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Abstract

Hydrophilic interaction chromatography has been applied for the separation of epirubicin and its analogues using high-purity silica column
with aqueous—organic mobile phase. Parameters affecting the chromatographic behavior of the solutes such as organic modifier, buffer pH, ionic
strength and sample size, have been investigated. Of utmost importance for successful separation of these analogues is the choice of organi
modifier, since itimpacts both the solvent selectivity and the ionization of silica silanols as well as buffer solution, and consequentlydhe retenti
behavior of solutes. Acetonitrile was shown to offer superior separation of these analogues to methanol, isopropanol or tetrahydrofuran. Results
of the effects of organic modifier, buffer pH and ion strength indicate that the retention mechanism is a mixed-mode of adsorption and ion
exchange. In addition, an irreversible adsorption of these compounds was found on silica in the weakly acidic or neutral mobile phases, and the
effect of various factors on irreversible adsorption was also preliminarily discussed. More significantly, these basic compounds have exhibited
peaks with a slanted front and a sharp tail, a typical overloading peak profile belonging to the behavior of competitive anti-Langmuir isotherm
by increasing the sample size at the experimental conditions.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction hydrophilicity—the opposite of RPL(5]. It is a variant
of normal-phase liquid chromatography (NPLC) in which
Reversed-phase liquid chromatography (RPLC) has be-water is the strongest solvent. Applications have emerged in
come a widely used separation method in the modern chro-the separation of amino acids and peptifie§], carbohy-
matographic science. After several decades of developmentdrates[7], polar glycopeptide antibiotid,9], pyrimidines
silica-based stationary phases remain the first choice forand other polar pharmaceuticédy, etc. with various polar
most RPLC separationid], however, it is not always the  columns.
best one for the separation of some polar compounds, since Silica with aqueous—organic mobile phases has been suc-
these compounds often show inadequate retention or broactessfully used for basic drugs analysis under HILIC con-
tailing peakdq2,3]. For some polar samples, another useful, ditions[4,10-12] The advantages of this chromatographic
effective mode of chromatography, i.e. hydrophilic interac- system include high separation efficiency, good peak shape,
tion chromatography (HILIC) often works well where RPLC  short retention time, simple mobile phases (e.g. no ion-pair
is ineffective[4]. or ion suppression reagents, etc.), low column cost, and a
HILIC termed by Alpert in 1990 is able to separate com- possibility to enhance retention for some species (e.g. proto-
pounds by passing agueous—organic mobile phases acrossated amineg,10-12] Moreover, silica is especially use-
a polar stationary phase such as silica, diol phase andful for separating difficult mixtures containing geometrical
otherwise, causing solutes to elute in order of increasing isomers in NPLC mode. HILIC on silica can provide an al-
ternative to control the selectivity and retention by changing
* Corresponding author. Tek:86-10-6294-3703; the mpbile phase compos?tions. In cpntrast with the gxtgn-
fax: +86-10-6284-9337. sive literature on the studies of the influence of pH, ionic
E-mail addressjunxionghuang@yahoo.com (J. Huang). strength and origin of the silidd 2], little work has been re-
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P4000 pump, a SpectraSystem AS3000 autosampler with a
fixed-loop injection valve, and a Spectra FOCUS diode ar-
ray detector. Chromatographic system control, data acquisi-
tion, and chromatographic analysis were exerted with TSP
PC1000 Chromatography Manager software (3.0 version).
The column used was Kromasil KR100-5SIL, 250 nun
4.6mmi.d., pore size 100 A, particle sizg.B, specific sur-
face area 330 Aig (Eka, Bohus, Sweden). Acetonitrile and
methanol were of HPLC grade (Tedia, USA). All other sol-

NH, vents and reagents were of analytical-reagent grade. Water
(A) (B) was purified by a Milli-Q system (Millipore, Bedford, MA,
Fig. 1. Structural formulae of epirubicin and its analogues. (A¥ ROH, U_S_A)' Epirubicin, dOXOrUbI(_:In’ daunorUb"_:m' epldauno_ru-
epirubicin (Ka = 8.08); R = —H, epidaunorubicin (6. = 8.2); (B) R bicin ;tandards_and epirubicin raw mater_l.al were _obtalned
= —OH, doxorubicin (&g = 8.34); R= —H, daunorubicin (K = 8.46). as a gift from Hisun Pharmaceutical (Zhejiang, China). All

reagents were used as received without further purification.

