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 The leading causes of death in both developed and developing countries 

are cardiovascular diseases (CVD) and cancer. The importance of 

doxorubicin, as a potent antitumor antibiotic and induce 

cardiocytotoxicity was studied. It is commonly used against ovarian, 

breast, lung, uterine and cervical cancers, soft tissue and primary bone 

sarcomas. Omega-3 fatty acids are regarded as immune-nutrients and are 

commonly utilized in the nutritional therapy of cancer patients. 

According to our knowledge there is no study linked the effects of 

Omega-3 on the immune markers level among DOX-induce 

cardiotoxicity, Therefore, goals of this study was to assess the potential 

protective effects of Omega-3 fatty acids on cardiotoxicity caused by 

DOX by measuring T(cTn- T) and some immune biomarkers include 

CCL23,CCL27,MIF in rats model using Eliza technique. The rats were 

divided into five equal groups. Group 1 got no treatment, group 2 

received doxorubicin single toxic dose 20mg/kg IP, and groups 3,4,5 

received doxorubicin toxic dose 20mg/kg IP following pretreatment with 

Omg-3 at different doses (100m, 200, 400 g/kg /day p.o) for 4 weeks, 

respectively. At the end of the experiment, blood samples were collected 

from the heart for measurement of plasma levels of cardiac troponin T 

(cTn- T) and serum levels of immune-biomarker (CCL23,CCL27,MIF) 

using the ELIZA technique, and the apical side of the heart was fixed in 

10% formalin for histological examination. In comparison to the control 

group, pretreated Omg-3 groups with doses showed a highly significant 

reduction in the mean of the concentration of markers include cTn-

T,CCL23,CCL27, MIF with p <0.001, while  they showed  significantly 

elevated mean in DOX alone group (P≤0.01). The histopathology results 

showed that groups pretreated with Omg-3 reduced the myocytes 

necrosis and granulation tissues with mild signs of sarcoplasmic 

vacuolization and inflammation regarding to the doses dependent effect. 

The results of the present study revealed that Omg-3 have been shown to 

decrease doxorubicin-induced cardiotoxicity and showed a valuable 

cardioprotection effect through suppression of some immune-biomarkers 

and change the histopathological features of cardiomyocytes. 
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1. Introduction 

Cardiotoxicity defined as any cardiovascular complication resulting from taking cancer therapy. Cardiac 

dysfunction associated with anticancer medication (defined as a decline in LVEF > 10% from baseline to a 

final LVEF below the lower limit of 53%), the clinical definition are the same as those employed in the 

general population [1]. There are two categories of cardiotoxicity based on whether or not the damage is 

reversible, which refers to the ability of cells or organs to resume their normal functions after exposure to a 

toxic substance. As a result, the cumulative dosage that induces myocardial cell death in type I 

cardiotoxicity is deemed irreversible [2]. Anthracyclines, which are first-line chemotherapeutic agents that 

effectively cure a number of many cancers particularly hazardous to the cardiovascular system. 

Daunorubicin, doxorubicin (DOXO), epirubicin, idarubicin, mitoxantrone, and valrubicin are anthracycline 

chemotherapy drugs [3]. It is believed that DOX compound, in addition to other anthracyclines, is the 

primary offender responsible for causing harmful effects on the cardiovascular system [4]. 

 

Numerous variables make the heart prone to DOX side effects include:- 

a-DOX forms complexes with cardiolipin, a component of the mitochondrial inner membrane [5] and heart 

cells have more mitochondria per unit volume than other tissues [6]. b-The heart's toxicity /caused along to 

DOX is exacerbated by insufficient antioxidant defenses. Mitochondrial complex I's heart-specific NADH 

dehydrogenase can activate DOX redox cycling and increase ROS generation [7]. c-This increases the 

heart's sensitivity due to cardiomyocytes being post-mitotic cells, DOX-induced heart damage is difficult to 

recover [8], [9]. 

 

Cardiac Troponin T (cTn-T),Troponin, such as tropomyosin and actin, not found in healthy people, thus 

cTn-T is an efficient tissue-specific biomarker for myocardial damage. It aids in describing the 

pathophysiology of cardiac failure and support the stratification of risk [10]. The cTn-T is a precise and 

sensitive marker of injury in the myocyte that has considerably improved the diagnosis, risk assessment, 

and management of patients with acute coronary syndromes, Troponin elevation indicates cardiac damage 

[11]. According to the findings of a new study, inflammation and immunology play crucial roles in the early 

subclinical response to DOX-based chemotherapy. It's likely that immunologically sensitive patients' 

cardiomyocytes are more vulnerable to DOX-induced damage. Because they have been associated to higher 

individual sensitivity to DOX cardiotoxic effects in breast cancer patients [12], these immunologic 

signatures may be useful prognostic biomarkers of cardiotoxicity. As a result, blood levels of inflammatory 

molecules (such as CC chemokines) have been explored as diagnostic or prognostic indicators [13], and 

some of these biomarkers associated to cardiotoxicity will be discussed more below. 

 

CCL23, also known as MPIF-1 and macrophage inflammatory protein 3, is a relatively recent chemokine. 

