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Abstract 
Objective: Cardiovascular disease is the major cause of mortality 

and morbidity. Various studies have shown that oxidative stress 

plays a major role in myocardial infarction. This study investigated 
the cardio-protective effect of noscapine against isoprenaline-

induced cardiotoxicity. 
Materials and methods: Rats received noscapine (5 and 50 mg/kg) 

or vitamin E (positive control) orally from day 1 to 9. In the pre-

treatment group, isoprenaline was injected subcutaneously at a dose 

of 85 mg/kg on the 8th and 9th days. In the co-treatment group, 

isoprenaline was administered on the 2nd and 3rd days. On the 10th 

day, rats were anesthetized, and blood was collected from the heart 

to determine lactate dehydrogenase (LDH), creatine kinase muscle-

brain (CK-MB), aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), and lipid profile. The levels of superoxide 

dismutase (SOD), catalase, malondialdehyde (MDA), and thiol 

were measured in cardiac tissue. A histopathological study was also 

performed on cardiac tissue.  

Results: Isoprenaline increased LDH, CK-MB, and MDA, while 

reducing SOD, thiol, and catalase (P<0.001 for all cases). 

Isoprenaline led to the infiltration of inflammatory cells and 

necrosis. In pre- and co-treatment groups, noscapine reduced MDA, 

lipid profile, and cardiac markers while increasing anti-oxidant 

activity and high density lipoprotein (HDL). Vitamin E, as a 

positive control, decreased lipid peroxidation and oxidative stress, 

and modulated lipid profile.   

Conclusion: Noscapine attenuated isoprenaline-induced cardiac 

toxicity in the tissue. The protective effect of noscapine was partly 

mediated by reducing oxidative stress, suggesting a role in the 

modulation of isoprenaline-induced cardiotoxicity. 
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Introduction 
Cardiovascular diseases (CVD) and 

ischemic heart diseases (IHD) are important 

causes of death worldwide and can lead to 

disability. According to the World Health 

Organization (WHO) predictions, 

cardiovascular diseases will cause more 

than 23.6 million deaths annually, most of 

which will be due to myocardial infarction 

(MI) (Organization 2013). Myocardial 

infarction can lead to serious and fatal 

complications including myocardial 

fibrosis and hypertrophy of the heart 

chambers (Fishbein et al. 2022). 

Myocardial infarction is a phenomenon that 

widely influences the function, structure, 

and biochemical parameters of the cardiac 

system (Lüscher 2015). As a result, 

myocardial cells undergo cell death through 

both controlled mechanisms (apoptosis, 

autophagy, and necroptosis) and 

uncontrolled pathway (cell necrosis). The 

most important mechanisms involved in 

atherosclerosis are spasms of the coronary 

arteries (Severino et al. 2020), 

inflammation, oxidative stress, 

accumulation of free radicals, and cell 

apoptosis (Neri et al. 2015). A common 

treatment for MI includes the use of 

angiotensin-converting enzyme (ACE) 

inhibitors, beta-adrenergic antagonists, and 

antiplatelet agents (Strauss, Hall and 

Narkiewicz 2023). Studies have shown that 

most biological substances of natural origin 

have different pharmacological properties 

and have lower side effects on patients 

(Chopra and Dhingra 2021). Therefore, the 

use of new and complementary agents for 

treating heart attacks and controlling their 

complications is discussed, especially in 

developed countries (David, Wolfender and 

Dias 2015). There are different methods for 

inducing myocardial ischemia in the 

laboratory environment, for example, the 

occlusion of coronary arteries through 

surgery. Another common method of 

inducing myocardial ischemia in the 

laboratory environment is the injection of a 

high dose of isoprenaline (Jiang et al. 2021; 

Lindsey et al. 2018). Isoprenaline is a beta-

adrenoceptor agonist applied in 

emergencies, asthma attacks, bradycardia, 

arrest of the heart, and eye problems (Khan 

2007). Besides these therapeutic effects, 

isoprenaline, especially in high doses, can 

have serious side effects, such as the 

induction of MI (Hosseini et al. 2022). 

Isoprenaline can cause an increase in the 

heart need for oxygen and serious heart 

damage through mechanisms, for example, 

elevation of free radicals, generation of 

inflammatory factors, and apoptosis (Qi et 

al. 2019). Researchers have found that 

isoprenaline-induced myocardial 

abnormalities in the hearts of laboratory 

animals are similar to what occurs in human 

myocardial ischemia (Noushida et al. 

2024). Therefore, isoprenaline is widely 

used as a standardized model to induce MI 

in rats to investigate the beneficial effects 

of compounds on the MI process (Zaafan et 

al. 2013). Different studies have reported 

that opioid receptors can have a role in the 

management of cardiovascular diseases and 

cause cardio-protection (Johnson 2019). 

Co-administration of morphine and 

verapamil reduced myocardial injury 

(Joukar et al. 2011). Also, administration of 

morphine, fentanyl, and remifentanil 

attenuated myocardial infarct size (Kim, 

Jang and Kim 2011). Noscapine is a benzyl-

isoquinoline alkaloid compound with the 

chemical formula C22H23NO7, found in 

Berberidaceae, Papaveraceae, and 

Ranunculaceae (Priyadarshani 2022). This 

compound was first isolated from opium in 

1803 by Jean-François Derosne. Noscapine 

is found in plants that are rich in alkaloids. 

Its properties in the central nervous system 

(CNS) are minimal and do not lead to 

respiratory depression, euphoria, or 

addiction (Akhter et al. 2022). Noscapine 

has different properties, such as reduced 

cough and inflammation, free radicals, and 

anti-cancer (Rida et al. 2015). Also, studies 

have reported anti-fibrotic (Kach et al. 

2014), anti-tumor (Chougule et al. 2011), 

reduction of blood glucose (Wei and Zheng 

2025) and neuroprotective (Jayaraj et al. 

2021a) effects of noscapine. There is only 
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one in vitro study that showed noscapine 

has a cardioprotective effect (Vahabzadeh 

et al. 2020).  

In this study, we investigated the 

cardioprotective effect of noscapine against 

isoprenaline in rats by evaluating oxidative 

stress parameters. Additionally, cardiac 

markers, liver enzymes, lipid profile and 

histopathological modification were 

evaluated. 

