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Abstract 

Chitosan-wrapped multi-walled carbon nanotubes/Doxorubicin (CS-MWCNTs/DOX) nanoparticles were used to control 
delivery of doxorubicin into Ehrlich ascites carcinoma-bearing mice (EAC-bearing mice). Both CS-MWCNTS/DOX and free 
DOX were intraperitoneally injected into EAC-bearing mice. Tumor killing, animal survival, and changes in biochemical and 
apoptotic markers associated with cell growth or cell death were all assessed in vivo. The results demonstrated that, treatment 
of EAC-bearing mice with loaded and free DOX increased the animals' life span (49.3±2.5 and 40±3) compared to 17 days for 
the untreated tumor-bearing mice. Treating with CS-MWCNTs/DOX significally reduced cardiac enzymes compared to 
treating with free DOX. Furthermore, BAX and Caspase-3 levels as apoptotic markers were elevated in liver tissue 
homogenate, whereas Bcl-2 levels as anti-apoptotic marker were decreased. So, necrosis and apoptosis were the suggested 
mechanisms of tumor killing. Finally, the prepared drug delivery system succeeded to treat the tumor with reducing the free 
drug side effects.   

Keywords: Multi-walled carbon nanotubes; Chitosan; Doxorubicin 

1. Introduction 
Cancer is among the leading causes of death. After 
heart illnesses, it is the second biggest cause of death 
globally [1]. One of the most effective cancer 
treatments is chemotherapeutic drugs. However, 
these agents cause severe adverse effects [2], which 
can be attributed to their ability to differentiate 
accurately between tumor and normal cells as Along 
with the tumour cells, they would also assault the 
body's normal tissue cells [3]. Among these agents is 
DOX, an anthracycline antibiotic with potent activity 
against solid tumors and hematological malignancies 
[4]. DOX's primary adverse effect is cardiotoxicity. 

Therefore, development of an effective carrier 
system for it can reduce its harmful effects.  
 Carbon nanotubes (CNTs) is one of these nano-
carriers which attracted great interest because of its 
hollow tubular structure, ultrahigh surface area, and 
ability to penetrate membranes without causing cell 
damage. So, it attracted a significant interest for 
using in biomedical applications [5, 6, 7]. CNTs 
must be functionalized in order to establish them in 
possible medical applications and to combine them 
with biological systems [6]. In this study, CS-
MWCNTs was used to deliver DOX to the tumor 
sites. 
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2. Materials and methods: 

2.1. Materials 

Readily-prepared CS-MWCNTs/DOX and 
DOX HCl (2mg/ml) was purchased from a local 
pharmacy. Alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), albumin, 
creatinine, lactate dehydrogenase (LDH), and 
creatine kinase- MB (CKMB) kits were obtained 
from BIODIAGNOSTIC, Egypt. ELISA kits for 
BAX, Bcl-2, and caspase-3 were purchased from 
Elabscience Biotechnology Inc, USA. 

 
2.2. Methods 

2.2.1 Experimental animals 

We employed 105 mature female Swiss 
albino mice, weighing 25 to 30 g on average, that 
were purchased from the National Cancer Institute in 
Cairo, Egypt. Mice were kept for two weeks in cages 
made of steel mesh prior to experimental use. The 
National Academy of Science created the "Guide for 
the Care and Use of Laboratory Animals," which 
was published by the National Institutes of Health. 
The animals were kept in a consistent environment 
with a 12:12 hour light/dark cycle, a temperature of 
23+2 °C, and controlled humidity. They were given 
a conventional mouse pellet meal along with 
unlimited access to water.       

 
2.2.2. Cell line 

       The parent Ehrlich ascites carcinoma (EAC) cell 
line was provided by Nile Center for Experimental 
Research (NCER), Mansoura, Egypt, and was used 
for in vivo study. The tumor cell line was preserved 
in mice through serial intraperitoneal (i.p.) 
transplantations of 1 x 106 viable tumor cells in 0.2 
ml saline.  The tumor is characterized by moderately 
speedy growth, which caused death of mice in 14 to 
18 days due to the increase of ascitic fluid.     
 