CCL23 is a strong chemoattractant for monocytes, its CC chemokine principally activates the 

transmembrane receptor CCR1, making it a ligand for the chemokine receptor CCR1. It has been 

demonstrated to work as a chemotactic factor for monocytes/macrophages, dendritic cells, and lymphocytes 

[14], [15]. In numerous research, it was discovered that CCL23 was up-regulated in conditions like 

atherosclerosis, systemic sclerosis, and rheumatoid arthritis [16- 18], Recently, novel, sensitive blood 

biomarkers for ischemic stroke were taken into consideration (diagnosis, prognosis and therapy) [13], good 

predictive biomarker in DOX –induced heart cytotoxicity [12]. CCL27 is a tiny cytokine that is linked to 

memory T cell homing to inflammatory sites [19], [20]. CCL27 also called (ESkine, ALP, ILC, or CTACK) 

is a chemokine predominantly expressed by skin keratinocytes, The majority of skin-resident lymphocytes, 
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including T cells and innate lymphoid cells (ILCs), and express CCR10, the only known receptor for 

CCL27 [21- 23]. MIF (macrophage migration inhibitory factor) is a pleiotropic cytokine that affects a wide 

range of inflammatory responses [24]. MIF is a proinflammatory cytokine that has a role in innate immune 

responses as well as a modulator of acute and chronic inflammatory reactions [24]. It plays a vital role in 

promoting inflammatory responses including the chemo-attractive effect on immune cells, the production of 

proinflammatory cytokines and stress molecules, antagonizing the immunosuppressive effect of 

glucocorticoids [26- 28]. Therefore, MIF plays a role in the pathophysiology of many immunological and 

autoinflammatory illnesses, including atherosclerosis and cardiovascular disease [29- 31]. It also helps to 

maintain cardiac homeostasis during stressful situations [32]. Previous research has showed it to be higher 

in patients with myocardial infarction, atherosclerosis, rheumatoid arthritis, sepsis, malignancy, and 

portopulmonary hypertension [33- 35]. Omega-3 fatty acids are a class of polyunsaturated fatty acids 

having numerous double bonds, the first of which is on the third carbon of the chain counting from the 

methyl end [36]. Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), both with 20 and 22 

carbons, are the two most common long-chain omega-3 fatty acids. Eating seafood is the main source of 

EPA and DHA. There has been a lot of interest in the mechanism by which omega-3 fatty cids, especially 

EPA and DHA, exert their cardioprotective activity. A great deal of attention has been focused to the 

potential alteration of significant cardiovascular risk factors. High blood pressure, high serum triglycerides, 

low HDL-cholesterol, greater postprandial lipaemia, endothelial dysfunction, cardiac arrhythmia, heart rate 

and heart rate variability, as well as a proclivity for thrombosis and inflammation, are among the risk factors 

[37]. In terms of the function of the vascular endothelium, it has been proven that EPA and DHA can 

increase flow-mediated dilatation (146, 147) as well as arterial compliance [38]. 

 

omega-3 fatty acids are regarded as immune-nutrients and are commonly utilized in the nutritional therapy 

of cancer patients. According to our knowledge there is no study linked the effects of Omega-3 on the 

immune markers level among DOX-induce cardiotoxicity, Therefore, goals of this study was to assess the 

potential protective effects of pretreatment with Omega-3 fatty acids on cardiotoxicity caused by DOX and 

measuring biomarkers include cTn-T, CCL23,CCL27,MIF in rats model induction with DOX after 

treatment with Omega-3 using Eliza technique. 

 

2. Materials and methods 

 

2.1 Animals and Experimental Design 

Adult female Wistar albino rats weighing (200±20) g and aged 16 weeks old were used in this study. The 

animals were obtained from College of pharmacy/ Mustansiriyah university by Animal Care and Research 

Unit (Baghdad, Iraq). The Animals were kept under standardized chow and tap water and libitum with 

Lighting controls light on 8 a.m. and off 8 p.m, light/ dark cycle, temperature (22 ± 5C) and were Humidity 

between 50-55%. This study was taken the approval of the ethical committee in the College of pharmacy/ 

Mustansiriyah University. 

 

2.2 Study Design 

Thirty Albino- Wistar Rats were allocated randomly into five groups each consisting of 6 animals. as 

follows: 

-Groups I: received distilled water alone 

-Groups II: received a single dosage of DOX (20 mg/kg)  

-Groups III: received OMG3 (100 mg/kg/day) for 4 wks, orally with gavage 

-Groups IV: received OMG3 (200 mg/kg/day) for 4 wks, orally with gavage 

-Groups V: received OMG3 (400 mg/kg/day) for 4 wks, orally with gavage 
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24hr. after the last doses of OMG, each rat of groups III, IV, V were given a single intraperotoneal injection 

of DOX (20 mg/kg). Cardiotoxicity was induced by administering DOX i.p. in a dose of 20mg/kg as a 

single dose to all research groups in order to induce acute cardiotoxicity. 

 

2.3 Sample Collection and Preparation 

After two days of DOX administration (48 hours), 4ml of blood was obtained from each rat through heart 

puncture and sedated with ketamine-xylazine 50 mg/kg ketamine and 5 mg/kg xylazine intraperitoneally. 

The following samples were collected and subjected to various analyses: 

1-A approximately 3ml from blood placed into plan tubes and centrifuged at 3000x for 15 minutes to 

separate serum. The serum stored at -80°C for ELISA analysis. 

