bronchiole, degeneration of 
basal lamina of degenerated 

alveoli. The interstitial space was filled with inflammatory cells. 
, showing accumulations of 

mucus, cellular debris in the lumen of bronchiole, and degenerated 

muscular layer, connective tissue of bronchioles, and lamina propria 
of necrotic alveoli, infiltrated by inflammatory cell
was PAS-positive, with lamina propria of degenerated alveoli with 
edemas between the tissues. In Group III, the lung section 
positive, with degenerated lamina propria of alveoli, 
hemorrhage within edematous interstitial tissue. 
positive material with tunics of congested blood vessel with fibriniod 
formation, and atrophy in adventitia (Fig. 5). 

ung sections from mice stained with hematoxyline and eosin: a – control group showing normal texture of 
bronchioles (Br), squamous epithelium type I and II (SI, SII); b – Group I showing edema between air sacs (Ed) and 

of degenerated (D), epithelial layer (Dis), and aggregate of cellular debris (Cd)
, infiltration of plasma, inflammatory cells (In), (Pl), necrosis in epithelial layer of bronchioles (N)

te cellular debris in lumen of bronchiole (Cd), massive infiltration by inflammatory cells (In), edema between 
nd air bubble within congested blood vessel (Co), discontinuous edema between alveoli (Ed), collapsed

bubble within hemolyzed congested blood vessel (He)  

 samples, stained with 
richrome for collagen fiber (blue), revealed normal intersti-

roup I, we observed an 

increased deposition of collagen fibers in blood vessel tunics and 
spread between necrotic alveoli and their lamina propria. Another sec
tion showed a deposition of collagen fibers in the wall of the bronch

5 

muscular layer, connective tissue of bronchioles, and lamina propria 
of necrotic alveoli, infiltrated by inflammatory cells. Another section 

propria of degenerated alveoli with 
up III, the lung section was PAS-

with degenerated lamina propria of alveoli, and a massive 
hemorrhage within edematous interstitial tissue. We obtained PAS-
positive material with tunics of congested blood vessel with fibriniod 

(Fig. 5).  

  

ontrol group showing normal texture of 
between air sacs (Ed) and inflammatory cell infiltra-

nd aggregate of cellular debris (Cd); c – Group II showing 
epithelial layer of bronchioles (N);  

inflammatory cells (In), edema between 
, collapsed alveoli (Col), and air  

collagen fibers in blood vessel tunics and a 
spread between necrotic alveoli and their lamina propria. Another sec-

deposition of collagen fibers in the wall of the bronchi-
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ole. In Group II, we observed a high deposition of collagen fibers in 
the tunics of the blood vessel wall with fibrinoid deposition in its 
lumen. On the other hand, collagen fibers were spread out
tration of inflammatory cells within the interstitial space,
Group III, the whole section appeared fibrotic, with inflammatory cell
infiltration. In addition, hemosiderin deposition within congested 
blood vessels was observed. Collagen fibers 

Fig. 5. Representative histological lung sections from mice stained 
tion: a – control group showing normal texture of bronchioles

squamous epithelium type I and II (SI, SII) and blood capillary B.C.
separation of the bronchiole S, degeneration (C.T) necrosis of alveoli, spot accumulat

ration of (C.T) alveoli with inflammatory cell infiltration 
within lumen of bronchiole (Ni), atrophy of epithelial l
propria of necrotic alveoli with inflammatory cell
Group III showing PAS-positive reaction in degenerated

vessel (W), with fibrin deposition  (Fi), edema (Ed), and atrophy in adventitia (At) (PAS)

Discussion   
 

Nonsteroidal anti-inflammatory drugs (NSAIDs) are commonly 
used for mitigating pain and managing inflammatory responses 
(McDonald et al., 2018; S et al., 2024). Myocardial infarction induced 
by drugs refers to cardiomyocyte cell death caused by both illicit 
drugs and prescribed medications (Boarescu & Boarescu, 2024). 
These medications can induce myocardial infarction through several 
mechanisms, including coronary contraction, increased myocardial 
oxygen needed, endothelial degeneration, and direct toxic
the cardiomyocytes or atherosclerosis (Barachini et al., 2023; M
hammad et al., 2025).  