2.2.3. Induction of EAC liquid tumor 

       EAC cells were harvested 7-10 days after i.p. 
implantation. The collected cells were diluted with 
saline to obtain a concentration of 5 x 106 viable 
EAC cells per ml. A volume of 0.2 ml saline 
containing (1 x 106 EAC) was i.p. implanted into 
each normal mouse to induce EAC liquid tumor.  

 

 

2.2.4. Experimental design: 

Mice were divided into seven groups 
(n=15). These groups include healthy mice, healthy 
mice treated with CS-Ox-MWCNTs, and untreated 
EAC-bearing mice.  The fourth and the fifth groups 
were tumorized mice treated i.p. with free DOX at a 
dose of 3 mg/kg and 1.5 mg/kg daily for two weeks. 
The sixth and seventh groups were EAC-bearing 
mice treated with CS-Ox-MWCNTs/DOX with 

doses equivalent to free DOX (3mg/kg) and 
(1.5mg/kg) daily for two weeks. 

 
2.2.5. Evaluation of biological parameters after 

intraperitoneal (i.p.) administration 

Twenty-four hours after the last dose, eight 
mice from each group were fasted for 8 hours. Then, 
they were weighed and sacrificed to evaluate serum 
biochemical parameters and hepatic antioxidative 
content. Blood samples were collected by cardiac 
puncture and were left to clot. Serum was separated 
using a cooling centrifuge (4°Cat 3000 rpm for 10 
minutes). The separated sera were freshly used or 
frozen at -20°C until use.                                                                                                               

Each mouse’s liver was removed, rapidly 

rinsed with ice-cold PBS to remove blood, and dried 
on filter paper. Following drying, they were 
weighed. Using tissue homogenates prepared in ice-
cold PBS (50 mM, pH 7.5), antioxidant parameters 
were determined. 

The remaining animals were utilized for 
analyses of survival. Individual ascitic fluid samples 
were collected from untreated EAC-bearing mice 
and tumor-bearing mice treated with DOX in its free 
and loaded forms, their volumes were measured, and 
their viability was evaluated using the trypan blue 
exclusion method and a light microscope.                                                                                                         
 

2.2.6. Estimations 

2.2.6.1. Estimation of survival parameters 

Mean survival time (MST) was determined 
according to the following formula: (MST= [day of 
the first death. + day of last death.]/2).  
The percent of the increase in life span (%ILS) was 
calculated as the following: [ (MST of treated 
group/MST of the EAC control group)-1] *100. 
 
2.2.6.2. Estimation of immuno-chemical 

parameters: 

Tumor necrosis factor (TNF-α), caspase-3, 
BAX, and Bcl-2 proteins levels were measured using 
commercially available assay kits. The activities of 
acid mammalian chitinase (AMCase) were also 
assessed following the method described by Isaac 

and Gokhale (1982) [8]. 

 
2.2.6.3. Estimation of biochemical parameters in 

serum and hepatic antioxidants levels in liver 

tissue: 

Activities of LDH and creatine kinase –MB 
(CK-MB) were measured as indicators of cardiac 
functions, whereas creatinine and urea levels were 
assayed as indices of kidney functions. Finally, ALT, 
AST, and albumin levels were done as liver function 
tests. Reduced glutathione (GSH) level was 
measured using Ellman's reagent, levels of 
malonaldehyde (MDA), as a sign for lipid 
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peroxidation, super oxide dismutase (SOD) activity 
utilizing nitroblue tetrazolium mediated reduction of 
NBT, catalase (CAT) activity, and finally, nitric 
oxide (NO) concentrations were measured following 
the methods of Beutler et al., (1963) [9], Buege and 

Aust (1978) [10], Nishikimi et al. (1972) [11], 

(Sinha,1972) [12] and Montgomery and Dymock 

(1961) [13], respectively. 
 
