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INTRODUCTION 
Doxorubicin (DOX) is widely used as a chemotherapeutic 

drug. It plays an important role in the treatment of 

various malignancies, including breast cancer, sarcomas, 

and leukemia.1 Doxorubicin acts on cancer cells through 

two mechanisms. The first involves interaction with DNA 

and inhibition of topoisomerase II-mediated DNA repair, 

while the second involves the formation of free radicals, 

leading to oxidative stress and apoptosis in cancer 

cells.2,3 Although doxorubicin is an effective cytotoxic 

drug, it has several serious side effects that can limit its 

medical use, particularly cardiotoxicity, which poses a 

significant challenge in cancer treatment regimens 
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μg/ml. The IC50 of the doxorubicin-valsartan combination was lower than the IC50 of both drugs when used alone, 

with a DRI more than 1 (3.56) and an IAI less than 1 (0.94). Conclusions: There is synergism between doxorubicin and 
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combination induces cytotoxicity in lower doses than when doxorubicin used alone. 
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containing doxorubicin.4,5 Doxorubicin induces 

cardiotoxicity through multiple pathways, including 

oxidative stress, mitochondrial damage, calcium and iron 

overload, inflammatory cytokines, and injury to DNA and 

myocyte membranes. 5-8 The challenge of combating 

cancer while preserving normal heart function 

necessitates the use of cardioprotective drugs in 

combination with doxorubicin. Valsartan (VAL) is an 

angiotensin II receptor blockerblocker.9 It is commonly 

used for treating hypertension and heart failure.10-12 

Recent studies have reported that valsartan has a 

cardioprotective role against doxorubicin-induced 

cardiotoxicity through its anti-inflammatory, antioxidant, 

and antifibrotic effects.13,14 The aim of our study is to 

evaluate whether the combination of valsartan and 

doxorubicin affects the therapeutic efficacy of 

doxorubicin in treating cancer using an in vitro breast 

cancer cell line (MCF-7).  

 

MATERIALS AND METHODS 
Ethical approval: 

The study was approved by the ethical committee of      

Al-Zahraa College of Medicine (Research No.  E/T 68) 

Cell line:  

The MCF-7 breast cancer line was obtained from the 

Center of Biotechnological Research at Al-Nahrain 

University  

Chemicals and drugs : 

Doxorubicin HCl (Beijing Jin Ming Biotechnology, China), 

valsartan (Heterolab, China), MTT assay kit (Intron 

Biotech, Korea), fetal bovine Serum, RPMI 1640 media 

kit, sodium bicarbonate (Sigma, USA), benzyl penicillin, 

and streptomycin (Ajanta Pharm, India). A pre-made 

RPMI kit with supplementary L-glutamate was utilized as 

the processing medium. The following chemicals were 

added to the medium: 0.001 g of streptomycin, 1 g of 

sodium bicarbonate, 103 IU of benzyl penicillin, and 10% 

fetal bovine serum. The stock solutions of 1 mg/ml of 

DOX and VAL were diluted to create two-fold serial 

dilutions in various concentrations: 12.5, 25, 50, 100, 

200, and 400 μg/ml. A combination solution of DOX and 

VAL was prepared at a 0.5:0.5 ratio by mixing 500 µl of 

each stock solution and further diluting to obtain 

concentrations of 12.5, 25, 50, 100, 200, and 400 μg/ml. 

The medications were diluted with phosphate-buffered 

saline (PBS). 

Procedure: 

 Each DOX and VAL were tested independently as control 

groups to detect their cytotoxic effects on the cell line 

using MTT colorimetric assay method.15,16 A 96-well 

microtiter plate was used, with a final volume of 200 μl 

of complete culture media in each well, to cultivate 

around 104 to 106 cells per milliliter. Following a 24-hour 

incubation period at 37°C with 5% CO2, the medium was 

removed, and wells were filled with successive dilutions 

of the necessary compounds, either alone or in 

combination (DOX:VAL at 1:1). Three duplicates of each 

concentration and control (cells preserved in serum-free 

medium) were made. Plates were stored at 37°C with 5% 

CO2 for 24 hours. Pharmacological parameters: 

The Chou-Talalay method was applied to calculate the 

half-maximum inhibitory concentration (IC50), the 

interaction index (IAI), and the dose reduction index 

(DRI) as follows: 

A four-parameter logistic (4PL) nonlinear regression 

variable slope model was employed to determine the 

IC50 for each drug.15 

Y = Min + Max−Min

(1+
X

IC50)Hill coefficient
 

Where Y is the observed response, Max is the maximum 

response, Min is the minimum response, X is the 

concentration, Hill coefficient: slop of the curve. 