 

 

Materials and Methods 
Adult male Wistar rats weighing 200 to 

250 g were bought from the Animal 

Research Center of Mashhad University of 

Medical Sciences, Mashhad, Iran. The 

temperature of the storage room was 

22±4°C with a 12-hr day/night cycle. Water 

and food were available to animals. The 

Guide for the Care and Use of Laboratory 

Animals of the National Institutes of Health 

(NIH) was used to perform all tests. This 

proposal was approved by the Animal 

Ethics Committee of Mashhad University 

of Medical Sciences, Mashhad, Iran 

(IR.MUMS.MEDICAL.REC.1400.104). 

The male rats were randomly divided into 

ten groups (8 animals in each group). This 

research utilized two experimental 

protocols: pre-treatment and co-treatment. 

 

Preparation of noscapine  

Noscapine with high purity (>99.5%) 

was bought from FaranShimi® Company 

(CAS number: 128-62-1) 

 

Stimulation of MI 

Isoprenaline was administrated 

subcutaneously at a dose of 85 mg/kg on the 

8th and 9th to stimulate MI in the pre-

treatment group (El-Gohary and Allam 

2017). In the co-treatment group, rats 

subcutaneously received isoprenaline on 

the 2nd and 3rd days. 

 

Pre-treatment protocol 

This experiment was done in five 

groups, each one including eight male rats. 

Normal saline 0.9% was intraperitoneally 

injected for 9 days for group 1. In group 2, 

normal saline was given for 9 days, and 

then, isoprenaline (85 mg/kg) was 

administrated subcutaneously (S.C.) on the 

8th and 9th days. Treatment groups 3 and 4 

received noscapine at 5 or 50 mg/kg of 

gavage for 9 days (Bosak et al. 2025; 

Kawadkar et al. 2021; Wei and Zheng 

2025); then, isoprenaline was administrated 

on the 8th and 9th days as S.C. As a positive 

group, the fifth group received vit E at the 

dose of 100 mg/kg orally for 9 days and 

isoprenaline on the 8th and 9th days. 

 

Co-treatment protocol 

In this experiment, 40 male rats were 

used, including five groups (8 rats). Normal 

saline was administrated as i.p. for 9 days. 

Next, 85 mg/kg of isoprenaline was 

administrated as S.C. (0.3 ml) on the 2nd and 

3rd with an interval of 24 hr. Treatment 

groups 3 and 4 received noscapine orally at 

two doses, including 5 or 50 mg/kg for 9 

days, and isoprenaline was administrated 

on the 2nd and 3rd. The fifth group received 

vitamin E at a dose of 100 mg/kg orally, and 

isoprenaline was administered on the 2nd 

and 3rd days. 

 

Sample collection 

On the 10th day, ketamine 

hydrochloride (80 mg/kg)/xylazine (8 

mg/kg) was applied to anesthetize rats 

(Alavi et al. 2026). Then, blood samples 

were collected intracardially, and serum 

was separated immediately and stored in a 

freezer at -20 ℃. The heart tissue was 

separated and kept in formalin to study 

pathological changes. Also, a part of the 

heart was stored in a freezer to measure 

biochemical markers. 

 

Evaluation of malondialdehyde 

To determine malondialdehyde (MDA), 

a tissue sample (0.5 ml) was mixed with 

trichloroacetic acid 10% (1 ml) and 

thiobarbituric acid (TBA) 0.67% (1.5 ml). 

The mixture was heated (40 min) in a water 

bath and then cooled. After adding HCl 

(0.025 ml) and n-butanol (1.5 ml), the 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/trichloroacetic-acid
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samples were centrifuged (10 min, 1000 g). 

The absorbance was read at 535 nm, and the 

concentration was calculated according to 

 absorbance/(1.56 ×105 cm−1M−1) 

 (Boroushaki et al. 2019). 

 

Measurement of thiol content 

According to recent studies, the thiol 

amount was measured in cardiac tissue. 

Tris-EDTA buffer (pH 8.6) was added to 

the tissue homogenate (50 μL). Then, 

absorbance was read at 412 nm as A1. After 

adding 5,5′-Dithiobis-(2-nitrobenzoic) acid 

(DTNB) to this mixture, the absorbance 

was again determined as A2. The 

concentration of thiol (mM) was calculated 

using: 

 (A2-A1-B)×0.7)/0.05×14 

 (Boroushaki et al. 2019). 

 

Catalase activity 

The determination of catalase activity 

was carried out via the Aebi method. The 

method is based on detecting hydrogen 

peroxide destruction by measuring its 

absorbance attenuation at 240 nm/min. The 

activity was presented as K (constant) per 

liter (Aebi 1984; Bergmeyer 2012). 

 

Superoxide dismutase activity 

The amount of superoxide dismutase 

(SOD) was measured via the Madesh and 

Balasubramanian methods. The base of this 

procedure is the conversion of tetrazolium 

dye to formasan compound through SOD, 

whose absorbance was read at 570 nm 

(Madesh and Balasubramanian 1998). 

 

Evaluation of enzyme markers 

After centrifugation of blood, the 

serums were isolated and kept in a freezer 

to evaluate enzyme markers including 
lactate dehydrogenase (LDH), creatine kinase 

muscle-brain (CK-MB), , aspartate 

aminotransferase (AST), and alanine 

aminotransferase (ALT) by standard kits 

(Hosseini et al. 2018).  

 

Determination of lipid profile  

The amounts of lipids such as 

triglyceride (TG), cholesterol (chol), low 

density lipoprotein (LDL), and high-density 

lipoprotein (HDL) were evaluated in serum 

according to manufacturer’s protocol (Pars 

Azmun Co., Karaj, Iran). 

 

Histopathological examination 

Heart samples were rapidly dissected 

out and fixed in 10% formalin. After 

fixation, samples were paraffin-embedded, 

sectioned at 5 μm, and stained with 

hematoxylin and eosin (H&E). In the 

following, the sections were examined by 

light microscopic analysis. 

 

Statistical analysis 

Results were analyzed by GraphPad 

Prism software version 8 (GraphPad 

Software, San Diego, CA) and presented as 

means ± SD. Significance was determined 

by One-Way ANOVA followed by Tukey-

Kramer's test.  