In the present study, ketorolac was found to induce numerous hi
tological alterations, including blood hemolysis in congested blood 
vessels. Akşit et al. showed that the increased intravenous pressure in
duced venous hypertension, triggering inflammatory cells, 
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a high deposition of collagen fibers in 
the tunics of the blood vessel wall with fibrinoid deposition in its 

re spread out, with infil-
tration of inflammatory cells within the interstitial space, and in 

with inflammatory cell 
emosiderin deposition within congested 

rs were deposited and 

spread in the interstitial tissue and within the wall of the blood vessel 
(Fig. 6). The analysis of cardiac enzymes revealed a significant (P
0.05) increase in troponin I and myoglobin in all experimental groups 
compared with the control. Creatine kinase showed a significant (P
0.05) increase in Group II and Group III, compared with Group I and 
the control group (Table 1). However, a nonsignificant differences 
existed beween Group I and Control. 

epresentative histological lung sections from mice stained with hematoxyline and eosin and periodic acid
ontrol group showing normal texture of bronchioles’ epithelial layer Ep (PAS); control group showing 

squamous epithelium type I and II (SI, SII) and blood capillary B.C.; b – Group I showing PAS-positive reaction in
bronchiole S, degeneration (C.T) necrosis of alveoli, spot accumulation of  cell debris  within lumen of bronchiole (S), degen

infiltration (PAS); c – Group II showing PAS-positive reaction in accumulation of necrotic material 
within lumen of bronchiole (Ni), atrophy of epithelial line of bronchiole (At), degeneration of smooth muscle fibers and (C.T) layer 

inflammatory cell infiltration, lamina propria of degenerated alveoli with edema
degenerated alveoli with hemorrhage (Her) between alveoli, edema Ed, 

with fibrin deposition  (Fi), edema (Ed), and atrophy in adventitia (At) (PAS)

inflammatory drugs (NSAIDs) are commonly 
inflammatory responses 

). Myocardial infarction induced 
refers to cardiomyocyte cell death caused by both illicit 

rugs and prescribed medications (Boarescu & Boarescu, 2024). 
These medications can induce myocardial infarction through several 
mechanisms, including coronary contraction, increased myocardial 

direct toxic effects on 
or atherosclerosis (Barachini et al., 2023; Mo-

In the present study, ketorolac was found to induce numerous his-
tological alterations, including blood hemolysis in congested blood 

that the increased intravenous pressure in-
, triggering inflammatory cells, macro-

phage infiltration and hemosiderin accumulation 
tissue (Akşit et al., 2023). Nonsteroidal anti
selective COX-2 inhibitors that inhibit vascular prostacyclin secretion 
(PGI2) (Tjenggal et al., 2021). Prostaglandin 
sodilator and has antiplatelet aggregation properties. This inhibition 
can be reduced by blocking COX-1, which causes v
and is involved in thromboxane A2 production (Szczuko et al., 2021). 
Prostaglandin GI2 also inhibits the proliferation of smooth muscle 
cells and aggregates of white blood cells, thus inhibiting the formation 
of atherosclerosis (Katusic et al., 2012).
COX reduced vascular dysfunction and infiltration of the aorta tunica 
by macrophages in mice treated with angiotensin II (Avendaño et al., 
2016). The adverse effects of NSAIDs on the cardiovascular enzymes 
are related to blood pressure control and coagulation (das Dores 
Lopes et al., 2022).  

spread in the interstitial tissue and within the wall of the blood vessel 
of cardiac enzymes revealed a significant (P  < 

0.05) increase in troponin I and myoglobin in all experimental groups 
reatine kinase showed a significant (P  < 

II and Group III, compared with Group I and 
the control group (Table 1). However, a nonsignificant differences 

  

  

nd periodic acid-Schiff (PAS) at 40x magnifica-
ontrol group showing normal texture of alveoli, 

reaction in accumulated mucus and 
cell debris  within lumen of bronchiole (S), degene-

accumulation of necrotic material 
ine of bronchiole (At), degeneration of smooth muscle fibers and (C.T) layer of lamina 

lveoli with edema between alveoli  (PAS); d –
between alveoli, edema Ed, wall of congested blood 

with fibrin deposition  (Fi), edema (Ed), and atrophy in adventitia (At) (PAS)  

hemosiderin accumulation in the myocardial 
steroidal anti-inflammatory drugs are 

