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INTRODUCTION 

Adjuvant chemotherapy is one of the mainstays of 

medical intervention for breast cancer after surgical 

removal of tumor. Adjuvant chemotherapy drugs for 

breast cancer treatment mostly include anthracyclines, 

taxanes and alkylating agents.1 Several experimental 

studies have shown that anticancer drugs used in the 

treatment of breast carcinoma kill tumor cells by inducing 

apoptosis in them and this is done by activating intrinsic 

or extrinsic pathways of apoptosis.2 The intrinsic 

apoptosis signals that are produced following cellular 

stress due to chemotherapy might be a consequence of 

oxidative stress by free radicals.3 Nitric oxide (•NO) is an 

inorganic free radical gas synthesized from L-arginine by 

catalytic reaction of NO Synthases (NOSs).4-6 It plays a 

variety of regulatory functions in vivo. At low 

concentrations, •NO acts as a signal transducer in 
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ABSTRACT 

 

Background: The role of nitric oxide is still unclear in advanced breast cancer patients undergoing adjuvant 

chemotherapy. This study was undertaken to investigate the effect of chemotherapy on serum nitric oxide levels in 

advanced stage breast cancer patients.  

Methods: In this observational study, clinically and histopathologically proven sixty female patients with advanced 

stage breast cancer were included. According to Tumor-Node-Metastasis (TNM) classification, patients were further 

grouped as stage III and stage IV. Thirty healthy and age-matched female controls were selected for comparison. 

Blood was collected from healthy controls and from breast cancer patients after surgery prior to chemotherapy and 

after three weeks of administration of first adjuvant chemotherapy cycle. Serum nitric oxide levels were measured by 

spectrophotometric method. 

Results: Significantly higher concentrations of serum nitric oxide were observed in breast cancer patients before 

chemotherapy in stage III (p<0.0001) and stage IV (p<0.0001) of the disease as compare to concentrations in healthy 

controls. The serum levels of nitric oxide were significantly decreased in stage III as well as stage IV of breast cancer 

patients after three weeks of receiving first adjuvant chemotherapy cycle as compare to levels before chemotherapy 

(p<0.0001), however serum nitric oxide levels were higher in stage III (p=0.0036) and stage IV (p<0.0001) of the 

disease as compare to healthy controls.  

Conclusions: Chemotherapy drug administration causes decrease in serum nitric oxide levels in advanced stages of 

breast cancer patients. Monitoring serum nitric oxide levels could be used to predict patients’ response to 

chemotherapy treatment in breast cancer.  
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physiological processes such as vasodilatation, 

neurotransmission, platelet aggregation, etc. or at high 

concentrations it is cytotoxic for tumors and pathogens.5,6 

Moreover, despite of these beneficial effects, 

accumulating evidence suggests that NOS activity 

increases in some invasive tumors and chronically 

elevated levels of •NO are genotoxic that may also play 

role in pathogenesis of cancer.5 Genotoxicity of •NO is 

attributed to its reaction with oxygen and superoxide. 

•NO influences initiation of cancer by nitrosative 

deamination, DNA strand breakage or DNA modification 

by peroxynitrite.5,6 Some studies suggest that, formation 

of peroxynitrite induces apoptotic DNA fragmentation 

and p-53 dependent apoptosis.6 •NO may also suppress 

antitumor defense and enhance tumor growth, invasion 

and metastasis by promoting angiogenesis and blood flow 

in tumor neovasculature.6 •NO may promote production 

of prostaglandins by activating Cyclooxygenase-2 (COX-

2). Prostaglandins, induces angiogenesis and suppresses 

apoptosis through enhancing Bcl-2 protein synthesis.6,7 

Recently, it has been shown that •NO acts as 

antiapoptotic modulator that suppresses key step in 

apoptotic signaling pathway by preventing Bcl-2 

cleavage and cytochrome c release from mitochondria.7 

The role of •NO in cancer biology is poorly understood. 

•NO has been demonstrated to be both pro- and anti-

apoptotic depending on concentration and cell types.6,7 

Recently, it has been reported that increased iNOS is 

associated with poor outcome and decreased survival in 

ER- negative breast cancer.8 In another study, it has been 

shown that chemotherapy influences inducible nitric 

oxide synthase activity in breast cancer cell line.9 

Moreover, it has been reported that aberrant high levels 

of iNOS/NO are associated with less effectiveness of 

platinum based neoadjuvant chemotherapy in triple 

negative breast cancer.10 However, to date, serum nitric 

oxide levels in advanced stage breast cancer patients 

undergoing adjuvant chemotherapy is still unclear. The 

present study was thus undertaken to evaluate the serum 

levels of nitric oxide during adjuvant chemotherapy in 

advanced stage breast cancer patients and to assess its 

clinical significance. 