Dose reduction index (DRI): This indicates the extent to 

which individual drug doses can be decreased when 

combined together.17,18 It can be calculated by the 

following formula 

DRI= (𝐼𝐶50 𝑜𝑓𝑑𝑟𝑢𝑔𝑎𝑙𝑜𝑛𝑒/𝐼𝐶50 

𝑜𝑓𝑑𝑟𝑢𝑔𝑠𝑖𝑛𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛) Ⅹ 2 

For DRI>1, indicate favorable dose reduction, equal to 1; 

no dose reduction, <1 no favorable dose reduction.  

The interaction index IAI: 

IAI=
𝑑1

𝐷1
+

𝑑2

𝐷2
 

 Where d1, d2=IC50 of agents in combination. D1, D2= 

IC50 of each agent alone where IAI>1 indicates 

antagonism, IAI=1 indicates additive effect, IAI<1 

indicates synergism.17 
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Statistical analysis:  The two-way ANOVA test was 

employed to evaluate the statistical significance of the 

disparity in mean values among multiple groups. Upon 

obtaining a statistically significant outcome from the 

ANOVA model, a subsequent analysis was conducted to 

determine statistical significance between all paired 

combinations of study groups using Tukey's post hoc 

test. GraphPad Prism 10 was used for IC50 calculation. A 

statistically significant result was defined as having a p-

value below the level of significance of 0.05. 

 

RESULTS 
Our study showed that treatment of MCF-7 cell lines with 

various concentrations of doxorubicin, valsartan, and 

their combination produced variable degrees of 

response. VAL alone exhibited a mild cytotoxic effect, 

with an estimated IC50 value of 125.8 μg/ml, as shown  

in Table 1 and Figure 1. The cytotoxic effects of VAL were 

significant only at higher concentrations (400, 200, 100 

μg/ml) compared to untreated control cells, as shown in 

Figure 2. In contrast, DOX treatment was more potent, 

with an estimated IC50 value of 87.43 μg/ml, as shown in 

Table 1, with a statistically significant difference between 

these two drugs (p value < 0.05), as shown in Figure 2. 

The IC50 of the DOX-VAL combination was lower than 

the IC50 of both drugs when used alone, with a dose 

reduction index (DRI) greater than 1 (3.56) and an 

interaction index (IAI) less than 1 (0.94), as shown in 

Table 1. 
 

Table 1: Effects of DOX + VAL on IC50, IAI, and DRI on MCF-7 cell line 

Parameters DOX VAL 
DOX-VAL 

combination 

IC50 (μg/ml) 87.43 125.8 49 

DRI 3.56 - - 

IAI - - 0.94 
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Figure 1: Dose-response effects of doxorubicin, valsartan, and their 

combination on MCF-7 cell line 

Figure 2: Comparison between cytotoxic effects of doxorubicin and 

valsartan on MCF-7 breast cancer cell line: a) significant from control 

untreated cells; b) significant from valsartan-treated cells. 

 

DISCUSSION 
We found a dose-dependent cytotoxicity of both 

doxorubicin and valsartan. However, the cytotoxicity of 

valsartan alone is mild. The analysis of the 

pharmacological parameters included in our study (IC50, 

DRI, and IAI) indicates synergism between doxorubicin 

and valsartan. The IC50 for the combination was lower 

than the IC50 of doxorubicin when used alone, 

suggesting that the combination induces cytotoxicity at 

lower doses, which may help minimize the side effects of 

doxorubicin. The DRI value was greater than 1 indicating 

a dose-sparing effect for doxorubicin when combined 

with valsartan, allowing for the prescription of a lower 

dose of the chemotherapeutic drug without impairing its 

antitumor activity. The IAI value was less than 1 

confirming this synergistic interaction. This effect can be 

attributed to the inhibition of the renin-angiotensin-

aldosterone system (RAAS) by valsartan. The RAAS is an 

important regulatory mechanism of blood pressure and 

fluid balance, involving the sequential activation of 

multiple components. It is initiated by the release of 

renin from juxtaglomerular cells, triggered by low 

sodium levels or decreased renal perfusion. Renin 

catalyzes the transformation of angiotensinogen into 

angiotensin I, which is transformed into angiotensin II, a 

step that is catalyzed by the enzyme angiotensin-

converting enzyme (ACE). Angiotensin II is a potent 

vasoconstrictor and also triggers aldosterone secretion 

from the zona glomerulosa of the adrenal cortex, 

enhancing sodium reabsorption and potassium excretion 

in the renal tubules. Angiotensin II exerts its effects 
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primarily through two types of receptors: angiotensin II 