 
 

2.2.7. Statistical analysis: 

       SPSS software (version 22) was used to analyze 
our data. All results were expressed as mean ± STD. 
The one-way ANOVA test was used to analyze the 
differences in means between the various treated 
groups and control. The level of statistical 
significance was set at p ˂0.05. 
 
3. Results and Discussion 
3.1. Ascitic volume, cell viabilities, and survival 

parameters: 

           In the present study, the ascites fluids were 
withdrawn, and their volumes were determined. 
Viabilities and mortalities of the studied cells were 
also evaluated. Treatment of EAC-infected mice 
with free and loaded DOX at the higher dose (3 
mg/kg) eradicates EAC and inhibits its growth. In 
contrast, after treatment with the lower dose (1.5 
mg/kg), the ascitic volumes and cell viabilities were 
decreased (2.56±0.56 and 1.18±1.17 ml and 
76.02±0.448 % and 35.32±22.88%) for free and 
loaded DOX, respectively (Figure 1, A).  
          Treatment of EAC-bearing mice with Ox-
MWCNTs-CS/DOX at different doses significantly 
raised the MST from 15.8 to 31.5 days with a 
94.11% increase in their life span (ILS) in case of 
lower dose treatment and from 15.8 to 49.3days with 
203.5 % increase in the life span at the higher dose. 
Conversely, treating of EAC-bearing mice with the 
free DOX at a lower dose caused an increase in MST 
from 15.8 to 23.5days, with a 47 % increase in their 
life span. Similarly, the higher treatment dose 
increased the MST from 15.8 to 40 days with 147 % 
ILS (Table 1) (Figure 1, B).  These results align with 
the in vitro cytotoxicity of MCF-7 cells which the 
loaded DOX has more tumor-killing effect than the 
free one. 
These results can be attributed to the ability of CS-
Ox-MWCNTs/ DOX for sustained release of more 
DOX at the tumor cell sites either via pH or thermo 
sensitivities or both [14], indicating effective 
inhibition of tumor growth via DOX-loading. These 
findings align with X. Qi et al. (2015) [15], who 
found that mice treated with DOX loaded on O-
CNTs-LCH decreased tumor volumes compared to 
those treated with the free drug, showing a better in 
vivo intracellular DOX uptake. The increased uptake 

induced more tumor inhibitory effects of the loaded 
DOX. 
Prolongation of life span is regarded as a reliable 
parameter for evaluating the efficacy and quality of 
any anticancer therapy. The previous results proved 
that DOX immobilization enhances its anti-tumor 
effect and reduces its toxicity. Similar results were 
obtained by Ma et al. (2018) [16], who used DOX 
loaded on nanographene oxide nanohybrids. The 
MST of the loaded DOX-treated mice was about two 
times longer than those treated with free DOX-
treated one. Additionally, Hao et al. (2013) [17] 
demonstrated that nanoparticles loaded with DOX 
can decrease their toxicity and increase the MST of 
mice compared with free DOX. In addition, the study 
obtained by Li et al. (2016) [18], who used BSA-V-
NPs to deliver DOX, indicates that these NPs loaded 
DOX were more effective than the corresponding 
free DOX, at least in part on the level of increasing 
their lifespan of the tumor-bearing mice. 
 

 

 
 
Figure1: Cell viabilities (A) and mean survival time 
(B) of EAC treated groups. Each bar represens as 
mean±STD (n=8). Asterisks (s,ss,sss) indicates 
P<0.05, 0.01, 0.001 and (n) not significant vs 1 
healthy control, 2 EAC control, 3 free DOX 
1.5mg/kg, 4 free DOX 3 mg/kg 
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3.2. Change in biochemical Parameters in tissue 

homogenate and serum: 