 

 

Results 

Noscapine reduced lipid peroxidation 

In this research, we evaluated the effect of 

noscapine on MDA levels in both the pre-

treatment and co-treatment groups (Figure 

1A and 1B). As shown in Figures 1A-B, 

isoprenaline significantly increased the 

level of MDA (p<0.001 vs. control). 

Administration of noscapine at the dose of 

5 mg/kg did not markedly reduce MDA in 

both A and B experiments compared to 

isoprenaline (p>0.05). In comparison with 

the isoprenaline group, noscapine at 50 

mg/kg meaningfully decreased the level of 

MDA in pre-treatment (p<0.05, Figure 1A) 

and co-treatment groups (p<0.01, Figure 

1B). Also, Vit E, as the positive control 

group at 100 mg/kg, notably attenuated 

MDA compared to isoprenaline (p<0.001).  

 

Effect of noscapine on the level of thiol 

content 

Thiol content was measured in both 

experiments and shown in Figures 2A-B. In 

comparison with the control group, 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/tetrazolium
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/tetrazolium
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isoprenaline decreased the level of thiol in 

both pre- and co-treatment experiments 

(p<0.001 for all cases). As shown in Figures 

2A-B, noscapine (5 mg/kg) had no 

significant effects on thiol content (p>0.05), 

while 50 mg/kg of noscapine significantly 

increased the level of thiol in pre-treatment 

(p<0.05, vs. isoprenaline) and co-treatment 

(p<0.01 vs. isoprenaline). As expected, Vit 

E markedly increased the level of thiol 

(p<0.001, Figures 2A-B).  

 

Figure 1. Effect of noscapine on MDA level in pre-treatment (A) and co-treatment (B) in heart tissue. The level 

of MDA was measured in heart tissue. Results are expressed as mean ±SD. +++p<0.001, @@@p<0.001 in 

comparison with the control group. **p<0.01, ***p<0.001, #p<0.05 and ###p<0.001 in comparison with 

isoprenaline. + or @: statistical difference vs control and * or #: in comparison vs isoprenaline. Abbreviation: 

CTRL: control; Vit E: vitamin E; MDA: Malondialdehyde.  
 

 

Figure 2. Effect of noscapine on thiol level in pre-treatment (A) and co-treatment (B) in heart tissue. The level of 

thiol was determined in heart tissue. Data are expressed as mean ±SD. +++p<0.001, @@@p<0.001 in comparison 

with the control group. **p<0.01, ***p<0.001, #p<0.05 and ###p<0.001 in comparison with isoprenaline.  + or 

@: statistical difference vs control and * or #: in comparison vs isoprenaline. Abbreviation: CTRL: control; Vit 

E: vitamin E. 
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Noscapine increased the activity of 

catalase 

The activity of catalase was measured 

in heart tissue in pre-treatment (Figure 3A) 

and co-treatment (Figure 3B) experiments. 

Isoprenaline decreased the activity of 

catalase in both experiments in comparison 

with the control groups (p<0.001). 

Noscapine (5 mg/kg) significantly 

increased catalase in the pre-treatment 

group (p<0.05, Figure 3A), while the 

elevation of catalase in the co-treatment 

experiment at the same dose was not 

significant (p>0.05, Figure 3B The 

elevation of catalase activity at a dose of 50 

mg/kg of noscapine was significant in both 

experiments compared to isoprenaline 

group, (p<0.001, for all cases, Figures 3A-

B). 

 

Figure 3. Effect of noscapine on catalase activity in pre-treatment (A) and co-treatment (B) in heart tissue. The 

activity of catalase was measured in heart tissue. Data are expressed as mean ±SD. +++p<0.001, @@@p<0.001 

in comparison with the control group. ***p<0.001, #p<0.05 and ###p<0.001 in comparison with isoprenaline. + 

or @: statistical difference vs control and * or #: in comparison vs isoprenaline. Abbreviation: CTRL: control; Vit 

E: vitamin E. 

Effect of noscapine on SOD activity 

We evaluated the effect of noscapine on 

SOD activity in heart tissue after 

isoprenaline-induced toxicity. As shown in 

Figures 4A and B, isoprenaline markedly 

reduced the activity of SOD compared to 

control (p<0.001 for both experiments, 

Figures 4A-B). The obtained results 

revealed noscapine at the dose of 50 mg/kg 

significantly elevated SOD activity in both 

experiments (p<0.01, Figure 4A; p<0.001, 

Figure 4B) following isoprenaline 

treatment, which acted similarly to the Vit 

E group (p<0.001) compared to the 

isoprenaline group.  

 

Effect of noscapine on cardiac markers 

As shown in Figure 5, isoprenaline 

causes the elevation of LDH (Figure 5 A -

B) and CK-MB (Figure 5 C -D) in both 

experiments compared to the control group 

(p<0.001 for all cases, Figures 5 A-D). 

Administration of noscapine at the dose of 

5 mg/kg markedly decreased LDH (p<0.05, 

Figure 5B) and CK-MB (P<0.01, Figure 

5D) in the co-treatment assay, while in the 

pre-treatment evaluation of LDH and CK-

MB were insignificant (p>0.05). In 

comparison with the isoprenaline group, 

noscapine at the dose of 50 mg/kg 

attenuated LDH (p<0.001: Figures 5 A-B) 

and CK-MB (p<0.01, Figure 5 C, and 

p<0.001, Figure 5D) in both experiments. 

Vit E significantly decreased cardiac 

markers in pre- and co-treatment compared 

with the isoprenaline group (p<0.001 for all 

cases, Figures 5A-D). 

 

Effect of noscapine on liver enzymes 



Noscapine and isoprenaline toxicity 

 

Epub ahead of print                                                  7 

In comparison with control group, 

isoprenaline elevated the level of AST 

(Figure 6 A-B) and ALT (Figure 6 C- D) as 

significantly in two models of experiment 

(p<0.001, Figure 6 A-D). In pre-treatment 

group, high dose of noscapine decreased the 

level of AST (p<0.01, Figure 6A) and ALT 

(p<0.05, Figure 6C) while in co-treatment 

group (Figure 6 B and D) noscapine 

markedly attenuated AST and ALT in both 

of doses (5 mg/kg, p<0.01; 50 mg/kg, 

p<0.001). In two models of the study, Vit E 

decreased the level of liver enzymes 

significantly (p<0.001 for all cases, Figures 

5 A-D).

Figure 4. Effect of noscapine on SOD activity in pre-treatment (A) and co-treatment (B) in heart tissue. The 

activity of SOD was evaluated in heart tissue. Data are expressed as mean ±SD. +++p<0.001, @@@p<0.001 

in comparison with the control group. ***p<0.001, ##p<0.01 and ###p<0.001 in comparison with 

isoprenaline. + or @: statistical difference vs control and * or #: in comparison vs isoprenaline. Abbreviation: 

CTRL: control; Vit E: vitamin E; SOD: Superoxide Dismutase. 

