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Abstract Differential scanning calorimetry and thermo-
gravimetry techniques were successfully used for stability
studies of capecitabine. Decreasing values of melting
temperature, heat of fusion, and peak purity calculated
from the Van’t Hoff equation indicated the gradual
decomposition of capecitabine stored at 40 °C in 75% of
relative humidity. The increase in mass loss connected with
the water sorption was observed simultaneously. High
performance liquid chromatography proved the results of
thermoanalytical studies. Infrared spectroscopy (IR)
appeared to have the lower sensitivity for the decomposi-
tion products detection.
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Introduction
Capecitabine  ((pentyl[1-(3,4-dihydroxy-5-methyl-tetra-

hydrofuran-2-yl)-5-fluoro-2-oxo-1H-pyrimidin-4-yl]Jamino-
methanoate)) (Xeloda®, Roche) is an oral carbamate of
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fluoropyrimidine, a precursor of 5-fluorouracil used in the
treatment of metastatic breast and colorectal cancers.
Capecitabine is a prodrug, that is enzymatically converted
to 5-fluorouracil in the tumor, where it inhibits DNA syn-
thesis and slows the growth of tumor tissue. The activation
of capecitabine follows a pathway with three enzymatic
steps. The final step of conversion to S-fluorouracil is
catalyzed by thymidine phosphorylase, which is four times
more active in tumor cells than in a healthy tissue [1].

Stability testing of an active substance is one of more
important steps in drug candidate studies. The purpose of
these studies is to answer the question how the quality of a
drug substance varies with time under the influence of a
variety of environmental factors like temperature and
humidity in order to establish a re-test period for a drug
substance and recommend storage conditions [2—8].

The most useful technique in a stability testing is high
performance liquid chromatography which allows to con-
trol an impurities profile arising during a storage. Infrared
spectroscopy is a helpful method when a polymorph tran-
sition or hydratation/dehydratation processes occur [9—11].
Among these techniques differential scanning calorimetry
is a complementary method when purity is considered. The
application of the modified Van’t Hoff equation which is
based on the fact that eutectic impurities depress a melting
point of an examined sample has been discussed in details
[12-14]. The main advantages of thermoanalytical methods
are a minimal sample amount, a short time of analysis in
comparison with chromatographic one and the lack of
reference standards [15-18].

The aim of this article is to investigate the influence of
storage conditions such as time, temperature, and humidity
on stability of capecitabine. The purity of capecitabine is
studied by means of scanning differential calorimetry and
compared to chromatographic results.
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Experimental
Materials

Two samples of capecitabine: KP-1 and KP-2, produced at
the Pharmaceutical Research Institute in Warsaw and
the commercial one KP-API2 (Aurisco Pharmaceutical
Limited Batch No. 081105) were taken into the stability
studies. Capecitabine was stored at following temperature
and relative humidity (RH) conditions: 25 + 2 °C,
60 = 5% RH (climate chamber Binder KBF 720) and
40 £ 2 °C, 75 £ 5% RH (climate chamber Binder KBF
240). Samples were packed into polyethylene bags. The
bags were closed with a clamping tape and inserted into
cardboard drums with a plywood lid. The lid was fastened
with the use of a clamping ring, which was then sealed.
Samples KP-2 and KP-API2 were stored at the temperature
of 25 °C in the humidity of 60% for 6 months (KP-2a and
KP-API2a). Samples KP-1 and KP-API2 were stored at
40 °C in 75% and studied after following time periods:
1 month (KP-la and KP-API2b), 2 months (KP-1b and
KP-API2¢), 3 months (KP-lc and KP-API2d), and
6 months (KP-1d and KP-API2e).

Thermal analysis (DSC and TGA)

Thermal analyses were carried out by means of the
DSC822 with IntraCooler and the TGA/SDTA 851 cells
(Mettler Toledo) in the nitrogen atmosphere. Accurately
weighed samples (5-7 mg) were packed in the aluminum
pan with the pierced lid. For DSC experiments, samples
were heated from 25 to 140 °C, with the scanning rate of
10 °C/min. For TGA experiments, samples were heated
from 25 to 180 °C, with the scanning rate of 5 °C/min. The
DSC instrument was calibrated using indium and zinc as
standards, whereas for the TGA instrument indium and
aluminum were used. TGA measurements were blank
curve corrected.