2 inhibitors that inhibit vascular prostacyclin secretion 
Prostaglandin I2 (PGI2) acts as a va-

sodilator and has antiplatelet aggregation properties. This inhibition 
1, which causes vasoconstriction 

and is involved in thromboxane A2 production (Szczuko et al., 2021). 
inhibits the proliferation of smooth muscle 

cells and aggregates of white blood cells, thus inhibiting the formation 
of atherosclerosis (Katusic et al., 2012). Suppression of vital roles of 

vascular dysfunction and infiltration of the aorta tunica 
macrophages in mice treated with angiotensin II (Avendaño et al., 

2016). The adverse effects of NSAIDs on the cardiovascular enzymes 
d pressure control and coagulation (das Dores 
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Table 1  
The heart enzymes in the control and experimental groups 

Parameters  Control Group I Group II

Troponin I, ng/mL 
0.1000 

± 0.001 D 
0.2140 

± 0.1673 C ± 

Ck – MB, mg/dL 
2.140 

± 0.055 C 
2.920 

± 0.130 C ±

Myoglobin, ng/mL 
41.16  

± 0.85 D 
94.20  

± 2.49 C ±

Notes. Data expressed as mean±SD, different letters indicate significant
rences at P value less than 0.05 using one-way ANOVA and the post hoc 
Tukey test with Bonferroni correction.  

In the our study, we observed a perinuclear halo of cardiomyocy
tes, degeneration in cardiac muscle fibers with inflammato
tration between them, karyorrhexis of atrophied muscle fibers, and 
necrosis of muscle cells of the heart. Lin et al. revealed the effects
(histopathology) of arrhythmogenic drugs on cardiomyocytes, 

Fig. 6. Representative histological lung sections from mice stained 
and alveoli; b – Group I showing fibrosis (Fb) around 
fibriniod deposition in lumen (Fi), fibrosis around blood vessel

(Fb) in the whole section, inflammatory cell infiltration 
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experimental groups  

Group II Group III 
0.9060 

 0.0002 B 
1.0360 

± 0.1128 A 
12.940 

± 2.390 B 
17.000 

± 1.581 A 
101.40 

± 6.11 B 
130.20 

± 11.97 A 

ata expressed as mean±SD, different letters indicate significant diffe-
way ANOVA and the post hoc 

a perinuclear halo of cardiomyocy-
tes, degeneration in cardiac muscle fibers with inflammatory cell infil-

between them, karyorrhexis of atrophied muscle fibers, and 
heart. Lin et al. revealed the effects 

on cardiomyocytes, such as 

replacement of myocardium with inflammatory fibro
sociation of muscle fibers, necrosis spread between otherwise intact 
cardiomyocytes, and multifocal inflammatory cell
edly seen in both heart ventricles (Lin et al., 2021). Diclofenac affects 
glutathione peroxidase enzyme levels, which protect cardiomyocytes 
against reactive oxygen species (ROS
2021). Reactive oxygen species lead to
major role in any pathological defect in the cardiovascular system, 
causing oxidative stress and inducing abnormal contraction
flammatory cell proliferation (Koohsari et al., 2016), or lipid perox
dation during the pumping of the blood from the ischemic heart 
(Chen et al., 2018; Vupputuri et al., 2015). Cheng et al. declare
the reduction in levels of prostaglandin E2 by nonsteroidal anti
flammatory drugs (NSAIDs) in patients usually influences the tissue 
repair mechanism in myocardial ischemia, which induces arrhyt
mias, microvascular dysfunction, and even muscle fiber necrosis
(Cheng et al., 2021).  

