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INTRODUCTION

There has been an exponential increase in using nanoparticles (NPs) due to their wide range of biomedical applications 
[1]. ZnO-NPs are being investigated for their potential use as fungicides, antimicrobial and as anticancer drugs [2]. 
ZnO-NPs also used in dyes, paints, rubber, alloys, ceramics, chemical fibers, electronics, catalyst, sunscreens, medical 
diagnosis, cosmetics, personal care products and food additives [3].

It is agreeable that NP toxicity depends on particle size, shape, surface charge and chemistry, composition, and its 
subsequent stability. NP cytotoxicity may be related to oxidative stress and pro-inflammatory activity [4]. NPs can 
enter the human body through different routes and can be distributed throughout the body and taken up by cells 
through phagocytic or endocytic mechanisms [5,6].

Arctium lappa L. (Burdock, Compositae family) is an edible perennial herb in traditional Chinese medicine and 
therapies in Europe, North America, and Asia. Burdock is rich in antioxidant agents, such as tannin, gallic acid, 
arctigenin, quercetin and caffeoylquinic acid. Besides, it is good in treating pharyngitis as it can moisten lung for 
removing phlegm and wound healing and cures measles. In addition, arctigenin was first found with the ability of 
effectively improving memory impairment in mice [7].

The present study aimed to investigate the protective role of Arctium lappa L. extract against the hepato-cardiotoxicity 
and hyperlipidemia induced by ZnO-NPs.
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ABSTRACT

The present study investigated the potential role of Arctium lappa L. extract against the hepato-cardio toxicity and 
hyperlipidemia induced by ZnO-NPs in male rats. The groups of this study were Control, ZnO-NPs (50 mg/kg b.w.), 
ZnO-NPs+Arctium lappa L. (300 mg/kg b.w.) and Arctium lappa L. group. The oral administration of ZnO-NPs caused 
significant decrease in RBC, Hb, Hct and platelets while, WBC was increased. Liver enzymes and total bilirubin 
were significantly increased after ZnO-NPs supplementation. On the other hand, protein, albumin and globulin were 
significantly decreased in ZnO-NPs group. Lipid profile determination revealed hyperlipidemia state in the ZnO-NPs 
group. The ZnO-NPs group exhibited an oxidative stress as documented by an increase in TBARS and a decrease in 
GSH and total thiol. CK-MB, PON1, Fe+3 were significantly decreased while; LDH, TNF-α, p53, IL-6, Zn+2 and Ca+2 
were increased in ZnO-NPs treated group. In addition, ZnO-NPs caused histopathological changes in liver and heart 
tissues. In contrast, Arctium lappa L. administration improved the most measured parameters by its antioxidant and 
anti-inflammatory effects against the ZnO-NPs toxicities.
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MATERIALS AND METHODS

Chemicals

Zinc oxide nanoparticles (ZnO-NPs) and Arctium lappa L. (Burdock) were purchased from Sigma-Aldrich Chemical 
Co. (St. Louis, MO, USA).

Experimental animals

Twenty-eight adult male Wistar albino rats (160-170 g) were obtained from Faculty of Agriculture, Alexandria 
University, Alexandria, Egypt. Rats were housed in a stainless steel wire cage placed in a well-ventilated animal 
house. They were kept on the basal diet and tap water ad libitum and maintained at 25 ± 1°C with 12 h dark and light 
cycle. The design of the experiments and the protocols were carried out according to the guidelines of the National 
Institutes of Health (NIH). 

Experimental design

Rats were randomly divided into four equal groups, each consisting of seven rats as follows:

Group I

Control group: rats of this group were orally received saline as a vehicle by gavage, daily for 28 days.

Group II

Zinc oxide nanoparticles-treated group (ZnO-NPs): rats of this group were orally received ZnO-NPs alone by gavage 
at a dose 50 mg/kg body weight dissolved in saline daily for 28 days [8]. 

Group III

Arctium lappa L. and ZnO-NPs-treated group: rats of this group were orally received Arctium lappa L. at a dose of 
300 mg/kg body weight [9] and after 15 min. they orally received ZnO-NPs at a dose 50 mg/kg body weight daily for 
28 days.

Group IV

Arctium lappa L. treated group: rats of this group were orally received Arctium lappa L. alone at a dose of 300 mg/kg 
body weight dissolved in saline. 

Blood samples

At the end of the experimental period, the rats were anesthetized with diethyl ether and sacrificed. Blood was taken 
by the heart puncture using sterile syringe. The blood samples were placed in weatherman tubes containing EDTA 
for hematological parameters. The non-heparinized blood was centrifuged at 4000 rpm for 10 min and the serum was 
collected and stored for the biochemical parameters determination.

Tissue preparation

The liver and heart tissues were immediately isolated from the rats after scarification and washed with cold saline 
solution.  Pieces of liver and heart tissues were taken in 10% formalin for the histological studies. 

0.5 g from liver and heart tissues was homogenized in 4.5 ml 0.1 M potassium phosphate buffer (pH:7) using a polytron 
(Tekmar model TR-10, West Germany). The homogenates were centrifuged at 12000 rpm using cooling centrifuge 
(Hettich Mikro 220R, Germany) and the supernatant stored at -20°C till used for assaying the other parameters. 

