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Abstract 

Purpose: To develop a simple, accurate, and precise high performance chromatography (HPLC) 
method with spectrophotometric detection for the determination of doxorubicin hydrochloride in rat 
plasma. 
Methods: Doxorubicin hydrochloride and daunorubicin hydrochloride (internal standard, IS) were 
separated on a C18 reversed-phase HPLC column. Following protein precipitation extraction, 
chromatographic separation was accomplished with a mobile phase consisting of acetonitrile: water at 
ratio of 30:70 (pH 3.0), and the drug was detected at 233 nm using a UV detector at flow rate of 1.0 
ml/min and ambient temperature.  
Results: Linearity was obtained over the range 1.0 – 50.0 μg/ml for doxorubicin hydrochloride with 
lower limit of quantitation of 1.0 μg/ml. For each level of quality control samples, inter- and intra-day 
precision (% CV) was < 9.6 and 5.1 %, respectively. Stability of doxorubicin hydrochloride in plasma 
was within the acceptance limit (± 15 %) with no evidence of degradation during sample processing and 
30 days storage in a deep freezer at -70 ± 5 °C. Absolutes extraction recovery of drug from plasma was 
≥ 86 %.  
Conclusion: The method is highly selective and rugged for the determination of doxorubicin 
hydrochloride in rat plasma and should be suitable for conducting pharmacokinetic studies and 
therapeutic drug monitoring.  
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INTRODUCTION 
 
Doxorubicin hydrochloride, is a cytotoxic 
anthracycline antibiotic isolated from cultures of 
the fungus Streptomyces peucetiusvar. caesius. 
The most common uses of doxorubicin in cancer 
therapy is for various types of testicular cancer, 
leukemia, Ewing’s sarcoma, Hodgkin’s disease, 
and Kaposi’s sarcoma [1]. Doxorubicin has been 

shown to have mutagenic and carcinogenic 
properties in experimental models. 
 
Doxorubicin hydrochloride is an anthracycline 
antibiotic that possesses broad spectrum 
antineoplastic activity, and is one of the most 
important anticancer agents in use [2,3]. 
However, clinical utility is hampered by 
cumulative, dose-limiting cardiotoxicity, 
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myelosuppression, and the development of drug 
resistance. 
 
Several methods have previously been reported 
for quantification of doxorubicin in biologicalfluids 
and tissues. Techniques such as 
radioimmunoassay for determination 
ofdoxorubicin in plasma and urine [4], 
voltammetry for urine [5,6], high performance 
liquid chromatography (HPLC) for rat lymph and 
gall [7], rat plasma and tissues [8], rat serum, 
tissues [9] and bile [10], human plasma of cancer 
patients [11], and spectrofluorimetry for rabbit 
serum [12] and rat whole blood, plasma and 
tissues [13] were used.  
 
Many of the reported HPLC methods used 
extraction procedures involving organic solvents 
such as chloroform or dichloromethane. Such 
procedures are tedious and involve likelihood of 
incomplete drug extraction, loss of drug during 
transfer of contents and also high volatility of the 
solvent used for extraction. Hence, a simple 
HPLC method, which avoids the above 
shortcomings, would be advantageous for the 
rapid determination of doxorubicin in biological 
samples. Furthermore, to the best of our 
knowledge, no simple HPLC method with UV 
detection has for reported for the determination 
of the drug in rat plasma, a medium that would 
best mimic pharmacokinetic analysis. 
 
The objective of the present study, therefore, 
was to develop and validate a simple, rapid and 
sensitive HPLC method with UV detection for the 
determination of doxorubicin in rat plasma. 
 

 
Figure 1: Structure of doxorubicin hydrochloride 
 
EXPERIMENTAL 
 
Materials  
 
Doxorubicin hydrochloride and daunorubicin 
hydrochloride (EMD Chemicals, Inc, San Diego) 
and other chemicals of analytical grade purity 
were purchased from commercial sources. Water 
was purified using Ultrapure Water System 

(Sartorius). All solvents including water used for 
extraction and in the mobile phase were of HPLC 
grade purity. Rat plasma doxorubicin samples 
were stored at -70 ± 0.5 °C prior to analysis and 
thawed, along with standards and quality 
controls, immediately before assay. 
 
Apparatus and chromatographic conditions 
 
HPLC system (1200 series, Agilent 
Technologies) consisted of a pump with a 
column from Merck C18 (4.6 mm × 100 mm), a 
UV-detector with data processor (Chem Station 
software) was employed. UV detection for 
doxorubicin was set at 233 nm. The mobile 
phase of water: acetonitrile (30:70, pH 3.0, 
adjusted with 85 % phosphoric acid) was 
delivered at a flow rate of 1.0 ml/min and ambient 
temperature. The mobile phase was delivered by 
gradient method at acetronitrile (ACN) gradient of 
15 % at 0 min, 25 % at 5 min, 40 % at 10 min, 70 
% at 15 min and 100 % at 20 min. Peak identit 
were confirmed by retention time (RT) of 
doxorubicin hydrochloride at 7.8 min and 
daunorubicin hydrochloride (internal standard) at 
8.6 min, respectively. 
 
