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ABSTRACT 

The present study focused on the employment of carbon quantum dots 

decorated silver nanocomposite (CDQs/Ag) for the detection of breast 

cancer therapy, anastrozole (ATZ). A green synthesis of glucose-

derived CQDs was conducted using a facile microwave-assisted 

method. Due to the unique interaction of the investigated drug and the 

as-prepared sensing solution, the color intensities were increased as a 

function of ATZ concentrations. The suggested method displayed a 

linear relationship over a concentration range of 5-80 µg mL
-1

 at a 

wavelength of 224 nm. The lower limit of detection was 2 µg mL
-1

 and 

the quantification detection limit is 5 µg mL
-1

. The proposed CQDs/Ag 

nanocomposite method provides a promising tool for the detection of 

ATZ in bulk and pharmaceutical formulations. 

 

KEYWORDS: Anastrozole, Carbon Quantum Dots, Silver Nanoparticles, 

Spectrophotometry, Cancer Therapy. 

 

INTRODUCTION 

Cancer is a group of uncontrollable and abnormal growing cells that disregarding the normal 

rules of cell division and have the potential to invade or spread to other parts of the body.
[1]

 It 
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is the major cause of death and one of the most striking public health problems worldwide.
[2]

 

Breast cancer is the second lethal type of cancer that recognized in women after skin cancer. 

The early diagnosis and clinical treatment of breast cancer provide a high successful chance 

for patients survive.  

 

Anastrozole (ATZ) is chemically known as 2-[3(1-cyano-1-methyl-ethyl)-5-(1H-1, 2, 4 

triazole-1-yl-methyl) phenyl]-2- methyl-propinenitrile (Figure 1). It is recommended for the 

treatment of breast cancer in women after menopause.
[3]

  

 

 

Figure 1: Chemical structure of anastrozole. 

 

Few methods have been reported for the detection of ATZ including HPLC,
[4,5]

 LC/MS,
[6]

 gas 

chromatography,
[7]

 capillary zone electrophoresis.
[8]

 Furthermore, spectroscopic techniques 

were addressed for the detection of ATZ such as spectrophotometry.
[9] 

 

Recently, nanotechnology is explosively growing and giving infinite benefits in almost our 

life fields. Among these are medicine,
[10]

 catalysis,
[11]

 drug delivery,
[12]

 drug analysis,
[13]

 

tissue engineering,
[14] 

cell imaging,
[15]

 and cancer biomarkers.
[16]

 Moreover, eco-friendly 

green-synthesized nanoparticles of less hazardous materials to avoid the usage of toxic 

reagents, reduce the use of chemical reagents and analytical instruments are dramatically 

increasing as well.
[17,18]

  

 

Carbon Quantum Dots (CQDs) have unique optical, physicochemical and electronic 

properties. According to the employed synthesis methodology, it is possible to prepare CQDs 

with desirable size and specific optical properties.
[19]

  

 

Several analytical applications such as optoelectronic
[20]

 photocatalysis,
[21]

 

photoluminescent,
[22]

 bioimaging and biosensing.
[23]

 Additionally, CQDs have been added as 

reducing agents in the synthesis of metallic nanocomposites for sensing applications.
[24,25] 
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The present study aimed to develop a simple and ultrasensitive spectrophotometric technique 

based on CQDs/Ag nanocomposite for the detection of ATZ cancer breast therapy in bulk 

and pharmaceutical formulations.  

 

EXPERIMENTAL  

Instrumentation  

UV-vis spectra of CQDs and the nanocomposite were measured using an Ultrospec 2100-

Biochrom spectrophotometer, (Biochrom Ltd, Cambium, Cambridge, UK). Transmission 

electron microscope (TEM) JEOL model 1200EX instrument, (JEOL Ltd, Freising, 

Germany) was used to evaluate the size and shape of the synthesized CQDs/Ag 

nanocomposite. X-ray powder diffraction (XRD) pattern was obtained using Siemens D-5000 

diffractometer (Siemens, Erfurt, Germany) and Fourier transform infrared (FT-IR) spectra 

were measured using PerkinElmer FT-IR spectrophotometer (PerkinElmer Ltd, Yokohama, 

Japan). X-ray photoelectron spectroscopy (XPS). 