Characterization of ZnONPs 

X-ray diffraction (XRD) of ZnONPs 

The crystallinity was determined by XRD powder diffraction. Analysis was performed by using an XRD SHIMADZU 
6000 diffractometer equipped with a Cukα (K=1.54 A°) source, maintaining applied voltage of 40 kV and current 
at 30 mA. About 0.3 g of dried ZnO-NPs was deposited as a randomly oriented powder into a plexiglass sample 
container and the XRD patterns were recorded between 5° and 50° angles, with a speed of 5.0°/min. The crystalline 
domain Diameter (D) was obtained from XRD peaks using the following Scherrer's equation D=K * λ/β*cosθ, where 
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λ is the wavelength of the incident X-ray beam; Ɵ the Bragg's diffraction angle; β the width of the X-ray pattern line 
at half peak–height in radian and the dimensionless shape factor (K) has a typical value of 0.89, but varies with the 
actual shape of the crystalline [10].

Fourier transform infrared spectroscopy (FTIR) of ZnO-NPs 

Fourier-Transform Infrared Spectroscopy (FTIR) is an effective method to reveal the composition of products. An 
FTIR spectrometer simultaneously collects high-spectral-resolution data over a wide spectral range. This confers a 
significant advantage over a dispersive spectrometer, which measures intensity over a narrow range of wavelengths 
at a time. 

Transmission electron microscopy (TEM) of ZnO-NPs 

The size distribution of ZnO-NPs in suspension was measured using a sub micrometer particle size analyzer (Nicomp, 
Port Richey, FL) and was confirmed to be within the designated range. Images of NP in the vehicle were also obtained 
by TEM (JEM-2010, JEOL, Tokyo, Japan). 

Determination of hematological parameters 

The hematological parameters, including RBCs, Hb, Hct, WBCs and PLt were estimated by Particle Counter 
(ERMA Inc., Tokyo. Model PCE-210).

Biochemical parameters

Determination of liver and heart enzyme activities

The activities of AST (EC: 2.6.1.1) and ALT (EC: 2.6.1.2) were measured according to the method of Bergmeyer et 
al. [11]. GGT (EC: 2.3.2.2) was estimated by the method of Szasz [12]. The method of Deutsche [13] was used in the 
determination of lactate dehydrogenase (LDH; E.C.1.1.1.27). The Creatine Kinase (CK-MB) (EC: 2.7.3.2) level in the 
heart was assayed according to the method of the International Federation for Clinical Chemistry [14]. The activities 
of the paraoxonase (PON1) enzyme (EC 3.1.1.2) were assayed according to the method of Mueller et al. [15]. 

Estimation of the liver indices

A colorimetric method of Jendrassik and Grof [16] was used for the determination of total bilirubin levels. Total 
protein and albumin concentration in serum were assayed by the method of Lowry et al. [17] and Doumas et al. [18], 
respectively. Serum globulin was calculated according to this equation:

Total protein-albumin=globulin (g/dl)

Lipid profile assay 

The total cholesterol [19], LDL-C [20] and HDL-C [21] levels were determined. The serum triglyceride level was 
determined by the colorimetric method using available commercial kits (Biodiagnostic, Egypt) according to the 
method described by Bucolo and David [22]. VLDL was estimated according to the equation VLDL=TG/5.

Determination of oxidative stress markers

Lipid peroxidation was measured as thiobarbituric acid-reactive substances (TBARS) in tissues by the method of 
Tappel and Zalkin [23]. GSH and total thiol contents were estimated by using the methods of Jollow et al. [24] and 
Sedlak and Lindsay [25], respectively. 

Assay of proinflammatory cytokines

Quantitative measurement of rat IL-6 in tissue homogenates according to the method of Ferguson-Smith et al. [26] 
was estimated. Tumor Necrosis Factor alpha (TNF-α) was estimated by using Enzyme-Linked Immunosorbent Assay 
kit according to the method of Hedayati et al. [27]. The tumor suppressor (p53), acts primarily as a transcriptional 
activator that controls the expression of many genes, was estimated by the method of Yang et al. [28].

Determination of some ions

Zn+2, Ca+2 and Fe+2 levels were performed by atomic absorption analysis using Perkin-Elmer 2380 spectophotometer.  

Histopathological studies of liver and heart

Histopathological examination was carried out according to Drury et al. [29]. The excised liver and heart specimens 
were isolated and immediately fixed in 10% formalin, then treated with conventional grade of alcohol and xylol and 
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then paraffin embedded. Paraffin blocks were sectioned into 4-5 μm thick sections. The sections were stained with 
Haematoxylin and Eosin (H & E) stain for studying the histopathological changes.

Statistical analysis

Statistical analyses were performed using the SPSS package for Windows version 22.0. Data were expressed as 
mean ± S.E. One-way ANOVA was used to analyze differences among groups. Differences between groups were 
considered statistically significant at P ≤ 0.05.  