2- Then hearts of all rats were quickly separated, washed with normal salin, dried, and placed in containers 

with 10% formalin for preservation for histological investigation (H&E). 

 

The assessment of serum biomarkers (cTn-T,MIP,CCL23,CCL27) done by biotin double antibody 

sandwich Enzyme-Linked Immune Sorbent Assay (ELISA) technolog .The ELISA procedure was done 

according to the manufactures of each kit. 

 

2.4 Statistical analysis 

Statistical Analysis System- SAS (2012) program was used to detect the effect of difference factors in study 

parameters. Least significant difference –LSD test (Analysis of Variation-ANOVA) was used to significant 

compare between means. p value <0.05 was considered as significant difference. 

 

3. Results 

 

3.1 Effect of OMG3 on Plasma Cardiac Troponin T (cTn-T) Level 

The mean level of plasma troponin-t (cTn-T) of rats treated with Omg-3 groups (100, 200,400 mg/kg) for 4 

weeks and injected with DOX- showed descending decrease level (6.45 ±0.21, 5.38 ±0.29, 4.90 ±0.25 

pg/ml) respectively in a dose dependent manner. Groups (200,400 mg/kg) have significant reduction (p < 

0.01). However, cardiactoxicity has been observed after DOX intraperitoneal injection which has significant 

increase plasma cTn-T (7.97 ±0.27 pg/ml) compared to control group (4.41 ±0.28 pg/ml). The changes in 

plasma cTn-T levels are summarized in Table (1) and Figure (1). 

 

Table (1): Effect of omg-3 on serum Troponin-T level of DOX treated rats 

Group Mean ± SE of cTnt 

Control 4.41 ±0.28 c 

DOX 7.97 ±0.27 a 

100mg OMG 6.45 ±0.21 b 

200mg OMG 5.38 ±0.29 c 

400mg OMG 4.90 ±0.25 c 

LSD value 0.772 ** 

Means having with the different letters in same column differed significantly. 
** (P≤0.01). 
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Figure 1: Comparison mean level of troponin-t between all groups in the study 

 

3.2 Effect of Omg-3 on CCL23 Immune Marker 

The descriptive statistics for CCL23 marker concentration which is represented as mean ± SE was 

significantly elevated in DOX group (642.50 ±30.79 ng/ml, P≤0.01) in comparison with the control 

(278.81±23.40 ng/ml) and 100,200,400 mg Omg-3 groups (445.53 ±36.94, 494.20 ±42.20 and 411.86 

±30.84 ng/ml respectively; P > 0.05). Serum CCL23 concentration was not significantly difference within 

the same Omg-3 groups as shown in Table (2) and Figure (2). 

 

Table (2): Effect of Omg-3 on serum CCL23 level of DOX treated rats. 

Groups Mean ± SE of CCL23 

Control 278.81 ±23.40 b 

DOX 642.50 ±30.79 a 

100mg OMG 445.53 ±36.94 b 

200mg OMG 494.20 ±42.20 b 

400mg OMG 411.86 ±30.84 b 

LSD value 107.46 ** 

Means having with the different letters in same column differed significantly. ** 

(P≤0.01). 
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Figure 2: Comparison mean level of ccl23 between all groups in the study 

 

3.3 Effect of Omg-3 on CCL27 Immune Marker 

CCL27 immune marker mean level was illustrated in Table (3) and Figure (3). It significantly elevated in 

DOX group (211.88 ±21.85 ng/ml, P≤0.01) in comparison with the control (109.49 ±5.91 ng/ml) and in a 

dose dependent manner of 100,200,400/mg Omg-3 groups (187.58 ±32.70, 120.88 ±6.45, 115.98 ±5.41 

ng/ml respectively; P≤0.01). Serum CCL27 concentration was significantly reduce in pretreatment 

200,400mg Omg-3 groups versus DOX. 

 

Table 3: Effect of Omg-3 on serum CCL27 level of DOX treated rats group. 

Group Mean ± SE of CCL27 

Control 109.49 ±5.91 c 

DOX 211.88 ±21.85 a 

100mg OMG 187.58 ±32.70 a 

200mg OMG 120.88 ±6.45 b 

400mg OMG 115.98 ±5.41 b 

LSD value 59.327 ** 

Means having with the different letters in same column differed significantly. 
** (P≤0.01). 

 

 
Figure 3: The Comparison between the means of CCL27 marker in all study groups 

 

3.4 Effect of Omg-3 on MIF Immune Marker 

MIF immune marker level which is represented as mean ± SE was significantly elevated in rats DOX group 

(44.33 ±2.13 ng /ml) in comparison with the control (19.09 ±0.46 ng /ml) and 100,200,400mg Omg-3 rats 

groups (25.45 ±2.04, 21.19 ±0.63, 21.42 ±0.69 ng/ml respectively; (P ≤ 0.01). Serum MIF concentration 

levels was non-significantly differed within Omg-3 groups in a dose dependent manner. The changes in 

Serum MIF level are summarized in Table (4) and Figure (4). 

 

Table 4: Effect of Omg-3 on serum MIF level of DOX treated rats 

Group Mean ± SE of MIF 

Control 19.09 ±0.46 c 
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DOX 44.33 ±2.13 a 

100mg OMG 25.45 ±2.04 b 

200mg OMG 21.19 ±0.63 b 

400mg OMG 21.42 ±0.69 b 

LSD value 4.575 ** 

Means having with the different letters in same column differed significantly. 
** (P≤0.01). 