 

Chemicals and reagents 

Pure grade of ATZ was supplied by Astrazeneca Pharmaceuticals, LP, Wilmington, UK). 

Anastrozole® 1mg/tablet was purchased from local drug stores Glucose, ammonia (NH3), 

methanol and AgNO3 were purchased from (Sigma-Aldrich, Hamburg, Germany). All 

reagents were of analytical grade. Deionized water obtained from SG-2000-10090 

(Barsbuttel, Germany) was used.  

 

Synthesis of CQDs 

A simple green synthesis method was used to prepare CQDs (Scheme 1). Approximately; 10 

mL of a 15 % aqueous solution of glucose was transferred into a conical flask and heated for 

15 min using a conventional microwave 720 W at 120
ᵒ
C. The formation of CQDs was 

indicated by changing the clear solution into a yellowish transparent semisolid solution 

(Figure 1a). The obtained volume was completed to 10 mL with deionized water and purified 

using a dialysis membrane (MW = 2000 Da) against deionized water for 3 h. 
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Scheme 1: Steps of thermo dehydration of glucose to form CQDs using microwave-

assisted method. 

 

 

Figure 1: (a) Microwave-assisted method for synthesis of CQDs using glucose and (b) 

CQDs/Ag nanocomposite. 

 

Preparation of CQDs/Ag nanocomposite 

A simple chemical reduction method was used to prepare CQDs/Ag nanocomposite was 

prepared by adding 5 mL CQDs solution to 3 mL of 1.0×10
-2

 mol L
-1

 of AgNO3 solution and 

1.0 mL of 5.0×10
-2

 mol L
-1 

NH3. The mixture was transferred into a 50-mL conical flask and 

completed to volume using deionized water. The mixture was then incubated in ambient 

room temperature for approximately 30 min. A yellow- color solution of CQDs/Ag 

nanocomposite was obtained and stored in refrigerator for one month at 4º C (Figure 1b). 

 

Preparation of standard drug solution 

Standard solution of ATZ 100 µg mL
-1

 was prepared by dissolving 10 mg of the drug into 

100 mL methanol. Working solutions in the range of 5-80 µg mL
-1

 were obtained by serial 

dilutions using the same solvent. 
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Preparation of Anastrozole tablet solution 

Not less than 20 tablets of Anastrozole
®
 tablet 1 mg/tablet were finely powdered and accurate 

amount equivalent to prepare 100 µg mL
-1

was dissolved in methanol. The solution was 

centrifuged at 2500 rpm for 3 min. Then, the solution was filtered and serial dilution in the 

range of 5-80 µg mL
-1

was prepared using methanol as solvent. 

 

General procedure of method detection 

The principle of the proposed work is based on the formation of stable CQDs, which have 

spherical particles with size less than 10 nm and surface active functional moieties. Samples 

of pure ATZ concentrations of 5-80 µg mL
-1

 were tested. Under optimal conditions, the 

absorbance intensities were plotted vs. the investigated drug concentrations. The calibration 

graph was plotted and the regression equation was then derived.  

 

RESULTS AND DISCUSSION  

Characterization of CQDs  

The morphological evaluation of the obtained CQDs was accomplished by TEM. The 

recorded image revealed mono-dispersed, spherical CQDs with uniform distribution. The 

high resolution of transmission electron microscope (HRTEM) showed CQDs with sizes less 

than 10 nm. The calculated particle size distribution curve showed an average particle size of 

1.5 - 5 ± 0.1 nm. Dynamic light scattering test (DLS) also confirmed that the average particle 

size varies between 10 – 26 ± 0.6 nm (Figure 2).  

 

The UV-vis spectrum of CQDs recorded two significant absorption peaks at 224 and 280 nm 

(Figure 3). These distinct peaks are attributed to the presence of -
*
 transition of C=C and 

n-
*
 transition of the carbonyl group C=O, respectively.  
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Figure 2: TEM and HRTEM image of CQDs: image of the spherical morphology of 

mono-dispersed particles with average diameter 5 nm, and particle size distribution 

curve of CQDs. 