RESULTS

Transmission electron microscopy (TEM) of ZnO-NPs

Figure 1 shows the TEM images and selected area electron diffraction patterns of ZnO-NPs annealed at 700°C and 
900°C. This image reveals that the product consists of spherical particles with the average size of<100 nm. The 
Selected Area Electron Diffraction (SAED) shows the crystalline structure, complexity for variable calcination. It 
indicates that ZnO-NPs are not single crystals, rather are the aggregation of several single crystals (Figure 1). 

Figure 1: Transmission Electron Microscopy (TEM) of ZnONPs

X-ray diffraction (XRD) of ZnO-NPs

Diffraction lines of ZnO were broadened and diffraction broadening was found dependent on Miller indices of the 
corresponding sets of crystal planes. For most samples the diffraction line 4000 is narrower than the line 8000 and 8000 
is narrower than the line 5000. The average crystallite size of samples S2 (700°C) and S3 (900°C) were determined 
by the Debye-Scherer formula 0.9 λ/Bcos (θ) and were found to be 26.74 nm and 28.93 nm, respectively. Comparing 
the XRD report of three samples it has been concluded that the samples calcined at 700°C and 900°C gives a high 
intensity fine peaks, which can be used for further characterization (Figure 2).

Fourier transform infrared spectroscopy (FTIR) of ZnO-NPs

Figure 3 is a typical FTIR spectrum of pure ZnO nanoparticles, the peak at 417.52 cm-1 is the characteristic absorption 
of Zn-O bond and the broad absorption peak at 3438 cm-1 can be attributed to the characteristic absorption of hydroxyl. 
Anyhow, the FTIR and XRD results showed high purity of the obtained ZnO nanoparticles.
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Figure 2: XRD pattern of ZnONPs synthesized at calcining temperatures 500°C

Figure 3: FTIR spectrum of ZnONPs  acquired is the range of 400-4000 cm-1

Effect of ZnO-NPs, Arctium lappa L. and their combination on the hematological parameters of male rats

Table 1 showed significant (P ≤ 0.05) decrease in RBCs, Hb, Hct and PLt and a significant (P ≤ 0.05) increase in 
WBCs in ZnO-NPs-treated group compared to the control group. In contrast, administration of Arctium lappa L. with 
ZnO-NPs revealed significant (P ≤ 0.05) increase in RBCs, Hb, Hct and PLt and a significant (P ≤ 0.05) decrease in 
WBCs compared to ZnONPs treated group (Table 1). 

Table 1: Effect of ZnONPs, Arctium lappa L. and their combination on the hematological parameters of male rats

Parameters Experimental groups
Control ZnO-NPs ZnO-NPs+Arctium lappa L. Arctium lappa L.

RBCs (× 106/µl) 8.36 ± 0.04a 7.40 ± 0.03b 8.16 ± 0.03c 8.43 ± 0.05a

Hb (g/dl) 14.46 ± 0.25a 12.89 ± 0.26b 13.60 ± 0.13c 14.20 ± 0.06a

Hct (%) 40.70 ± 0.28a 37.16 ± 0.48b 38.23 ± 0.47c 39.83 ± 0.59a

PLt (× 103/µl) 653.50 ± 2.77a 337.00 ± 0.36b 543.83 ± 3.39c 679.00 ± 0.36a

WBCs (× 103/µl) 3.48 ± 0.03a 5.43 ± 0.04b 4.26 ± 0.12c 3.31 ± 0.09a

Values are expressed as means ± SE; n=7 rats per each group
Mean values within a row not sharing a common superscript letter (a, b and c) were significantly different at P ≤ 0.05
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Effect of ZnO-NPs, Arctium lappa L. and their combination on the activities of serum AST, ALT and GGT of 
male rats

Table 2 revealed significant (P ≤ 0.05) increases in the activities of AST, ALT and GGT after treatment with ZnO-NPs 
treated group in respect to the control group. However, administration of Arctium lappa L. with ZnO-NPs presented a 
significant (P ≤ 0.05) decrease in these enzymes compared to ZnO-NPs treated group (Table 2). 

Table 2: Effect of ZnO-NPs, Arctium lappa L. and their combination on the activities of serum AST, ALT and GGT of male rats

Parameters Experimental groups
Control ZnO-NPs ZnO-NPs+Arctium lappa L. Arctium lappa L.

AST (U/L) 45.25 ± 0.73a 82.02 ± 0.58b 45.85 ±  0.47c 42.86 ± 0.54a

ALT (U/L) 31.58 ± 0.26a 55.46 ± 0.43b 32.45 ± 0.36c 31.73 ± 0.56a

GGT (U/L) 43.82 ± 1.33a 54.99 ± 0.44b 47.61 ± 0.51c 41.26 ± 0.36a

Values are expressed as means ± SE; n=7 rats per each group
Mean values within a row not sharing a common superscript letter (a, b and c) were significantly different at P ≤ 0.05

Effect of ZnO-NPs, Arctium lappa L. and their combination on the serum total bilirubin, TP, albumin and 
globulin of male rats

Chronic ZnO-NPs treatment significantly (P<0.01) increased serum total bilirubin while, TP, albumin and globulin 
were significantly (P ≤ 0.05) decreased in comparison with the control group (Table 3). While, the oral ingestion of 
Arctium lappa L. with ZnO-NPs caused a significant (P ≤ 0.05) decrease in the concentration of total bilirubin and 
significant (P ≤ 0.05) increase in TP, albumin and globulin as compared to ZnO-NPs-treated group. 