Figure 5. Effect of noscapine on LDH and CKMB in serum. The levels of cardiac markers were evaluated in 

pre and co-treatment. Data are expressed as mean ±SD. +++p<0.001, @@@p<0.001 in comparison with the 

control group. ***p<0.001, ##p<0.01 and ###P<0.001 in comparison with isoprenaline. + or @: statistical 

difference vs control and * or #: in comparison vs isoprenaline.  Abbreviation: CTRL: control; Vit E: vitamin 

E; CKMB: Creatine Kinase-MB; LDH: Lactate Dehydrogenase. 
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Figure 6. Effect of noscapine on AST and ALT in serum. The levels of AST and ALT were evaluated in pre 

and co-treatment. Data are expressed as mean ±SD. +++p<0.001, @@@p<0.001 in comparison with the 

control group. **p<0.01 and ***p<0.001, #P<0.05 and ###p<0.001 in comparison with isoprenaline. + or @: 

statistical difference vs control and * or #: in comparison vs isoprenaline. Abbreviation: CTRL: control; Vit 

E: vitamin E; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase. 

Influence of noscapine on lipid profile 

 In Figures 7-10, the level of lipid profile 

is shown in pre- and co-treatment groups. In 

comparison to the control group, 

isoprenaline increased the level of TG, 

cholesterol, and LDL significantly, while 

HDL reduced (p<0.001). In pre-treatment 

group, noscapine reduced the level of TG (5 

mg/kg, p<0.05 and 50 mg/kg, p<0.001, 

Figure 7A), cholesterol (50 mg/kg; p<0.01, 

Figure 8A), LDL (50 mg/kg, p<0.001; 

Figure 9A) and increased HDL (50 mg/kg, 

p<0.001, Figure 10A). In co-treatment 

group, noscapine reduced the level of TG (5 

mg/kg, p<0.01; 50 mg/kg, p<0.001, Figure 

7B), cholesterol (50 mg/kg, p<0.001; 

Figure 8B), LDL (5 mg/kg, p<0.05 and 50 

mg/kg, p<0.01, Figure 9B) and increased 

HDL (5 mg/kg, p<0.05 and 50 mg/kg, 

p<0.01, Figure 10B). Vit E decreased the 

level of TG, LDL, and cholesterol in both 

models while increasing HDL significantly 

(p<0.001, Figures 7-10).   
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Figure 7. Effect of noscapine on level of triglyceride in pre-treatment (A) and co-treatment (B) in serum. The 

level of triglyceride was measured in serum. Data are expressed as mean ±SD. +++p<0.001, @@@p<0.001 

in comparison with the control group. **p<0.01, ***p<0.001, #p<0.05 and ###p<0.001 in comparison with 

isoprenaline. + or @: statistical difference vs control and * or #: in comparison vs isoprenaline. Abbreviation: 

CTRL: control; TG: triglyceride 

Figure 8. Effect of noscapine on level of cholesterol in pre-treatment (A) and co-treatment (B) in serum. The 

amount of cholesterol was measured in serum. Data are expressed as mean ±SD. +++p<0.001, @@@p<0.001 

in comparison with the control group. ***p<0.001 and ***P<0.001in comparison with isoprenaline. + or @: 

statistical difference vs control and * or #: in comparison vs isoprenaline. Abbreviation: CTRL: control
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Figure 9. Effect of noscapine on LDL in pre-treatment (A) and co-treatment (B) in serum. The level of LDL 

was evaluated in serum. Data are expressed as mean ±SD. +++p<0.001, @@@p<0.001 in comparison with 

the control group. *p<0.05, **p<0.01, ***p<0.001 and ##p<0.01 in comparison with isoprenaline. + or @: 

statistical difference vs control and * or #: in comparison vs isoprenaline. Abbreviation: CTRL: control 

Figure 10. Effect of noscapine on HDL in pre-treatment (A) and co-treatment (B) in serum. The level of 

HDL was determined in serum. Data are expressed as mean ±SD. +++p<0.001, @@@p<0.001 in 

comparison with the control group. *p<0.05, **p<0.01, ***p<0.001 and ##p<0.01 in comparison with 

isoprenaline. + or @: statistical difference vs control and * or #: in comparison vs isoprenaline. 

Abbreviation: CTRL: control 

Effect of noscapine on histopathology in 

the pre-treatment experiment 

As shown in Figure 11, as pre-treatment, 

the heart tissue from the control group 

showed normal cardiac fibers without any 

infarction. The isoprenaline group showed 

widespread myocardial structure disorders 

and sub-endocardial necrosis with massive 

inflammatory infiltration and vascular 

congestion. Noscapine 5 mg/kg decreased 

the degree of infiltration of inflammatory 

cells. However, the heart tissue from the 

isoprenaline + Noscapine 50 mg/kg and 

isoprenaline + Vit E groups revealed 

improved morphology and minimal 

damage with mild inflammatory infiltrate. 

 

Effect of noscapine on histopathology in 

co-treatment experiment  

As shown in Figure 12, the heart tissue 

from the control group showed normal 

cardiac fibers without any infarction. The 

isoprenaline group showed widespread 

myocardial structural disorder and sub-

endocardial necrosis with inflammatory 

infiltration. In contrast, 5 mg/kg of 

noscapine presented moderate 

inflammatory infiltrates and vascular 

congestion. The heart tissue from the 

noscapine 50 mg/kg and Vit E groups 

showed minimal inflammatory infiltration 

and vascular congestion.  
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Figure 11. Effect of noscapine on histological changes of heart tissue in the pre-treatment group. Control group 

(A); isoprenaline group (B and C) showed widespread myocardial structure disorder and sub-endocardial 

necrosis with massive inflammatory infiltration (black arrow) and vascular congestion (yellow arrow). ISO + 

NOS 5 (D) decreased the degree of infiltration of inflammatory cells (black arrow). ISO +Nos 50 and ISO + 

Vit E groups (E and F) revealed improvement of the morphology and minimal damage with mild inflammatory 

infiltrate (black arrow). (H&E × 200). Abbreviation: Cont: control; Vit E: vitamin E; Nos: noscapine; ISO: 

Isoprenaline. 