3.2.1. Immuno-chemical parameters  

           Apoptosis (programmed cell death) is 
regulated by some molecular markers. These factors 
involved a network of genes and proteins, which 
play a significant role in this process [19]. Among 
these markers, BAX, caspase-3, and Bcl-2 were 
measured in this study using the ELISA technique. 
The levels of TNF-, BAX, BCl-2, and caspase-3 
proteins, as well as the activity of AMCase, were 
substantially higher in EAC-inoculated mice than in 
healthy mice. TNF-, BAX, and caspase-3 levels 
increased after treatment, while AMCase activity 
decreased significantly in a dose-dependent manner, 
particularly in mice treated with loaded DOX. (Table 
2,3) (Figure 2).  
BAX is a Bcl-2-related multi-domain pro-apoptotic 
protein that promotes apoptosis in cultured cells 
[20,21]. Caspase-3 is a main mediator of apoptosis 
via which cell apoptosis is regulated. Activation of 
caspase-3 stimulates the subsequent stages of 
apoptosis, including protein degradation, membrane 
damage, and DNA cleavage [22]. In contrast, Bcl-2 
protein acts as an anti-apoptotic activator by 
inhibiting cytochrome C's liberation from 
mitochondria [23]. From the previous result, one can 
suggest that the decrease of Bcl-2 cause pores 
formation in the mitochondrial membrane. Such 
perforation mediates the release of cytochrome C 
and pro-caspase-9, mediating caspase-3-dependent 
apoptosis [24]. Therefore, it is hypothesized that the 
loaded DOX concentrated at the tumor site and its 
controlled release enhanced the apoptotic process 
mainly by elevating caspase-3, BAX and/or 
inhibiting Bcl-2. These results are consistent with 
Abdel-Hakeem et al. (2020) [25], who found that 
treatment of MDA-MD-231 breast cancer cell line 
with DOX loaded on the CS nanoparticles had 
resulted in a more significant decrease in the level of 
Bcl-2 protein compared to those which were treated 
with the free DOX.   
  
TNF-α is a crucial protein for the normal immune 
response to infection, but excessive amounts are 
harmful as this protein mediates the generation of 
excessive reactive oxygen species (ROS) [26]. It had 
been shown that the key survival factor, NF-κB 

stimuli ROS-neutralizing enzymes like superoxide 
dismutase. Stimulus of ROS production or inhibition 
of the NF-κB pathway by cyclooxygenase-2 (COX-
2) inhibitors has confirmed to be successful in 
alerting tumor cells to TNF-α–prompted apoptosis 
[27]. As previously demonstrated, TNF-alpha can 
promote apoptosis in a dose- and time-dependent 
way explains its elevation. In high therapeutic doses, 
TNF-alpha can disrupt tissue vasculature, increasing 

vascular permeability and thus help accumulate the 
chemotherapeutic agents at the site of tumor growth 
[28]. The increase in the level of pro-inflammatory 
cytokines, TNF-α, after DOX administration, 

induces severe inflammatory responses in the liver 
and various organs, in addition to its well-known 
cardiac toxicity [29].  
 
These results are compatible with the results 
obtained by Keeney et al. (2018) [30], who found 
that DOX administration led to increased levels of 
TNF-α and oxidative stress in the brain. 

Furthermore, Wang et al. (2016) [29] found that the 
level of TNF-α in DOX-treated patients was 
significantly higher than in Dox-untreated patients. 
AMCase was the second chitinase identified and is 
mainly expressed in the stomach and, to a lesser 
extent, in the lung. It is stable at a highly acid pH 
[31], a member of the 18-glycosidase family, and is 
expressed in epithelial cells and specific immune 
cells (such as macrophages and neutrophils) in 
different organs [32].  
  
The activity of this enzyme in liver tissue 
homogenate of untreated EAC-inoculated mice was 
elevated. This finding may be mainly due to the 
ability of DOX to produce free radicals, which lead 
to the induction of inflammatory mediators, 
containing inducible nitric oxide synthase (iNOS) 
and Cyclooxygenase-2 (COS-2), which contribute to 
cancer invasiveness by activating several matrix 
metalloproteinases [33, 34]. 
 