Table 3: Effect of ZnO-NPs, Arctium lappa L. and their combination on the serum total bilirubin, TP,  
albumin and globulin of male rats

Parameters
Experimental groups

Control ZnO-NPs ZnO-NPs+Arctium 
lappa L. Arctium lappa L.

Total bilirubin (mg/dl) 0.27 ± 0.03
a

0.41 ± 0.02
b

0.31 ± 0.21
c

0.25 ± 0.22
a

TP (g/dl) 7.60 ± 0.13 
a

5.51 ± 0.04
b

6.30 ± 0.03 
c

7.60 ± 0.03
a

Albumin (g/dl) 2.56 ± 0.02
a

1.88 ± 0.22
b

2.27 ± 0.05
c

2.70 ± 0.03a

Globulin (g/dl) 5.35 ± 0.18
a

3.69 ± 0.02
b

4.37 ± 0.12
c

5.67 ± 0.10
a

Values are expressed as means ± SE; n=7 rats per each group .Mean values within a row not sharing a common superscript letter 
(a, b and c) were significantly different at P ≤ 0.05

Effect of ZnO-NPs, Arctium lappa L. and their combination on the serum total cholesterol, LDL-C, VLDL-C, 
HDL-C and TG of male rats

The results in Table 4 showed that the oral ingestion of ZnO-NPs caused significant (P ≤ 0.05) increase in the levels of 
serum total cholesterol, LDL-C, VLDL-C and TG while, HDL-C was significantly (P ≤ 0.05) decreased in comparison 
to the control group.  However, the administration of Arctium lappa L. with ZnO-NPs showed a significant (P ≤ 0.05) 
reduction in the total cholesterol, LDL-C, VLDL-C and TG and a significant (P ≤ 0.05) elevation in HDL-C compared 
to ZnO-NPs treated group (Table 4).

Effect of ZnO-NPs, Arctium lappa L. and their combination on TBARS, GSH and total thiol in liver and heart 
of male rats

The data in Table 5 illustrated that the liver and heart TBARS were significantly (P ≤ 0.05) increased while, GSH 
and total thiol were significantly (P ≤ 0.05) decreased in the ZnO-NPs treated group compared to the control group. 
Moreover, the oral administration of Arctium lappa L. with ZnO-NPs showed significant (P ≤ 0.05) decrease in 
TBARS and a significant (P ≤ 0.05) increase in GSH and total thiol compared to ZnO-NPs treated group (Table 5).

Effect of ZnO-NPs, Arctium lappa L. and their combination on heart enzymes of male rats

The presented results revealed a significant (P ≤ 0.05) reduction in the activity of CK-MB and PON1 while, LDH was 
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Table 4: Effect of ZnO-NPs, Arctium lappa L. and their combination on the serum total cholesterol, LDL-C, HDL-C, VLDL-C and TG of 
male rats

Parameters Experimental groups
Control ZnO-NPs ZnO-NPs+Arctium lappa L. Arctium lappa L.

Total cholesterol (mg/dl) 94.44 ± 3.08
a

131.26 ± 4.01
b

90.70 ± 4.04
c

92.64 ± 4.10
a

LDL-C (mg/dl) 30.53 ± 1.70
a

41.59 ± 0.37
b

35.07 ± 0.36
c

29.71 ± 0.36
a

HDL-C (mg/dl) 39.43 ± 0.75
a

32.40 ± 0.35
b

38.68 ± 0.36
c

45.75 ± 0.62
a

VLDL-C (mg/dl) 24.48 ± 2.11
a

53.27 ± 1.37
b

27.95 ± 0.12
c

22.18 ± 1.04
a

TG (mg/dl) 119.02 ± 0.63
a

131.90 ± 2.59
b

123.76 ± 1.03
c

112.11 ± 3.35
a

Values are expressed as means ± SE; n=7 rats per each group. Mean values within a row not sharing a common superscript letter 
(a, b and c) were significantly different at P ≤ 0.05 
Significantly (P ≤ 0.05) increased in ZnO-NPs treated group compared to the control (Table 6). In contrast, 
supplementation of Arctium lappa L. with ZnO-NPs caused significant (P ≤ 0.05) increase in CK-MB, decrease in 
LDH and PON1 as compared to ZnO-NPs treated group. 

Table 5: Effect of ZnO-NPs, Arctium lappa L. and their combination on TBARS, GSH and total thiol in  
liver and heart of male rats

Parameters Experimental groups
Control ZnO-NPs ZnO-NPs+Arctium lappa L. Arctium lappa L.

