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Introduction: Nanoparticles may be natural or synthetic, Metal nanoparticles (such as gold 

and silver nanoparticles), and metal oxide nanoparticles (such as zinc oxide) are some of the 

different forms of artificial nanoparticles. Artificial nanoparticles have different 

Abstract: Zinc Oxide nanoparticles (ZnO-NPs) are widely used in pharmaceuticals, foods, cosmetics, 
and toothpaste.  The cardiovascular system is one of the most vulnerable exposed tissues to ZnO-NPs. 
Arabic Gum (AG) is an antioxidant that can be utilized to treat tissue injury. The purpose of this study 
was to investigate ZnO-NPs-induced cardiotoxicity and the potential protective role of AG. The study 
included 60 adult male albino rats. They were separated into 3 main groups of 20 rats each (control, 
ZnO-NPs treated, and protected AG+ ZnO-NPs). Each main group is equally subdivided into 2 
subgroups with 10 rats each (control negative with no treatment at all, control positive received AG), 
ZnO-NPs (100 mg/kg Body weight(BW) and 400mg/kg/BW) and protected (AG + 100 mg/kg ZnO-
NPs, AG+ 400 mg/kg ZnO-NPs). The dose of AG was 15 mg/kg/BW for tested groups receiving it as 
was mentioned. The medications were administered orally once a day for four weeks. When 
comparing the ZnO-NPs treated group versus the control one, there was a substantial rise in mean 
values of heart enzymes and inflammatory cytokines. Also cardiac histological analysis revealed 
deteriorated myocardium, vacuolated cytoplasm, and increased fibrosis with apoptosis in ZnO-NPs 
treated rats. These results were improved by concomitant administration of AG.. 

Keywords: Zink oxide nanoparticles, cardiotoxicity, heart enzymes, cytokines, fibrosis and Arabic 
Gum. 
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physicochemical properties and reactivity from bigger equivalents of the same substance 

due to both tiny size and enormous surface area (Kao et al., 2012). 

 In recent decades, nanotechnology has become a potential method for variable biomedical 

applications. Among the most popular nanomaterials in industrial and domestic settings is 

zinc oxide nanoparticles (ZnO-NPs).  (ZnO-NPs) were used as therapeutic agents, aesthetics, 

dietary supplements, apparel, sunscreens, sporting activities agents, and also in 

many consumer goods (Liu et al., 2016). 

The Food and Drug Administration (FDA) has licensed zinc oxide nanoparticles as a novel 

and effective cancer therapeutics (Vinardell and Mitjans, 2015). By creating an imbalance in 

zinc-dependent enzyme production and producing oxygen-free radicals, zinc oxide 

nanoparticles can cause anticancer potential against tumor cells (Rasmussen et al., 2010). 

Research published in recent years have reported the use of zinc oxide nanoparticles as both 

medicinal agents and gene carriers. Several published studies also demonstrated the toxicity 

of zinc oxide nanoparticles on a variety of tissues and cell types. Particle high solubility was 

thought to cause hazardous impacts such as cytotoxic effects, peroxidation, and 

mitochondrial dysfunction (Condello et al., 2016). 

Because of its tiny size, ZnO-NPs are able to penetrate human tissue by different ways: 

with food preparation, inhalation, and skin contact. ZnO-NPs diffuse into numerous tissues 

and organs via systemic circulation, including the liver, pancreas, renal tissue, and heart (Li 

et al., 2012). The Previous authors discovered that the introduction of zinc oxide 

nanoparticles by mouth or intraperitoneally caused the molecules to accumulate 

dangerously in the lung, spleen, hepatic and renal tissues as well as to spread throughout the 

body. Additionally, it was shown that administering zinc oxide nanoparticles to rodents’ 

hepatocytes and hearts caused serious anemia and notable histological alterations. 

Pathological abnormalities included hyaline degeneration of the heart muscle as well as 

localized hemorrhages consistent with hepatic apoptosis (Esmaeillou et al., 2013). 

 Arabic Gum (AG) is a natural dry exudate produced by Acacia trees, specifically Acacia 

Senegal and Acacia seyal (Ali et al., 2009). It is frequently linked to health improvement by 

lowering the chances of developing metabolic syndrome (Met S). The health effects of AG are 

believed to be caused by 3 different components of high-branched sugar molecules which 

differ in their weight and protein constituents. These are typically referred to as 

arabinogalactan-protein fractions, arabinogalactan, and glycoprotein fractions (Williams 

and Phillips, 2021). On the other hand, the source, the climatic condition, and the soil can all 

affect AG structure (Jarrar et al., 2021). In 1969, the US Food and Drug Administration (FDA) 

authorized AG as a food additive. Following that time, it has a widespread application in the 

food industries as a preservative and emollient (Mahdavi et al., 2016). Additionally, it is 

utilized as a supplement to improve the physical effects of medications as well as constituent 

of sticky hydrogels for the treatment of wounds (Sun et al., 2016). Additionally, AG has 

antioxidant and anti-inflammatory effects, which means it could be utilized to treat 
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inflammation. It also appears to slow the course of chronic renal failure (Al Za’abi et al., 

2018) 

As a result, the purpose of the current investigation is to evaluate if ingesting AG could lessen 

the adverse impacts of ZnO-NPs upon the cardiac tissue. This investigation into such 

interaction is the first. 