 In contrast, the same enzyme activity was 
significantly reduced in the treated mice with loaded 
DOX compared to those treated with the free one. 
This is mainly because of enhanced CNTs-drug 
internalization and/or cancer cells-pH sensitive free 
drug release accumulation with a resultant decrease 
in normal tissue DOX concentration. These results 
were similar to that of Aljobaily et al. (2021) [35], 
who found that DOX can cause acute inflammation 
by r the production of inflammatory cytokines such 
as TNF-α, IL-1β; which are simulants of free radical 
formation. A combined DOX entrapment protocol 
may contribute to the treatment of tumors by 
simultaneously lowering the normal cytotoxicity of 
normal cells. 
 These findings align with Lee et al. (2020) 
[19], who found that the delivery of DOX using 
glycol CS nanoparticles can significantly decrease 
COX-2 activity and nuclear factor kappa B (NF-ϰB) 
level than free DOX using the murine A549-Luc 
xenograft mice.  
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Figure 2: Mean levels of apoptotic proteins (BAX, 
Caspase 3 and Bcl-2) in different groups. Each bar 
represents as mean±STD (n=8). Asterisks (s,ss,sss) 
indicates P<0.05, 0.01, 0.001 and (n) not significant 
vs 1 healthy control, 2 EAC control, 3 free DOX 
1.5mg/kg, 4 free DOX 3 mg/kg 
 
3.2.2. Markers of antioxidative stress and 

biochemical parameters in serum 

              The main levels of MDA and NO were 
significantly increased in the liver tissue homogenate 
of the untreated EAC-bearing mice compared to 
those of healthy ones. On the other hand, the levels 
of antioxidants, including GSH, CAT, and SOD, 
were significantly decreased versus those after 
treatment with both free and loaded DOX. Compared 
to free DOX, treatment with the loaded one 
significantly lower the oxidative stress (Table2 and 
4). 
            The mean serum activities of ALT, AST, 
LDH, and CK-MB and the levels of both creatinine 
and urea were increased in EAC-inoculated mice 
compared to those of the healthy. Conversely, the 
albumin level was significantly decreased in EAC 
untreated mice compared to the healthy group. These 
results indicate liver, heart, and kidney damage. 
          Generally, treatment of mice bearing EAC 
with free or loaded DOX induced significant 
decreases in the activities of both ALT and AST and 
the levels of both creatinine and urea compared with 
the untreated tumor-bearing mice. Conversely, the 
serum albumin level was increased compared to 
those of the EAC-inoculated mice. Similarly, the 
activities of both LDH and CK-MB, as markers of 
heart damage, were more elevated in a dose-
dependent manner. As hypothesized, if the loaded 
DOX results were compared with the corresponding 
values of a free one, liver, kidney, and heart 
functions were enhanced (Table 6), Figure 3.  

DOX treatment has a significant adverse effect on 
cardiotoxicity. Therefore, it is necessary to 
investigate the potential safety profile of the DOX-
loaded nanocarrier in relation to its cardiotoxicity. 
The current study findings revealed that increased 
cardiac enzymes induced organ damage. Hajra et al. 
(2018) [36] speculated that the oxidative stress-
mediated mechanism as reported by Zhang et al. 
(2021) [37]. Similar results were reported by Rita et 
al. (2018) [38], who found that the administration of 
free DOX at a dose of 3-6 mg/kg resulted in a slight 
elevation in serum LDH and CK-MB activities. 
 These adverse effects were mitigated by the 
prolonged release of DOX from its nanocarrier in 
response to the pH of the tumor site. Similarly, the 
study by Durairaj et al. (2022) [39] showed that the 
delivery of DOX by CS nanoparticles could decrease 
the elevation of LDH and CK-MB enzymes and 
reduce cardiotoxicity. Also, the study obtained by 
El-Ashmawy et al. (2017) [40] showed that the 
loading of DOX on Poly-N-acetyl glucosamine 
nanoparticles could effectively decrease 
cardiotoxicity and cause fewer side effects without 
decreasing the drug efficacy compared with its free 
form. 
DOX can adversely affect the myocardium and 
significantly damage the liver with a consequent 
increase in serum transaminase activities [41] 
because DOX, like many other drugs, is mainly 
concentrated in the liver, the primary site of drug 
metabolism. This compartmentalization can induce 
hepatotoxicity [42]. Moreover, DOX can alternate 
hepatic redox status because the quinone structure of 
DOX is converted into semi-quinone radicals, 
whereas the latter radicals react with oxygen and 
rapidly produce superoxide anion, a substrate of 
SOD dismutation which can be converted into 
hydrogen peroxide [43]. In the presence of catalase, 
H2O2 is converted to O2 and water. In contrast, the 
generated H2O2 undergoes homological fission into 
2 -OH, which is more effective than the parent 
molecule (H2O2) in the absence of CAT or (decrease 
of its activity as in tumor) [40], which mainly occurs 
following free DOX treatment. The redox status 
involvement in DOX hepatotoxicity was early 
reported by Donia et al. (2018) [44]. Unfortunately, 
the activities of catalase and superoxide dismutase 
enzymes and the level of GSH were substantially 
inhibited or consumed in the hepatic tissues in the 
EAC untreated mice and free DOX treated mice 
compared to healthy control mice.  
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Table 1: Effect of different treatments on Tumor volume, cell viability, mean survival time (MST) and percent of 
increase in life span (ILS). 