 

 
Figure 4: The Comparison between the means of MIF marker in all study groups 

 

Histophathological Changes of Rats Cardiac Tissue During Omg-3 Treatment and After DOX Induce 

Cardiotoxicity 

A-Control group (I): The control group of rats received D.W alone has normal cardiac myocyte displayed 

centrally located nuclei, scant collagen fibers between cardiac cells, and a normal myofibrillar morphology 

with no inflammatory cells, no hemorrhage, no ischemic area, no vaculation and normal striated of muscles, 

as shown in Figure (5). 

B-Acute DOX group(II): The cardiac muscle in the acute DOX rats group exhibited multiple destroyed 

cardiac muscles, nuclear alteration and other symptoms that led to cytoplasmic vacuoles, inflammatory cell 

infiltration mainly neutrophils cells, necrosis, and loss of striation of muscles, as shown in Figure (6). 

C-DOX+(100mg/kg) Omg-3 group (III): group showed small destroyed cardiac muscles, inflammatory 

cells infiltration mainly in pericardium, focus hemorrhage, focus of loss striated muscles and vaculation, as 

shown in Figure (7). 

D- DOX+ (200mg/kg) Omg-3 group (IV): group showed mild remission of histological results with lose of 

stratied muscles and mild sarcoplasmic vacuolization, hemorrhage area with low inflammatory cells as 

shown in figure (8). 

DOX+ (400mg/kg) Omg-3 group (V): showed remarkable improvement in the histopathological lesions. 

Heart tissue also showed normal cardiomyocytes with firm, symmetrically oriented myofibrils and mild 

signs of sarcoplasmic vacuolization and mild inflammation as shown in figure (9). 

 

Table 5: Effect of Omg-3 on cardiac tissue with pathological score in DOX-treated rats. 

Parameters Control DOX DOX+ 
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Cytoplasmic 
vacuolization 

- (++)-(+++) (+)-(++) + - 

Cardiac necrosis - +++ - - - 

Hemorraghe - +++ ++ + (-) – (+) 

inflammatory cells - (++)-(+++) ++ + + 

Striation - ++ ++ + - 

- (no changes), + (Mild), ++ (Moderate), +++ (sever). 

 

 
Figure (3.10): A and B Show section of normal cardiac muscles, no inflammation no necrosis, normal 

blood vessels and normal nuclei (HPF 10x); (40 HPF). 

 

  

 
Figure (3.11): A: Section of rat cardiac tissue in acute DOX group, showing hemorraghe area (black 

arrow), necrosis (blue arrow) under HPF 10x; B: showing hemorraghe area (black arrow), necrosis (blue 

arrow), loss of striation (brown arrow), vaculation (white arrow) under HPF 40x. 
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Figure (3.12): A: Section of rat cardiac tissue of DOX+(100mg/kg) Omega-3, showing loss of striated 

muscles (black arrow), hemorrhage (blue arrow) under HPF 10x; B: shows loss of striated muscles (red 

arrow), inflammation pericarditis (green arrow), cytoplasmic vaculation (white arrow) under HPF 40x. 

 

 
Figure (3-13): A: Section of rat cardiac tissue of DOX+(200mg/kg) Omega-3 showing area of hemorrage 

(blue arrow) inflammation (red arrow), loss of stratied muscles (black arrow), cytoplasmic vaculati] on 

(green arrow), HPF 40x; B: show loss of striated muscles (orang arrow), hemorrhage (black arrow), HPF 

10x. 
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Figure (3-12): Section of rat cardiac tissue of DOX+(400mg/kg) Omg-3 normal stratited cardiac muscles 

(black arrow) while (red arrow) normal blood vessels (H&E, 10x). B: mild inflammation, normal cardiac 

muscles [blue arrow], normal blood vessels [yellow arrow], no necrosis, no ischemia (H&E, 40x). 

 

4. Discussion 

The challenge in managing its cardiotoxicity is to find an agent that has cardioprotective properties while 

not interfering with its anticancer effectiveness. In this context, Omg-3 demonstrated some promising anti-

DOX-induced cardiotoxicity properties [39]. Omega 3 fatty acids found in fish and fish oils can help 

prevent coronary heart disease. Both health care providers and the general public are becoming more 

interested in their roles in the management and prevention of coronary heart disease [40]. As a result, we 

aimed to investigate the cardioprotective effects of Omg-3 in DOX-intoxicated rats, highlighting their 

capacity to control and inflammatory response. 

 

The results of this study showed that Omg-3 produced a dose dependant effect in reducing the level of cTn-

T. In the rat Dox group, the dose of 20 mg/kg resulted in a significantly higher level of cTn-T, but the 

different doses of 100, 200 and 400 mg/kg of Omg-3 pretreated rats and DOX resulted in a significantly low 

level of cTn-T when compared to the DOX alone group. 

 

Since cardiac Tn-T is undetectable in healthy individuals, it serves as an accurate tissue-specific biomarker 

for myocardial damage. It supports risk stratification and aids in the pathology of heart failure. Myocardial 

stresses such oxidative stress, inflammation, and neuro-hormonal activation, as well as severe ischemia, can 

also result in myocyte injury [41]. The authors support the idea that Omg-3 has significant cardioprotective 

effects on cardiac injury in animal model studies due to its anti-oxidant and anti-apoptotic activities as 

underlying mechanisms for this reported protective effect [39]. 