ported about studies on how the selectivity of the separation 2. chromatographic conditions
of basic compounds is influenced by the nature of organic

modifier, and on sample loading behavior of ionized basic  a|l separations were operated at ambient temperature. The

solutes in this chromatographic mode. mobile phases were pump-mixed dynamically from formate
Epirubicin (4-epidoxorubicin), a clinically important an-  pyffers and acetonitrile at specified compositions. Note that

titumor antibiotic, has been widely used for the treatment pffer concentrations and pH values refer to the aqueous

of a variety of tumorg13]. Its related impurities are mainly  phortion alone. The buffers were prepared from sodium for-

doxorubicin, daunorubicin and epidaunorubicin. Both epiru- mgate, adjusting to the required pH with formic acie88%,

bicin and its impurities are weak bases and possess highlyyx). Solutes were detected at UV 254 nm. The flow rate was

similar structureq14], for example, epirubicin and doxo- 1 g ml/min and the injection volume was 20

rubicin, differ only in —OH group position in the sugar

fragment. The molecular structures and th& palues for

amino groups in the molecu[&4] are shown irFig. 1 Sev- 3. Results and discussion

eral RPLC methods have been developed for separation of

epirubicin and related compounfiE5-20} In our previous 31 Effect of mobile phase on chromatographic behavior

work, milligram amounts of epirubicin were isolated from  of the sample

raw product by RPLC carried out in the overloaded elu-

tion mode[21] and in the displacement mod22] on an 3.1.1. The nature of organic modifier

analytical-scale Kromasil KR100-1@¢column. The pur- The C-3 amino group and the phenolic hydroxyls in

pose of this study is to explore the feasibility and utility of  epjrupicin and its analogues can be present in differently

HILIC for the separation of epirubicin from its impurities on - charged forms in aqueous media, and causing different chro-

high-purity silica, to investigate the impacts of various ex- matographic behavior. At pH below 7, the protonated form

perimental parameters, such as organic modifier and its con-s the only ionic species present in their aqueous solution

centration, buffer pH, ionic strength and sample size on the anq they will behave as a zwitterion or an anion at higher

chromatographic behavior of these analogues, and to discus$H valueg14]. In order to examine the influence of organic

preliminarily the retention mechanism using a mixed-mode mogifier on the separation of epirubicin and its analogues on

and other phenomena occurred in chromatographic processsilica, the acidic buffer was selected to keep both the solutes

Of special interest is the effect of organic modifier nature anq the majority of silanol groups on the silica surface in

and sample size, which will not only further provide some protonated forms. In this study, the mixture of the four com-

insights of the retention mechanism of these basic drugs, pounds was chromatographed using formate buffer (20 mM,

but also imply additional information about the properties pH 2 9) combined individually with methanol, acetonitrile,

of high-purity silica in aqueous—organic mobile phases.  jsopropanol and tetrahydrofuran (THF) at the same concen-

tration (10:90, v/v) as mobile phases. A typical comparison
of chromatograms obtained is shownRig. 2 It indicates

2. Experimental that, modifier strength for eluting the four analogues has
been increased in following series: acetonititeTHF <
2.1. Apparatus and reagents isopropanol< methanol, which is partly inconsistent with