High performance liquid chromatography (HPLC)

The HPLC system consisted of a Shimadzu LC 20A sepa-
rations module with a SPD-M20A detector set at 250 nm.
The chromatographic separations were performed using a
Luna C18 analytical column (4.6 x 250 mm, 5 pm particle
size; Phenomenex). The column temperature was kept at
39 °C and the samples temperature at 15 °C. The flow rate
was maintained at 1 mL/min. The mobile phase A and B
consisted of 0.1% acetic acid in water:methanol:acetonitrile

@ Springer

Table 1 Gradient conditions

Time/min Eluent A/% Eluent B/%
0 100 0
5 100 0
20 49 51
30 49 51
31 100 0
40 100 0

(600:350:50 and 150:800:50, v/v/v, respectively). Gradient
parameters are given in Table 1. The samples were dissolved
and diluted in the mixture of water:methanol:acetonitrile,
60:35:5, v/v/v; the concentration was about 0.6 mg/mL. The
injection volume was 10 pL.

Water content determination

Karl Fischer volumetric titration was used to determine
water content in capecitabine.

Infrared spectroscopy (IR)

The IR spectra were recorded on the Perkin-Elmer FT-IR
BX spectrometer in the range from 4000 to 400 cm™'. A
spectral resolution of 4 cm ™" was used. Solid samples were
measured in KBr pellets.

Results and discussion

DSC curves of the initial samples KP-2 and KP-API2 as
well as samples KP-2a and KP-API2a stored at 25 °C show
the single endotherm coming from the substance melting.
Thermal parameters such as heat of fusion and melting
point (onset) are similar for the initial and stored samples
(AH =~ 80 J/g and onset ~ 120 °C) and do not change
significantly during the storage. Also the peak purity
evaluated for these samples is not lower than 99 mol%.
After storage, the mass loss evaluated to 112 °C, also does
not change substantially. For the sample KP-2a the mass
loss increases twice form the initial value of 0.10% (KP-2),
for the sample KP-API2 is at the similar level of 0.22%.
For the initial and stored samples the water content was
determined by Karl Fischer method in order to calculate the
part of water in the overall mass loss. The water content for
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samples KP-2 and KP-2a is at the similar level of 0.02%,
for samples KP-API2 and KP-API2a the water content also
does not change. The remaining part of the mass loss
comes from residual solvents used during the crystalliza-
tion process. Thermal analysis proved the stability of
capecitabine studied after 6 months of storage at 25 °C in
60% RH. The purity determined by means of the HPLC
method is comparable to the peak purity calculations by
DSC (Table 2).

Significant changes are observed during stability
studies at 40 °C in 75% RH. Figures 1 and 2 show DSC
curves of the initial samples KP-1 and KP-API2,
respectively, in the comparison with curves of these
samples measured after 1, 2, 3, and 6 months of the
storage at 40 °C. In this case the decrease in heat of
fusion and melting point is observed. For the sample KP-
1 AH and onset values decrease from 80.85 J/g and
119.61 °C to 70.47 J/g and 116.60 °C after 6 months of
storage. The DSC method of the purity determination
proved the degradation of capecitabine. For the initial
sample KP-1 the purity decreases from 99.41 mol to
96.94 mol% for the sample stored 6 months. For the
initial sample KP-API2 the purity decreases from 99.30
to 96.02 mol% (after 6 months of storage). HPLC anal-
yses of KP-1 and KP-API2 also proved a decomposition
during the storage at 40 °C. For the sample KP-1 the
HPLC purity decreases from 99.98 to 97.73% after
6 months of storage. For the sample KP-API2 the purity
decreases from 99.97 to 97.88% after 6 months of storage

Table 2 Initial thermal parameters, HPLC and water content as well
as after 6 months of storage at 25 °C in 60% RH for KP-API2 and
KP-2

HPLC DSC TGA Water
content/%
[Area %] Peak purity/ AH/  Onset/ Mass loss,
mol% Jig °C Aml%

KP-API2
Initial parameters

99.97 99.31 81.47 119.28 0.10 0.02
After 6 months of storage

99.93 99.14 80.99 120.97 0.19 0.03
KpP-2
Initial parameters

99.48 99.61 79.69 11956 0.22 0.03
After 6 months of storage
99.96 99.60 80.38 119.84 0.25 0.05

(Table 3). The HPLC analysis of the KP-API2 and KP-1
samples after 6 months in 40 °C revealed the presence of
two main impurities at RRT of 0.15 and 0.17, apart
from the capecitabine peak at RT of 22.5 min (RRT
1.00). Based on the literature data [19-21] as well as
degradation studies of capecitabine done in Pharmaceu-
tical Research Institute, the impurities were identified as
5’'-deoxy-5-fluorocytidine (USP Related Compound A)
and 5’-deoxy-5-fluorouridine (USP Related Compound