 

epresentative histological lung sections from mice stained with Masson's trichrome: a – control group showing normal interstitial tissue 
roup I showing fibrosis (Fb) around blood vessel wall, between alveoli, and around bronchioles

), fibrosis around blood vessel wall (Fb), and inflammatory cell infiltration (In);
infiltration (In), fibrosis around congested blood vessel wall (Fb), with hemosiderin deposition (Hes), 

and fibrosis around collapsed alveoli (Ds)  

7 

um with inflammatory fibrofatty tissue; dis-
sociation of muscle fibers, necrosis spread between otherwise intact 
cardiomyocytes, and multifocal inflammatory cell infiltration repeat-
edly seen in both heart ventricles (Lin et al., 2021). Diclofenac affects 

me levels, which protect cardiomyocytes 
ROS) in mice (Dolanbay et al., 

lead to an imbalance by playing a 
major role in any pathological defect in the cardiovascular system, 

tress and inducing abnormal contraction and in-
flammatory cell proliferation (Koohsari et al., 2016), or lipid peroxi-
dation during the pumping of the blood from the ischemic heart 
(Chen et al., 2018; Vupputuri et al., 2015). Cheng et al. declared that 

eduction in levels of prostaglandin E2 by nonsteroidal anti-in-
flammatory drugs (NSAIDs) in patients usually influences the tissue 
repair mechanism in myocardial ischemia, which induces arrhyth-
mias, microvascular dysfunction, and even muscle fiber necrosis 

   

ontrol group showing normal interstitial tissue 
blood vessel wall, between alveoli, and around bronchioles’ wall; c – Group II showing 

; d – Group III showing fibrosis 
(In), fibrosis around congested blood vessel wall (Fb), with hemosiderin deposition (Hes), 



8 
Regulatory Mechanisms in Biosystems, 2025, 16(4), e25214 

In the present study of heart sections, the PAS revealed a high af-
finity for accumulation of glycogen in all experimental groups, such 
as pericardium and Purkinje fibers, a specialized type of cardiac mus-
cle fiber that is responsible for the conduction of electrical impulses 
(Elbrønd et al., 2023). Milutinović et al. showed in their study that 
neurotoxin 3-nitropropionic acid induced a cardiomyopathy accom-
panied by the accumulation of glycogen granules in cardiac muscle 
fibers when compared with the control group (Milutinović & Zorc-
Pleskovič, 2012). Cardiac glycogen decreases due to exposure to ele-
ctromagnetic field (Zahkouk et al., 2015). Tejado et al. revealed an 
accumulation of glycolipids within the sarcoplasm, resulting in a va-
cuolated cytoplasmic appearance and fragmentation of myofibrillar 
filaments, ultimately leading to hypertrophy of cardiomyocytes (Te-
jado & Jou, 2018). Nguyen et al. (2009) revealed that PAS-positive 
material had cardiomyocytes, which may have a regulatory function 
in interstitial Cajal-like cells, cytoplasmic processes, pulmonary ves-
sels, and atrial myocytes.  

Staining the heart sections with Masson's trichrome showed a 
massive spread of collagen fibers (fibrosis) and inflammatory cells 
spreading in the walls of the blood vessels and between the heart mus-
cle fibers. In patients with chronic atrial fibrillation, there was an in-
flammatory cell infiltration with a collagen fiber deposition (Tashiro 
et al., 2017). Fibroblast cells are the most predominant cell type in the 
heart, exhibiting proliferative activity in response to muscle cell in-
jury. They interact with other cell types (Wang et al., 2022). A clinical 
study showed that ibuprofen, a member of NSAIDs, may increase the 
risk of irregular heartbeat and may even contribute to the increase in 
the incidence of sudden cardiac arrest (Pászti et al., 2021). Atrial 
fibrillation and hypertensive cardiomyopathy induce inflammation, 
dysfunction of coronary arteries, atrial fibrosis, hypertrophy of cardi-
omyocytes, and heart failure (Severino et al., 2021). The deficiency of 
Cox-2, regardless of Cox-1 deficiency, in adult rats induced myocar-
dial fibrosis due to a reduction of cardiac ATP and acetyl-CoA pro-
duction (Ricciotti et al., 2024). In the present study, fibrosis in all 
tunics of the cardiac blood vessel wall and cardiomyocytes was obvi-
ous. Myofibroblasts can progressively occupy the extracellular space 
between necrotic cardiomyocytes and the thickening of the vessel 
wall (Wang et al., 2022).  