 

 
Figure 12. Effect of noscapine on histological changes of heart tissue in the co-treatment experiment. Control 

group (A), Isoprenaline group (B and C), widespread myocardial structure disorder, and sub-endocardial 

necrosis with inflammatory infiltration (black arrow). In the group of ISO + Nos 5 mg/kg (D), Moderate 

inflammatory infiltrates (black arrow) and vascular congestion (yellow arrow). ISO + Nos 50 mg/kg and ISO + 

Vit E groups (E and F) showed minimal inflammatory infiltration and vascular congestion (black and yellow 

arrows). (H&E × 200). Abbreviation: Cont: control; Vit E: vitamin E; Nos: noscapine; ISO: Isoprenaline. 
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Discussion 
Our findings showed that isoprenaline 

administration leads to the elevation of lipid 

peroxidation, oxidative stress, liver 

enzymes, cardiac markers, TG, cholesterol, 

and LDL and a decrease in antioxidant 

enzymes and HDL. Importantly, either 

noscapine administered as a pre-treatment 

or co-treatment significantly mitigated 

these alterations, indicating a protective 

effect likely driven by its ability to 

modulate oxidative stress. 

Isoprenaline is a well-established non-

selective β-adrenergic agonist that produces 

myocardial degeneration through excessive 

catecholamine stimulation and subsequent 

oxidative stress. Because repeated or high-

dose isoprenaline reliably induces 

biochemical and structural changes 

resembling human MI, it is widely 

employed as an experimental model for 

evaluating cardioprotective agents (Brooks 

and Conrad 2009; Shukla, Sharma and 

Singh 2015).  

In the isoprenaline model, oxidative 

stress is evidenced by increased lipid 

peroxidation and elevated MDA levels, 

along with reduced activities of catalase, 

SOD, andthiol. This well-established 

imbalance between oxidants and 

antioxidants is a key mechanism 

contributing to isoprenaline-induced 

myocardial injury (Lobo Filho et al. 2011; 

Shukla, Sharma and Singh 2015; Ulla et al. 

2017). Isoprenaline also promotes 

myocardial necrosis which is reflected by 

increased inflammatory mediators such as 

interlukin (IL-6) and tumor necrosis factor 

(TNF-α), as well as elevated leakage 

markers including LDH, CK-MB, and AST 

(Shukla, Sharma and Singh 2015). These 

studies are in confirmation of our findings, 

which showed that isoprenaline increased 

MDA, lipid profile, cardiac markers, and 

liver enzymes, while reducing anti-oxidant 

enzymes. 

Several recent studies have 

demonstrated the beneficial effects of 

natural products in attenuation of 

isoprenaline-induced cardiac toxicity via 

modulation of oxidative stress (Hosseini et 

al. 2023; Hosseini et al. 2022). In 

agreement with these findings, noscapine in 

the present study, markedly reduced MDA 

levels, consistent with earlier reports 

showing its ability to limit lipid 

peroxidation in models of cerebral ischemia 

(Kawadkar et al. 2021), ethanol-induced 

hepatic injury (Aneja, Katyal and Chandra 

2004), and rotenone-related neurotoxicity 

(Jayaraj et al. 2021b). 

GSH is responsible for scavenging and 

neutralizing superoxide radicals which are 

generated in the myocardium; also, catalase 

(CAT) and SOD regulate the generation of 

free radicals by the conversion of 

superoxide radicals to hydrogen peroxide 

(Lobo Filho et al. 2011; Shukla, Sharma 

and Singh 2015).  

Noscapine antioxidant effect appears to 

extend to restoration of endogenous 

defenses, as we observed significant 

increases in GSH, SOD, and CAT 

activities, results that align with previous 

work demonstrating similar enzyme 

upregulation following noscapine treatment 

(Gupta et al. 2023; Jayaraj et al. 2021b). 

Isoprenaline-induced membrane 

necrosis disrupts cellular integrity and 

increases membrane permeability, resulting 

in leakage of cardiac injury markers such as 

CK-MB, LDH, AST, and ALT (Shukla, 

Sharma and Singh 2015). In the present 

study, noscapine significantly attenuated 

the rise in CK-MB and LDH, indicating 

preservation of membrane stability and 

reduced myocardial damage. Whereas there 

are few studies about noscapine 

cardiovascular properties, our information 

about of noscapine on LDH and CK-MB is 

low.  

In addition to enzyme leakage, 

isoprenaline produced marked 

dyslipidemia, characterized by elevated 

TG, cholesterol, and LDL, accompanied by 

reduced HDL, consistent with earlier 

reports (Manjula et al. 1992). This lipid 

disturbance is commonly attributed to β-

adrenergic-induced increases in cAMP and 

mobilization of lipids from adipose tissue 
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(Ithayarasi and Devi 1997). Pre or co-

treatment by noscapine effectively reversed 

these changes, restoring lipid parameters 

toward normal levels. Similar lipid-

lowering and antioxidant effects have been 

described in diabetic rats treated with 

noscapine (Wei and Zheng 2025), 

supporting the compound broader 

metabolic and redox-modulating potential. 

Additionally, noscapine has 

demonstrated anti-inflammatory properties 

through suppression of pro-inflammatory 

cytokines such as IL-6, IL-8, and TNF-α in 

Human (THP-1) and murine (RAW 264.7) 

macrophages (Zughaier et al. 2010). 

Noscapine significantly reduced the paw 

volume, arthritic scoring, and reversed the 

body mass in rheumatic rats (Akhter et al. 

2022). 

Beyond its antioxidant activity, 

noscapine cardioprotective effects may also 

involve opioid and sigma-1 receptor 

pathways (Headrick et al. 2015). Recent 

studies have reported the presence of к and 

δ opioid receptors in the myocardium and 

protective effects in ischemic 

preconditioning (Lotz and Kehl 2015). In 

other research, the cardioprotective effect 

of morphine has been reported via 

activation of central opioid receptors (He et 

al. 2018; Wong, Ling and Irwin 2010). 

