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Determination of surface-bound hydroxypropylcellulose (HPC) on
drug particles in colloidal dispersions using size exclusion
chromatography: A comparison of ELS and RI detection
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Abstract

Evaporative light scattering (ELS) and refractive index (RI) detection methods were evaluated for the determination of surface-bound hydrox-
ypropylcellulose (HPC) on drug particles in colloidal dispersions. Size exclusion chromatography (SEC) was used to separate HPC from other
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omponents of the dispersions. The instrumental parameters of the ELS detector were optimized to obtain maximum peak intensity, ad
hape and minimal baseline noise by varying the mobile phase flow rate, nebulizer temperature, and evaporation temperature. The chro
ethod was validated using both detectors. The ELS detector response exhibited second order polynomial and linear double logarithmi
ith concentration over a 10–300% range while the RI response was linear. The double logarithmic correlation simplified the calculation

o using the polynomial fit, and it provided more accurate results compared to the linear fit approach. Total HPC was obtained by s
ll components of the dispersion and analyzing for HPC. Non-bound HPC was obtained by ultracentrifuging the dispersion and an
upernatant for HPC concentration. Analysis for total- and non-bound HPC in a representative colloidal dispersion gave method prec
.S.D.s of 2.5 and 2.2% for ELS, and 4.5 and 2.4% for RI (n = 4). HPC bound to the surface of the drug particles was determined by diffe
bound HPC = 100%− % non-bound HPC. Resultant % bound HPC values ranged from 22.1 to 25.4% of available HPC. Both ELS a

atisfactory detection techniques for HPC quantitation and for determination of the proportion of HPC bound to drug colloid particle
ssay results are comparable.
2005 Elsevier B.V. All rights reserved.
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. Introduction

An increasing number of newly developed drugs are poorly
oluble in water, which is a general problem in pharmaceu-
ical drug formulation[1]. Typical problems associated with
oorly soluble drugs are low bioavailability and erratic absorp-

ion [2]. Producing colloidal dispersion formulations containing
rug nanoparticles for poorly soluble drugs is an alternative and
romising approach. The main advantages of colloidal disper-
ions are their increase of saturation solubility and dissolution
ate, improving the bioavailability of drug[3]. Another feature of

∗ Corresponding author. Tel.: +1 215 652 8435; fax: +1 215 993 5932.
E-mail address: randalseburg@merck.com (R.A. Seburg).

colloidal dispersions is that nanoparticles have general adh
ness to the intestinal wall, which leads to a prolonged resid
and contact time in the gastrointestinal tract (GIT)[4,5]. A com-
mon approach for producing nanosuspensions is high pre
homogenization developed by M̈uller et al.[6]. However, during
the storage of nanosuspensions, problems including sedim
tion, caking, and flocculation often occur due to strong van
Waals attractions[3]. To control the intrinsic tendency of the c
loidal particles to flocculate, polymers are often used to stab
the dispersion[3]. The polymers avoid each other and, provi
that the repulsive forces have a longer range than the attra
forces, the particles will be kept apart. This is so-called “s
stabilization”[7].

Polymers such as various cellulose ethers, including me
cellulose (SM-25 and SM-100) and 2-hydroxypropyl met
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oi:10.1016/j.jpba.2005.09.014



1090 L. Zhu et al. / Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 1089–1096

Fig. 1. Structure of HPC.

cellulose (SH-50), have been used as stabilization agents for
the suspensions of two steroids with low aqueous solubility[8].
Cellulose SH-50 and SM-100 were used as stabilization age-
nts for 5-(3-ethoxy-4-pentyloxyphenyl)-2,2-thiazolidinedione
(CT112, an enzyme inhibitor)[9]. Since the high dispersion
stability of colloids conferred by non-ionic polymers can be
attributed to the steric repulsion between adsorbed polymer
layers [9], assessing the percent polymer bound to the drug
nanoparticles is an important parameter to characterize during
the colloidal dispersion stability study. Adsorption of cellulose
on drug particles is usually measured by a depletion method
The procedure usually includes the separation of drug particle
from the solution (supernatant) either by ultrafiltration[11]
or ultracentrifugation[8]. The separated drug particles are
re-dissolved into solution, and the polymer concentrations
in the supernatant and the other solution are determined t
obtain the non-bound and total polymer amounts, respectively
A differentiation method is then used for the quantitation of
cellulose (bound) on the particles.

