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Background 

Doxorubicin (Dox) is one of the chemotherapeutic drugs approved by the Food and Drug Administration 

as a kind of chemotherapy treatment as a kind of chemotherapy treatment in which the 

naphthacenequinone nucleus is linked to an amino sugar, daunosamine, by a glycosidic bond[1]; however, 

its clinical application is limited by dose-related organ damage [2]. It is used in clinical trials and 

commonly prescribed to treat numerous human malignancies, including breast cancer in postmenopausal 

women [3, 4,5]. Dox has a highly effective anti-tumor effect for various tumors; however, severe cytotoxic 

effects, drug resistance, and oxidative damage to the cellular lipid membrane and cellular components 

were accompanied by its treatment [5, 6], resulting in delaying the relief and outcome of the carcinoma 

[5]. Therefore, the inhibiting accumulation of Dox in target organs is a promising strategy to attenuate the 

toxicity of Dox [7]. 

Materials 

Chemicals 

Toxorubicin hydrochloride (5,12-Naphthacenedione, 10-[(3-amino-2,3,6-trideoxy-L- 

lyxohexopyranosyl)oxy]-7,8,9,10-tetrahydro-6,8 ,11-trihydroxy-8-(hydroxylacetyl)-1-methoxy-, 

hydrochloride (8S-cis) was obtained from Khandelwal Laboratories Pvt. Ltd Factory Thane, India 

(lyophilized Doxorubicin 50 mg for intravenous injection). 

Treatment of Animals and Tissue Sampling 

The handling of animals and experiments were conducted according to the guidelines set by the Research 

Ethics Committee at Zagazig University, Egypt (ZU-IACUC/1/F/111/2023). Female adult mice (Mus 

musculus) weighted 20–25 g (10 weeks old) was obtained from the Animal House of the Research Center, 

Cairo, Egypt, and housed in well-ventilated plastic cages, fed on a commercial diet, and given water ad 
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libitum. Animals were randomly divided into 3 groups (10 mice each) kept at a temperature of 25 ± 2 °C, 

70% humidity, and 12:12 h light to dark, and allowed to acclimatize for one week before starting the 

study. Animals of the first group received distilled water and were kept as negative controls, while animals 

of the second group were intraperitoneally injected with a single dose of Ehrlich Ascites Carcinoma, EAC 

(10% in saline solution) and kept as positive controls [9]. EAC is one of the most prevalent malignancies 

and can induce undifferentiated carcinoma [9]. The third group was injected intraperitoneally with 0.026 

mg/ml of Dox chemotherapy once every 7 days for 30 days, as described by Paget and Barnes [10],. 

Trypan Blue Viability Test 

Trypan blue is a stain usually used for detecting living cells, where cells without interactions with the dye 

are viable [11]. In brief, 0.5 ml of the cell suspension was stained with 0.4% Trypan blue stain, mixed 

thoroughly, allowed to stand at room temperature for 5 minutes, and then subjected to a light microscope 

to be counted using the hemocytometer. The non-viable cells stained were counted under the microscope 

during a period of not more than 30 minutes because it is possible to observe an increase in dead cells due 

to trypan's toxicity. 

 

RNA extraction and qRT- PCR 

Total RNA was extracted from livers using an HiSenScriptTM RH-ccDNA Synthesis Kit (iNtRON 

Biotechnology Co., South Korea) following the manufacturer’s instructions. In brief, 20 µl reaction 

volume (10 µl master mix and 10 µl RNA sample containing 1µg RNA), 1µg of extracted RNA was 

reversely transcripted into cDNA using the High-Capacity cDNA Reverse Transcription Kit cDNA Kit 

according to the manufacturer's instructions (Applied Biosystems TM USA). The purity and concentration 

of RNA were performed at 260 nm and 260 nm/280 nm ratios using the NanoDrop® ND-1000 

Spectrophotometer (NanoDrop Technologies, Wilmington, Delaware, United States). Furthermore, 

complementary DNA (cDNA) was synthesized from 1 to 2 µg of extracted RNA using the HiSenScriptTM 

RH [-] RT PreMix Kit (iNtRON Biotechnology), and the reaction was carried out at 37 °C for 60 min. 

The synthesized cDNA was used as a template for PCR amplification. RT-PCR was performed using 

Topreal Cyber-Green qPCR Mix Plus (Enzynomics, Korea) in a Rotor-Gene Q PCR System (Qiagen, 

Germany). Following the manufacturer’s instructions, the PCR assay was carried out under the following 

conditions: Initial denaturation at 95 °C for 12 min, followed by 40 cycles of denaturing at 95 °C for 20 

sec, annealing at 60 °C for 30 sec, extending at 72 °C for 30 sec, and then cooling at 40 °C for 30 sec [12]. 

Further, Rotor-Gene Q series software (Qiagen) was used to analyze the CT values and melting curves of 

each sample. The PCR products were evaluated using 1% agarose gel electrophoresis. Gel images were 

analyzed using real-time PCR (SYBR Green qRT-PCR), and the relative level of gene expression in the 

liver was calculated by using the 2− ΔΔCT method to determine relative fold changes in target genes (BAX, 

BCL2, and caspase 3), and the gene expression level was normalized using GAPDH, which is the internal 

control. The amount of target gene expression levels was quantified [13] using the formula: 

ΔΔCT= (CT target –CT GAPDH) treated- (CT target –T GAPDH) untreated. 