Materials and Methods:  

Chemicals 

Zink oxide nanoparticles: The average component dimension of zinc oxide nanoparticles had 

been beneath 35 nm, and their dispersion comprised under 100 nm. The lot/number 

MKBN3534V-Nano - SunguardTM in water had a concentration of 50% in H2O and a water-

based pH of 7 ± 0.1. Sigma-Aldrich Co., St. Louis, USA, produced the zinc oxide nanoparticles 

(Kim et al., 2012). Instantly prior to administration, distilled water was used to dissolve ZnO-

NPs.  

Gum Arabic was purchased from the local market, Cairo, Egypt; as spherical tears which were 

grinded to create a purified powdered form. 100 cc of warm water was used to dissolve 10 

grams of the powder. 

 Animals 

Throughout this study, 60 healthy adult male Sprague Dawley albinos have been collected 

from the animal house of the Faculty of Medicine at Zagazig University. Their weights ranged 

from 200 to 250 g. Those animals were housed in hygienic circumstances using ventilated 

polypropylene boxes with stainless steel covers and bedding made of wood shavings, 

supplied on a regular basis, and allowed access to running water. Their temperature was 

kept at 23±2 degrees Celsius. Rats spent two weeks getting used to the lab setting before this 

study started. The experiment's rats were handled in compliance with Zagazig University 

Institutional Animal Care and Use Committee (ZU-IACUC committee) and approval number 

(ZU-IACUC/3/F/246/2023). The experiment was carried out according to ARRIVE 

guidelines. 

Experimental protocol 

Rats were grouped among three primary groups at random, and for 28 days, the rats 

received their medication by oral ingestion. 

1- Group 1: Control group (20 rats); that was divided equally into 2 subgroups (10 rats 

each) :(negative control(NC) subgroup with no treatment all through the experiment, 

positive control(PC) subgroup in which rats were treated with AG. The dose of AG 

was 15 mg/kg/ B.W./day according to (Al-Doaiss and Al-Shehri, 2020). 

2-  Group 2: ZnO-NPs treated group (20 rats); that was divided into 2 equal subgroups 

(10 rats each) low dose subgroup in which rats received 100 mg ZnO-NPs /kg body 

weight and high dose subgroup in which rats were treated with 400mg ZnO-NPs /kg 

body weight (Pasupuleti et al., 2012). 
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3- Group 3:  AG/ ZnO-NPs group (20 rats) ;that was divided into 2 equal subgroups (10 

rats each) (AG/100 ZnO-NPs group, and AG/ ZnO-NPs 400 group). The dose of AG was 

15 mg/kg/ B.W./day according to (Al-Doaiss and Al-Shehri, 2020). 

 

Sample preparation 

12 hours after finishing the latest treatment, total body rats’ weights were reported before 

being given 50 mg/i.p. sodium phenobarbital as anesthesia. Within two minutes, the Bio-

Amp acquired ECG characteristics, including heart rate (beats per minute), R-R interval 

(seconds), QRS interval (seconds), QT interval (seconds), QTc (seconds), QRS (mV), and T 

amplitude (mV). The Power Lab system subsequently tracked the collected data (AD-

Instruments, Australia). Then with a sterile syringe, blood was drawn throughout the heart 

puncture. For hematological measures, Blood specimens were placed in EDTA-filled 

weatherman syringes. After centrifuging the non-heparinized blood for 10 min at 4000 rpm 

to ascertain its biochemical properties, the sera were collected and kept. Each chest cavity of 

different members of different studied groups was opened, the heart was removed, and each 

heart weight was recorded.  

 

Homogenate tissue analysis for cardiac enzymatic activities 

Lactate dehydrogenase (LDH; E.C.1.1.1.27) was measured using Deutsche technique 

(Bénéteau-Burnat and Baudin, 1991). The International Federation for Clinical Chemistry's 

method was used to measure the level of Creatine kinase (CK-MB) (EC: 2.7.3.2) in the heart 

(Bakhet, 2007). Cardiac Troponin-T (cTnT) as it is discharged into the bloodstream, cTnT is 

commonly utilized as a diagnostic biomarker for myocardial cellular damage owing to its 

higher cardio-specificity.  The Biochemistry Department, Alexandria University, Egypt, 

conducted the cTnT assay (Roche Diagnostics, Mannheim, USA). Monoclonal antibodies 

against cTnT are used in the test (Zoheir et al., 2019). 

 

Assay of Proinflammatory Cytokine 

The cardiac homogenate was utilized to measure p53 (cat. no. ELR-p53-1; RayBiotech, INC.), 

interleukin-6 (IL-6; cat. no. ab100772), Vascular Endothelial Growth Factor(VEGF) (Ray 

Biotech, INC., Norcross, AG), and tumor necrosis factor-alpha (TNF-α; cat. no. ab100785) 

utilizing the corresponding ELISA kits (Abcam) by the directions provided by the supplier. 

 

 Histopathological Examination for Heart: 

 For histopathology, heart tissue sample was immersed within a 10% neutral buffered 

formalin solution.  then were prepared for paraffin wax immersion, portions were sliced 

with a 5 mm thickness and dyed using Masson's trichrome and hematoxylin and eosin (H&E) 

(BaNCroft and AGmble, 2008). five distinct, non-overlapping sections from each animal 

investigated and analyzed using light microscope at (Anatomy Department, Zagazig 

University) and photographed. 
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 Immunohistochemical Examination. 