The lung is vitally remodeled in response to inflammation, and 
the gases are exchanged between alveoli and blood capillaries (Zhou 
et al., 2025). In the present study, we found edematous areas between 
the alveoli of the lung. During lung injury, PGF2 plays a major role in 
various functions, including inflammation and neutrophil migration in 
the lung tissue (Claar et al., 2015). During bleomycin-induced pulmo-
nary fibrosis, the overproduction of free radicals (reactive oxygen spe-
cies ROS)—due to the chelation of metal ions and reaction of the 
formed pseudoenzyme with oxygen—induced epithelial cell apopto-
sis (days 1–3), infiltration of inflammatory cells (days 3–9, neutro-
phils found in the bronchoalveolar lavage fluid at day 3 and lympho-
cytes at day 6), and fibroblasts activation, and produced extracellular 
matrix (days 10–21) (Tashiro et al., 2017). The same was seen in the 
present study: sections of bronchiole with accumulation of cellular 
debris and degeneration of alveolar walls.  

The PAS-positive stain reaction demonstrates deposits in the 
bronchioles and alveoli (Liu et al., 2022), as the positive reaction 
stains carbohydrates of the tissue (glycogen, mucin) in alveoli and 
their basement membrane (Van-Seuningen & Davril, 1992). In the 
current study, we found a positive polysaccharide stain reaction asso-
ciated with the accumulation of cell debris within the lumen of bron-
chioles, bronchiolar walls, and the lamina propria of necrotic alveoli 
as a side effect of the drug due to toxicity.  

In our study, we also observed collagen fiber deposition (fibrosis) 
in blood vessel walls, compensating for the lamina propria of necrotic 
alveoli, and inflammatory cell infiltration. Increased vascular permea-
bility plays a pathogenic role during extensive pulmonary inflamma-
tion and fibrosis (Probst et al., 2020). In recent years, researchers have 
shown that COX-2 exerts a protective effect against pulmonary fibro-
sis (Maher et al., 2010). Thus, inflammatory cell infiltration is a chro-
nic inflammation process involved in a significant increase in num-
bers of macrophages, neutrophils, and lymphocytes (Miao et al., 

2023). Obayes et al. (2024) demonstrated that diclofenac is a COX-2 
inhibitor that blocks prostaglandin E2 secretion, turning on activated 
myofibroblasts to induce pulmonary fibrosis. These inflammatory 
cells lead to differentiation of the lung fibroblasts into myofibroblasts, 
which are responsible for secreting collagen fibers into the alveolar 
interstitial tissue to induce pulmonary fibrosis (Bormann et al., 2021). 
One proposed mechanism of lung fibrosis in animal models involves 
bleomycin, which leads to apoptosis. The lung bleomycin hydrolase 
enzyme is retained at low levels in the lungs, thereby contributing to 
bleomycin-induced epithelial cell injury (Tashiro et al., 2017).  

This study demonstrates a significant alteration in the levels of 
cardiac enzymes troponin I, CK-MB, and myoglobin. Troponin is an 
important biomarker of cardiac injury; and the cTnT level can persist 
in the patient's serum for up to 72 hours (Babuin & Jaffe, 2005). 
The CK-MB enzyme is associated with the measurement of the tro-
ponin in ischemic heart disease (Irmak et al., 2021). This alteration in 
enzyme levels, indicating degeneration, inflammation, atrophy, and 
fibrosis, was shown in the results of our study. The doxorubicin che-
motherapy was observed to induce cardiomyopathy, accompanied by 
cytoplasmic membrane leakages and a high level of troponin (Soro-
doc et al., 2022). The findings of this study align with those of Ok-
wakpam et al., demonstrating that diclofenac induces leakage of both 
troponin I and LDH in serum, which is attributed to decreased gluta-
thione levels and adverse effects on rats (Okwakpam et al., 2023).  
 
Conclusion  
 

Ketorolac in this experimental animal model study induced nu-
merous histological defects in the myocardium, such as congested 
blood vessels, degeneration in the cardiac muscle fibers, inflammato-
ry cell infiltration, and karyorhexis of atrophied muscle fibers. In the 
lung, ketorolac induced alveolar fibrosis and bronchial inflammation, 
characterized by the presence of cellular debris. This reflects the tox-
icity of ketorolac during the experiment.  
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