the eluotropic series of these solvef8]. Among the four
The HPLC system from a TSP (Thermo Separation Prod- organic modifiers tested, methanol caused all four solutes to
ucts, San Jose, CA, USA) consisted of a SpectraSystembe eluted with no retention. Acetonitrile provides a best res-
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140 T34 Compared to methanol, a decrease of the hydrophilic char-
13 acter of isopropanol is caused by the longer alkyl chain. So,
1204 4 it competes less strongly for the active sites, leaving much
more time for solute molecules to be adsorbed. But, the
100 adsorbent cannot differentiate the molecules that have iden-
tical steric factors apart from their functional groups, e.g.
80 _ methanol epirubicin and epidaunorubicin. That is to say, tHeOH
in sugar moiety (i.e. steric factor) contributes much to ob-
tain adequate selectivity rather than the —OH in the acetyl
side chain. This is perhaps due to steric hindrance effect,
resulting in hydrogen bonding interactions more readily to
3 occur for the —OH in the acetyl side chain than th&# in
20 2 4 sugar moiety. The hydrogen bonding interactions between
solutes and solvent molecules arise in both the mobile phase
0,_J\m acetonitrile and the stationary phase, significantly affecting the solutes
3 10 13 70 73 30 retention and solvent selectivity.
Time(min) In contrast to methanol and isopropanol, the hydrogen
Fig. 2. Effect of organic modifier on separation of epirubicin and its ana- bond donor strengths (denotedl of acetonitrile and THF
logues. Conditions: Kromasil KR100-5SIL g&n); mobile phase: sodium are Weak’ and thet values are 0.'1.5 and 0.00, respectlver:
formate buffer (20mM, pH 2.9) modified with various organic solvents The elution strengths of acetonitrile and THF are approxi-
(10:90, viv). Peaks: (1) epidaunorubicin, (2) daunorubicin, (3) epirubicin, mate, but the solutes are retained more strongly with ace-
(4) doxorubicin. tonitrile than THF. This is because THF is a better hydro-
gen bond acceptor (denotgt) than acetonitrile, and the
solvent—solute localization effect is correlated witlof the
olution of the mixture, and the elution order of the solutes solvent[26]. The higherB of the solvent, the lower thelfy
in this case is just opposite to that in RPLZL]. Mean- value of the basic analytR4]. The g values of THF and
while, the peaks elution order with acetonitrile is different acetonitrile are 0.49 and 0.25, respectively. Therefore, the
from that with THF. pKa values of solutes are expected to be higher in the mobile
The above observations indicate that there are competi-phase with acetonitrile than with THF. The higher th&;p
tive adsorptions between the solutes and the polar organicthe stronger is the interactions with the ion-exchange site
modifier. Moreover, the influences of organic modifier on [12]. The stronger retentions of the solutes with acetonitrile
the dissociation of buffer compound and thzpof both mobile phase reveals that, besides adsorption, ion exchange
analytes and silanol groups of silica have played a role in interactions between solutes and stationary phase exist as
the resolution of solutef4,25] The combination of these  well, i.e. the effects of organic modifier on the dissociation
effects makes it rather difficult to unravel our experimental of buffer compound and thekp of the silica silanols also
results with common theoretical models in HPLC. In our contribute to retention properties in HILI[24,25] The vari-
case, the components of the mobile phase are localizing sol-ation in elution order of the solutes in the two solvents is a
vents. Water just deactivates highly adsorptive centers andreflection of complexity of the interferences between these
has no further effect on the retention process, even thougheffects.
it is the strongest solvent with comparatively high percent-  In order to further prove above explanation, a similar ex-
age[23]. In other words, the organic modifiers dominate periment has been performed with a change of buffer at
the retention behavior of the solutes under the conditions pH from 2.9 to 6.5 in the mobile phase with methanol as
where water content is fixed, with the organic modifier being modifier. It was found that all the solutes show adequate re-
variable. tention, and the retention factors increase in the following
According to Snyder26], there are three major con- sequence: epirubicir: epidaunorubicin< doxorubicin <
tributions to solvent selectivity, i.e. solvent strength, daunorubicin. This trend is consistent with the increasing
solvent—solute localization and solvent—solute hydrogen order of K values for amino groups of these soluf&4].
bonding. The solvent strengths of methanSl£ 0.73) and The resolution between epirubicin and epidaunorubicin, as
isopropanol £° = 0.60) are much stronger than those for well as doxorubicin and daunorubicin is incomplete due to
THF (¢° = 0.48) and acetonitrilesf = 0.50), thus the reten-  the solvent—solute hydrogen bonding, while sufficient reso-
tion times of the solutes in former two modifiers are shorter lution is obtained between the former two and the latter two
than that in latter two ones. Because of its strong ability of ones. The results have shown again that the ion exchange
hydrogen bonding, methanol can perturb the formation of interactions obviously dominate the retention of the solutes
water layers on silica surface, replacing water molecules because of the ionization of silica silanols at elevated pH
and producing a more hydrophobic stationary phi@sa. values, causing weakness of the adsorption interactions be-
As a consequence, the ionic solutes are poorly retained.tween methanol and silica surface.
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Fig. 3. Effect of acetonitrile concentration on the retention factdy (
of epirubicin and its analogues. Conditions as givenFig. 2, except
utilizing only acetonitrile and the concentration of acetonitrile is varied.