Sliced serial portions were placed on poly-lysine slide covers. Tissue slices are boiled in 10 

mM citrate buffers PH 6.0   for ten to twenty minutes, and then cooled for   20 minutes 

at room temperature. phosphate-buffer saline (PBS) was used to wash the slides twice. The 

primary antibodies (1ry Ab) listed below have been utilized: 

a) 0.1 ml of rabbit polyclonal 1ry Ab (Caspase3) diluted (Biovision, Milpitas Boulevard, 

Milpitas, CA 3015-100 Ab) (CA USA). 

b) 0.1 ml at a concentrated 200 microgram (g)/ml 1ry Ab-l Ab (PCNA) (Labvision, USA). 

For 60 minutes, the primary antibody was kept in a damp chamber at room temperature. 

The 1ry Ab used was diluted by 0.1 ml to lessen background and non-specific staining. Goat 

antipolyvalent that had been biotinylated was used, and it was kept in a moist chamber for 

10 min at room temperature. The DAB chromogen mixture was kept at RT for five to fifteen 

min. For one to three minutes, Mayer Haematoxylin was used to counterstain the slides. 

Tonsils, which have a brown hue, are regarded as positive control specimens. For caspase3, 

the cellular location is the nucleus; for PCNA, the cytoplasm. However, in place of the 

principal antibody application step, a section of the heart muscle served to be a negative 

control (Abo Elfadl et al., 2017). 

 

 Image analysis. 

Every rat within the various groups had 10 encoded fields across five sections, allowing for 

blind inspection and examination. Image J software (ImageJ/Fiji 1.46r, https://imagej.nih. 

gov/ij/index.html) was used for the examination of the images. Five randomly chosen fields 

from each Masson's trichrome stained segment were photographed at a 400x objective lens 

magnification to analyze the collagen in heart tissue and area% of caspase3 immuno-

expression was detected from caspase 3 stained section. In addition, the total count of PCNA-

positive cellular population (interstitial cells and vasculature smooth-muscle per area 

myocardial tissue as well as per vessel a cross-section luminal surface) was also counted 

(Amann et al., 1998).  

Statistical analysis 

The SPSS (Statistical Package for Social Science) version 26 program was used for statistical 

evaluation of all gathered biochemical and morphometric results. To confirm that the 

findings followed a pattern of normality and that the p-value was higher than 5%, the 

Shapiro-Wilk test was employed. For ease of display, data with normal distributions was 

summed using the mean and standard deviation. Consequently, the significance of the 

variation in the test groups' means was ascertained using the One-way ANOVA. For 

estimating various comparisons, the Tukey HSD post-hoc test was employed. A statistically 

significant value was defined as p < 0.05 at a degree of confidence of 95%. 
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Results & Discussion 

Regarding histological and biochemical parameters, no significant statistical discrepancy 

was detected among positive control and negative control subgroups (Table 1).  

Results of anthropometric measures 

In relation to Body weight, no significant change (p > 0.05) in total body weight among all 

studied groups was detected except for the detected significant decline (p < 0.05) in rats 

received only high dose of ZnO-NPs versus positive control group. Regarding heart weight, 

a significant decline (p < 0.05) in rats’ heart weights receiving both doses of ZnO-NPs when 

compared to both control subgroups. Coadministration of AG with the lower dosage of ZnO-

NPs yielded a significant change (p < 0.05) in heart weight versus ZnO-NPs treated groups 

(at both low and high doses). On the other hand, administration of AG with high dose of ZnO-

NPs   implied a significant decline (p < 0.05) in heart weight versus both control subgroups 

and with only lower dosage of ZnO-NPs (table 1). 
Table 1: Anthropometric measures analysis in different study groups 

 

 

 

 

Control group (n10) 

 

 

ZnO-NPs (n 20) 

 

 

          ZnO-NPs+ AG(n 20)  

100 (n 10) 400(n 10) 100(n 10) 400(n 10) P value 
NC 

subgroup 

(n10) 

PC 

 subgroup 

(n10) 

Total  body 

weight (BW) 

(gm) 

180±1.5 185±4 176.7±3.4 172.8±2 b 178.9±4 177.6±6 0.007 

Heart 

weight 

(HW) (gm) 

 

0.51±0.02 

 

0.53±0.03 0.40±0.01 a, b 0.38±0.00 a, b  0.51±0.05 c, d, f 0.41±0.01 a ,b ,e 
0.002 

0.001 

One-way ANOVA, and Tukey HSD (post-hoc test), P > 0.05: no significant differences, P < 0.05: significant differences 

a significant versus NC subgroup, b significant versus PC, c significant versus ZnO-NPs (100), d significant versus 

ZnO-NPs (400), e significant versus   ZnO-NPs+ AG (100), f significant versus ZnO-NPs+ AG (400) 

 



Page 618 of 22 

Nehal A. Amer / Afr.J.Bio.Sc. 6(2) (2024)  
 

 
 

Biochemical results 

Regarding levels of cardiac enzymes, low and high doses of ZnO-NPs treatment either 

alone or when co-administered with AG caused a significant rise (p < 0.05) in CK, LDH and 

troponin levels versus both control subgroups. When high dose of ZnO-NPs administered, 

there was a significant rise in both LDH and troponin when compared with ZnO-NPs low 

dose only.  Co-treatment of AG with only high doses of ZnO-NPs yielded a significant change 

(p < 0.05) in level of CK and LDH when compared to both doses of ZnO-NPs. however, this 

significant change (p < 0.05) was detected with only low dose of ZnO- NPs when levels of 

troponin was estimated (table 2).  
 