Groups Ascitic volume 

(ml) 

Total NO. of viable 

cells (×109) 

Cell viability (%) MST 

(days) 

ILS (%) 

EAC control 10.53±1.18 
 

2.37±0.3 98.2±0.53 15.8±1.1   ------- 

EAC+free 

DOX 3mg/kg 

0 0 0 40±3.1 147 

EAC+free 

DOX 1.5mg/kg 

2.56±0.56sss2 0.387±0.086sss2 76.02±0.44sss2 23.5±2.4 47 

EAC+loaded 

DOX 3mg/kg 

0 0 0 49.3±2.5 203.5 

EAC+loaded 

DOX 1.5mg/kg 

1.18±1.17sss2,ss3 0.0268±0.027sss2,sss3 35.8±22.8sss2,sss3 31.5±3.2 94.11 

 

Data are represented as mean±STD (n=8). Asterisks (s,ss,sss) indicates P<0.05, 0.01, 0.001 and (n) not 

significant vs 1 healthy control, 2 EAC control, 3 free DOX 1.5mg/kg, 4 free DOX 3 mg/kg. 

 
 
 
 

Table 2: Effect of tumor inoculations and treatments on the mean activity of AMCase and the mean 
concentrations of TNF-α and NO. 

Groups TNF-α (ng/ml) AMCase (U/l) NO (μmol/l) 

Healthy control 2.92±0.255 9.95±2.4 8.74±1.34 

CS-Ox-MWCNTs 

control 

2.8±0.33n1 10.6±2n1 10.86±1.16s1 

EAC control 6.84±1.03sss1 31.84±2.23sss1 38.11±4.13sss1 

EAC+free DOX 

3mg/kg 

12.192sss2 25.3±3.6ss2 28.22±3.5sss2 

EAC+free DOX 

1.5mg/kg 

7.1±0.88s2 25.84±1.84ss2 25.44±2.7sss2 

EAC+loaded DOX 

3mg/kg 

20.48±2.26sss2,sss4 14.44±2.8sss2,sss4 24.36±1.78sss2,s4 

EAC+loaded DOX 

1.5mg/kg 

8.62±1.1ss2,ss3 19.11±2.29sss2,sss3 31.07±1.82ss2,sss3 
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Table 3: Effect of tumor inoculations and treatments on the mean concentrations of BAX, Bcl-2 and Caspase3 in 
different groups. 

