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Adsorption and Degradation of Doxorubicin from Aqueous Solution
in Polypropylene Containers
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Abstract. The purpose of this study was to examine doxorubicin adsorption in polypropylene containers as
a function of pH and drug concentration based on anecdotal evidence of such adsorption. Doxorubicin
loss was first examined in high-performance liquid chromatography (HPLC) glass inserts by UV absor-
bance to determine appropriate pH and time durations for subsequent analysis. Doxorubicin loss was then
investigated in polypropylene microcentrifuge tubes at different pH values and starting drug concentra-
tion at 37°C over 48 h using HPLC with fluorescent detection. Doxorubicin concentrations was essentially
constant in HPLC glass inserts at pH4.8 up to 12 h but declined 5% at pH7.4 by 3 h. The percent
doxorubicin adsorption was calculated in polypropylene microcentrifuge tubes from extrapolations to zero
time and was the least at pH4.8, but increased with pH values 6.5 and 7.4, and decreased with drug
concentration to reach a maximum adsorption of 45% in 2.0 μg/mL at pH7.4 and 37°C. Degradation rate
constants, ranging from 0.0021 to 0.019 h−1, also increased with pH in these studies. Determinations of low
amounts of doxorubicin in polypropylene containers at pH7.4 may be underestimated if adsorption and
degradation issues are not taken into account.

KEY WORDS: adsorption; analysis; chemical stability; doxorubicin; glass; HPLC; polypropylene.

INTRODUCTION

Doxorubicin is widely used for treatment of various
solid tumors (1) and it is frequently used for research and
development of drug delivery systems. Its usefulness,
however, is hampered by its well-known complications
of degradation and adsorption. Several thorough reports
(2–6) describe its degradation dependence on pH, buffer,
and light. Additional studies describe its adsorption to
glass, siliconized glass, polyethylene, polytetrafluoroethy-
lene, polyvinylchloride, and cellulose dialysis membranes
(5–8), but it is reported to have little or no adsorption to
polypropylene (6,7). Consequently, polypropylene con-
tainers are often used with aqueous solutions of this drug
to minimize its loss from solution. However, there is
anecdotal evidence of its adsorption in these containers.
In this lab, doxorubicin staining has been observed on
polypropylene volumetric flasks. Based on the possibility
of meaningful doxorubicin adsorption to polypropylene,
this study was conducted to examine doxorubicin adsorp-
tion in polypropylene containers as a function of pH and
drug concentration.

MATERIALS AND METHODS

Stock solutions of 1.0 mg/mL doxorubicin HCl (Bristol-
Myers Squibb, New York, New York) in water were stored at
−80°C in polypropylene microcentrifuge tubes covered with
aluminum foil to protect them from light. Doxorubicin-buff-
ered solutions were prepared from stock solutions by diluting
with 0.03 M potassium phosphate buffer containing 0.12 M
sodium chloride at pH values of 4.8, 6.5, and 7.4. Polypropyl-
ene materials were used to prepare sample solutions which
were covered with aluminum foil during experiments.

Doxorubicin-buffered solutions at pH values of 7.4 and
4.8 were examined in glass high-performance liquid chroma-
tography (HPLC) vial inserts (National Scientific Co., Rock-
wood, Tennessee) within capped vials at room temperature in
the HPLC sample chamber. Injection times were staggered to
maintain the appropriate sample replicate times (n04). Inde-
pendent sets were used for each time point. Measurements at
each pH were conducted in one run with injections of a
standard doxorubicin solution before and after the sample
injections to confirm peak area reproducibility (RSD<
1.5%). The change of doxorubicin peak area with time was
monitored up to 180 min at both pH values with 25 μg/mL, as
well as up to 720 min at pH4.8 with 5.0 μg/mL.

Doxorubicin-buffered solutions at pH values of 4.8, 6.5,
and 7.4 were evaluated for adsorption and degradation at
37°C in polypropylene microcentrifuge tubes (Eppendorf,
cat. no. 022363352, Hauppauge, New York). Four indepen-
dent samples of 200 μL doxorubicin buffer solutions were
used at each time point. Samples of 50 μL were collected
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and diluted with pH4.8 buffer for HPLC analysis. Polypropyl-
ene pipette tips and microcentrifuge tubes were used for these
dilutions. Calibration plots (see below) were prepared in the
same manner.