  

 

Figure 3: (a) UV-vis absorption spectrum of CQDs. 

 

Characterization of CQD/Ag nanocomposite  

Microscopic and spectroscopic techniques were carried out to confirm the characterization of 

CQDs/Ag nanocomposite. FT-IR spectrum displayed the appearance of different peaks that 

represent some functional groups which are located on the surface of CQDs such as 

stretching vibration of C-OH (3300 cm
-1

) and C-H at (2920 cm
-1

). Additionally, vibrational 

absorption bands corresponding to C=O, amide III and C-O-C were recorded at 1750 cm
-1

, 

1381 cm
-1

 and 1250 cm
-1

, respectively.  
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Figure 4: FT-IR Spectra of (a) CQDs and (b) CQDs/Ag nanocomposite. 

 

It worth to mention that the presence of -OH groups with their reducing activity on the 

surface of CQDs confirmed the ability of CQDs to donate electrons in the formation reaction 

of CQDs/Ag nanocomposite.  

 

Moreover, the presence of the COOH group on the surface of CQDs, which possess strong 

affinity towards Ag ions, facilitate the absorption of Ag ions at CQDs surface and prevents 

their aggregation. 

 

XPS spectrum of CQDs/Ag nanocomposite was recorded and showed that the as-synthesized 

CQDs/Ag nanocomposite has certain functional groups such as C-C, C-O and C=O with 

binding energies of 284 eV, 286 eV 289 eV, respectively (Figure 5a). Moreover, two more 

distinct peaks at binding energies 367 and 373 eV were recorded which are attributed to 

Ag3d5/2 and Ag3d3/2, respectively (Figure 5b). Additionally, the high resolution XPS showed 

the presence of C1s, Ag3d and O1s peaks at binding energies of 284 eV, 370 eV and 530 eV, 

respectively (Figure 5c). The obtained XPS spectrum confirmed that CQDs surface is 

decorated by Ag nanoparticles forming CQDs/Ag nanocomposite. 
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Figure 5: XPS spectra of (a) CQDs, (b) Ag and (c) CQD/Ag nanocomposite. 

 

XRD patterns of CQDs and CQDs/Ag nanocomposite were recorded. It was observed that 

CQDs in CQDs/Ag nanocomposite is hardly to be distinguished, compared with the XRD 

pattern of normal CQDs, which exhibits a single broad (002) peak at 19 º (2Ɵ) can reflect an 

increase in the interlayer spacing of CQDs as a result of the growth of Ag nanoparticles on 

the surface of CQDs.
[26]

 In addition, XRD pattern of CQDs/Ag nanocomposite revealed the 

presence of significantly different peaks at 30º, 38.1º, 64.0º and 77.1º (2Ɵ), indicating the 

distribution of Ag (111), Ag (200), Ag (220) and Ag (311), respectively, on CQDs surface.  

 

 

Figure 6: XRD pattern of CQDs/Ag nanocomposite. 

 

Optimization of detection conditions 

In order to select the suitable conditions for maximum sensitivity of the proposed technique, 

various parameters were studied and optimized. The parameters include several experimental 

variables such as the amount of CQDs/Ag nanocomposite, buffer concentration, pH and 

reaction time. 
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The suitable amount of CQDs/Ag nanocomposite was selected by testing different amounts in 

the range of 0.5 - 4 mL. It was observed that the maximum absorbance was obtained by 

adding 1.0 mL of CQDs/Ag nanocomposite (Figure 7a).  

 

The absorbance was recorded by varying the pH of universal buffer of 2-7. The peak intensity 

has slightly changed with changing the pH values. The maximum peak intensity was recorded 

at pH value 5. (Figure 7b). 

 

The effect of buffer concentration on the peak intensity was investigated using phosphate 

buffer in a concentration range of 0.2 – 1.0 mol L
-1 

(Figure 7c). The absorbance was elevated 

by increasing the concentration of buffer up to 0.5 mol L
-1

. At high buffer concentrations the 

peak intensity decreased gradually due to the aggregation of CQDs/Ag nanocomposite. 