3.1.2. The concentration of organic modifier
The concentration of acetonitrile was varied over the range
of 50-90% (v/v) at the buffer pH of 2.9 to investigate its
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Fig. 4. Effect of buffer pH on the retention factdd) of epirubicin and its
analogues. Conditions as givenhig. 2, except utilizing only acetonitrile
and the buffer pH is varied.

of silanols are ionized, however, the protonation of solutes
is decreased. Accordingly, it reduces the ionic interaction
between the solutes and ionized silanols of silica, and leads
to a reduction ok’ values. But, no obvious changes were
noted in asymmetry factors for these compounds at pH val-

effect on the separation of the analogues as reflected by, os from 24 to 6.5, and acceptable peak shapes are obtained

retention factor inFig. 3. The increase of organic modifier

in mobile phase causes simultaneous increase of retention Fig. 6 displays the plots of relative retentions of the so-

and selectivity of the solutes due to the decrease of polarity
of the mobile phase, and the elution order is contrary to that
obtained with RPL(21]. With increasing acetonitrile over
70%, the hydrophilic interaction chromatographic behavior
of the solutes could be observed. When its concentration
reaches 90%, a baseline separation of the four analogue
could be obtained, and further increase of the concentration
of acetonitrile is unnecessary.

3.1.3. The pH of buffer solution

Usually, high percentage of organic modifier is used un-
der HILIC conditions[5]; thus, solubility of buffer salts is
a problem with mostly organic mobile phases. In order to
optimize the buffer and the selectivity, some preliminary
experiments using phosphate, acetate and formate were in
dividually tested. Ultimately, sodium formate buffer is se-
lected to prepare the mobile phases as a compromise amon
reasonable solubility, available buffering capacity and suffi-
cient resolution in this study. The effect of buffer pH on the
separation of the four analogues is mirroredrig. 4 and
Fig. 5

In Fig. 4, with the buffer pH increasing, the retention
values of all solutes have reached to a maximum and then
dropped down. This behavior can be ascribed to the effects
of pH on the ionization of surface silanols and the solutes
[12]. The ionization of the silanols is gradually increased and
the solutes are mainly in protonated state at pH range from
2.4 to 4.2[14]. It offers the possibility of a cation-exchange

Absorbance(mAU)

lutes to epirubicin versus buffer pH. It can be found that the
changes of pH from 2.4 to 3.6 have little effect on the sepa-
ration selectivity for the four solutes. However, the relative
retentions have been changed noticeably with increasing pH
from 3.6 to 5.0, and to an insignificant extent from pH 5.0

Y0 6.5. Under the acidic conditions at pH 2.4-3.6, less po-

100 1

80

N
=]

&
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15 20 25 30

Time(min)

10

Fig. 5. Comparison of the chromatographic separation of epirubicin and its

analogues at different buffer pH. Conditions are the same as gifég.id.

Peaks: (1) epidaunorubicin (0.025 mg/ml), (2) daunorubicin (0.020 mg/ml),

mechanism. At buffer pH from 4.2 to 6.5, a large percentage (3) epirubicin (0.025 mg/ml), (4) doxorubicin (0.025 mg/ml).
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Fig. 6. Effect of buffer pH on the relative retentios)(of epirubicin and

its analogues. Conditions are the same aBig 4. Subscripts 1, 2, 3, 4

of « refers to epidaunorubicin, daunorubicin, epirubicin and doxorubicin,
respectively.

Fig. 7. Plots ofH/Hp (peak height divided by the peak height for the first
injection) vs. continuous six injections. Conditions as givenFig. 4,
except the buffer pH of 6.5 is used.