 

There is little known about the CCL23, CCL27, and MIF chemokines. No previous investigations, to the 

greatest of our knowledge, has described a significant association between CCL23, CCL27, and MIF with 

cardioprotective effect of Omg-3 in doxorubicin cardiotoxicity. Thus this study measuring the level of 

immune biomarkers (CCL23, CCL27, and MIF) for rats with acute Dox cardiotoxicity pretreated with 

Omg-3 in 3 different doses (100, 200, and 400 mg/kg) for 4 weeks. 

 

In this study, The level of serum CCL23 was significantly higher in the DOX group alone as compared to 
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the control group, however the concentration of CCL23 was significantly reduced in the DOX+Omg-

3(100,200,400 mg/kg) groups and there was no significant difference within these three groups. CCL27 The 

current study indicated that it was considerably higher in the DOX group compared to the control and 

100,200,400 mg/kg of pretreatment Omg-3 group, while it was significantly lower in the 200,400mg Omg-3 

groups vs the DOX group. It’s a chemokine associated with host defense mechanisms and inflammation. 

Increased CCL23 has been linked to coronary atherosclerosis [42], and Several studies have already 

reported an increase in cytokines and chemokines in acute Dox cardiotoxicity [43]. An increase level of 

plasma proinflammatory chemokine’s, such as CCL23, might be correlated with increased development the 

diseases [44]. 

 

One study found that CCL27 had increased levels in the doxorubicin-induced cardiotoxicity in breast cancer 

patients group before and after treatment with fold changes 1.5 and p = 0.008 [45]. Therefore CCL27 

considered as predictive biomarker in heart toxicity. Regarding to all these results where increased serum 

levels of CCL27 were found in inflammatory conditions suggested that CCL27 may play a role in the 

pathogenesis of inflammation. In our study we found that significantly elevated MIF in rats DOX group 

compared to the control and rats groups pretreated with Omg-3. Serum. MIF concentration levels was non-

significantly differed within Omg-3 groups in a dose dependent manner. MIF is a proinflammatory cytokine 

that participates in innate immune responses and modulates acute and chronic inflammatory reactions [46]. 

It helps to maintain heart homeostasis during times of stress. In prior studies, MIF was found to be 

increased in myocardial infarction, atherosclerosis, rheumatoid arthritis, sepsis, cancer, and portopulmonary 

hypertension diseases [47]. It's likely that an increase in MIF is an early protective response to potential 

heart damage, which eventually leads to the development of permanent cardiotoxicity. The finding that MIF 

plasma levels were greater in the abnormal patient group following DOX treatment suggests that this 

protein could be a biomarker of cardiotoxicity [48]. 

 

Investigate the anti-inflammatory effects of EPA and DHA. Several meta-analyses have found that they 

reduce blood concentrations of the acute phase protein C-reactive protein (CRP), as well as the pro-

inflammatory cytokines tumor necrosis factor (TNF)- and interleukin (IL)-6 [49] although the effect may 

vary depending on the individual's health status. Furthermore, the presence of EPA and DHA in plasma or 

serum has been shown to diminish the amount of pro-inflammatory eicosanoids such as thromboxane B2 

and leukotriene B4 [50]. 

 

Recent research suggests that MIF may exert cardioprotective effects in DOX-induced cardiomyopathy, 

most likely via reducing autophagy and ATP availability in the heart [51]. Except for CCL23, CCL27, and 

MIF, all of the chemokines that were differently changed were less common in the abnormal group. 

Although the vast majority of these chemokines are thought of as being inflammatory or roinflammatory in 

general [13]. The real role that a chemokine plays can vary widely depending on a number of parameters 

such as the particular disease state, damage, pathophysiology, and so on. According to the findings of 

several studies, some cytokines and chemokines can act as both pro- and anti-inflammatory mediators. The 

level of the disease, the local concentration of a particular cytokine, and how that cytokine interacts with 

other cytokines all have a role in determining the actual biological function [52]. Our study found a 

significant difference in the chemokine profiles or 'immune signatures' in the cardiotoxicity in Dox group, 

Omg-3 groups versus normal group. This study's results indicate that inflammation and immune response 

play major roles in DOX- cardiotoxicity and the low level of these markers in our study explain the 

protective effect of Omeg-3 on heart tissue of rats after DOX administration. More experimental research is 

needed in these concerns. 
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4.1 Histopathological Effect of Omg-3 on cardiac tissue 

A histological examination was performed to compare the cardiac tissues of rats pretreatment with Omg-3 

fatty acids +DOX to those in the acute cardiotoxicity with DOX alone. Pathologists examined the H&E 

staining of myocardial tissue under a light microscope (10 and 40X HPF) and found that Omg-3 reduced 

necrosis and myocyte damage in a dose-dependent manner. This study shows the cardiac myocyte in 

control group is normal, showed centrally located nuclei, normal myofibrillar structure with striation, while 

the heart tissues of the group of rats who had acute cardiotoxicity induced by DOX alone caused severe 

myocyte damage, multifocal myocardia, cytoplasmic vacuoles, and necrosis with inflammatory alterations. 