 

The response time was examined by repeating the analytical process using reaction time in 

the range of 2-10 min. The suitable time to obtain maximum absorbance was at 5 min (Figure 

7d).  

 

 
Figure 7: Optimization of conditions: (a) Effect of nanocomposite volume, (b) Effect of 

pH value, (c) Effect of buffer concentration, (d) Effect of reaction time. 
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Analytical figures of merit 

After optimizing the analytical conditions, the proposed method was used for the detection of 

the investigated drug pure samples and the analytical figures of merit were obtained. The 

plotted calibration graph was linear over a concentration range of 5-80 µgmL
-1

 (Figure 8) and 

limit of detection 2.0 µgmL
-1

. The regression equation was derived A = 0.0051C – 0.5836, (r 

= 0.9995) and relative standard deviation percentage (RSD %) of six replicate measurements 

equals 0.9 %. The obtained results revealed that the suggested method possessed a high 

sensitivity, good stability and acceptable linearity.  

 

 

Figure 8: Calibration graph of ATZ detection using CDQs/Ag nanocomposite. 

 

Method validation 

Linearity  

Under experimental conditions, the linearity of the proposed CQDs/Ag method was evaluated 

by analyzing a series of standard solutions (three replicates for each one) of ATZ and 

measured by following the procedure described in the experimental section. Table 1, resumed 

the obtained results from statistical analysis of data. The calibration graph was linear in the 

ranges of 5-80 µg mL
-1

. The regression equation was A = 0.0051C – 0.5836, n=7 and (r = 

0.9995). 
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Table 1: Analytical data obtained from the determination of ATZ using a 

spectrophotometric method in the presence of CQDs/Ag sensing solution. 

 

 

 

 

 

 

 

Limit of detection (LOD) and limit of quantitation (LOQ) 

The suggested system displayed excellent sensitivity to the target analyte with LOD and LOQ 

of 2.0 and 5.0 µg mL
-1

, respectively. The obtained analytical data revealed high sensitivity 

for ATZ detection.  

 

Accuracy and precision 

To prove the accuracy of the proposed method, the % recovery was determined over the 

concentration range of 5-80 µg mL
-1

 using CQDs/Ag nanocomposite sensing solution. The % 

recovery was found to be 99.3 ±0.6 %, revealing high accuracy of the suggested method 

(Table 2).  

 

Table 2: The data obtained for the accuracy test using a spectrophotometric method in 

the presence of CQDs/Ag sensing solution. 

Sample 
ATZ detection using CQDs/Ag 

Taken, µg mL
-1 Found, µg mL

-1 % Recovery 

1 5 4.99 99.8 

2 10 9.86 98.6 

3 20 19.67 98.4 

4 30 30.00 100.0 

5 40 39.74 99.4 

6 50 49.56 99.1 

7 60 59.36 98.9 

8 70 69.78 99.7 

9 80 79.99 99.9 

Mean±SD 99.3±0.6 

n 9 

Variance 0.36 

% SE 0.20 

 

 

Parameter ATZ 

Wavelength, nm 224 

Linear concentration range, µg mL
-1

 5-80 

Regression equation A = 0.0051C – 0.5836 

Correlation coefficients, r 0.9995 

LOD, µg mL
-1 2.0 

LOQ, µg mL
-1

 5.0 

Accuracy 99.3±0.6 
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Furthermore, to evaluate the precision of the proposed method, intra-day and inter-day 

precision were applied by determining three different concentrations of the investigated drug 

in pure form through three successive occasions or by replicating the analysis for a period of 

three successive days (Table 3). The evaluated % RSD ranged from 0.4-0.8 % for intra-day 

assay and 0.2-0.9 % for inter-day, indicating High precision of the suggested method towards 

the detection of ATZ. 

 

Table 3: The data obtained for the evaluation of proposed method precision using intra-

day and inter-day assay. 