lar daunorubicin eluted prior to epirubicin may reflect that of the retention factor for all soluteSdble 1), as a result of
adsorption mechanism predominates in separation processeffective competition of the added Naons with solute ions
With increasing the ionization of silanols at pH from 3.6 for the ion exchanging sites of the stationary phase. This is
to 5.0, the adsorptions and ionic interactions have made aan alternative proof of ion exchange mechanism playing in
serious competition, and a coelution of the two solutes oc- the process of separation in HILIC.
curs at pH 4.2. At pH from 5.0 to 6.5, daunorubicin was
retained more strongly than epirubicin, reverse to the case3.2. Irreversible adsorption
at pH from 2.4 to 3.6. It indicates that ion-exchange interac-
tion has made a major contribution to retention of solutes on
silica, since the K5 value of daunorubicin gy = 8.46) is tion equilibration of the solutes on the silica column was
higher than that of epirubicin Ky, = 8.08), and the higher  gradually reached after the column sufficiently washed with
pKa of the solutes, the stronger is the interaction with the neutral or weakly acidic mobile phases, similar to the phe-
ion-exchange sit¢12]. This result also shows us that the nomenon observed previously on as@&olumn in RPLC
separation selectivity can be adjusted according to e p  [21]. The peak heights of the components have been pro-
values of the solutes and to the alteration of the pH value in gressively enhanced by continuous injections from begin-
the mobile phase. This is of particular significance for the ning and finally got to be stabl&ig. 7), accompanying with
analysis and preparative separation of this kind of analogues.gradual improvements in resolution and column efficiency.
Furthermore, with decreasing the pH value of the mobile
3.1.4. The ionic strength of the mobile phase phase, the column tends to need fewer repetitive injections
The influence of ionic strength of mobile phases on the of the sample to reach equilibrium. For instance, at the buffer
retention of solutes was tested at the buffer pH of 2.9 and 6.5.pH of 2.4, the reproducible separations with favorable col-
An increase of the buffer cation strength leads to a decreaseumn efficiency were obtained. These observations can be

During the above experiments, we found that an adsorp-

Table 1
Effect of buffer cation strength on the retention factki) ©f epirubicin and its analogues at pH 2.9 and 6.5
pH [HCOzNa] (mM) [NaNGs] (mM) K
Epirubicin Epidaunorubicin Daunorubicin Doxorubicin

2.9 20 0 5.47 4.36 5.07 6.41

30 0 5.04 3.94 4.60 5.96

40 0 4.76 3.61 4.25 5.67
6.5 20 10 4.42 3.80 4.81 5.77

20 20 4.03 3.45 4.45 5.22

20 30 3.13 2.70 3.46 4.06

Other conditions are the same as giverFig. 5.
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1200 Table 2
Effect of sample sizes on retention factéf){ column efficiency KI/No)
and asymmetry factorAg) for epirubicin and its analogues on silica with
1000 sodium formate buffer (20 mM, pH 2.9)-acetonitrile (10:90, v/v) as the
¢ mobile phase
= 800 Compound Sample sizeug) K N/No As
s Epirubicin 0.25 560 1 1.08
k'l 0.5 5.70 0.97 1.10
£ 600 0.8 6.07 0.71 0.80
5 41 6.12 0.55 0.70
z 8.2 6.28 0.26 0.64
< 400 16.4 6.42 0.14 0.61
32.2 6.70 0.08 0.59
49 6.88 0.05 0.57
200
Epidaunorubicin 0.25 4.50 1 1.02
J 0.7 4.52 0.95 1.00
0 " 2.4 4.85 0.78 0.89
0 5 10 15 20 5 30 4.7 495 065 0.77
. . 9.4 5.00 0.47 0.68
Time(min) 18.8 516 027 0.62
Fig. 8. Chromatograms of epirubicin of increasing sample sizes. Mobile Daunorubicin 0.25 5.27 1 0.99
phase: sodium formate buffer (20 mM, pH 2.9)-acetonitrile (10:90, v/v). 0.7 5.31 0.96 1.00
Sample amounts injected are: (1) 0.8 (2) 4.1u.0; (3) 8.2ug; (4) 24 5.69 0.74 0.84
16.4p.g; (5) 32.2u9; (6) 49p.9. 4.7 5.80 0.64 0.74
Doxorubicin 0.25 6.73 1 1.03
accounted for in terms of irreversible adsorption. As easily 0.5 6.74 0.97 1.06
inferred from these results that the occurrence of irreversible 0.8 7.31 0.72 0.79
adsorption is strongly dependent on the eluent pH. g'g ;'gi 8'28 8'22
Additionally, when the ionic strength is increased by addi- 176 8.04 016 058

tion of NaNG; in the neural or weakly acidic mobile phases,

there is no noticeable improvement in irreversible adsorp-
tion observed intuitively, but it causes competing effects on a component having an anti-Langmuir behavior should be
adsorption and stability, resulting in a reduction of the reten- avoided or changed in order to convert the behavior from
tion time. Also, the irreversible adsorptions of these com- anti-Langmuir to Langmuir type. Epidaunorubicin, daunoru-

pounds can be reduced by increasing water content or bybicin and doxorubicin give similar chromatographic behav-
substituting an equal concentration of methanol for acetoni- ior to epirubicin with increasing sample size, such as reten-

trile in these pH conditions. tion factor '), column efficiency (described &Ny, plate
number divided by the maximum plate number) and peak
3.3. Effect of sample size asymmetry As) as shown inTable 2