However, groups treated with Omg-3 fatty acids groups (100, 200, 400 mg/kg) showed sever, moderate, 

and minimum myocytes necrosis with injury recovery, multifocal myocardia, respectively compared with 

exhibit regulated myocyte growth. These results were shown that, Omg-3 attenuate the necrosis in 

cardiomyocytes against DOX-induced cardiotoxcicty in a dose related effect. Omg-3 may have a 

cardioprotective impact, although the particular mechanisms by which it does so are still not entirely 

known. Omg-3 PUFAs can be integrated into the phospholipid bilayer of cell membranes, which can have 

an impact on membrane fluidity, the creation of lipid microdomains, and membrane signaling [53]. 

 

5. Conclusion 

The results of the present study revealed that Omg-3 have been shown to decrease doxorubicin-induced 

cardiotoxicity and showed a valuable cardioprotection effect through suppression of some immune-

biomarkers and change the histopathological features of cardiomyocytes 

 

ACKNOWLOEDGMENT: The author would like to thank Mustansiriyah University 

(www.uomustansiriyah.edu.iq) Baghdad / Iraq for its support in thepresent work and special thanks to 

Oncology Teaching Hospital for their help in providing the all information for this study. 

 

6. References 

[1] Plana J, Galderisi M, Barac A, Ewer M, Ky B, Scherrer-Crosbie M, et al. Expert consensus for 

multimodality imaging evaluation of adult patients during and after cancer therapy: a report from the 

American Society of Echocardiography and the European Association of Cardiovascular Imaging. Eur 

Heart J Cardiovasc Imaging. 2014;15(10):1063-93. 

 

[2] Zhang S, Liu X, Bawa-Khalfe T, Lu LS, Lyu YL, Liu LF, et al. Identification of the molecular basis 

of doxorubicin-induced cardiotoxicity. Nat Med. 2012;18(11):1639-42. 

 

[3] Kaklamani VG, Gradishar WJ. Epirubicin versus doxorubicin: which is the anthracycline of choice 

for the treatment of breast cancer? Clinical breast cancer. 2003;4:S26-S33 

 

[4] Lyon AR, Dent S, Stanway S, Earl H, Brezden-Masley C, Cohen-Solal A, et al. Baseline 

cardiovascular risk assessment in cancer patients scheduled to receive cardiotoxic cancer therapies: a 

position statement and new risk assessment tools from the Cardio-Oncology Study Group of the Heart 

Failure Association of the European Society of Cardiology in collaboration with the International Cardio-

Oncology Society. Eur J Heart Fail. 2020;22(11):1945-60. 

 

[5] Weiss RB. The anthracyclines: will we ever find a better doxorubicin? Semin Oncol. 

1992;19(6):670-86. 

 

[6] van Acker SA, Kramer K, Voest EE, Grimbergen JA, Zhang J, van der Vijgh WJ, et al. 

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 09, November, 2022 

  

5275 
 

Doxorubicin-induced cardiotoxicity monitored by ECG in freely moving mice. A new model to test 

potential protectors. Cancer Chemother Pharmacol. 1996;38(1):95-101. 

 

[7] Goormaghtigh E, Huart P, Praet M, Brasseur R, Ruysschaert JM. Structure of the adriamycin-

cardiolipin complex. Role in mitochondrial toxicity. Biophys Chem. 1990;35(2-3):247-57. 

 

[8] Odom AL, Hatwig CA, Stanley JS, Benson AM. Biochemical determinants of adriamycin® toxicity 

in mouse liver, heart and intestine. Biochemical Pharmacology. 1992;43(4):831-6. 

 

[9] Nohl H. A novel superoxide radical generator in heart mitochondria. FEBS Letters. 

1987;214(2):269-73. 

 

[10] Calder PC. Omega‐3 polyunsaturated fatty acids and inflammatory processes: nutrition or 

pharmacology? British journal of clinical pharmacology. 2013;75(3):645-62. 

 

[11] Baum SJ, Kris-Etherton PM, Willett WC, Lichtenstein AH, Rudel LL, Maki KC, et al. Fatty acids 

in cardiovascular health and disease: a comprehensive update. J Clin Lipidol. 2012;6(3):216-34. 

 

[12] Yu LR, Cao Z, Makhoul I, Daniels JR, Klimberg S, Wei JY, et al. Immune response proteins as 

predictive biomarkers of doxorubicin-induced cardiotoxicity in breast cancer patients. Exp Biol Med 

(Maywood). 2018;243(3):248-55. 

 

[13] Bonaventura A, Montecucco F. CCL23 is a promising biomarker of injury in patients with 

ischaemic stroke. J Intern Med. 2018;283(5):476-8. 

 

[14] Forssmann U, Delgado MB, Uguccioni M, Loetscher P, Garotta G, Baggiolini M. CKbeta8, a novel 

CC chemokine that predominantly acts on monocytes. FEBS Lett. 1997;408(2):211-6. 

 

[15] Hwang J, Son KN, Kim CW, Ko J, Na DS, Kwon BS, et al. Human CC chemokine CCL23, a 

ligand for CCR1, induces endothelial cell migration and promotes angiogenesis. Cytokine. 2005;30(5):254-

63. 