Doxorubicin samples were analyzed (9) using a Shimadzu
HPLC equipped with a C18 column. The mobile phase was
75:25 buffer solution/acetonitrile, with the buffer solution
composed of 10 mM sodium phosphate buffer with 10 mM
triethylamine and adjusted to pH3.5. A UV detector at
300 nm was used for the insert measurements. A fluorescence
detector with excitation and emission wavelengths of 475 and
550 nm was used for the adsorption and degradation measure-
ments. Injection volume was 45 μL, and the flow rate was
1 mL/min. Samples were bracketed and determined by two
5-point daily calibration plots at pH4.8. The correlation coef-
ficients of calibration plots were greater than 0.99 and a typical
intra-day accuracy of standards in these plots ranged from 98
to 102%.

SigmaStat for Windows Version 3.5 was used for statisti-
cal analysis with a significance level at 0.05 using a one-way
ANOVA, Tukey’s post hoc test, and a t test.

RESULTS

Doxorubicin-buffered solutions at near isotonicity were
used for this investigation to represent conditions of formula-
tion and drug release studies. The pH values selected corre-
spond to regions of interest for drug delivery: an intracellular
lysosomal pH4.8, an intratumor interstitial pH6.5, and circu-
lation pH7.4. Peak areas of doxorubicin from solutions in
glass HPLC inserts were first compared at pH values of 7.4
and 4.8 to identify a suitable pH and duration for subsequent
HPLC analysis. Peak areas were used instead of concentra-
tions to avoid potential complications of adsorption on the
inserts under study and on inserts used in calibration plots.
The change of peak area up to 180 min at pH values of 7.4 and
4.8 is shown beginning at 40 min in Fig. 1. Earlier times were
not used because of poor reproducibility of peak areas of

doxorubicin standard solutions. The plot indicates a 5% de-
cline in doxorubicin concentration at pH7.4 but is essentially
constant at pH4.8 over this period. Doxorubicin concentration
remained constant at pH4.8 up to 12 h (data not shown). The
25- and 5.0-μg/mL concentrations examined at pH4.8 cover
most of the experimental concentrations and represent a five-
fold range.

The amounts of doxorubicin remaining in solution from 3
to 48 h at 37°C in polypropylene microcentrifuge tubes are
shown in Fig. 2a, b, and c at pH values of 4.8, 6.5, and 7.4,
respectively, for various starting concentrations. While at pH
4.8, there is little change with time; there is a trend of decreas-
ing concentration with time for pH values 6.5 and 7.4. Also,
there is a trend of decreasing first time points with decreasing
starting concentration. At pH6.5, the values at the first time
point of 3 h follow this trend but it is unclear if the absence of
this trend for all time points at this pH is due to accurate
measurement or experimental artifact.

Fig. 1. Change of HPLC peak area of doxorubicin solution over time
at pH values of 7.4 (right axis) and 4.8 (left axis) at room temperature
in glass HPLC vial inserts. Each value represents the mean±SD (n0
4). Doxorubicin concentration is 25 μg/mL in 0.03 M potassium phos-
phate buffer with 0.12 M sodium chloride

Fig. 2. Doxorubicin remaining in solution in polypropylene micro-
centrifuge tubes at 37°C over 48 h at pH4.8 a, pH6.5 b, and pH7.4
c. Each value represents the mean±SD (n04). Doxorubicin is dis-
solved in 0.03 M potassium phosphate buffer with 0.12 M sodium
chloride at various concentrations. Key: black circle: 50 μg/mL; white
circle: 20 μg/mL; black down-pointing triangle: 4.5 μg/mL; white up-
pointing triangle: 2.0 μg/mL
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First-order degradation rate constants were determined
from plots of the natural logarithms of remaining doxorubicin
concentrations as a function of time and are listed in Table I.
The rate constants increased as the pH rose from pH4.8 to 7.4
which is consistent with the literature (3–6). The rate constants
at the most stable pHof 4.8 are within experimental error and
not statistically significant, except for the highest doxorubicin
concentration of 50 μg/mL. At the least stable pH of 7.4, there
were no statistically significant differences between the rate
constants at different doxorubicin concentrations (p00.70).

These plots were also used to calculate an estimate of
doxorubicin adsorbed onto the polypropylene microcentrifuge
tubes by extrapolating doxorubicin concentration to time zero
(C0). The difference between C0 and the starting concentra-
tion expressed as a percent of the starting concentration is
used as an estimate of percent adsorbed doxorubicin. Adsorp-
tion results for pH values 4.8, 6.5, and 7.4 are listed in Table I.
Adsorbed doxorubicin was pH dependent with the highest
percent adsorption observed at pH7.4. In addition, the per-
cent adsorption increased with decreasing drug concentration,
resulting in the highest percent adsorption of 45% at the
lowest concentration (2.0 μg/mL) at pH7.4.