Hydroxypropylcellulose (HPC) is a cellulose ether obtained
by chemical reaction of the hydroxyl groups at positions 2, 3,
and/or 6 of the glucose residues of cellulose (seeFig. 1for struc-
ture). HPC is a commonly used drug excipient[10]. Recently,
during our formulation development of a nano-colloidal disper-
sion formulation for a water-insoluble drug, HPC was used to
sterically stabilize the drug colloidal dispersions containing drug
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however, it is not specific for HPC. For example, common dis-
persing agents for colloidal dispersions react with the Anthrone
reagent and cause interference with HPC quantitation[15]. Also,
the method requires the Anthrone reagent to be prepared 24 h
prior to its use, which is inconvenient, in order to provide repro-
ducible data[16].

Size exclusion chromatography (SEC) is commonly used for
the separation and quantitation of polymers[17]. The determi-
nation of HPMC and PEG 400 in pharmaceutical formulations
was reported previously[18,19]. SEC has also been used for the
characterization of the molecular mass distribution range of HPC
[19]. Refractive index detector (RI) is a universal detector[20],
which can be used to detect analytes without UV chromophores,
such as HPC. Recently, applications of evaporative light scat-
tering detectors (ELS) have increased dramatically due to the
possibility of replacing the RI detector and the greater flexibil-
ity of ELS [21,22]. ELS detection has been used to successfully
quantitate synthetic polymers[23], carbohydrates[19,24], fats
and fatty acid esters[25,26], triglycerides[27], and steroids[28].
However, even though both detection technologies are available,
no methods have been reported using size exclusion chromatog-
raphy wherein ELS and RI detection have been compared for
quantitation of HPC. Operating principles and factors which may
affect ELS detector responses have been reported, but little work
has been done to demonstrate how the method development can
be conducted practically. This paper reports the development
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nd a dispersing agent. The extent of HPC surface-bound on
articles (defined as percent HPC bound to the drug) can p

mportant role in the stability of the dispersion. The developm
f a simple and accurate method to determine surface-b
PC plays a critical role in this endeavor. A widely used me

or quantitation of HPC is to hydrolyze the alkoxyl groups w
ydroiodic acid and quantify the resulting halogenated de

ives by redox titration; this is the USP assay method for H
12]. This method is tedious and time-consuming, and
ndirect as it assays for the hydroxypropoxy group, instea
he entire HPC molecule. A spectrophotometric method u
nthrone reagent to react with the polymer to produce a
reen solution was reported and used for determining the
entrations of cellulose ethers, sucrose, polysaccharides
tarch[13,14]. The method usually provided good sensitiv
.
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nd validation of a method for quantitation of HPC using S
ith simultaneous ELS and RI detection, to overcome the d

ion difficulty for an analyte without a UV chromophore, such
PC. Effects of major instrumental parameters for ELS de

ion were explored and optimized. The simultaneous use of
etectors allowed the direct comparison of the advantage
isadvantages of both detectors. The method was then u
etermine the surface coverage of HPC in a drug colloida
ersion.

. Experimental

.1. Chemicals and reagents

HPC (MW 64,000–92,000 Da, viscosity 3.0–5.9) w
btained from Nippon Soda Co. Ltd. (Tokyo, Japan). HP
rade DMF and ammonium acetate were obtained from F
cientific (Pittsburgh, PA, USA). Dispersing agent S
btained from Tate and Lyle (Brooklyn, NY, USA). The so
aterials were stored at room temperature in darkness. A

oidal dispersion formulation of Merck compound A was p
ided by Merck Formulation Design group. The formulat
onsists of 48 mg/mL drug,∼1.255% HPC and∼3.9% dispers

ng agent (refer to as S below).
Mobile phase was prepared by dissolving various amoun

mmonium acetate (0–0.04 M) in dimethyl formamide (DM
ethod diluent was prepared to contain 0.02 M ammon
cetate in DMF. A 100% standard solution of HPC was prep
y dissolving∼25 mg of the solid in 100 mL method diluent
onication and stirring.
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2.2. Size exclusion chromatography and detection

The separation of HPC from the other components of the
formulation was by size exclusion chromatography. The separa-
tion columns, two PLgel MIXED-E (300 mm× 7.5 mm), 3�m
particle size connected in series, were purchased from Poly-
mer Laboratories (Amherst, MA, USA). The HPLC system was
a Waters Alliance 2690 Separation Module (Waters Corpora-
tion, Milford, MA, USA), including vacuum degasser, pump,
autosampler and column heater.