 

[16] 91. Kim J, Kim YS, Ko J. CK beta 8/CCL23 induces cell migration via the Gi/Go 

protein/PLC/PKC delta/NF-kappa B and is involved in inflammatory responses. Life Sci. 2010;86(9-

10):300-8. 

 

[17] Rioja I, Hughes FJ, Sharp CH, Warnock LC, Montgomery DS, Akil M, et al. Potential novel 

biomarkers of disease activity in rheumatoid arthritis patients: CXCL13, CCL23, transforming growth 

factor alpha, tumor necrosis factor receptor superfamily member 9, and macrophage colony-stimulating 

factor. Arthritis Rheum. 2008;58(8):2257-67. 

 

[18] Castillo L, Rohatgi A, Ayers CR, Owens AW, Das SR, Khera A, McGuire DK, de Lemos JA. 

Associations of four circulating chemokines with multiple atherosclerosis phenotypes in a large population-

based sample: results from the Dallas heart study. J Interferon Cytokine Res 2010; 30:339–47. 

 

[19] Kuehn BM. Dietary supplement linked to cases of acute hepatitis. JAMA. 2013;310(17):1784-. 

 



H. K Al-hassani, S. F. Hatem and Y. A. Hummadi, 2022                                      Azerbaijan Medical Journal 

 

5276 
 

[20] Khaiboullina SF, Gumerova AR, Khafizova IF, Martynova EV, Lombardi VC, Bellusci S, 

Rizvanov AA. CCL27: Novel Cytokine with Potential Role in Pathogenesis of Multiple Sclerosis. Biomed 

Res Int. 2015;2015:189638. 

 

[21] Homey B, Wang W, Soto H, Buchanan ME, Wiesenborn A, Catron D, et al. Cutting edge: the orphan 

chemokine receptor G protein-coupled receptor-2 (GPR-2, CCR10) binds the skin-associated chemokine 

CCL27 (CTACK/ALP/ILC). J Immunol. 2000;164(7):3465-70. 

 

[22] Xiong N, Fu Y, Hu S, Xia M, Yang J. CCR10 and its ligands in regulation of epithelial immunity and 

diseases. Protein Cell. 2012;3(8):571-80. 

 

[23] Yang J, Hu S, Zhao L, Kaplan DH, Perdew GH, Xiong N. Selective programming of CCR10(+) innate 

lymphoid cells in skin-draining lymph nodes for cutaneous homeostatic regulation. Nat Immunol. 

2016;17(1):48-56. 

 

[24] Bacher M, Metz CN, Calandra T, Mayer K, Chesney J, Lohoff M, et al. An essential regulatory role for 

macrophage migration inhibitory factor in T-cell activation. Proc Natl Acad Sci U S A. 1996;93(15):7849-

54. 

 

[25] Barbalho SM, Goulart Rde A, Quesada K, Bechara MD, de Carvalho Ade C. Inflammatory bowel 

disease: can omega-3 fatty acids really help? Ann Gastroenterol. 2016;29(1):37-43. 

 

[26] Kang I, Bucala R. The immunobiology of MIF: function, genetics and prospects for precision 

medicine. Nat Rev Rheumatol. 2019;15(7):427-37. 

 

[27] Jankauskas SS, Wong DWL, Bucala R, Djudjaj S, Boor P. Evolving complexity of MIF signaling. 

Cell Signal. 2019;57:76-88. 

 

[28] Calandra T, Bucala R. Macrophage Migration Inhibitory Factor (MIF): A Glucocorticoid Counter-

Regulator within the Immune System. Crit Rev Immunol. 2017;37(2-6):359-70. 

 

[29] Lin SG, Yu XY, Chen YX, Huang XR, Metz C, Bucala R, et al. De novo expression of macrophage 

migration inhibitory factor in atherogenesis in rabbits. Circ Res. 2000;87(12):1202-8. 

 

[30] Kong YZ, Huang XR, Ouyang X, Tan JJ, Fingerle-Rowson G, Bacher M, et al. Evidence for 

vascular macrophage migration inhibitory factor in destabilization of human atherosclerotic plaques. 

Cardiovasc Res. 2005;65(1):272-82. 

 

[31] Tilstam PV, Qi D, Leng L, Young L, Bucala R. MIF family cytokines in cardiovascular diseases 

and prospects for precision-based therapeutics. Expert Opin Ther Targets. 2017;21(7):671-83. 

 

[32] Yokoyama M, Origasa H, Matsuzaki M, Matsuzawa Y, Saito Y, Ishikawa Y, et al. Effects of 

eicosapentaenoic acid on major coronary events in hypercholesterolaemic patients (JELIS): a randomised 

open-label, blinded endpoint analysis. The lancet. 2007;369(9567):1090-8. 

 

[33] Svensson M, Schmidt EB, Jørgensen KA, Christensen JH. N-3 fatty acids as secondary prevention 

against cardiovascular events in patients who undergo chronic hemodialysis: a randomized, placebo-

https://www.azerbaijanmedicaljournal.com/


ISSN: 0005-2523 

Volume 62, Issue 09, November, 2022 

  

5277 
 

controlled intervention trial. Clinical journal of the American Society of Nephrology. 2006;1(4):780-6. 

 

[34] Rauch B, Schiele R, Schneider S, Diller F, Victor N, Gohlke H, et al. OMEGA, a randomized, 

placebo-controlled trial to test the effect of highly purified omega-3 fatty acids on top of modern guideline-

adjusted therapy after myocardial infarction. Circulation. 2010;122(21):2152-9. 