Also, deltorphin-II reduces infarct size by 

activation of δ-2 receptor in cardiac 

(Maslov et al. 2010). Co-administration of 

morphine with verapamil has a cardio-

protective effect against isoprenaline-

induced toxicity (Joukar et al. 2011).  

The presence of sigma receptors in the 

heart has been reported, and it was shown 

that 75% of them are sigma-1 receptors 

(Dumont and Lemaire 1991; Novakova et 

al. 1995). PRE-084, as a sigma-1 receptor 

agonist, reduced injury in the heart 

following ischemia-reperfusion through 

activation of Akt and endothelial nitric 

oxide synthase (eNOS) (Gao et al. 2018). 

Different studies have shown that sigma-1 

receptors are expressed in ventricular, 

arterial, and intracardiac neurons in guinea 

pigs and rats (Stracina et al. 2015; Zhang 

and Cuevas 2005). Therefore, these 

receptors can have pharmacological effects 

in some cardiovascular diseases (Kaur, 

Muthuraman and Gautam 2021; Stracina 

and Nováková 2018).  

Although direct evidence in cardiac 

tissue remains limited, noscapine has been 

shown to preserve mitochondrial integrity 

and modulate intrinsic apoptotic pathways 

in cardiomyocyte models. In H9c2 cells, 

noscapine reduced nitric oxide production 

and normalized the Bax/Bcl-2 ratio 

following oxygen-glucose 

deprivation/reperfusion (OGD/R), 

consistent with reduced cytochrome-c 

release and caspase activation reported in 

other cellular systems. Mechanistic studies 

in cancer models further demonstrate that 

noscapine disrupts mitochondrial 

membrane potential, induces cytochrome-c 

release, and alters Bax and Bcl-2 

expression, which is probably related to 

modulation of sigma-1 receptors 

(Vahabzadeh et al. 2020). 

According to our findings, both the 

reduction of oxidative stress and the 

activation of sigma-1 receptors appear to 

contribute to the cardioprotective effects of 

noscapine against isoprenaline-induced 

toxicity. However, further investigations 

are required to clarify the precise 

mechanisms underlying noscapine 

protective actions. 

This study has some limitations. First, 

the absence of a noscapine-only group 

prevents us from determining whether 

noscapine has intrinsic cardiovascular 

effects independent of isoprenaline. 

Second, no direct molecular analyses (such 

as Bax/Bcl-2, cytochrome-c, Akt/eNOS, or 

sigma-1 receptor expression) were 

performed, so the proposed mechanisms 

remain indirect. Finally, the evaluation was 

limited to an acute model with all 

measurements taken on day 10; long-term 

outcomes such as remodeling, fibrosis, and 

recovery were not assessed. 

Noscapine reduced isoprenaline-

induced cardiotoxicity by attenuation of 

oxidative stress and lipid peroxidation. This 
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protective mechanism may be mediated by 

the modulation of sigma-1 receptors, which 

are known to play a role in the regulation of 

certain cardiovascular diseases. More 

studies are needed to understand the 

accurate mechanism.  

 

Acknowledgment 

The authors thank the Vice-Chancellor 

of Research, Mashhad University of 

Medical Sciences, Mashhad, Iran (grant 

number: 992022) for financial support. 
 

Conflicts of interest 

The authors had no competing interests. 

 

Funding 

This work was funded through personal 

financial. 

 

Authors' Contributions  
A.H. designed the study,  MS.A., F.T., 

MM.D., AH.M. performed the experiment 

and wrote the first draft of the manuscript. 

All authors contributed to writing the 

project and read and approved the final 

manuscript submission. This study has been 

done by the authors mentioned in this 

article, and the authors will bear all 

responsibilities related to the contents of 

this article. 

 

Abbreviations 

LDH, Lactate dehydrogenase; CK-MB, 

Creatine kinase muscle-brain; AST, 

Aspartate aminotransferase; ALT, Alanine 

aminotransferase; SOD, Superoxide 

dismutase; MDA, Malondialdehyde; HDL, 

High density lipoprotein; CVD, 

Cardiovascular diseases; WHO, World 

Health Organization; MI, Myocardial 

infarction; ACE, Angiotensin-converting 

enzyme; CNS, Central nervous system; 

S.C., Subcutaneously; NIH, National 

Institutes of Health; TBA, Thiobarbituric 

acid; TG, Triglyceride; Chol, Cholesterol; 

LDL, Low density lipoprotein; DTNB, 5,5′-

Dithiobis-(2-nitrobenzoic) acid; CAT, 

Catalase; IL-6, Interlukin-6; TNF-α, Tumor 

necrosis factor-α; eNOS, Endothelial nitric 

oxide synthase  

 

References 
Aebi H (1984) [13] Catalase in vitro Methods 

in enzymology. vol 105. Elsevier, p 121-

126 

Akhter S, Irfan HM, Ullah A, et al. (2022) 

Noscapine hydrochloride (benzyl-

isoquinoline alkaloid) effectively prevents 

protein denaturation through reduction of 

IL-6, NF-kB, COX-2, Prostaglandin-E2 in 

rheumatic rats. Saudi Pharm J 30(12):1791-

1801  

Alavi MS, Hosseini A, Torabi F, Rayati 

Banadkooki M, Taghadosi Z, Boroushaki 

MT (2026) Protective effect of 

pomegranate seed oil against lead acetate-

induced toxicity on the hippocampus and 

bone marrow in rats. Avicenna J Phytomed 

16(2):192-203 

doi:10.22038/ajp.2025.26495 

Aneja R, Katyal A, Chandra R (2004) 