Table 2:  cardiac enzymes analysis in different study groups 

 

Regarding levels of inflammatory mediators:  

In relation to il-6 levels: treatment with both doses of ZnO-NPs yielded a significant rise (p 

< 0.05) in il-6 versus both control subgroups. Co-adminstration of AG with low dose of ZnO-

NPs, was accompanied with significantly change (p < 0.05) in level of il-6 versus positive 

control, both doses of ZnO-NPs and AG with high ZnO-NPs group. On the other hand, When 

AG was administered with higher dosage of ZnO-NPs, il6 level was significantly higher (p < 

0.05) versus both control subgroups, high dose of ZnO-NPs and AG with low dose ZnO-NPs 

 

Control group (n10) 

 

 

ZnO-NPs (n 20) 

 

ZnO-NPs+ AG(n 20)  

100(n 10) 400(n 10) 100(n 10) 400(n 10) 
P 

value 
NC 

subgroup (n10) 

PC 

subgroup 

(n10) 

CK  (u/L) 970±20 968±12 1126.6±64 a, b 1270±20 a, b  1150±50 a ,b, f 

 

1450±100 a, b, c, d, e 

 

0.007 

LDH(IU) 

 

596.7±15 

 

606±20 1100±50  a, b, d,  1213±15 a ,b ,c  

 

1155±5 a, b, f 

 

 

1310±10 a, b, c, d, e 

 

0.000 

0.001 

Troponin 

(Mg/ml) 
0.43±0.006 0.40±0.02 1.3±0.15 a, b, d,  1.7±0.15 a, b, c 1.5±0.11 a, b 1.6±0.12 a, b, c 

0.00 

0.030 

One-way ANOVA, and Tukey HSD (post-hoc test), P > 0.05: no significant differences, P < 0.05: significant differences a 

significant versus NC subgroup, b significant versus PC, c significant versus ZnO-NPs (100), d significant versus ZnO-NPs 

(400), e significant versus ZnO-NPs+ AG (100), f significant versus ZnO-NPs+ AG (400) 
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group (table 3). Regarding VEGF levels: no significant change (p > 0.05) in VEGF levels 

among all studied groups was found except the significant increase (p < 0.05) in VEGF levels 

with higher ZnO-NPs dosage group versus positive control subgroup only (table 3). 

Regarding TNF α levels TNF α level rose significantly (p < 0.05) after treatment with both 

dosages of ZnO-NPs relative to both control subgroups. this was the same result obtained 

when AG was administered with high dose of ZnO-NPs (table 3). Regarding P53 level: 

treatment with both doses of ZnO-NPs either alone or if combined with AG yielded a 

significant rise (p < 0.05) in p53 levels versus both control subgroups. Co-administration of 

AG yielded a significant alteration (p < 0.05) when compared with both ZnO-NPs doses 

treated groups (table 3). 
Table 3:  inflammatory mediators’ analysis in different study groups 

 

 

 

 

 

 

 

Control group (n10) 

 

 

ZnO-NPs (n 20) 

 

ZnO-NPs+ AG(n 20)  

100(n10) 400(n10) 100(n10) 400(n10) P value 
NC 

subgroup 

(n10) 

PC 

 subgroup 

(n10) 

 

IL-6 (pg/ml) 

 

27.1±1.2 25.67±1.1 34.3±1.2 a, b, d 46.5±2.3 a, b, c 29.6±1 b, c, d, f 34±0.7 a, b, d, e 0.000 

VEGF 

(pg/ml) 

205±15 185±15 
221±35.5 248.3±15 b 226.7±15 233.3±12 

0.019 

 

TNF α 

(pg/ml) 

233.3±35.1 216±15.8 
313±32 a, b 380±36 a, b 283.3±15 d 330±17 a, b 

0.008 

0.000 

P53(ml/ng 

protein) 

4.2±1.5 3.9±0.1 
9.9±0.4 a, b 14±0.2 a, b 

7.8±0.3 a, b, c, d, f 

 

11.9±0.1 a, b, c, d, e 

 
0.000 

One-way ANOVA, and Tukey HSD (post-hoc test), P > 0.05: no significant differences, P < 0.05: significant differences  

 a significant versus NC subgroup, b significant versus PC, c significant versus ZnO-NPs (100), d significant versus ZnO-NPs (400), 

e significant versus ZnO-NPs+ AG (100), f significant versus ZnO-NPs+ AG (400) 
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Histological and Immunohistochemical results  

Cardiac LM histological examination of control subgroups revealed healthy longitudinally 

organized cardiac muscle fibers. These fibers were either branching or anastomosing. 

Every myocardial cell possessed centralized vesicular nuclei and acidophilic cytoplasm (Fig. 

1A& B). In the ZnO-NPs group (100, 400 mg/kg), The examination showed few 

disorganized muscle fibers with fibrosis either around blood vessels or in between 

myocardial cells along with increased cellular infiltrates. Some nuclei were fragmented. 

Vacuolation could be seen especially around nuclei (Fig. 1C& D). however, more widespread 

myocardial lesions have been observed in high doses (400 mg/kg) with multiple areas of 

necrosis which lodged areas of hemorrhage at some sites (Fig. 1D). On the other hand, in the 

Protected group, the combination with AG, resulted in a reduction in all histopathological 

abnormalities when compared to heart tissue from rats receiving ZnO-NPs (Fig. 1E & F).  