 

The RT-qPCR primers were synthesized by Sangon Biotech (Beijing, China) and listed in Table 1. 
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Table1: Forward and reverse sequences for the internal control Gapdh and the apoptotic factors BAX, 

Bcl2, and Caspase 3 genes.  

Gene Forward primer Reverse primer 

BAX 5ʹ CTGGATCCAAGACCAGGGTG3ʹ 5ʹ GTGAGGACTCCAGCCACAAA3ʹ 

Bcl2 5ʹ GAACTGGGGGAGGATTGTGG3ʹ 5ʹ GCATGCTGGGGCCATATAGT3ʹ 

CASPASE3 5ʹ GGGGAGCTTGGAACGCTAAG3ʹ 5ʹ GAGTCCACTGACTTGCTCCC3ʹ 

Gapdh 5ʹAAATGAGAGAGGCCCAGCTAC3` 5ʹ GAGGGCTGCAGTCCGTATTTA3ʹ 

 

Statistical analysis 

Using the statistical package of SPSS version 28.0 (SPSS Inc., Chicago, Illinois, USA), data were 

statistically analyzed using one-way analysis of variance (ANOVA) at a probability of 0.05. Analyses 

were carried out at least in 10 replicates. All values were calculated as the mean ± standard deviation 

(SD). 

Results 

Cell Viability 

EAC showed a high count of 2.5 million obtained from the peritoneal cavity aspiration, crowded cells 

with rounded morphology in the isotonic suspension, and high viable cells detected by trypan blue stain 

(Figure 1). 

 

(Figure 1). Trypan Blue Viability 

Detection of the concentration and purity of extracted RNA 

The isolated RNA was validated prior to cDNA synthesis, and the absorbency 260\280 ratio was 

calculated to determine the purity and quality of the RNA extract. The yield of RNA extract ranged in 

liver samples from 4.016 to 7.672 µg/ml, while the isolated RNA had an absorbency 260/280 value 

ranging between 1.8 and 2.0 indicating high purity. 

Apoptotic genes of Caspase3, BAX, Bcl2, and BAX/Bcl-2 expressions detected by qRT-PCR 

The apoptotic gene expressions from qRT-PCR for caspase3, BAX, Bcl2, and the BAX/Bcl-2 ratio are 

shown in Table 2. The results showed significant up-regulation (P<0.05) in caspase3, BAX, and the 

BAX/Bcl-2 ratio expressions compared to the positive control, while Bcl2 values showed significant up- 

regulated (P<0.05) compared to the positive control. 
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Table (2) Comparison between studied groups as regard caspase3, BAX, Bcl2, and BAX/Bcl-2 

 

 

Groups 
 

Negative 
 

Positive 
 

DOX 

caspase3 1 1±0.08 b 6.83±0.35 a 

BAX 1 1.02±0.05 b 5.16±0.06 a 

Bcl2 1 1.04±0.08 a 0.31±0.02 b 

BAX/Bcl-2 1 0.99±0.09 b 16.73±0.8 a 

Values in rows followed by the different letter are significantly 

 

Discussion 

The present results revealed ,The genetically expressed results Doxorubicin (Dox) is considered an 

elegant anti-cancer agent contains specific constituents act against the apoptosis pathway that arrest the 

cancer cell cycle up the normal mitotic division by changing in cancer cell's membrane blebbing. The 

apoptotic gene expressions found in the present results showed a significant difference among the groups. 

The caspase3 and Bax apoptotic genes were found to be more significantly induced in mice treated with 

Dox [12, 13]. On the contrary, the expression of the anti-apoptosis gene Bcl-2 was consequently reduced 

due to the significant influence of the combined effect of Doxorubicin (Dox) on the downregulation of 

Bcl-2, hence ,the Bax gene. Flow cytometric analyses of human breast adenocarcinoma cells with 

Doxorubicin (Dox) for 24 hrs demonstrated cell cycle arrest at 'S' phase; increased p53, Bax protein 

expression; caspase3 activation and decreased the mitochondrial membrane potential [14]. 

The activation of caspase expression throughout the change in the integrity of the mitochondrial 

membrane leads to enhancing the apoptosis mechanism in hepatic carcinoma [14]. Therefore, following 

treatment of mice, Doxorubicin can bring about cell cycle arrest and inhibit the proliferation of cancer 

cells [15]. Also, the anti-apoptotic Bcl-2 was found to decrease, while the ratio of Bax/Bcl-2 transcription 

increased, suggesting that carcinoma cell death following treatment with Doxorubicin was activated by 

p53-mediated signaling leading to apoptosis [15]. 

Conclusion 

This work is the first research to deal with the Doxorubicin effect, which induce apoptosis and/or modulate 

apoptotic pathways and have cancer inhibitory properties [15]. In conclusion, the following study 

recommends using Doxorubicin, to reduce cancer cells. 
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