Modulatory influence of noscapine on the 

ethanol-altered hepatic biotransformation 

system enzymes, glutathione content and 

lipid peroxidation in vivo in rats. Eur J 

Drug Metab Pharmacokinet 29:157-162  

Bergmeyer H-U (2012) Methods of enzymatic 

analysis. Elsevier 

Boroushaki MT, Fanoudi S, Mollazadeh H, 

Boroumand-Noughabi S, Hosseini A 

(2019) Reno-protective effect of Rheum 

turkestanicum against gentamicin-induced 

nephrotoxicity. Iran J Basic Med Sci 

22(3):328  

Bosak F, Baradaran Rahimi V, Sobhani B, 

Dabbaghi MM, Soukhtanloo M, Zahedi 

Avval F, Askari VR (2025) Evaluation of 

the Protective Effects of Noscapine on 

Paraquat-Induced Parkinson's Disease in 

Rats. Mol Neurobiol 62(9):11848-11876 

doi:10.1007/s12035-025-05000-6 

Brooks WW, Conrad CH (2009) Isoproterenol-

induced myocardial injury and diastolic 

dysfunction in mice: structural and 

functional correlates. Comp Med 

59(4):339-343  

Chopra B, Dhingra AK (2021) Natural 

products: A lead for drug discovery and 

development. Phytother Res 35(9):4660-

4702  



Noscapine and isoprenaline toxicity 

 

Epub ahead of print                                                  15 

Chougule MB, Patel AR, Jackson T, Singh M 

(2011) Antitumor activity of Noscapine in 

combination with Doxorubicin in triple 

negative breast cancer. PloS one 

6(3):e17733 

doi:10.1371/journal.pone.0017733 

David B, Wolfender J-L, Dias DA (2015) The 

pharmaceutical industry and natural 

products: historical status and new trends. 

Phytochem Rev 14:299-315  

Dumont M, Lemaire S (1991) Interaction of 1, 

3-di (2-[5-3H] tolyl) guanidine with σ2 

binding sites in rat heart membrane 

preparations. European J Pharmacol 

209(3):245-248  

El-Gohary OA, Allam MM (2017) Effect of 

vitamin D on isoprenaline-induced 

myocardial infarction in rats: possible role 

of peroxisome proliferator-activated 

receptor-γ. Canadian J Physiol Pharmacol 

95(6):641-646  

Fishbein GA, Fishbein MC, Wang J, Buja LM 

(2022) Myocardial ischemia and its 

complications Cardiovascular pathology. 

Elsevier, p 407-445 

Gao Q-J, Yang B, Chen J, Shi S-B, Yang H-J, 

Liu X (2018) Sigma-1 receptor stimulation 

with PRE-084 ameliorates myocardial 

ischemia-reperfusion injury in rats. Chin 

Med J 131(05):539-543  

Gupta R, Soni D, Upadhayay S, Dhureja M, 

Kumar P (2023) Impact of noscapine on 

halting the progression of 

pentylenetetrazole induced kindling 

epilepsy in mice. Clin Exp Pharmacol 

Physiol 50(12):984-991  

He S, Jin S, Yang W, et al. (2018) Cardiac μ-

opioid receptor contributes to opioid-

induced cardioprotection in chronic heart 

failure. Br J Anaesth 121(1):26-37  

Headrick JP, See Hoe LE, Du Toit EF, Peart JN 

(2015) Opioid receptors and 

cardioprotection–‘opioidergic 

conditioning’of the heart. Br J Pharmacol 

172(8):2026-2050  

Hosseini A, Fanoudi S, Mollazadeh H, Aghaei 

A, Boroushaki MT (2018) Protective effect 

of Rheum turkestanicum against cisplatin 

by reducing oxidative stress in kidney 

tissue. J Pharm Bioallied Sci 10(2):66-71  

Hosseini A, Ghorbani A, Alavi MS, et al. 

(2023) Cardioprotective effect of 

Sanguisorba minor against isoprenaline-

induced myocardial infarction in rats. Front 

Pharmacol 14:1305816  

Hosseini A, Rajabian A, Sobhanifar M-A, et al. 

(2022) Attenuation of isoprenaline-induced 

myocardial infarction by Rheum 

turkestanicum. Biomed Pharmacother 

148:112775  

Ithayarasi AP, Devi CS (1997) Effect of a-

tocopherol on isoproterenol-induced 

changes in lipid and lipoprotein profile in 

rats. Indian J Pharmacol 29(6):399-404  

Jayaraj RL, Beiram R, Azimullah S, M FN, 

Ojha SK, Adem A, Jalal FY (2021a) 

Noscapine Prevents Rotenone-Induced 

Neurotoxicity: Involvement of Oxidative 

Stress, Neuroinflammation and Autophagy 

Pathways. Molecules 26(15) 

doi:10.3390/molecules26154627 

Jayaraj RL, Beiram R, Azimullah S, MF NM, 

Ojha SK, Adem A, Jalal FY (2021b) 

Noscapine prevents rotenone-induced 

neurotoxicity: involvement of oxidative 

stress, neuroinflammation and autophagy 

pathways. Molecules 26(15):4627  

Jiang C, Chen J, Zhao Y, Gao D, Wang H, Pu J 

(2021) A modified simple method for 

induction of myocardial infarction in mice. 

JoVE (178):e63042  

Johnson PA (2019) Cardioprotective actions of 

opioids in the ischemic heart: bypassing 

occlusions in our current knowledge. 

Univer Tor Med J 96(2)  

Joukar S, Najafipour H, Dabiri S, et al. (2011) 

The effect of chronic co-administration of 

morphine and verapamil on isoproterenol-

induced heart injury. Cardiovasc Hematol 

Agents Med Chem  9(4):218-224  

Kach J, Sandbo N, La J, et al. (2014) 

Antifibrotic effects of noscapine through 

activation of prostaglandin E2 receptors 

and protein kinase A. J Biol Chem 

289(11):7505-7513  

Kaur B, Muthuraman A, Gautam SP (2021) 

Sigma receptors ligands: New insights into 

the cardioprotective potential. Res J Pharm 

Technol 14(12):6753-6760  

Kawadkar M, Mandloi AS, Saxena V, 

Tamadaddi C, Sahi C, Dhote VV (2021) 

Noscapine alleviates cerebral damage in 

ischemia-reperfusion injury in rats. 

Naunyn-Schmiedeberg's Arch Pharmacol 

394(4):669-683  

Khan MG (2007) Beta-Blockers: The 

Cornerstone of Cardiac Drug Therapy. 

Cardiac Drug Therapy:1-35  

Kim JM, Jang YH, Kim J (2011) Morphine and 

remifentanil-induced cardioprotection: its 



Alavi et al. 

Epub ahead of print                                                                16 

experimental and clinical outcomes. 