Masson's trichrome dye was used to detect if there was any collagen deposited around 

muscle fibers. Sections of both control subgroups revealed sparse collagen fibers situated 

between myocardial fibers and around blood vessels (Fig. 2A, B). On the other hand, ZnO-

NPs (100) treated group revealed moderate interstitial collagen fibers scattered either blood 

capillaries or in between muscle fibers (Fig. 2C). Furthermore, collagen fibers were seen in 

abundance in group ZnO-NPs (400) (Fig. 2D). However, AG+ ZnO-NPs (100) treated group 

displayed a minimal deposition of collagen fibers (Fig 2 E). AG+ ZnO-NPs (400) treated group 

showed moderate collagen fiber deposition (Fig 2F). After measuring the percentage of 

collagen area stained with Masson trichrome with immunohistochemistry, significantly 

higher levels of Masson trichrome stained area were detected in ZnO-NPs treated rats than 

did control ones (p < 0.05) and this rise was evident in high ZnO-NPs versus lower dosage. 

Comparing the co-administration of AG to the control or ZnO-NPs treated group revealed a 

substantial (p < 0.05) decline in the stained area when AG was administered with only high 

group (ZnO-NPs 400mg/kg). However, in low dose of ZnO-NPs with AG, this change was 

significant (p < 0.05) only against both doses of ZnO-NPs (Fig 2G). 

 

Immunohistochemical staining with Caspase 3 

 Caspase-3 expression was not seen in cardiac tissue of control group (Fig. 3A &B). Whereas 

the ZnO-NP treated groups displayed a significant rise in caspase-3 level within cardiac 

cell cytoplasm with dark apoptotic nuclei. The inflammatory cells encircling necrotic muscle 

cells were heavily immunostained (Fig. 3C &D). The expression of activated caspase-3 

appeared slightly reduced in AG-protected rats (Fig. 3E&F). 

After measuring the caspase-3 activity degree with immunohistochemistry, significantly 

higher levels of expressed caspase-3 were detected in ZnO-NPs treated rats than did control 

ones (p < 0.05) and this rise was evident also between the 2 tested doses of ZnO-NPs. 

Comparing the co-administration of AG to the control or ZnO-NPs treated group revealed a 

substantial (p < 0.05) alteration in the caspase 3positive stained area (Fig 3G). 
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Immunohistochemical staining with PCNA 

In the heart muscle fibers of control group, PCNA expression was modest (Fig. 4 A&B). 

Conversely, ZnO-NPs treatment significantly reduced PCNA expression in heart muscle 

fibers (Fig. 4 C&D). Fortunately, AG administration increased PCNA expression in heart 

muscle fibers much more than ZnO-NPs alone (Fig. 4E&F). Rats subjected to ZnO-NPs 

showed significantly lower PCNA expression (p < 0.05) than control animals, according to a 

quantitative immunohistochemistry analysis (Fig. 4G). Co administration of AG yielded a 

substantial difference (p < 0.05) versus ZnO-NPs treatment group and control group (Fig. 

4G). 

Physiological results   

Assessment of ECG parameters 

 Rats of control group displayed normal ECG pattern with normal QRS complex, normal P-R 

interval and normal heart rate (Fig. 5A&B). On the other hand, abnormal ECG pattern in ZnO-

NPs treated group was detected. There was a decreased QRS complex amplitude, shortened 

time of P-R interval and increased heart rate (Fig. 5C). These abnormalities were more 

evident in high dose treated rats (Fig. 5D). When AG combined with ZnO-NPs, ECG pattern 

returned to normal; QRS complex, P-R interval and heart rate were closely normal with low 

ZnO-NPs dose (Fig. 5 E) and was near to normal with high dose (Fig. 5 F). 

 
Fig. 1: H&E stained sections of adult male albino rat cardiac muscle of different studied groups; Negative control(A), 

Positive control (B), ZnO-NPs (100mg) treated group (C), ZnO-NPs (400mg) treated group (D), Arabic Gum (AG)+ 

ZnO-NPs (100mg) group (E) and Arabic Gum (AG)+ ZnO-NPs (400mg) (F) at 400x magnifications. (A & B): 

displaying longitudinally organized cardiac muscle fibers with acidophilic cytoplasm central vesicular oval nuclei 
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(arrows) along with longitudinal and transverse cardiac fiber striations (CF). These fibers are anastomosing and 

branching off of one another with densely flattened connective tissue nuclei (arrow heads) present in these cells. (C& 

D): displaying myocytes disarray with condensed or irregular fragmented nuclei (red wavy arrow).  Some 

inflammatory cells (red arrow heads) are seen in between the muscle fibers, also there was Perivascular fibroblasts 

(red arrows) around blood capillaries (red BC) seen in-between muscle fibers and vacuolations (red V) especially 

around the nuclei. In addition to wide areas of myocytes necrosis (red curved arrows) with central areas of hemorrhage 

(red double head arrow) which are seen obviously in (D). (E): displaying most of myocytes are more or less as the 

control group. The nuclei are more or less as the control (arrow). Some fibroblasts are seen (arrow head).  (F): 

displaying the majority of myocytes are similar to the control group. The nuclei are similar to the control (arrow) with 

some vacuolations (V) around it however there is some cellular infiltration (arrow head).  (H&E X400), (scale Bar 

50). 

 
Fig. 2: Masson’s trichrome stained sections of adult male albino rat cardiac muscle of different studied groups at 400x 

magnifications; Negative control(A), Positive control (B), ZnO-NPs (100mg) treated group (C), ZnO-NPs (400mg) 

treated group (D), Arabic Gum(AG)+ ZnO-NPs (100mg) group (E) and Arabic Gum(AG)+ ZnO-NPs (400mg) (F). 