Liver
TBARS (nmol/g tissue) 17.44 ± 0.36a 25.38 ± 0.36b 18.72 ± 0.28c 17.69 ± 0.36a

GSH (µmol/g tissue) 49.18 ± 0.36a 36. 47 ± 0.33b 48.76 ± 0.30c 53.06 ± 0.26a

Total thiol (µmol/g tissue) 8.26 ± 0.06a 4.14 ± 0.11b 5.63 ± 0.08c 8.61 ± 0.03a

Heart
TBARS (nmol/g tissue) 7.72 ± 0.05a 10.52 ± 0.03b 9.33 ± 0.04c 7.74 ± 0.03a

GSH (µmol/g tissue) 46.53 ± 0.36a 33.12 ± 0.27b 45.71 ± 0.36c 46.8 ± 0.48a

Total thiol (µmol/g tissue) 5.87 ± 0.02a 3.50 ± 0.09b 4.52 ± 0.03c 5.87 ± 0.03a

Values are expressed as means ± SE; n=7 rats per each group. Mean values within a row not sharing a common superscript letter 
(a, b and c) were significantly different at P ≤ 0.05

Table 6: Effect of ZnO-NPs, Arctium lappa L. and their combination on CK-MB, LDH and PON1 of male rats

Parameters

Experimental groups

Control ZnO-NPs ZnO-NPs+Arctium 
lappa L. Arctium lappa L.

CK-MB (mU/mg protein) 15.41 ± 0.29a 5.08 ± 0.18b 20.45 ± 0.3c 26.57 ± 1.58a

PON1 (U/g protein) 230.6 ± 1.07a 107.3 ± 0.94b 177.6 ± 1.73c 241.0 ± 0.36a

LDH (U/L) 49.54 ± 0.35a 63.27 ± 1.53b 55.2 ± 0.29c 47.82 ± 0.82a

Values are expressed as means ± SE; n=7 rats per each group. Mean values within a row not sharing a common superscript letter 
(a, b and c) were significantly different at P ≤ 0.05

Effect of ZnO-NPs, Arctium lappa L. and their combination on the liver and heart TNF-α, p53 and IL-6 of male 
rats

The current data in Table 7 showed significant (P ≤ 0.05) increase in TNF-α, p53 and IL-6 in ZnO-NPs treated group 
in respect to the control group. However, ingestion of Arctium lappa L. with ZnO-NPs presented significant (P ≤ 0.05) 
decrease in TNF-α, p53 and IL-6 as compared to ZnO-NPs treated group (Table 7).

Effects of ZnO-NPs, Arctium lappa L. and their combination on the liver and heart ions (Zn+2, Ca+2 and Fe+2) 
of male rats

The rats treated with ZnO-NPs exhibited significant (P ≤ 0.05) elevations in Zn+2, Ca+2 and significant (P ≤ 0.05) 
reduction in Fe+2 compared to the control (Table 8). In contrast, the combination of Arctium lappa L. with ZnO-NPs 
led to significant (P<0.05) decrease in Zn+2, Ca+2 and significant (P ≤ 0.05) increase in Fe+2 as compared to ZnO-NPs 
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treated group (Table 8).

Table 7: Effect of ZnO-NPs, Arctium lappa L. and their combination on the liver and heart TNF-α, p53 and IL-6 of male rats

Parameters
Experimental groups

Control ZnO-NPs ZnO-NPs+Arctium lappa L. Arctium lappa L.

Liver

TNF-α (pg/ml) 114.62 ± 0.47a 313.13 ± 21.37b 210.96 ± 5.62c 110.42 ± 0.36a

p53 (pg/ml) 5.80 ± 0.03a 14.5 ± 0.36b 7.66 ± 0.12c 4.82 ± 0.08a

IL-6 (pg/ml) 150.07 ± 7.53a 309.46 ± 4.29b 160.92 ± 0.36c 148.51 ± 1.93a

Heart

TNF-α (pg/ml) 122.77 ± 1.89a 279.62 ± 6.15b 151.93 ± 2.83c 118.73 ± 0.36a

p53 (pg/ml) 5.68 ± 0.15a 10.53 ± 0.47b 7.31 ± 0.15c 5.40 ± 0.03a

IL-6 (pg/ml) 118.07 ± 0.49a 258.74 ± 4.01b 159.20 ± 14.42c 117.48 ± 0.03a

Values are expressed as means ± SE; n=7 rats per each group. Mean values within a row not sharing a common superscript letter 
(a, b and c) were significantly different at P ≤ 0.05 

Table 8: Effects of ZnO-NPs, Arctium lappa L. and their combination on the liver and heart ions (Zn+2, Ca+2and Fe+2) in male 
rats

Parameters
Experimental groups

Control ZnO-NPs ZnO-NPs+Arctium lappa L. Arctium lappa L.
Liver

Zn+2 (µEq/g tissue) 127.73 ± 0.36a 195.50 ± 5.84b 136.19 ± 0.25c 125.39 ± 0.81a

Ca+2 (µEq/g tissue) 265.92 ± 0.36a 339.7 ± 4.86b 272.3 ± 0.53c 266.58 ± 12.45a

Fe+2 (µg/g tissue) 69.90 ± 1.19a 41.91 ± 1.56b 57.58 ± 4.22c 71.13 ± 0.81a

Heart

Zn+2 (µEq/g tissue) 76.36 ± 1.36a 109.67 ± 1.26b 91.52 ± 1.99c 73.91 ± 1.41a

Ca+2 (µEq/g tissue) 450.70 ± 0.36a 512.01 ± 0.32b 486.60 ± 0.36c 448.71 ± 0.36a

Fe+2 (µg/g tissue) 20.22 ± 0.13a 12.04 ± 0.40b 17.91 ± 0.20c 21.96 ± 0.49a

Values are expressed as means ± SE; n=7 rats per each group

Mean values within a row not sharing a common superscript letter (a, b and c) were significantly different at P ≤ 0.05