Groups BAX (pg/ml) Caspase3 (pg/ml) Bcl-2 (pg/ml) 

Healthy control 7.9±1 34.09±2.96 27.28±1.44 

CS-Ox-MWCNTs 

control 

8.02±0.64n1 35±3.1n1 26.86±2.03n1 

EAC control 13.4±0.97sss1 50.4±3.23sss1 23.02±0.63s1 

EAC+free DOX 

3mg/kg 

31.86±4.16sss2 104.9±5.18sss2 17.72±1.2ss2 

EAC+free DOX 

1.5mg/kg 

13.75±1.64n2 64.23±7.39sss2 20.4±2.14s2 

EAC+loaded DOX 

3mg/kg 

63.86±7.75sss2,sss4 205.4±17.5sss2,sss4 12.23±1.44sss2,sss4 

EAC+loaded DOX 

1.5mg/kg 

18.71±0.67sss2,sss3 83.62±7.93sss2,sss3 16.05±0.96sss2,sss3 

 
 

Table 4: Effect of tumor inoculation and treatments on the activity of Catalase, the mean level of GSH and MDA 
and percent of inhibition of SOD. 

Groups Catalase (U/l) SOD inhibition 

(%) 

GSH  

(μmol/l) 

MDA 

(nmol/l) 

Healthy 

control 

3.05±0.59 83.28±5.2 40.5±2.28 53.27±8.01 

CS-Ox-

MWCNTs 

control 

3.18±0.59n1 80.13±2.37n1 36.97±3.33s1 49.8±4.68n1 

EAC control 0.43±0.034sss1 34.95±3.7sss1 20.02±3.05sss1 398±34.32sss1 

EAC+free 

DOX 3mg/kg 

0.77±0.03sss2 58.52±3.6sss2 28.5±4.46sss2 326.3±33.46ss2 

EAC+free 

DOX 

1.5mg/kg 

0.9±0.082sss2 49.08±5.06sss2 29.76±2.02sss2 157.45±14.53sss2 

EAC+loaded 

DOX 3mg/kg 

1.11±0.12sss2,sss4 70.8±4.5sss2,sss4 35.07±3.9sss2,sss4 249.36±1.78ss2,sss4 

EAC+loaded 

DOX 

1.5mg/kg 

1.05±0.087sss2,ss3 61.6±1.76sss2,sss3 34.22±2.48sss2,sss3 116.63±12.8sss2,sss3 
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Table 5: The effect of tumor inoculation and treatments on the mean activities of ALT, AST and the mean levels 
of serum albumin. 

Groups ALT (U/l) AST (U/l) Albumin (g%) 

Healthy control 29.75±3.84 68.42±5.31 4.8±0.207 

CS-Ox-MWCNTs 

control 

26.75±2.2n1 64.85±8.15n1 4.54±0.33n1 

EAC control 62.2±4.88sss1 114.79±4.46sss1 3.1±0.18sss1 

EAC+free DOX 

3mg/kg 

64.79±5.7n2 100.64±6.13ss2 3.54±0.23s1 

EAC+free DOX 

1.5mg/kg 

108±2.5sss2 113.9±40.51n2 3.22±0.08n2 

EAC+loaded DOX 

3mg/kg 

55.77±2.26ss2,ss4 94.37±6.5sss2 3.87±0.09ss2,ss4 

EAC+loaded DOX 

1.5mg/kg 

77.56±5.3ss2,sss3 97.3±7.6sss2 3.79±0.24ss2,sss3 

 
Table 6: The effect of tumor inoculation and treatments on the mean activities of LDH and CK-MB and the mean 
levels of serum creatinine and urea. 
Groups CK-MB 

(U/l) 

LDH 

(U/l) 

Creatinine 

 (mg%) 

Urea 

 (mg%) 