(A & B): displaying normal cardiac muscle with minimal interstitial fibrosis in-between muscle fibers (arrows). (C, 

D): displaying cardiac muscles with marked fibrosis either perivascular (curved arrow) or interstitial fibrosis between 

muscle fibers (arrows). This fibrosis was extensive in (D). (E): displaying normal cardiac muscle with minimal 

interstitial fibrosis in-between muscle fibers (arrows). (F): displaying normal cardiac muscle with minimal to moderate 

interstitial fibrosis in-between muscle fibers (arrows). (G): Chart shows morphometrical analysis of area percentage 

of collagen fibers between different studied group.   (Masson’s trichrome X400), (scale Bar 50). 
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Fig. 3: Caspase- 3 stained sections of adult male albino rat cardiac muscle of different studied groups at 400x 

magnifications; Negative control(A), Positive control (B), ZnO-NPs (100mg) treated group (C), ZnO-NPs (400mg) 

treated group (D), Arabic Gum (AG)+ ZnO-NPs (100mg) group (E) and Arabic Gum (AG)+ ZnO-NPs (400mg) (F). 

(A, B) displaying no nuclear (arrows) or cytoplasmic (wavy arrows) immune reaction for caspase -3. (C): displaying 

marked cytoplasmic (curved arrow) and nuclear (thick arrow) caspase -3 reaction. (D): displaying excessive 

cytoplasmic (curved arrow) and nuclear (thick arrow) caspase -3 reaction. (E): displaying mild cytoplasmic and 

nuclear caspase -3 reaction: some nuclei show positive reaction (double head arrow) and others show negative reaction 

(arrow). (F): displaying moderate cytoplasmic and nuclear caspase -3 reaction: some nuclei show positive reaction 

(double head arrow) and others show negative reaction (arrow). (G): Chart shows morphometrical analysis of caspase-

3 positive stained area percentage between different studied group.  (Caspase 3 X400), (scale Bar 50). 

 

Fig. 4: PCNA stained sections of adult male albino rat cardiac muscle of different studied groups at 400x 

magnifications; negative control(A), Positive control (B), ZnO-NPs (100mg) treated group (C), ZnO-NPs (400mg) 
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treated group (D), Arabic Gum (AG)+ ZnO-NPs (100mg) group (E) and Arabic Gum (AG)+ ZnO-NPs (400mg) (F). 

(A, B) displaying strong positive nuclear reaction (arrows) for PCNA immunostaining. (C, D): displaying no nuclear 

reaction (arrow) for PCNA immune staining. (E): displaying mild nuclear reaction for PCNA immune staining, some 

nuclei show mild brownish discoloration (arrow) and others show negative reaction (wavy arrow) (F): displaying 

marked reaction for PCNA immune staining, some nuclei show dark brownish discoloration (arrow) and others show 

negative reaction (wavy arrow) (G): Chart shows morphometrical analysis of PCNA positive stained cells between 

different studied group.  (PCNA X400), (scale Bar 50). 

 
Fig 5: ECG pattern of different studied groups: negative control(A), Positive control (B), ZnO-NPs (100mg) treated group (C), 

ZnO-NPs (400mg) treated group (D), Arabic Gum (AG)+ ZnO-NPs (100mg) group (E) and Arabic Gum (AG)+ ZnO-NPs (400mg) 

(F). Control group showed normal ECG with normal QRS complex, normal P-R interval (A&B). ZnO-NPs treated rats yielded 

decreased QRS complex amplitude, shortened time of P-R interval (C&D). AG improved ECG pattern and returned it near normal 

(E& F). 



Page 625 of 22 

Nehal A. Amer / Afr.J.Bio.Sc. 6(2) (2024)  
 

 
 

Discussion 

The body's exposure to ZnO nanoparticles grows with increased use. Aspiration, 

dermatological contact, and ingesting are the most common routes for ZnO nanoparticle 

exposure. The cardiovascular system is the primary body region exposed to ZnO-NPs in some 

way. The pulmonary, hepatic and renal tissues are principal sites of ZnO nanoparticles and 

contain enormous compatibility (Iavicoli et al., 2017). Several recent investigations 

demonstrated the toxicity of ZnO-NPs on various tissue and cellular types. The high 

dissolution rate of the particles was blamed for the harmful effects, which included 

cytotoxicity, oxidative damage, and damage to mitochondria (Condello et al., 2016). 

In this study, a substantial decrease in rat body weights were obviously detected only with 

ZnO-NPs 400mg/kg. On the contrary to this result, (Hong et al., 2014) found the body weight 

losses were evident with even low doses of ZnO-NPs in a research using rats administered 

various dosages of ZnO-NPs (0, 100, 200, and 400 mg/kg/day) via oral route and explained 

that it might be as a result of reduced food intake. On the other hand, (Wang et al., 2016) 

demonstrated that nanoZnOs at doses of 50 & 500 mg/kg was accompanied with body 

weight rise whereas those at 5000 mg/kg demonstrated losses in it. These results are 

obvious signs of the generalized harm generated by ZnO-NPs and imply that its consumption 

causes minor anorexia followed by decreased total weight gains in rat. 

On the other hand, this study’s results demonstrated that, administration of different doses 

of ZnO-NPs yielded significant declined heart weights versus control group which was 

consistent with findings of (Yousef et al., 2022) in a previous research investigating effect of 

both aluminum oxide (Al2O3-NPs) and 100 mg zinc oxide (ZnO-NPs) either individually or 

combined on rat heart, lung and brain. However, this didn’t match results of (Ko et al., 2015) 

in rats fed with 100 mg ZnO NPs which may be as a consequence of short duration of 

exposure. The previous authors exposed rats for 2 weeks only. 