Histopathological studies

Liver histopathological observations

Liver sections of control rats and Arctium lappa L. treated groups showed normal cellular architecture with distinct 
hepatic cells, sinusoidal spaces and a central vein (Figures 4A and 4D). While, liver of ZnO-NPs-treated group 
illustrated the histopathological alterations including, distended and hemorrhage in the central and portal veins, 
degenerated hepatocytes with pyknotic nuclei, hepatocyte vacuolization and dilation of hepatic sinusoids (Figures 
4B1 and 4B2). However, liver of rats treated with ZnO-NPs+Arctium lappa L. (Figure 4C), revealed that most of the 
histological changes induced by ZnO-NPs were attenuated from severe to moderate alterations after treatment with 
Arctium lappa L.

Heart histopathological observations

Heart sections of the control and Arctium lappa L. treated groups showed normal myofibrillar architecture with 
striations, branched appearance and continuity with adjacent myofibrils (Figures 5A and 5D). Heart of ZnO-NPs 
treated group (Figures 5B1 and 5B2) observed loss of normal structure of cardiac muscle fibers, loss of cross striations 
and fragmentation of sarcoplasm, cytoplasmic vacuolization and degenerative changes in myocardial fibers with 
dilation and congested blood vessels. Whereas, heart section of Arctium lappa L. treated rats showed improvement in 
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the histopathological changes (Figure 5C).

Figure 4: Light micrographs of T.S in the liver tissues of control rat (A) & Arctium lappa L.–treated rats (D) showing: normal 
hepatocytes structure with normal vesiculated nuclei (H), central vein (C.V) and blood sinusoids (s). B1 & B2 T.S in liver of 
ZnO-NPs-treated rats showing: loss of the normal hepatocyte architecture, fat vacuoles (green arrow), degeneration of hepatocytes 
(green circle) with pyknotic nuclei, inflammatory infiltrate around portal tract and the bile duct (yellow square & b), dilation 
and congestion of portal vein (blue head arrow & red arrow). While, liver tissues of ZnO-NPs+Arctium lappa L. treated rats (C) 
showing: mylid improvement in these alterations with the presence of binucleated hepatocytes (red arrow) and few Kupffer cell & 
vacuoles (blue dotted arrow & green arrow) (H & E stain, x400)

DISCUSSION

The enormous use of ZnO-NPs in the industrial application, it is possible that the human body may be exposed to 
nanoparticles via several possible routes, including ingestion, inhalation and dermal penetration [30].

In the current study, TEM of ZnO-NPs revealed that, the product consists of spherical particles with the average size of 
<100 nm which is in close agreement with that estimated by Scherer formula based on the X-Ray Diffraction (XRD) 
pattern. In addition, the present XRD diffraction lines of ZnO-NPs were broadened dependent on Miller indices of the 
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corresponding sets of crystal planes. This indicated an asymmetry in the crystallite shape. The crystallite size increases 

Figure 5: Light micrographs of T.S in the heart tissues of control rat (A) & Arctium lappa L. treated rats (D) showing: normal 
myofibrillar architecture with striations, branched appearance and continuity with adjacent myofibrils and oval nuclei (black dotted 
arrow & yellow dotted arrow). B1 & B2 heart tissues of ZnO-NPs-treated rats showing loss of normal architecture, disorganization 
and degeneration in myocardial fibers with pyknotic nuclei (black circle & black arrow), cytoplasmic vacuolization (green arrow) 
and hemorrhage between myofibrils and blood vessels (red arrow). Also, thickened blood vessel with congestion (blue dotted 
arrow). While, heart tissues of ZnO-NPs+Arctium lappa L. treated rats (C) showing: histological alterations were markedly reduced 
in the combination group with presence of slight pyknotic nuclei & vacuoles (H & E stain, x400)

slightly by increasing the calcination temperature from 300 to 650°C. The crystallite size of the ZnO-NPs elevated 
with the rise in calcination temperature [31]. Also, Fang et al. [32] argue that at elevated temperature, the more energy 
is given to the atoms to prevalent and reside on the adequate site in the crystal lattice and grains with lower surface 
energy will become larger at elevated temperature. FTIR observed that increasing the annealing temperature sharpens 
of the distinctive peaks for metal oxide [33]. 

The anemic status of rats treated with ZnO-NPs might be related to disturbed copper and iron metabolism, resulting in 
increased intracellular Zn2+, which can cause growth retardation and anemia in animals. These results were consistent 
with those of Yan et al. [34] who suggested that ZnO-NPs caused significant anemia because of excessive dietary 
zinc can induce a deficiency in copper and iron. Furthermore, the observed leucocytosis in rats treated with ZnO-NPs, 
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may be resulted from the inflammatory lesions [35]. However, Arctium lappa L. has a curative effect in respect to the 
alterations in hematological parameters. These results may be attributed to the antioxidant effect of Arctium lappa L. 
by reducing free radical damage [36]. Also, the presence of mucilage in Arctium lappa L. which caused a reduction in 
the levels of total WBCs counts [37]. 