Preparation of stock solutions and quality 
control samples 
 
The standard stock solution of doxorubicin (1.0 
mg/mL) was prepared in acetonitrile. The 
working standard solution (10 μg/ml) was 
prepared by diluting the stock solution in mobile 
phase (30: 70, ACN: water) with pH adjusted to 
3.0.  
 
Direct precipitation method  
 
A serial calibration line of sample concentrations 
of 1, 2.5, 5, 12.5, 25, 50 μg/ml of doxorubicin 
was prepared by diluting definite aliquots of 
working standard with rat plasma, and up to 90 µl 
of blank plasma with 5 µl each of doxorubicin 
hydrochloride and daunorubicin hydrochloride to 
to give a final volume of  0.1 ml. It was then 
precipitated with 0.4 ml of acetonitrile, followed 
by centrifugation at 3000 rpm at room 
temperature for 15 min. The supernatant was 
filtered through a 0.45 μm filter.  
 
Linearity 
 
The linearity of the method was evaluated over 
the concentration ranges of 1.0 – 50.0 μg/ml. 
Calibration standards were freshly prepared in 
duplicate daily during the analysis. A stock 
solution of danourubicin hydrochloride (1000 
µg/ml) was prepared in methanol and used as 
internal standard (IS). For the quality control 
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(QC) sample, the concentrations of doxorubicin 
in plasma were 3.0 μg/ml as low quality control 
(LQC), 25 μg/ml as middle quality control (MQC), 
and 37.5 μg/ml as high quality control(HQC). All 
the stock and working solutions, and QC 
samples were protected from light and stored at 
4 °C. Standard curves were obtained from the 
linear least square regression analysis of 
drug/IS. peak area ratio as a function of the 
theoretical concentration. The plasma used in the 
study was isolated from whole blood containing 
EDTA by centrifugation at 3000 rpm for 5 min. 
 
Specificity 
 
The specificity of the method was established 
using different concentrations of doxorubicin 
hydrochloride. In each plasma lot, blank samples 
and LLOQ (lower limit of quantitation) were 
processed and analysed as per assay procedure 
to determine any significant interference at the 
RT of analyte. 
 
System suitability 
 
System suitability test is used to verify that the 
resolution and reproducibility of the 
chromatographic systems are adequate for the 
analysis to be done. The tests are based on the 
fact that the equipment, electronics, samples to 
be analyzed constitute an integral system that 
can be evaluated as such. The limits for system 
suitability were set for theoretical plates, 
resolution, and asymmetry. 
 
Sensitivity 
 
The selectivity of the assay methodology was 
established using a minimum of six independent 
sources of the same matrix. There were no 
interferences from the endogenous material 
which was observed at retention time of both 
doxorubicin hydrochloride and daunorubicin 
hydrochloride. Selectivity was established by 
injecting six samples at the lower limit of 
quantification (LLQQ) level and each of the six 
blank plasma samples were tested for 
interference by comparing the mean peak 
response obtained by injecting blank plasma 
samples to that of mean peak response of LLOQ 
(1 μg/ml). 
 
Extraction recovery 
 
Recovery of doxorubicin hydrochloride and 
daunorubicin hydrochloride was evaluated by 
comparing the mean peak areas of LQC, MQC 
and HQC samples quality control samples with 
the mean peak areas of six reference solutions 

containing the same amount of the test 
compound. 
 
Precision and accuracy 
 
Intra- and inter-day precision and accuracy of the 
developed method were evaluated in plasma 
samples spiked with doxorubicin hydrochloride at 
a concentration of 3.0, 25.0, and 37.5 μg/mL, and 
assayed. Inter-day precision and accuracy were 
evaluated on three consecutive days. The criteria 
for acceptability of the data include accuracy 
within ± 15 % of the coefficient of variation (CV) 
from the nominal values and a precision of within 
± 15 % of the coefficient of variation (CV), except 
for LLOQ, where it should not exceed ± 20 % of 
accuracy as well as precision [14]. 
 
Stock solution stability 
 
The working solution (1.0 mg/mL) of doxorubicin 
hydrochloride was repeatedly (n = 3) injected into 
the chromatograph immediately after preparation 
(0 h) and at 3, 6, and 9 h after bench top storage 
at room temperature and 4 °C. This injection 
protocol was repeated after 1, 8, 15 and 30 days 
storage of the stock solution between 4 – 8 °C. 
 