METHODS 

In this observational study, sixty histopathologically 

proven female breast cancer patients diagnosed with 

invasive ductal/lobular carcinoma were included. 

According to Tumor-Node-Metastasis (TNM) 

classification, patients were further grouped as stage III 

and stage IV. The patients were of 30-74 years age. 

Thirty healthy and age matched female volunteers were 

selected as controls for comparison. The 

clinicopathological characteristics of the patients are 

given in Table 1. This study was approved by 

Institutional Ethical Committee (Ref. No. 

BJMC/IEC/Pharmac/D1210137-39). The study was 

carried out from November 2010 to July 2014. The After 

obtaining prior written consent, blood samples were 

collected from healthy volunteers as well as post-

operative breast cancer patients before chemotherapy and 

after three weeks of administration of first adjuvant cycle 

of FEC[5-fluorouracil, epirubicin, cyclophosphamide]/ 

AC [Adriamycin (doxorubicin), cyclophosphamide] / PC 

[paclitaxel]. The serum obtained after centrifugation was 

stored in aliquots at -80ºC until analysis. 

Inclusion criteria 

• Histopathologically proven female breast cancer 

patients receiving chemotherapy. 

Exclusion criteria 

• Care was taken to exclude patients with allergic and 

infectious diseases, hypertension, diabetes mellitus, 

other systemic ailments and male breast cancer 

patients to avoid false positive results. 

Table 1: Clinicopathological characteristics of breast 

cancer patients. 

 No. of patients 60 

Age 
Range 30-74 

Mean 53.43±13.46 

Type 

Invasive ductal 

carcinoma 
48 

Invasive lobular 

carcinoma 
12 

Status 
Premenopausal  19 

Postmenopausal  41 

TNM stage 
Stage III  30 

Stage IV 30 

Receptor  

status 

ER+ 51 

PR+ 47 

Her2+ 26 

Chemotherapy 

drugs 

FEC 34 

AC 12 

PC 14 

Measurement of nitric oxide (•NO) 

The measurement of serum nitric oxide (•NO) was done 

in terms of its metabolites, nitrate and nitrite, by kinetic 

cadmium reduction spectrophotometric method.11 Briefly, 

0.5 ml of serum was deproteinized with 2 ml of 75 mM/L 

ZnSO4 and 2.5 ml of 55mM/L of NaOH. To 1ml of 

deproteinized supernatant obtained after centrifugation, 

1ml of glycine-NaOH buffer and 2.5 gm of activated 

cadmium granules were added. After 90 minutes of 

incubation at room temperature, 2 ml of distilled water 

was added to this mixture. Then, 1 ml of sulfanilamide 

and 1 ml of NED was added to 2 ml of above mixture. 

The contents were mixed well, covered with silver foil 

and incubated for 20 minutes. The readings were taken at 

540 nm. The detection limits in serum were 2-250 

μmol/L. The CVs were 9% and 4.7% for nitrate 
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concentrations of 31.4 μmol/L and 80.2 μmol/L 

respectively.11  

The standard curve was prepared for concentrations 10 

μmol/L to 100 μmol/L. The •NO concentration in each 

sample was determined by extrapolating OD values 

against standard concentrations using the standard curve. 

•NO values were expressed as μmol/L. 

Statistical analysis 

The data for biochemical analysis was expressed as 

Mean±SD. The statistical significance of the results 

among different groups was analyzed by using unpaired 

and paired student’s t test. Values of p less than 0.05 

were considered statistically significant. Statistical 

analysis was done using MedCalc for windows version 

12.7.0.0 and SPSS version 17. 

RESULTS 

Table 2 shows the mean serum levels of nitric oxide in 

healthy controls and breast cancer patients before and 

after first adjuvant chemotherapy cycle. Significantly 

higher concentrations of serum nitric oxide were 

observed in post-operative breast cancer patients before 

chemotherapy in stage III (p<0.0001) and stage IV 

(p<0.0001) of the disease as compare to concentrations in 

healthy controls. A significant decrease in the 

concentrations of serum nitric oxide was observed in 

stage III (p<0.0001) and stage IV (p<0.0001) breast 

cancer patients after three weeks of receiving first 

adjuvant chemotherapy cycle as compare to 

concentrations before chemotherapy. However, we 

observed a significantly higher levels of serum nitric 

oxide in stage III (p=0.0036) and stage IV (p<0.0001) of 

the disease as compare to concentrations in healthy 

controls (Table 2). 

Table 2: Depict the serum levels of nitric oxide in 

healthy controls and in advanced stage breast cancer 

patients before and after chemotherapy. 