Korean J Anesthesiol 61(5):358-366  

Lindsey ML, Bolli R, Canty Jr JM, et al. (2018) 

Guidelines for experimental models of 

myocardial ischemia and infarction. Am J 

Physiol-Heart Circ Physiol 314(4):H812-

H838  

Lobo Filho HG, Ferreira NL, Sousa RBd, 

Carvalho ERd, Lobo PLD, Lobo Filho JG 

(2011) Modelo experimental de infarto do 

miocárdio induzido por isoproterenol em 

ratos. Braz J Cardiovasc Surg 26:469-476  

Lotz C, Kehl F (2015) Volatile anesthetic-

induced cardiac protection: molecular 

mechanisms, clinical aspects, and 

interactions with nonvolatile agents. J 

Cardiothorac Vasc Anesth 29(3):749-760  

Lüscher TF (2015) Myocardial infarction: 

mechanisms, diagnosis, and complications. 

vol 36. Oxford University Press, p 947-949 

Madesh M, Balasubramanian K (1998) 

Microtiter plate assay for superoxide 

dismutase using MTT reduction by 

superoxide. Indian J Biochem Biophys 

35(3):184-188  

Manjula TS, Geetha A, Ramesh TG, Devi CS 

(1992) Reversal of changes of myocardial 

lipids by chronic administration of aspirin 

in isoproterenol-induced myocardial 

damage in rats. Indian J Clin Biochem 

36(1):47-50  

Maslov LN, Lishmanov YB, Oeltgen PR, et al. 

(2010) Comparative analysis of the 

cardioprotective properties of opioid 

receptor agonists in a rat model of 

myocardial infarction. Acad Emerg Med 

17(11):1239-1246  

Neri M, Fineschi V, Di Paolo M, Pomara C, 

Riezzo I, Turillazzi E, Cerretani D (2015) 

Cardiac oxidative stress and inflammatory 

cytokines response after myocardial 

infarction. Curr Vasc Pharmacol 13(1):26-

36  

Noushida N, Nayak RP, Sultana R, et al. (2024) 

Cardioprotective effects of Callicarpa 

tomentosa leaf extract in Wistar albino rats 

against isoproterenol-induced myocardial 

necrosis: Phytochemical analysis and in 

vitro antioxidant study. J King Saud 

Univer-Sci 36(3):103100  

Novakova M, Ela C, Barg J, Vogel Z, Hasin Y, 

Eilam Y (1995) Inotropic action of σ 

receptor ligands in isolated cardiac 

myocytes from adult rats. Eur J Pharmacol 

286(1):19-30  

Organization WH (2013) Health topics: 

Cardiovascular diseases. Fact Sheet 

Available online: http://www who 

int/cardiovascular_diseases/en/(accessed 

on 11 December 2020)  

Priyadarshani A (2022) Effects of opium 

alkaloid, noscapine in RU486 induced 

experimental model of polycystic ovary 

syndrome. Indian J Biochem Biophys 

(IJBB) 59(4):468-478  

Qi C, Shao Y, Liu X, Wang D, Li X (2019) The 

cardioprotective effects of icariin on the 

isoprenaline-induced takotsubo-like rat 

model: Involvement of reactive oxygen 

species and the TLR4/NF-κB signaling 

pathway. Inter Immunopharmacol 

74:105733  

Rida PC, LiVecche D, Ogden A, Zhou J, Aneja 

R (2015) The noscapine chronicle: a 

pharmaco‐historic biography of the opiate 

alkaloid family and its clinical applications. 

Med Res Rev 35(5):1072-1096  

Severino P, D’Amato A, Pucci M, et al. (2020) 

Ischemic heart disease pathophysiology 

paradigms overview: from plaque 

activation to microvascular dysfunction. Int 

J Mol Sci 21(21):8118  

Shukla SK, Sharma SB, Singh UR (2015) β-

Adrenoreceptor agonist isoproterenol alters 

oxidative status, inflammatory signaling, 

injury markers and apoptotic cell death in 

myocardium of rats. Indian J Clin Biochem 

30:27-34  

Stracina T, Nováková M (2018) Cardiac sigma 

receptors-an update. Physiol Res 67  

Stracina T, Slaninova I, Polanska H, et al. 

(2015) Long-term haloperidol treatment 

prolongs QT interval and increases 

expression of sigma 1 and IP3 receptors in 

guinea pig hearts. Tohoku J Exp Med 

236(3):199-207  

Strauss MH, Hall AS, Narkiewicz K (2023) The 

combination of beta-blockers and ACE 

inhibitors across the spectrum of 

cardiovascular diseases. Cardiovasc Drugs 

Ther 37(4):757-770  

Ulla A, Mohamed MK, Sikder B, et al. (2017) 

Coenzyme Q10 prevents oxidative stress 

and fibrosis in isoprenaline induced cardiac 

remodeling in aged rats. BMC Pharmacol 

Toxicol 18:1-10  

Vahabzadeh G, Soltani H, Barati M, et al. 

(2020) Noscapine protects the H9c2 

cardiomyocytes of rats against oxygen–

http://www/


Noscapine and isoprenaline toxicity 

 

Epub ahead of print                                                  17 

glucose deprivation/reperfusion injury. 

Mol Biol Rep 47:5711-5719  

Wei H, Zheng D (2025) Noscapine Alleviates 

Hyperglycemia-triggered Retinal 

Microangiopathy in STZ-treated Rats. 

Pharmacogn Mag:09731296251374434  

Wong GT, Ling JL, Irwin MG (2010) 

Activation of central opioid receptors 

induces cardioprotection against ischemia-

reperfusion injury. Anesth Analg 

111(1):24-28  

Zaafan MA, Zaki HF, El-Brairy AI, Kenawy 

SA (2013) Protective effects of atorvastatin 

and quercetin on isoprenaline-induced 

myocardial infarction in rats. Bulletin of 

Faculty of Pharmacy, Cairo University 

51(1):35-41  

Zhang H, Cuevas J (2005) σ Receptor 

activation blocks potassium channels and 

depresses neuroexcitability in rat 

intracardiac neurons. J Pharmacol Exp Ther 

313(3):1387-1396  

Zughaier S, Karna P, Stephens D, Aneja R 

(2010) Potent anti-inflammatory activity of 

novel microtubule-modulating brominated 

noscapine analogs. PLoS One 5(2):e9165 

doi:10.1371/journal.pone.0009165

 
 

 