type 1 receptors (AT1R) and angiotensin II type 2 

receptors (AT2R).19,20 AT1R and AT2R are G protein-

coupled receptors with similar affinities for angiotensin 

II.II.21,22 AT1R activation is the major RAAS pathway. It 

plays a crucial role in variety of cellular processes, such 

as proliferation, migration, and inflammation. It is 

strongly associated with tumorigenesis, invasion, and 

inhibition of apoptosis.23,24 Angiotensin exerts most of its 

harmful effects through the activation of AT1R, while its 

protective effects, such as immune modulation, 

neuroregeneration, anti-inflammatory, and antifibrotic 

actions, are exerted through the activation of AT2R.25,26 

Activation of AT1R stimulates variety of intracellular 

pathways mainly the phospholipase C (PLC), the 

phosphoinositide 3 kinase / protein kinase (PI3K/AKT), 

the mitogen activated protein kinase (MAPK), and Jaus 

kinase / signal transducer and activator of transcription 

(JAK-STAT) pathways. The phospholipase C (PLC) 

pathway converts phosphatidylinositol biphosphate 

(PIP2) into diacylglycerol (DAG) and inositol triphosphate 

(IP3).  Inositol triphosphate induces the release of 

calcium from endoplasmic reticulum while DAG activate 

protein kinase C (PKC). The PI3K/AKT and pathway 

improves growth and survival of the cell and regulates 

metabolism. The MAPK pathway also stimulates cell 

proliferation. The (JAK-STAT) pathway modulates 

immunity and inflammation.27-29 In contrast to AT1R, 

AT2R activation promotes nitric oxide production by the 

enzyme endothelial nitric oxide synthase (eNOS), 

activates phosphatases, and increases cyclic GMP. These 

pathways promote vasodilatation, cellular 

differentiation, and apoptosis.30 In addition to plasma 

angiotensin II, various organs exhibit functional local 

RAAS, indicating that it has autocrine and paracrine 

functions. Researchers have consistently concluded that 

dysregulation of this local RAAS contributes to tumor 

progression and resistance to chemotherapy.31,32 

Increased RAAS activity has been reported in a wide 

variety of tumors, including gastrointestinal tumors 

(such as stomach, liver, colon, and pancreatic cancers) 

and sex hormone-related cancers (such as ovarian, 

breast, and prostate cancers). Additionally, tumors of the 

lung, skin, brain, and bone marrow also show increased 

RAS activity.33,34Among the components of RAAS, AT1R 

has received special attention, as it is upregulated in 

various malignancies, including lung, breast, and 

pancreatic cancers.35 AT1R activation enhances 

proliferation, angiogenesis, and metastasis of tumors by 

activating the PI3K/AKT and MAPK pathways, which 

inhibit apoptosis and promote cell cycle progression, 

thereby facilitating tumor growth.23,29,36,37 AT1R promote 

angiogenesis by increasing vascular endothelial growth 

factor (VEGF) and the expression of epidermal growth 

factor receptor (EGFR). Angiogenesis plays a crucial role 

in tumor survival and expansion.38-40 Furthermore, AT1R 

activation enhances metastasis by decreasing antitumor 

immunity through the activation of STAT3.41 and 

promoting the epithelial-to-mesenchymal transition 

(EMT), a process that enhances tumor cells motility and 

invasiveness.42,43 Given the various actions of AT1R in 

enhancing tumor pathogenesis, angiotensin receptor 

blockers (ARBs) appear to have a role in cancer 

treatment by inhibiting the downstream pathways 

activated by AT1R.  Accumulating evidence suggests that 

ARBs play role in the treatment of breast, prostate and 

pancreatic tumors,44-46 and enhance overall survival of 

the patients.47,48 

 

CONCLUSIONS 

There is synergism between doxorubicin and valsartan 

on MCF-7 breast cancer cells, suggesting a potential role 

for the combination in cancer treatment. The 

combination induces cytotoxicity in lower doses than 

when doxorubicin is used alone. 
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