Subjects TNM 

stage  

No. of 

cases 

Nitric oxide 

(μmol/L) 

Healthy controls  30 33.53±5.30 

Breast cancer patients 

Before chemotherapy Stage III 30  55.03±9.24a 

After chemotherapy Stage III 30 38.50±7.22b,c 

Before chemotherapy Stage IV 30 67.40±10.27a,c 

After chemotherapy Stage IV 30 52.46±10.25a,d 

The data was expressed as Mean±SD. 

a p<0.0001, significantly different when compared to healthy 

controls. 

b p=0.0036, significantly different when compared to healthy 

controls. 

c p<0.0001, significantly different when compared to stage III 

breast cancer patients before chemotherapy. 

d p<0.0001, significantly different when compared to stage IV 

breast cancer patients before chemotherapy. 

DISCUSSION 

In the present study, we evaluated chemotherapy induced 

changes in serum levels of nitric oxide in advanced stage 

breast cancer patients and assessed its clinical 

significance. Numerous reports have demonstrated that 

the drugs of many classes of antineoplastic agents are 

known to induce apoptosis that occurs by various 

mechanisms.2 Nitric oxide is a short-lived highly reactive 

free radical either involved in induction or inhibition of 

apoptosis.6,7 In this study, we found significantly higher 

levels of nitric oxide in stage III as well as stage IV post-

operative breast cancer patients before chemotherapy as 

compare to levels in healthy controls (p<0.0001). Some 

investigators have reported elevated levels of nitric oxide 

at operable stage in serum samples of patients with breast 

cancer.12,13 Kilic S et al, reported decreased serum nitric 

oxide at the early post-operative period but re-increased 

NO levels in the long term in patients with bladder cancer 

[A] It is possible that, post-operative higher values of 

•NO might be due to secretion of •NO by non-immune 

cell types or by tumor infiltrating inflammatory cells in 

response to residual disease.12,14 After three weeks of 

administration of first adjuvant chemotherapy cycle, we 

found a significant decrease in the levels of nitric oxide in 

stage III as well as stage IV of the disease as compare to 

levels before chemotherapy (p<0.0001). However, serum 

nitric oxide levels were found to be higher after first 

chemotherapy cycle in stage III (p=0.0036) and stage IV 

(p<0.0001) breast cancer patients as compare to levels in 

healthy controls. The decreased levels of nitric oxide 

after chemotherapy in breast cancer were reported 

previously by Abdel-Salem OME et al.15 However, in 

contrast to this finding, increased level of nitric oxide 

after chemotherapy has also been reported.16 The nitric 

oxide is synthesized from L-arginine by using iNOS 

enzyme (one of the isoform of NOS). Sim et al, have 

shown that as compare to pre-chemotherapy, inducible 

nitric oxide synthase (iNOS) expression was decreased 

significantly in lung cancer patients after chemotherapy.17 

Moreover, Garner AP et al, have shown that the capacity 

of NOS to produce •NO is diminished by one of the 

cytotoxic drug doxorubicin, with eNOS being particularly 

susceptible to this doxorubicin mediated inhibition.18 This 

reduction in •NO may be intensified by the production of 

superoxide formed by redox cycling because superoxide 

is able to quench •NO extremely efficiently to form 

peroxynitrite. The resulting decreased levels of NO raise 

the possibility of doxorubicin induced cardiovascular 

toxicity because NO is involved in regulation of vascular 

tone and mediates myocardial contractile response. In 

addition to this, Garner AP et al, and Vasquez-Vivar J, et 

al, observed that at the flavoprotein domains, all three 

isoforms of NOS are capable of catalyzing the one 

electron reduction of doxorubicin with the subsequent 

production of superoxide (O2•¯) and a decrease in 

•NO.18,19 Furthermore, doxorubicin directly inhibits NOS 

activity, which could produce significant alterations in 

vascular tone in tumors.18,20 In addition to this, it has been 

reported that 5-fluorouracil suppresses nitric oxide 
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synthase by different mechanisms involving inactivation 

of IkB kinase and through inactivating NF-kB which is 

critical for expression of iNOS.21 Cyclophosphamide and 

paclitaxel has been shown to reduce the generation of 

•NO due to reduced iNOS expression.22,23 The observed 

decrease in •NO after administration of these 

chemotherapy drugs in this study correlate well with their 

findings.18-23  

CONCLUSION 

This finding suggest that chemotherapeutic drug 

administration causes significant decrease in serum nitric 

oxide levels in advanced stages of breast cancer patients 

compare to levels before chemotherapy. The evaluation of 

serum nitric oxide may provide useful information in 

predicting and monitoring of patients’ response to 

chemotherapy treatment in advanced stage breast cancer. 

However, these findings are preliminary. Further large-scale 

prospective validation studies on monitoring serum nitric 

oxide levels after chemotherapy in predicting patients’ 

response to treatment in breast cancer is warranted. 
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