 

[35] Tavazzi L, Maggioni AP, Marchioli R, Barlera S, Franzosi MG, Latini R, et al. Effect of n-3 

polyunsaturated fatty acids in patients with chronic heart failure (the GISSI-HF trial): a randomised, double-

blind, placebo-controlled trial. Lancet (London, England). 2008;372(9645):1223-30. 

 

[36] Barbalho SM, Goulart Rde A, Quesada K, Bechara MD, de Carvalho Ade C. Inflammatory bowel 

disease: can omega-3 fatty acids really help? Ann Gastroenterol. 2016;29(1):37-43. 

 

[37] Innes JK, Calder PC. Marine Omega-3 (N-3) Fatty Acids for Cardiovascular Health: An Update for 

2020. Int J Mol Sci. 2020;21(4). 

 

[38] Childs AC, Phaneuf SL, Dirks AJ, Phillips T, Leeuwenburgh C. Doxorubicin treatment in vivo causes 

cytochrome C release and cardiomyocyte apoptosis, as well as increased mitochondrial efficiency, 

superoxide dismutase activity, and Bcl-2:Bax ratio. Cancer Res. 2002;62(16):4592-8. 

 

[39] Ludke AR, Al-Shudiefat AA, Dhingra S, Jassal DS, Singal PK. A concise description of 

cardioprotective strategies in doxorubicin-induced cardiotoxicity. Can J Physiol Pharmacol. 

2009;87(10):756-63. 

 

[40] Saleh D, Abdelbaset M, Hassan A, Sharaf O, Mahmoud S, Hegazy R. Omega-3 fatty acids 

ameliorate doxorubicin-induced cardiorenal toxicity: In-vivo regulation of oxidative stress, apoptosis and 

renal Nox4, and in-vitro preservation of the cytotoxic efficacy. PLoS One. 2020;15(11):e0242175. 

 

[41] Balk EM, Ioannidis JP, Salem D, Chew PW, Lau J. Accuracy of biomarkers to diagnose acute cardiac 

ischemia in the emergency department: a meta-analysis. Ann Emerg Med. 2001;37(5):478-94 

 

[42] Castillo L, Rohatgi A, Ayers CR, Owens AW, Das SR, Khera A, et al. Associations of four circulating 

chemokines with multiple atherosclerosis phenotypes in a large population-based sample: results from the 

dallas heart study. J Interferon Cytokine Res. 2010;30(5):339-47. 

 

[43] Yu LR, Cao Z, Makhoul I, Daniels JR, Klimberg S, Wei JY, et al. Immune response proteins as 

predictive biomarkers of doxorubicin-induced cardiotoxicity in breast cancer patients. Exp Biol Med 

(Maywood). 2018;243(3):248-55. 

 

[44] Homey B, Alenius H, Müller A, Soto H, Bowman EP, Yuan W, et al. CCL27-CCR10 interactions 

regulate T cell-mediated skin inflammation. Nat Med. 2002;8(2):157-65. 

 

[45] Yu LR, Cao Z, Makhoul I, Daniels JR, Klimberg S, Wei JY, et al. Immune response proteins as 

predictive biomarkers of doxorubicin-induced cardiotoxicity in breast cancer patients. Exp Biol Med 

(Maywood). 2018;243(3):248-55. 

 

[46] Calandra T, Roger T. Macrophage migration inhibitory factor: a regulator of innate immunity. Nat Rev 



H. K Al-hassani, S. F. Hatem and Y. A. Hummadi, 2022                                      Azerbaijan Medical Journal 

 

5278 
 

Immunol. 2003;3(10):791-800. 

 

[47] Yu L, Feng Z. The Role of Toll-Like Receptor Signaling in the Progression of Heart Failure. Mediators 

Inflamm. 2018;2018:9874109. 

 

[48] Chatterjee K, Zhang J, Honbo N, Karliner JS. Doxorubicin cardiomyopathy. Cardiology. 

2010;115(2):155-62. 

 

[49] Uygur R, Aktas C, Tulubas F, Alpsoy S, Topcu B, Ozen O. Cardioprotective effects of fish omega-

3 fatty acids on doxorubicin-induced cardiotoxicity in rats. Human & experimental toxicology. 

2014;33(4):435-45. 

 

[50] Li K, Huang T, Zheng J, Wu K, Li D. Effect of marine-derived n-3 polyunsaturated fatty acids on 

C-reactive protein, interleukin 6 and tumor necrosis factor α: a meta-analysis. PLoS One. 2014;9(2):e88103. 

 

[51] Nozaki N, Shishido T, Takeishi Y, Kubota I. Modulation of doxorubicin-induced cardiac dysfunction 

in toll-like receptor-2-knockout mice. Circulation. 2004;110(18):2869-74. 

 

[52] Li C, Chen T. A novel hematoxylin and eosin stain assay for detection of the parasitic dinoflagellate 

Amoebophrya. Harmful Algae. 2017;62:30-6. 

 

[53] Li C, Chen T. A novel hematoxylin and eosin stain assay for detection of the parasitic dinoflagellate 

Amoebophrya. Harmful Algae. 2017;62:30-6. 

https://www.azerbaijanmedicaljournal.com/