The retention dependence on sample size of epirubicin and
its analogues was investigated at low buffer pH where satis- 4. Applications
factory resolution and reproducibility were achieveédy. 8
shows the typical chromatograms of epirubicin of increas-  Fig. 9 shows HILIC mode chromatogram of epirubicin
ing sizes (0.8—4.9) on silica with formate buffer (20mM,  in its raw product. The resolution between the peaks corre-
pH 2.9)-acetonitrile (10:90, v/v) as mobile phase. As can sponding to impurity daunorubicin and epirubicin is >2.0.
be seen fronfrig. 8, the elution profiles have shown leading Compared to RPLC, the normal phase retention behavior of
peaks, with a diffuse front and a steep rear, and the reten-HILIC offers the potential for dramatic changes in selectiv-
tion time of the peak increases with increasing sample size. ity with quite simple mobile phase. The compositions of the
These profiles are similar to the classical profile observed eluents used in most RPLC methods are comparatively com-
for a component having an anti-Langmuirian isoth¢28, plex [15—-20] and phosphate buffers as well as anionic sur-
and just opposite to the peaks with a sharp front and a tailing factants are favored in HPLC-UV but not in MS detection.
rear corresponding to a Langmuirian isotherm at the over- It can be expected that HILIC on silica with high-organic
loading conditions in RPLJ21]. Anti-Langmuir behavior low-ionic-strength volatile buffer will be a good choice for
of a component in sample mixture displays a negative dis- developing LC-MS assay for quantifications of epirubicin
placement effect in competitive adsorption on the surface and its metabolites in biological matrices. Also, because of
of adsorbent, leading to a disturbance of band separationhigher organic content of the mobile phase in HILIC than
in nonlinear preparative scal28]. The conditions causing in RPLC, lower pressure drop is usually observed on the
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Fig. 9. Chromatogram of the analysis of epirubicin hydrochloride in a
raw material. Conditions: Kromasil KR100-5SIL j%n); mobile phase:
sodium formate buffer (30 mM, pH 2.9)—acetonitrile (10:90, v/v). Peaks:
(1) epidaunorubicin, (2) unknown compound, (3) daunorubicin, (4) epiru-
bicin, (5) doxorubicin.

silica column. Moreover, unlike classical NPLC, where the
trace amount of water in the mobile phase has to be strictly
controlled[29], the mobile phase in HILIC can be easily
prepared.

5. Conclusions

HILIC using high-purity silica column with an aqueous—
organic eluent has been shown to be a very powerful tech-

nique for separating epirubicin and its analogues. The degree[

of retention and the selectivity of this chromatographic sys-

tem are largely dependent on the nature and composition of

the organic modifier of the eluent, the pH of the buffer and
the ionic strength in mobile phase. Especially, the choice
of organic modifier is essential for successful separation of
these analogues. According to our results, acetonitrile pro-
vides optimum separation, selectivity and efficiency com-
pared to methanol, isopropanol and THF.

Our studies on the effect of organic modifier, buffer pH
and ion strength well support that the retention mechanism
of the four analogues is a combination of adsorption and ion
exchange under HILIC conditions. The variation between
the two contributions causes a change of the elution order.
Although the satisfactory resolutions have been achieved
both in acidic and neutral buffered mobile phases, however,
the irreversible adsorption of the four solutes on silica col-
umn takes place under weakly acidic or neutral conditions,
which can be reduced by changing the eluent conditions.

169

Finally, when increasing sample sizes in acidic mobile
phase, the peak profiles of epirubicin and its analogues have
a slanted front and a sharp tail, associated with a solute hav-
ing an anti-Langmuir isotherm under column overloading
condition. The proposed HILIC method not only provides a
useful method to the pharmaceutical industry in the deter-
mination of epirubicin and its impurities, but also offers the
potential to match LC-MS for assay of epirubicin and its
metabolites.
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