The ELSD Model PL-ELS 1000 was manufactured by Poly-
mer Laboratories, Inc. (Amherst, MA, USA). The refractive
index detector was manufactured by Perkin Elmer (Model 200
Series, Perkin Elmer, Wellesley, MA, USA).

The optimized chromatographic conditions are listed below:

Run time 30.0 min
Detectors ELSD and RI
Mobile phase 0.02 M ammonium acetate in DMF
Flow rate 0.8 mL/min
Column temperature 60◦C
Injection volume 50�L

ELSD conditions
Nebulizer temperature 100◦C
Evaporation temperature 180◦C
N2 gas flow 1.5 mL/min

2

C in
t -

cedures were modified from the procedures developed by Booth
et al.[29]. About 1800 mg (W1, mg) of the dispersion was trans-
ferred to a pre-weighed Beckman polycarbonate centrifuge tube
(13 mm× 56 mm). The dispersions were ultracentrifuged using
a Beckman Ultracentrifuge (Model OptimaTM Max, Beckman
Coulter, Inc., Fullerton, CA, USA) at 110,000 rpm for 2 h. The
separation of supernatant and the “drug pellet” was observed.
The non-bound HPC, which resided in the supernatant, was
thus separated from the bound HPC adsorbed by the drug,
which resided in the pellet. The entire supernatant (e.g., about
1600 mg) was removed and weighed (W2, mg). About 385 mg
of the supernatant (W3, mg) were weighed into a 10 mL vol-
umetric flask and diluted to volume using the method diluent.
External standards of HPC ranging from 50 to 150% of the
method concentration were injected along with the samples to
provide the calibration curve for both detectors. The concentra-
tion of HPC in the diluted supernatant solution was then obtained
(Cs, in mg/mL). The HPC concentration in the undiluted super-
natant (non-bound HPC) was calculated using the following
equation:

HPC concentration in supernatant (mg/g supernatant)

= Cs × 10 mL× 1

W3

not
b
o ent
a e
T was
.3. Sample preparation and calculations

The procedure for separating bound and non-bound HP
he drug colloidal dispersions is illustrated inFig. 2. These pro
Fig. 2. Scheme for the determination of bound an
The HPC concentration in colloidal dispersion that had
een centrifuged was then determined. About 195 mg (W4, mg)
f the dispersion was completely dissolved in 10 mL of dilu
nd then assayed by SEC with both detectors, which gavCd.
he total HPC concentration in the dispersion (undiluted)
d non-bound HPC in the drug colloidal dispersions.
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calculated as:

Total HPC concentration in dispersion (mg/g dispersion)

= Cd × 10 mL× 1

W4

The percentage of HPC not bound to the drug (% non-bound
HPC) was calculated as the ratio of HPC in the supernatant to
total HPC in the dispersion, as shown in the equation below:

% Non-bound HPC

= HPC concentration in supernatant× W2

Total HPC concentration in dispersion× W1
× 100%

The % bound HPC was calculated by subtracting the % non-
bound HPC from 100%.

3. Results and discussion

3.1. Selection of chromatographic conditions

Previously, a SEC method was developed for HPC by Booth
et al.[29] using the PLgel MIXED-E column and 0.1% lithium
bromide in DMF as mobile phase. This method served as our
starting point. Since the lithium bromide used in the mobile
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Fig. 4. Effect of mobile phase ionic strength on the peak shape of HPC.

affected by the following major factors: nebulizer temperature,
eluent flow rate, and vaporization temperature. Therefore, these
factors were evaluated. Since the operation of the RI detector is
relatively simple, no specific optimization was conducted. All
experiments were performed by injecting HPC standard solution
(∼0.25 mg/mL in DMF) into the system using different condi-
tions. The chromatograms shown were all generated by the ELS
detector.