Oxidative distress was recently identified as a major contributor to ZnO-NP cytotoxicity 

(Tang et al., 2018). When ZnO-NPs enter tissues, they activate a defensive process that 

creates ROS that exceeds antioxidant defenses, thereby resulting in an inflammatory 

reaction that damages the mitochondrial electron transport chain at its inner membranes as 

well as cellular elements including DNA, resulting in the breakdown of cells and their deaths 

(Ghosh et al., 2016). So this study searched levels of inflammatory cytokines and reported 

that; ZnO-NPs increased production of IL-6, TNF-, p53 and VEGF. This was similar to what 

was reported by (Yan et al., 2017) to describe the adverse cardiovascular outcomes 

generated by ZnO-NPs in vitro and in vivo.  

 Previous authors found increased inflammatory cytokines IL-8 and TNF- production within 

Broncho-alveolar lavage of ZnO-NPs-treated rats in a dose-related way. ZnO-NPs were found 

to stimulate the generation of inflammatory mediators by endocytosis in the in vitro 

experiments. TNF-, p53, and IL-6 levels in rat cardiac cells rose as a consequence of ZnO-NP 

administration, a result that is similar to (Wu et al., 2010) and (Tang et al., 2016). TNF- has 

been identified as a frequent inflammatory chemokine and immunologic indicator that 
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arises in response to ZnO and other metal oxide toxicities (D’Alessandris et al., 2007). It 

promotes inflammation in tissues by stimulating the generation of IL-6 along with additional 

cytokines that contribute to inflammation (Kerner et al., 2005). In this regard, (Yousef et al., 

2022) reported that Al2O3-NPs and ZnO-NPs, either separately or if combined, may boost 

cytokines (IL-6 and TNF). 

P53 is the major apoptotic controller. As a result, previous researches looked at the 

production of the tumor suppressor protein p53 to see if it was related to ZnO's DNA-

damaging capability (Tesniere et al., 2008). In this research, P53 levels were elevated in ZnO-

NP treated heart cells. Matching with this finding, (Ng et al., 2011) stated that ZnO-NPs 

induced the p53 pathways, that's primarily triggered by oxidative damage and (Han et al., 

2016) added that ZnO-NPs stimulated cellular toxicity is influenced by dosage and duration. 

The tumor regulator protein p53, a key biological stress sensor, may induce the stoppage of 

the cell cycle and apoptosis (Zhang et al., 2016). 

Cardiac enzymes (CK and LDH) are generally found within myocardial cells. The distribution 

of such enzymes produced by cells in the blood reflects changes in the health of plasma 

membranes as well as its permeability (Yousef et al., 2019). In agreement with this, both 

doses of ZnO-NPs in this study were accompanied with a substantial elevation in CK versus 

control groups. This matched results of (Ko et al., 2015) in male Sprague-Dawley rats 

intoxicated by different doses of ZnO-NPs for 2 weeks. 

Alterations in cardiovascular morphology were indicative of ZnO-NPs' damage to the 

cardiovascular system. ZnO-NPs treatment in the current study resulted in varied cardiac 

histopathological alterations, disrupted muscle fibers, and increased cellular infiltrates, that 

may be attributed primarily to enhanced eosin adsorption to the denatured cytoplasmic 

proteins as implied by (Zoheir et al., 2019) in rats. Also, some pathological features were also 

evident as cellular necrosis along with vacuolar degeneration which was in harmony with 

results of (Moshrefi et al., 2021) in a research using different doses of ZnO-NPs and 

emphasized these alterations to be dose-dependent. 

In the current study, Masson trichrome stain results demonstrated that the heart tissues of 

rats subjected to ZnO-NPs presented more collagen deposition exceeding that of control 

groups, this was in harmony with (Herrera-Rodríguez et al., 2023) who stated that collagen 

deposition reflects a fibrotic response caused by past chronic inflammatory responses and 

added that cardiac fibrosis can result in organ damage and even mortality.  

Jacobsen and colleagues discovered that animals treated to NM-111 ZnO- NPs via oro-

pharyngeal administration exhibited elevated lung collagen buildup (fibrosis) (Jacobsen et 

al., 2015). (Azad et al., 2013) stated that, another factor contributing to the toxicity of NPs is 

ROS-mediated stimulation of fibrogenesis. In this context, results of this study implied a rise 

in generation of all pro-inflammatory mediators (TNF and IL-6 release) which was linked to 

the presence of cells associated with inflammation and subsequent fibrosis noticed in heart 

tissue of rats which received ZnO-NPs. Also (Senapati et al., 2015, Roy et al., 2014) 

emphasized the ability of ZnO-NPs to elevate mediators of inflammation and ROS in vitro 
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(THP-1 cell, blood cell, macrophage cells) as well as in vivo (rodents) confirming the idea 

that NPs could result in responses of inflammatory nature (Liang et al., 2018, Hendy and 

Canaff, 2016). 

In this study, statistical analysis of caspase 3 morphometry showed increased positive area 

percentage of caspase 3 in ZnO-NPs treated rats. Previously, (Choudhury et al., 2017) proved 

that ZnO-NP consumption induced the production of apoptosis-related genes and noted an 

increase in Caspase-3 expression. (Roberge et al., 2014) associated Caspase-3 activity with 

the production of apoptosis and myofibril breakdown and stated that Caspase-3 can trigger 

the breakdown of heart myofibrillar protein. (Herrera-Rodríguez et al., 2023) established 

that ZnO-NPs cytotoxicity is connected with the generation of ROS and proved that in 

mitochondria of rodent’s cardiac tissue following being exposed to NPs. Maintaining the 

activity of mitochondria seems essential to guaranteeing that ATP reaches the subcellular 

and cellular processes which are dependent upon it (Zazueta et al., 2018). Imbalances in 

the utilization of oxygen and ATP generation impair energy supply as well as permeable 

membranes with resultant cytosolic release of protein produced by mitochondria, such as 

Cyt-C, which triggers heart apoptosis and programmed death cascades (Chistiakov et al., 

2018).  