DISCUSSION

The measurement of doxorubicin in glass HPLC inserts is
shown in Fig. 1. The virtually constant concentration at pH4.8
up to 12 h indicates suitable conditions for HPLC analysis. Any
adsorption occurring in the glass inserts at pH4.8 before the
constant solution concentration beginning at 40 min would also
occur in the glass inserts used for HPLC standard plots, and
would therefore be taken into account in determining the solu-
tion concentrations in the polypropylene containers. Early injec-
tions, however, (less than 40 min) may not be reliable unless
reproducibility is confirmed. The low concentration of 5 μg/mL
examined at pH4.8 up to 12 h produced only a 3% difference in

absorbance values at 40 and 60 min (data not shown) which was
not statistically significant. For these experimental conditions, a
fivefold range of concentration did not have an influence on the
time of doxorubicin adsorption to glass inserts.

Measurement of doxorubicin adsorption based on mea-
surement of loss in solution is a common technique (7,8,10–
12). This approach was modified to estimate doxorubicin ad-
sorption for the current study by extrapolation to time zero
based on the assumption of maximum adsorption by the first
time point of 3 h. The assumption is reasonable but some
cautions should be noted. It is reasonable because maximum
doxorubicin adsorption from solution onto polymer surfaces
has been reported from 6 min to 3 h (7,8,12,13). In addition,
the rate constants obtained in this study at pH7.4 (for the
greatest adsorption of all pH values) are close to those
reported in the literature for similar conditions (3,5). Also at
pH7.4, the obtained rate constants have no correlation with
initial drug concentration (r200.46) and are not statistically
different from each other. Consequently, at pH7.4 there is
little evidence of adsorption occurring during measurement
of degradation. The results at pH6.5, however, are less clear
on this matter. The obtained rate constants are not as close (as
noted for pH7.4) to the few reported values for approximately
similar conditions (4,5). Also, the obtained rate constants have
some statistically significant, as well as non-significant
differences from each other. Nevertheless, the values
obtained are not unreasonable, and based on the above
discussion of little adsorption at pH7.4 during degradation, it
appears unlikely that such adsorption occurs during
degradation measurement at pH6.5. Finally, the method
cannot distinguish between adsorption on to the surface and
absorption into the bulk or matrix of the polymer, but the
apparent saturation at the first time point suggests that
adsorption onto the surface is more likely than absorption.

Doxorubicin loss was substantial in polypropylene micro-
centrifuge tubes and was dependent on pH and concentration

Table I. First-Order Degradation Rate Constants and Calculated Adsorption of Doxorubicin at Various pH and Concentrations in Polypro-
pylene Microcentrifuge Tubes

pH Doxorubicin concentration (μg/mL)
Degradation rate
constanta (1/h) Calculated C0

a,b (mg/mL)
Calculated adsorbed
doxorubicinc (%)

4.8 50 0.0021±0.0007 54.3±1.0 −8.8
20 0.0019±0.0013d 19.8±0.7 1
4.5 0.0009±0.0020d 3.9±0.2 14
2.0 0.0004±0.0044d 1.6±0.2 20

Mean 0.0013
6.5 50 0.0156±0.0014 49.1±1.9 1.9

20 0.0172+0.0023 17.2±1.1 14
4.5 0.0104+0.0012 3.5±0.1 23
2.0 0.0051±0.0023 1.2±0 38

Mean 0.0121
7.4 50 0.0193±0.0014 46.2±1.8 7.6

20 0.0161±0.0025 14.2±1.0 29
4.5 0.0162±0.0011 3.1±0.1 32
2.0 0.0178±0.0018 1.1±0.1 45

Mean 0.0174

In 0.03 M potassium phosphate buffer with 0.12 M sodium chloride at 37C. Data from Fig. 2
aMean±SE (n04)
bConcentration from extrapolation to time zero in semi-log plots of Fig. 2
cCalculated from difference between initial doxorubicin concentration and C0
dNot statististically significant from zero
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(Fig. 2, Table I). The least adsorption occurs at pH4.8,
but only at the higher doxorubicin concentrations. At the
intermediate pH6.5, only the highest concentration studied
(50 μg/mL) produced a small extent of doxorubicin ad-
sorption (<2%). At physiological pH7.4, adsorption is
substantial at most concentrations, with a maximum value
of 45% at the lowest concentration. The increase in ad-
sorption with pH is ascribed to an increasing proportion
of the unionized doxorubicin specie (glucosamino group
pKa08.6). While a similar extent of doxorubicin adsorp-
tion has been reported in glass at this pH and near
concentration (7), no reports were found for such adsorp-
tion to polypropylene.