Stability 
 
Bench top stability was examined by keeping 
replicates of the low, medium and high plasma 
quality control samples at room temperature for 
24 h. Freeze–thaw stability of the samples was 
obtained over three freeze–thaw cycles, by 
thawing at room temperature for 2 – 3 h and re-
frozen for 12 – 24 h. Long-term stability of 
doxorubicin hydrochloride in rat plasma was 
tested after storage at approximately – 70 ± 5 °C 
for 30 days. For each concentration and each 
storage condition, three replicates were analysed 
in one analytical batch. The concentration of 
doxorubicin hydrochloride after each storage 
period was related to the initial concentration as 
determined for the samples. The precision and 
accuracy for the stability samples is required to 
be within ≤ 15 and ± 15 %, respectively, of their 
nominal concentrations. 
 
Dilution integrity 
 
Dilution integrity experiment was performed with 
an aim to validate the dilution test to be carried 
out on higher analyte concentration above the 
upper limit of quantification (ULOQ), which 
maybe encountered during real subject sample 
analysis. Dilution integrity was performed to 
extend the upper concentration limits with 
acceptable precision and accuracy. Six replicates 
each, at a concentration of double the uppermost 
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calibration standard, were diluted two-fold and 
four-fold with blank plasma. The diluted samples 
were processed and analyzed against calibration 
curve.  
 
Haemolysis effect 
 
Haemolysis is caused by the rupture of red blood 
cells, which releases haemoglobin into plasma. 
Haemolysis effect must be measured because it 
can impact quantitation by altering the sample 
matrix compared to the validated method matrix. 
To evaluate the effect of haemoglobin in plasma 
samples on precision and accuracy, haemolyzed 
whole blood was spiked with non-haemolyzed 
plasma at 0 % (100 % normal plasma/serum) 
and 0.5 % haemolyzed whole blood in LQC and 
HQC plasma samples, and analysed in six 
replicates.  
 
Data analysis 
 
Data are reported as mean ± standard deviation 
(SD) for replicates. Coefficient of variation (CV) 

values and accuracy were calculated using 
Microsoft Excel 2003.  
 
RESULTS  
 
Specificity 
 
Plasma samples of different lots were free from 
interfering substances at the retention time of 
doxorubicin, and there was no effect of 
haemolysis plasma on peak detection. 
 
Typical chromatograms corresponding to blank 
plasma, doxorubicin hydrochloride, and 
daunorubicin hydrochloride in solution (without 
plasma) are given in Figures 2 and 3. No 
endogenous interference peaks were visible in 
blank plasma in the retention times of 
doxorubicin and daunorubicin, and throughout 
the chromatogram, thereby confirming the 
specificity of the analytical method as shown in 
Figure 4. Doxorubicin hydrochloride and the IS 
were well separated with retention times of 7.8 
and 8.6 min, respectively. 
 

 
 

Figure 2: HPLC chromatograms of doxorubicin and daunorubicin (internal stangard) in solution 
 

 
 

Figure 3: HPLC chromatograph of blank plasma 
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Figure 4: HPLC chromatograms of doxorubicin and daunorubicin (internal stangard) in plasma 
 
Table 1: Results of precision study (intra- and inter-day) 
 

Nominal conc. 
(μg/ml) 

Mean concentration of doxorubicin hydrochloride (μg/ml) 
Intra-day Inter-day 

Mean±SD %CV % Accuracy Mean±SD %CV % Accuracy 

1.0 (LLOQ) 0.89±0.11 12.62 88.71 0.90±0.14 15.74 90.34 

3 (LQC) 3.03±0.27 8.79 100.83 2.99±0.31 10.34 99.72 
25(MQC) 24.10±1.13 4.68 96.40 24.43±1.75 7.18 97.70 
37.5 (LQC) 37.70±0.85 2.24 100.53 36.96±1.89 5.10 98.56 
Lower limit of quantification (LLOQ), LQC-Low quality control, MQC- middle quality control HQC- high quality control  

 
Linearity, and limits of detection and 
quantification 
 
The ratio of peak area of doxorubicin 
hydrochloride and IS (daunorubicin 
hydrochloride) multiplied by 1000 was used for 
the quantification of drug in plasma samples. The 
calibration curve was linear in the concentration 
range of 1.0 – 50 μg/ml. 
 
The most variable regression equation of the 
calibration curve was y = 2.78532x + 4.3692 (r2 = 
0.9972) and the acceptable minimum criterion of 
the correlation coefficient (r) must not be < 0.98; 
hence, the correlation coefficient showed good 
linearity. The limit of detection (LOD) and 
quantitation (LOQ) of doxorubicin in plasma 
samples were determined to be 0.5 and 1 μg/ml, 
respectively. A standard curve of doxorubicin in 
plasma is shown in Figure 5. 
 