The present results revealed that ZnO-NPs induced liver damage as documented by the elevations in ALT, AST and 
GGT, implying cellular leakage and loss of the functional integrity of cell membranes leading to liver dysfunction 
as reported by Ben-Slama et al. [38]. These enzymes are indicators of the functional efficiency of the liver, and its 
releasing into the blood reflects the destruction of liver cells [39]. This finding was in agreement with previous reports 
indicating that sub-acute oral exposure to ZnO-NPs induced hepatocellular necrosis [40]. In addition, the elevations 
in ALT, AST and GGT were associated with an increase in the plasma membrane permeability of the hepatocyte 
which, in turn cause cell death [41]. Moreover, administration of ZnO-NPs caused elevation in the levels of total 
bilirubin and decline in the levels of total protein, albumin and globulin which were compatible with the results of 
Ko et al. [35]. ZnO-NPs caused oxidative damage to proteins that may lead to enzymatic inactivation and enhance 
the proteolysis [42]. The reduction in the albumin and the total protein probably describe hepatocellular damage [43]. 
The hepatoprotective effect of Arctium lappa L. may be attributed to its antioxidant effect and free radical scavenging 
activity as its high levels of flavonoids and polyphenolics thus eliminating the deleterious effects of ZnO-NPs. These 
results came accordance with Bakr et al. [44] who reported that Arctium lappa L. altered the reduction of albumin in 
diabetic rats. Also, these results may be related to the presence of mucilage, a constituent of Arctium lappa L., which 
increased the levels of total protein, albumin and globulin in hyperlipidemic rats [45]. 

The present hyperlipidemic effect of ZnO-NPs may be due to the blockage of the liver bile ducts and sign of liver 
damage, which reduces or stops cholesterol secretion into the duodenum [46]. The hypolipidemia of Arctium lappa 
L. was closely resembling to the results of Wang et al. [47] who stated that Arctium lappa L. root extracts reduced the 
serum total cholesterol, LDL-C and triacylglycerol while, it increased the content of HDL-C in male quails treated 
with high fat diet. This effect might be related, in part, to its anti-oxidative activity, which decreases the oxidative 
stress on the hepatocytes, or to other unknown protective mechanism, such as the deflection in the fat accumulation, 
serum insulin, glucose, insulin resistance [48]. The cholesterol-diminishing activity of Arctium lappa L. is mainly in 
consequence of the reduction of its absorption in the intestinal tract via lowering pancreatic lipase, elevating lipoprotein 
lipase activity and increase in liver secretion [45]. 

In the present study, the increased levels of TBARS and decreased glutathione and total thiol in the liver and heart 
tissues indicated the presence of oxidative stress induced by ZnO-NPs. These findings coincide with Al-Rasheed et 
al. [49] who reported that ZnO-NPs induced liver damage documented by the elevation in the liver lipid peroxidation 
and decreased GSH and thiol content. Also, myocardial tissues are susceptible to free radical damage due to fewer 
amounts of antioxidants like SOD and CAT present in the heart [50]. Also, the present results concomitant  with the 
study of Baky et al. [51] who stated that ZnO-NPs induced cardiotoxicity by elevation in the cardiac injury markers. 
Watson et al. [52] proved that ZnO-NPs can generate ROS in different ways which are then unavailable to bind other 
transition metal ions, such as Fe and Cu. These transition metals are then free to catalyze Fenton-type reactions [53]. 
The anti-oxidative effect of Arctium lappa L. may be due to the chemical characterization of Arctium lappa L. root 
studied and found consisting largely of phenolic acid, flavonoid, caffeoylquinic acid and quercetin, these compounds 
have been proven to possess powerful antioxidant activities [54]. The present results consistent with the results of Cao 
et al. [55] and Maghsoumi-Norouzabad et al. [56]. Koriem et al. [57] observed depletion in MDA with an increase in 
the level of GSH in kidney tissue of mice with Schistosoma haematobium treated with Arctium lappa L. by scavenging 
ROS and inhibiting the production of further nitric oxide. 