ZnO-NPs impacts upon cellular proliferation was detected by PCNA immunostaining since 

PCNA is thought to have a function in cell cycle mechanics and is thus a helpful indicator for 

cell proliferation (Zerjatke et al., 2017). This study showed a substantial decline in PCNA 

stained cells of ZnO-NP subjected rats. In agreement of these findings, (Sharma et al., 2011) 

treated human stomach adenocarcinoma with ZnO-NPs and a considerable suppression of 

cell growth was detected. ZnO-NPs seemed to trigger cytotoxicity through oxidation with 

destruction of growing tissue more selectively than healthy one (Abass et al., 2017). 

The impact of ZnO-NPs upon ECG parameters were assessed during the present research. It 

was discovered that ZnO-NPs raised heart rate, dramatically shortened P-R intervals times, 

and reduced QRS complex magnitude at all doses. These results make sense because excess 

zinc ions can alter the electrical activity of cardiomyocytes (Turan and TuNCay, 2017) and 

zinc acts a crucial part in the interaction of excitation and contraction in mammalian 

cardiomyocytes(Turan and TuNCay, 2017). Furthermore, it was discovered that rats' serum 

calcium content may be raised by ZnO-NPs. Therefore, variations in calcium levels or the 

release of zinc ions from ZnO-NPs may impact the electrical functioning of cardiomyocytes 

and alter ECG characteristics including the P-R interval (Torabi et al., 2018). 

Arabic gum is typically utilized throughout the Middle East and North Africa to treat a variety 

of conditions, such as kidney failure, liver failure, heart failure, anemia, and type 2 diabetes 

(Zeid and FarajAllah, 2018). The AG preventive impacts seem to be due to being anti-

inflammatory and anti-oxidative (Hammad et al., 2019).  Arabic gum is an antioxidant that 

protects against drug-induced cardiotoxicity (Abd‐Allah et al., 2002). It has also been used 

for the management of a variety of disorders, involving heart problems (Glover et al., 2009). 
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In this study, the histopathological examination of the group receiving (AG &ZnO-

NPs) treatment revealed similar myocardial histology as the control groups. As a 

consequence, when AG was combined with ZnO-NPs, the myocardium was considerably 

preserved which was demonstrated via results of Pathological examinations which support 

AG's cardiac protection. This impact of AG may be related to its powerful anti-oxidant and 

free radical-neutralizing properties (Elderbi et al., 2014). Also ZnO-NPs increased cardiac 

apoptosis that was revealed by caspase 3 staining of this study and this impact was improved 

by AG. Previously (Savitskaya and Onishchenko, 2015) stated that the stimulation of 

caspase-3 by reactive oxygen species can result in apoptosis, and that AG administration can 

counteract this effect. The activation of particular proteases, such as caspases3, is a key 

mechanism of apoptosis (Zhang et al., 2019). Drug therapy with AG exhibited a strong 

inhibitory effect on the up-regulation of this gene in rats. This could be due to AG's anti-

apoptotic properties (Moustafa et al., 2014). 

Results of this study implied that AG treatment considerably reduced generation of TNF and 

IL-6 that can be induced by ZnO-NPs administration as was previously demonstrated by 

(Nemmar et al., 2019) in mice produced by water pipe smoke. AG appears to be a powerful 

natural anti-inflammatory and antioxidant agent. Current study results support earlier 

therapeutic and experimental investigations suggesting that AG exerts anti-oxidant 

properties in sickle-cell anemic patients as along with the anti-inflammatory and antioxidant 

capabilities in animals suffering from prolonged kidney dysfunction (Za’abi et al., 2018, 

Kaddam et al., 2017). Also (Gouda and Babiker, 2022) reported that AG defends cardiac 

tissue by acting as an antioxidant and anti-inflammatory and eventually reduced pro-

inflammatory cytokine production (Gouda and Babiker, 2022). 

Also, AG improved to some extent the cardiac enzymatic levels indicating a positive impact 

upon myocardium. CK and LDH levels were restored in animals that had concomitantly 

received AG therapy as was detected by (Elderbi et al., 2014). 

      Furthermore, AG ameliorates the ECG pattern getting it to be so closely to the normal 

pattern. The results presented here line up with the findings of Fouda et al., whose work 

suggested that AG has a moderating influence on ECG (Fouda et al., 2019). AG's ability to 

raise antioxidant elements including copper, iron and manganese as well as its favorable 

impact on the production of enzymes that protect against damage, can account for this 

benefit (Kong et al., 2014).  

 

Conclusion 

It appears that ZnO nanoparticles can result in histological and biochemical alteration for 

heart tissue along with abnormal ECG characteristics in rats, most likely through production 

of reactive oxygen species with increment of inflammatory mediators and this effect 

worsened by increasing dose. Furthermore, AG may have a protective impact on the heart 

muscle produced by ZnO-NPs. However, more research still is needed to illustrates the 

mechanisms of cardiac injury produced by ZnO-NPs. 
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