 

Precision and accuracy 
 
The coefficient of variation (%CV) of intra-day 
precision ranged from 2.24 to 12.62 %, whereas 
that of inter-day precision was from 5.10 to 15.74 
%. Intra-day accuracy ranged between 88.71 and 
100.83 %, while that of inter-day accuracy was 
between 90.34 and 99.72 %, which is within the 
acceptable criteria of coefficient of variation of ≤ 
15 % for mean values. Coefficient of variation 
(%CV) for both intra- and inter-day precision was 
< 15 % for the lowest and 20 % for the highest 
concentration of US FDA criteria for biological 
fluids [14]. 
 
Extraction recovery 
 
Protein precipitation was employed for the 
extraction of drug and IS from rat plasma. The 
precipitating method using acetonitrile as the 
precipitating solvent was able to give 86.86 to 
91.76 % recovery and moreover, there were no  
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Table 2: Extraction recovery of doxorubicin hydrochloride from rat plasma (n = 6) 
 

Analyte Concentration 
added (μg/ml) 

Mean recovery 
± SD (%) CV% 

 
Doxorubicin hydrochloride 

3 86.86±4.76 54.48 
25 89.56±3.23 3.61 

37.5 91.76±1.99 2.17 
Daunorubicin hydrochloride 10 76.86±5.57 7.24 
 
 
Table 3: Stability data for doxorubicin hydrochloride 
 

Nominal conc. (μg/ml) Mean found concentration 
(μg/ml) CV(%) Bias (%) 

Stock solution stability at 9 h (n=3) 
1.0  0.82±0.07 8.537 -0.180 
3.0  2.80±0.04 1.485 -0.066 
37.5  37.7±0.31 0.834 0.005 
Bench top stability for 24 h (n=3) in plasma 
1.0  0.80±0.05 7.264 -0.170 
3.0  2.75±0.09 3.272 -0.110 
37.5  36.66±0.67 1.846 -0.018 
Three freeze and thaw cycles (n=3) 
1.0  0.84±0.03 4.472 -0.153 

3.0  2.82±0.04 1.636 -0.059 
37.5  37.73±0.52 1.378 0.006 
Long term 30-days stability at -70 ± 5 °C (n=3) 
1.0  0.86±0.03 3.566 -0.143 
3.0  30.1±0.09 2.896 0.003 
37.5  37.44±0.11 0.294 -0.002 

 
Table 4: Haemolysis data for doxorubicin hydrochloride 
 
 
Sample Haemolysis  Concentration found 

( ng/mL, mean± SD)  CV (%)  
% Accuracy 

LLQC 1  μg/ml , 0.0% haemolysis 0.89±0.10 11.56 89.75 
1  μg/ml , 0.5% haemolysis 0.85±0.12 15.13 85.77 

LQC 3  μg/ml l, 0.0% haemolysis 2.98±0.26 8.91 99.41 
3  μg/ml , 0.5% haemolysis 2.88±0.27 9.61 96.00 

MQC 
25  μg/ml , 0.0% haemolysis 24.43±1.0 4.25 97.73 
25  μg/ml , 0.5% haemolysis 24.07±0.89 3.69 96.29 

HQC 37.5  μg/ml , 0.0% haemolysis 37.57±0.67 1.78 100.19 
37.5  μg/ml , 0.5% haemolysis 36.90±0.62 1.69 98.41 

 
interferences at the retention times of 
doxorubicin hydrochloride and IS. 
 
Stability 
 
The stability tests of the QC samples were 
designed to cover anticipated conditions that 
clinical samples may experience. Twelve-hour 
room temperature storage and freeze–thaw 
cycles for low, mid and high quality controls 
samples indicate that doxorubicin hydrochloride 
was stable in rat plasma under experimental 
condition. Stability test samples were stable for 

at least 30 days when frozen at approximately -
70 ± 5 °C.  
 
The stability results from the current method 
demonstrated that spiked plasma samples were 
stable without significant degradability of drugs 
after three freeze-thaw cycles and long-term 
storage.  
 
Twenty-four hour bench top stability and freeze-
thaw cycles for LQC, MQC and HQC samples 
indicate that doxorubicin hydrochloride was 
stable in rat plasma under experimental 
conditions. 
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Dilution integrity 
 
The precision for dilution integrity of doxorubicin 
hydrochloride were 2.3 % at 25 % dilution and 
6.4 % at 50 % dilution. The accuracy for dilution 
integrity of doxorubicin was 99.3 % for 25 % 
dilution and 98.6 % for 50 % dilution. 
 
Haemolysis effect 
 
Three sets of spiked LLQC, LQC, MQC and 
HQC samples spiked in plasma separated from 
haemolysed blood were processed and 
analysed along with the calibration curve 
standards prepared in plain plasma. The results 
demonstrate absence of haemolysis effect. The 
precision ranged from 1.69 to 15.13 %. The 
accuracy ranged from 85.77 to 96.00 %.  
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