Fig. 1 DSC curves of the initial \ KP-1
12 4
sample KP-1 and stored one for d ~
6 months at 40 °C in 75% RH Integral  —362.22 mJ DSC Purity
(KP- ld) normalized -80.85 Jg~! Purity 99.413 +/- 56.826e—-03 mol%
Onset 119.61°C T Fusion 121.02°C
Peak 121.20 °C Left 113.27 °C
Right 128.69 °C
Baselint type line
Heating rate  10.00 °C min™"
&Y KP-1d
20 3 M
mw 4 N
Integral —396.07 mJ DSC Purity
normalized —70.85 J g~ Purity 96.943 +/— 59.072e—-03 mol%
Onset 116.60 °C T Fusion 119.71 °C
Peak 121.20 °C Left 103.12°C
Right 126.65 °C
J Baselint type line
Heating rate  10.00 °C min™"
30 40 50 60 70 80 90 100 110 1 130 °C
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Fig. 2 DSC curves of the initial
sample KP-API2 and stored one

for 6 months at 40 °C in 75%
RH (KP-API2¢e)

\ KP-API-2
¢ 4
Integral —604.42 mJ DSC Purity
normalized —81.46 J g~ Purity 99.301 +/— 42.366e—-03 mol%
Onset 119.28 °C T Fusion 121.32°C
Peak 121.90 °C Left 110.00 °C
Right 129.94 °C
Baselint type line
Heating rate ~ 10v00 °C min~"
20
mWy KP-API-2¢ N
13 R
Integral —557.74 mJ DSC Purity
normalized —71.78 Jg~' Purity 96.024 +/— 53.579e—-03 mol%
i Onset 116.76 °C T Fusion 120.41°C
Peak 119.72°C Left 93.87 °C
Right 128.29 °C
Baselint type line
Heating rate  10.00 °C min™"
30 40 50 60 70 80 90 100 110 120 130 °C
0 1 2 3 4 5 6 7 8 9 10 11 min

Table 3 Initial thermal parameters, HPLC and water content as well as after 1, 2, 3, 6 months of storage at 40 °C in 75% RH for KP-API2 and

KP-1
HPLC DSC TGA Water content/%
[Area %] Peak purity/mol% AH//g Onset/°C Mass loss, Am/%
KP-API2
Initial parameters

99.97 99.30 81.46 119.28 0.10 0.02
After 1 month of storage

99.78 98.96 78.75 120.29 0.19 -
After 2 months of storage

97.15 98.63 76.32 119.82 0.25 -
After 3 months of storage

97.61 98.45 72.62 118.71 0.28 -
After 6 months of storage

97.88 96.02 71.78 116.76 0.53 0.16
KP-1
Initial parameters

99.98 99.41 80.85 119.61 0.12 0.03
After 1 month of storage

99.81 99.14 76.94 119.51 0.24 -
After 2 months of storage

97.67 98.56 74.09 119.20 0.36 -
After 3 months of storage

99.00 97.90 74.80 118.66 0.30 -
After 6 months of storage

97.73 96.94 70.47 116.60 0.39 0.16
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B), respectively, and confirmed by the co-injection of
authentic samples (USP Reference Standards). The
structures of the afore-mentioned impurities are shown in

Compound B
CAS: 3094-09-5
5'-Deoxy-5-fluorouridine (DFUR)

Compound A
CAS: 66335-38-4
5'-Deoxy-5-fluorocytidine (DFCR)

Fig. 3 Chemical structures of compounds A and B

Fig. 3 and the representative chromatograms generated to
confirm the sameness of examined compounds are shown
in Fig. 4.

Also the mass loss is changed (Fig. 5). For samples
KP-1 and KP-API2 the mass loss increases from the
initial value of 0.12 to 0.39% (after 6 months of storage)
and from 0.10 to 0.53% (after 6 months of storage),
respectively. After storage, in both samples, the water
content increases eight times from initial value of 0.02%.
The water content measured for stored samples is
smaller than the mass loss which can suggest the partial
decomposition of capecitabine under influence of water
sorption.

There are no visible changes in IR spectra between the
initial and stored samples at 25 and 40 °C (Fig. 6).
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with blank (below)
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Fig. 5 TGA curves of the
initial samples KP-API2 and
KP-1 and these stored for

6 months at 40 °C in 75% (RH
KP-API2e and KP-1d)

Fig. 6 IR spectra of the initial
sample KP-API2 and these

stored for 6 months at 25 and
40 °C (KP-API2a, KP-API2e)
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