The reduction in the activity of CK-MB is an indicator of the severity of ZnO-NPs-induced myocardial damage by destructing 
myocardial cells [58]. This led to the release of LDH and CK into the blood stream. The amount of these cellular enzymes 
existent in the blood reflects the modulation in plasma membrane integrity and/or permeability. The izoenzyme PON1 is 
especially found in endothelial layer of liver, kidneys, heart, brain and testicular tissues. Immunohistochemical methods 
show that PON1 is also found in smooth muscle cells of aorta as well [59]. Decreased PON1 activity has been reported in 
various diseases such as diabetes mellitus, atherosclerotic heart disease, rheumatoid arthritis, and chronic renal failure [60]. 
Results from in vivo and in vitro basic studies; and from human studies on the association of lower plasma PON1 activity 
with increased Coronary Artery Disease (CAD) risk [47]. However, the cardio protective effect of Arctium lappa L. was 
parallel to those of Sawant and Bodhankar [61]. They reported that flax lignin which contains arctigenin improved cardiac 
biomarker CK-MB suggesting that flax lignin offered protection to heart.
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The elevation in inflammatory cytokine levels, TNF-α, p53 and IL-6 in rat liver and heart came accordance with Wu 
et al. [62] and Tang et al. [63]. TNF-α is one of the most commonly inflammatory injurious chemokine immunological 
markers increased in response to different metal oxide toxicity, including ZnO [64]. It triggers the production of other 
inflammatory cytokines, including IL-6, the chief stimulator of C-Reactive Protein (CRP) production, leading to 
inflammatory tissue injury [65]. In addition, the up regurlation of TNF-α, p53 and IL-6 may be due to nanoparticles 
producing ROS-mediated activation of NF-κB and generation of pro-inflammatory mediators such as TNF-α, IL-8, 
IL-2 and IL-6 [66]. The elevation in the levels of p53 are in agreement with the recorded results of Setyawati et al. 
[67] who indicated that apoptotic cell death was induced via the p53 pathway in the presence of high concentration of 
ZnO-NPs in ROS dependent manner. On the other hand, Arctium lappa L. improved liver and heart damage, reduced 
proinflammatory cytokine levels, and inhibited apoptosis. Song et al. [68] reported that arctigenin treatment partly blocks 
the increase in IL-6 and TNF-α in the tissue. They suggested that arctigenin suppresses trauma-induced inflammation 
by inhibiting microglia activation and neutrophil infiltration as well as the release of proinflammatory cytokines, 
thus, arctigenin exerts anti-inflammatory effects. Arctigenin was reported to possess important pharmacological 
properties, including anti-tumor, anti-inflammation, immunomodulation, neuroprotection [69]. Arctigenin exhibits 
anti-inflammatory effects by inhibiting the exudation and recruitment of leukocytes into inflamed tissues via reducing the 
release/production of inflammatory mediators [70].

The disturbances in the liver and heart Zn+2, Ca+2 and Fe+2 were consistent with Ben-Slama et al. [38] who reported 
that ZnO-NPs elevated the concentration of Zn+2 and Ca+2 in the  liver and heart; while, Fe+2 was reduced. The 
elevation in zinc concentration indicates that ZnO-NPs can release zinc ions into cells so that cells can also harbor 
the NPs simultaneously [71]. Kao et al. [72] hypothesized that the mitochondria sequestered Zn+2 released from the 
ZnO-NPs in the intracellular endosomes, resulting in an increase of mitochondrial zinc concentration, which initiates 
the apoptotic pathway. Also, Zn+2 seem to be responsible for inducing inflammatory responses and necrosis [73]. In 
addition, the capacity of ZnO-NPs to generate ROS in vitro seems to correlate with their potential to induce cellular 
inflammation in vivo. Furthermore, the cardiotoxicity of ZnO-NPs was also coupled with an increase in the cardiac 
calcium level suggesting alteration in cell calcium homeostasis. This effect may associate with a marked increase in 
Ca+2 permeability [51]. Calcium accumulation in heart cytosol may be a relevant mechanism leading to cell death 
and has been suggested to play an essential role in the pathogenesis of lethal myocardial cellular injury [74]. Arctium 
lappa L. improved the ions concentration in liver and heart of ZnO-NPs treated rats. These results were in agreement 
with Scholz et al. [75] and Hussain and Jaccob [76] who confirmed that consumption of flavonoids as a constituent of 
Arctium lappa L. decreased serum and tissue zinc ions to normal values.

The present histological alterations in liver induced by ZnO-NPs go parallel with Saman et al. [30] who reported the 
liver cells damage, necrosis and lymphocyte infiltration present within the liver tissue after an oral exposure of ZnO-
NPs. Once nanoparticles are presented in the cytoplasm, rough grained materials will existent which can cause direct 
damage and cell death [77]. The hepatoprotective effect of Arctium lappa L. can be attributed to its antioxidative 
role thus eliminating the deleterious effects of toxic metabolites and inducing liver cell regeneration [78]. Moreover, 
the histological changes in myocardiocytes are in the same line with those reported by EI-Morshedi et al. [79] who 
observed vacuolar degeneration, necrosis of myocardial cells and separation of the cardiac muscle bundles in the ZnO-
NPs treated rats. They indicated that small particles size increases nanoparticle surface area, which stimulate not only 
the accumulation of nanoparticles in different tissues, but also elevates the reactivity and enhance interactions between 
nanoparticle and tissue cells. In addition, the histological damage occurred in liver and heart tissues in the ZnO-NPs 
treated group could be attributed to the inflammation occurred by nanoparticles lead to the generation free radicals 
which  leads to oxidative stress [80]. The current improvement in the myocardial tissue; oval-elongate nucleus and 
homogeneous cytoplasm in rats treated with Arctium lappa L. is compatible with Sawant et al. [61]. They found that 
flax lignin, which contain arctigenin, treatment showed a decrease in myocardial degeneration and collagen deposition 
and fibrosis against hypertensive rats.

CONCLUSION

The curative effect of Arctium lappa L. could be attributed to a wide range of effective pharmacological compounds, 
such as polyphenolics, phenolic acid, flavonoid and chlorogenic acid in Arctium lappa L., antioxidative and anti-
inflammatory effects.
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