 

Selectivity 

The selectivity of the proposed method towards the detection of ATZ was evaluated by 

assaying ATZ in the presence of some possible interfering species. Among these are Na
+
,  

K
+
, Ca

2+
, Mg

2+
 and Zn

2+
, starch, glucose, lactose, citric acid and magnesium stearate. Under 

optimized conditions the detection of 10 µg mL
-1

 of ATZ was investigated in the presence of 

1.0 µg mL
-1

 of each interfering species using the proposed method. As reported in Table 4, no 

significant interference was observed. Accordingly, the proposed procedure can be 

considered as a selective method for the detection of ATZ. 

 

Table 4: Tolerable limits of 10 µg mL
-1

 ATZ detection in the presence of some 

interferences using a a spectrophotometric method in the presence of CQDs/Ag 

nanocomposite. 

 

 

 

 

Analysis of pharmaceutical preparation 

The proposed CQDs/Ag nanocomposite was employed to detect ATZ in its pure drug and the 

% recovery was calculated as 99.7±0.4 % (Table 5). Also, the developed method was used to 

Sample 
ATZ detection using CQDs/Ag 

 
Taken, µg mL

-1
 Found, µg mL

-1
 % Recovery, (n=3) % RSD 

Intra-day assay 

5 4.98 99.6±0.8 0.8 

40 39.99 99.9±0.4 0.4 

80 80.00 100.0±0.7 0.7 

Inter-day assay 

5 4.96 99.2±0.2 0.2 

40 39.87 99.7±0.9 0.9 

80 79.85 99.8±0.5 0.5 

Interferences Tolerable values 

Na
+
, K 

+
, Ca

2+
, Mg

2+
 and Zn

2+
 800 

Starch, glucose, lactose 350 

Citric acid, magnesium stearate 200 
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estimate the ATZ in its pharmaceutical dosage form. The obtained data were assessed 

statistically and then compared with those obtained from other previously spectrophotometric 

published article
[9]

 using t-student and F-test at 95% confidence level
[27]

 (Table 6).  

 

Table 5: Analytica data obtained by the detection of ATZ in pure form using the 

proposed method in the presence of CQDs/Ag nanocomposite. 

 

 

 

 

 

 

 

 

 

Table 6: Analytica data obtained by the detection of ATZ in its tablets using the 

proposed method in the presence of CQDs/Ag nanocomposite. 

 

Sample 

ATZ detection using CQDs/Ag 

Taken, 

µg mL
-1

 

Found, 

µg mL
-1

 

% 

Recovery 

Reported 

method
[9]

 

1 5 4.97 99.4 

 
 
 

2 10 9.93 99.3 

3 20 19.98 99.9 

4 30 29.87 99.7 

5 40 39.58 98.9 

6 80 79.95 99.9 

Mean±SD 99.5±0.4 99.2±0.6 

n 6 6 

Variance 0.16 0.36 

% SE 0.16 0.24 

t-test 1.040 (2.228)* 
 

F-test 2.25 (5.05)* 
 

 

CONCLUSION 

A new spectrophotometric approach based on the use of a highly sensitive CQDs/Ag 

nanocomposite sensing solution has been developed for the detection of ATZ a breast cancer 

therapy in bulk and pharmaceutical formulations. The unique characteristics of CQDs which 

are mono-disperse, homogeneously distributed spherical particles and can emit green color 

Sample 
ATZ detection using CQDs/Ag 

Taken, µg mL
-1

 Found, µg mL
-1

 % Recovery 

1 5 4.95 99.0 

2 10 10.00 100.00 

3 20 19.96 99.8 

4 30 29.99 99.9 

5 40 39.87 99.7 

6 80 79.98 99.9 

Mean±SD 99.7±0.4 

n 6 

Variance 0.16 

% SE 0.16 
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under UV light, provided a highly sensitive detecting solution for the investigated drug. The 

proposed technique displayed excellent results with linear concentrated rage of 5-80 µg mL
-1

.  

 

The obtained results indicated that this technique is simpler and more flexible to explore 

other sensing solution for the detection of different kinds of cancer therapy agents.  
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