These adsorption results differ from results in two prior
reports of little or no adsorption in polypropylene containers.
Wood et al. (6) reported 1.3% loss from a 2-mg/mL doxorubicin
solution in water stored in polypropylene syringes at 4°C. In
addition to possible degradation, the 40–1,000-fold higher drug
concentration used in the prior study might account for the
difference with the current study which shows a decreasing
percent adsorption with increasing drug concentration. Tomlinson
and Malspeis (7) reported decreasing radioactivity in Hanks
solution (essential salts and glucose) from 14C-labeled
doxorubicin to describe adsorption to polyethylene and
polytetraflouoroethylene containers but not to polypropylene
containers. However, the different salt composition, as
well as glucose might have interfered with adsorption.
Alternatively, it is conceivable that the radioisotope moiety of
the drug was chemically degraded at the experimental pH of 7.4
and released after adsorption to indicate the absence of
adsorption.

CONCLUSIONS

Assay of doxorubicin using glass HPLC vial inserts is
recommended at pH4.8 instead of pH7.4 because of drug
loss up to 3 h in the inserts and because of degradation at
longer times. Doxorubicin adsorption in polypropylene
microcentrifuge tubes shows a trend with increasing pH
values of 4.8, 6.5, and 7.4, as well as with decreasing
doxorubicin concentrations. Determinations of low
amounts of doxorubicin in polypropylene containers at
pH7.4 may be underestimated if adsorption and degrada-
tion issues are not taken into account.

ACKNOWLEDGMENTS

The authors wish to thank Bristol-Myers Squibb for dona-
tion of doxorubicin and Steven Neau, Ph.D, at University of the
Sciences in Philadelphia, for helpful discussions. Financial support
was received for this investigation from NIH R15CA135421.

REFERENCES

1. Chabner BA, Bertino J, Cleary J, Ortiz T, Lane A, Supko J, et al.
Cytotoxic agents. In: Brunton LL, Chabner BA, Knollman BC,
editors. Goodman and Gilman’s the pharmacological basis of
therapeutics. 12th ed. New York: McGraw-Hill; 2011.

2. Vigevani A, Williamson MJ. Doxorubicin. In: Florey K, editor.
Analytical profiles of drug substances. New York: Academic;
1980. p. 245–72.

3. JanssenMJH, Crommelin DJA, StormG, Hulshoff A. Doxorubicin
decomposition on storage. Effect of pH, type of buffer and liposome
encapsulation. Int J Pharm. 1985;23(1):1–11.

4. Beijnen JH, van der Houwen OAGJ, Underberg WJM. Aspects
of the degradation kinetics of doxorubicin in aqueous solution.
Int J Pharm. 1986;32:123–31.

5. Wood MJ, Irwin WJ, Scott DK. Photodegradation of doxorubi-
cin, daunorubicin and epirubicin measured by high-performance
liquid chromatography. J Clin Pharm Ther. 1990;15(4):291–300.
Epub 1990/08/01.

6. Wood MJ, Irwin WJ, Scott DK. Stability of doxorubicin, dauno-
rubicin and epirubicin in plastic syringes and minibags. J Clin
Pharm Ther. 1990;15(4):279–89. Epub 1990/08/01.

7. Tomlinson E, Malspeis L. Concomitant adsorption and stability
of some anthracycline antibiotics. J Pharm Sci. 1982;71(10):1121–
5. Epub 1982/10/01.

8. Bapat NV. Formulation and pharmacokinetics of doxorubicin
associated with polymeric nanoparticles and oxidized dextran.
PhD Dissertation, Northeastern University; 1991.

9. Van Hensbergen Y, Broxterman HJ, Elderkamp YW, Lankelma J,
Beers JCC, Heijin M, et al. A doxorubicin-CNGRC-peptide conju-
gate with prodrug properties. Biochem Pharmacol. 2002;63:897–908.

10. Vora J, Bapat NV, Boroujerdi M. Investigation of the relative
affinity of doxorubicin for neutral and negatively charge particu-
late carriers. Drug Dev Ind Pharm. 1993;19(7):759–71.

11. Wang Y, Yang ST, Wang Y, Liu Y, Wang W. Adsorption and
desorption of doxorubicin on oxidized carbon nanotubes. Col-
loids Surf B Biointerfaces. 2012;97:62–9.

12. Miao J, Zhang F, Takieddin M, Mousa S, Linhardrt RJ. Adsorp-
tion of doxorubicin on poly(methyl methacrulate)-chitosan-hep-
arin-coated activated carbon beads. Langmuir. 2012;28:4396–403.

13. Zutshi A. Physicochemical characterization and stability of doxo-
rubicin in aqueous solutions. Ph.D. Dissertation, University of
Florida; 1994.

77Doxorubicin Adsorption in Polypropylene Containers


	Adsorption and Degradation of Doxorubicin from Aqueous Solution �in Polypropylene Containers
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	References