Healthy 

control 

96.45±4.06 209.9±9.3 0.557±0.08 44.44±3.7 

CS-Ox-

MWCNTs 

control 

107±5.3s1 221±7.3s1 0.606±0.06n1 41.3±1.8n1 

EAC control 242±6.2sss1 411.5±4.46sss1 1.6±0.14sss1 63.9±4sss1 

EAC+free 

DOX 3mg/kg 

595.5±15.87sss2 896.5±17.51sss2 0.993±0.097ss2 70.3±4.3ss2 

EAC+free 

DOX 1.5mg/kg 

374.7±21.5sss2 779.2±40.7sss2 0.94±0.12ss2 63.8±2.8n2 

EAC+loaded 

DOX 3mg/kg 

314.66±9.47sss2,sss4 597.4±15.6sss2,sss4 0.84±0.076sss2,ss4 45.8±2.8sss2,sss4 

EAC+loaded 

DOX 1.5mg/kg 

269±18.83ss2,sss3 471.6±15.6sss2,sss3 0.74±0.086sss2,ss3 54.9±3sss2,sss3 

Data are represented as mean±STD (n=8). Asterisks (s,ss,sss) indicates P<0.05, 0.01, 0.001 and (n) not 

significant vs 1 healthy control, 2 EAC control, 3 free DOX 1.5mg/kg, 4 free DOX 3 mg/kg. 
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Therefore, the continual decrease in the activities of 
SOD and CAT, as well as reduction of GSH during 
tumor progression or DOX compartmentalization in 
the liver, mediate hepatic disorder with a resultant 
increase in its enzyme activity and reduction in its 
albumin level.  
 
They collaboratively mediate MDA and NO 
accumulation in hepatic tissue, which necessitates 
the presence of a state of oxidative stress following 
DOX treatment and tumor cell metastasis, as 
evidenced by the findings of the current study [45]. 
In this regard, this metastasis stimulates the 
production of ROS by the cancer cells more than by 
normal cells [46]. 
  
 
The significant decrease in the hepatic glutathione 
reduced (GSH) level and the SOD and catalase 
activities in EAC inoculated mice, and DOX treated 
mice and their re-elevation after targeted delivery of 
DOX using CNTs confirm the potential use of such 
delivery technique to reduce organ toxicity, 
including the liver. Furthermore, this targeted 
delivery technique caused a significant decrease in 
MDA and NO levels in hepatic tissue compared to 
untreated EAC inoculated mice and free DOX-
treated mice. These results are consistent with El-
Ashmawy et al. (2018) [46], who found that the 
treatment of mice with free DOX showed a 
significant decrease in SOD and CAT levels 
compared to tumor control. On the contrary, the mice 
group treated with DOX loaded on an F2 gel 
composite matrix harbored a significant increase of 
antioxidant enzymes, in addition to the effect of 
EAC metastasis into the liver [33].  
 
 
 
The kidney is a sensitive organ most frequently 
affected by any toxic compound. Chemotherapy 
treatments may cause kidney damage, resulting in 
acute kidney failure [47]. The behavior of free DOX 
and EAC metastasis is the same as that of the liver. 
In this regard, nephrotoxicity was observed [48]. 
After DOX entrapment, the nephrotoxic effects were 
reduced (serum urea and creatinine levels were 
decreased). This finding may be due to the reduction 
of oxidative stress on vital organs, including the 
kidney, via the targeted delivery, controlled release 
of DOX in the tumor sites, and reduction in tumor 
metastasis or both [49]. These results are consistent 
with Yang et al. (2017) [50], who studied the 
biodistribution of DOX encapsulation pH triggered 
CS nanogel using hepatocellular carcinoma-bearing 
mice and showed that the DOX concentration was 
substantially lower in heart, lung, and kidney in case 
of loaded DOX than that of the free DOX. 

 

 
Figure 3: Mean activities of cardiac enzymes (CK-
Mb and LDH) in different groups. Each bar 
represents as mean±STD (n=8). Asterisks (s,ss,sss) 
indicates P<0.05, 0.01, 0.001 and (n) not significant 
vs 1 healthy control, 2 EAC control, 3 free DOX 
1.5mg/kg, 4 free DOX 3 mg/kg 
 
4. Conclusion: 

           The previously prepared CS-MWCNTs/DOX 
successfully reduced cardiac and other organ damage 
and mediating tumor killing via inducing the pro-
apoptotic proteins, namely caspase-3 and BAX, and 
reducing the production of the Bcl-2, as an anti-
apoptotic protein. 
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