3.1.1. Effect of ionic strength in mobile phase
The effect of ionic strength of the mobile phase was eval-

uated by varying ammonium acetate from 0 to 0.04 M in the
DMF mobile phase. HPC standard at∼0.25 mg/mL in DMF
was injected for the evaluation. The results are shown inFig. 4
from ELS detector, similar results were also observed from the
RI detector (data not shown). When pure DMF was used as
mobile phase without any salt additive, the peak shape of HPC
was poor. Ammonium acetate at a concentration of 0.02 M was
chosen as the final additive concentration in the mobile phase.
Salts, such as LiBr, are often added to polar organic solvents
such as DMF, DMSO, DMAc, and NMP to reduce aggregation
during the analysis of polymers[31]. In our case, the presence
of strong hydrogen bonds between components of the cellulose
backbone structure could lead to aggregation of the samples in
the solvent, resulting in the elution of the polymer from the col-
umn with artificially low retention time. In the worse cases, the
p ate-
r hape.
T reak
t on of
t

3
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hase was not compatible with the ELS detector, it was rep
ith ammonium acetate, which is volatile and thus comp
le with ELS detection. The ionic strength effect was evalu

or the size exclusion separation to optimize the concentr
f ammonium acetate. The other chromatographic condi

n the method were also modified in order to optimize the
ormance of the ELSD. The detection mechanism of ELS
llustrated in the diagram shown inFig. 3 [30]. When HPLC
luents pass through the ELSD, three main processes occu
essively inside the detector. These are (1) nebulization o
hromatographic eluent to form fine droplets; (2) evapora
f the mobile phase droplet cloud to obtain particles; and
etection by light scattering from the residual particles, w
omprise the analytes of interest[22]. Hence, the detection

ig. 3. Evaporative light scattering (ELS) detector (figure courtesy of Pol
aboratories).
olymers can be forced into interacting with the packing m
ial of the column. This manifests itself as a broader peak s
he ammonium acetate with the polar solvent helped to b

he hydrogen bonds and therefore to minimize aggregati
he HPC[32].

.1.2. Effect of mobile phase flow rate
The effect of mobile phase flow rate on the ELSD was ev

ted from 0.7 to 1.0 mL/min (Fig. 5a). The flow rate was foun
o have some effect on the baseline noise by evaluating the
ge noise levels at five points across the chromatogram. A
ow rate promoted more complete evaporation of the mo
hase in the ELSD, thus reducing the baseline noise. H
ver, decreasing the flow rate increased the run time. A
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Fig. 5. Effects of mobile phase flow rate (panel A) and ELS detector nebulizer
temperature (panel B) on the baseline noise of the ELS chromatograms.

rate of 0.8 mL/min, which provides better baseline noise with
a reasonably short run time, was chosen as the final method
condition.

3.1.3. Effect of nebulizer temperature and evaporation
temperature

The variation of nebulizer temperature from 95 to 105◦C
was evaluated for its effect on the baseline from the ELSD.
Both 95 and 100◦C provided better baseline compared to 105◦C
(Fig. 5b). However, the results show that increasing the nebu-
lizer temperature increased the peak area and peak height of
HPC. Therefore, the final condition was set at 100◦C. Evapora-
tion temperatures of 165, 170, and 180◦C were evaluated and
the temperature of 180◦C provided the optimum conditions for
evaporation of the eluent, evidenced by the better baseline and
peak shape compared to the other temperatures.

3.2. Method validation

Method validation was conducted to evaluate the perfor-
mance of the method using the finalized chromatographic con-
ditions for both RI and ELS detection. Validation elements
included method specificity, detector response, recovery, mea
surement precision, repeatability, and sensitivity.

Fig. 6. ELS (panel A) and RI (panel B) chromatograms showing separation of
HPC from the other components of the colloidal dispersion: dispersing agent S
and the drug.

3.2.1. Specificity
Injections of diluent blank, HPC placebo solution (all compo-

sitions included in the colloidal dispersion except HPC) and the
colloidal dispersion sample were conducted using both ELSD
and RI detector (Fig. 6). There was no peak found in the diluent
blank injections, and the placebo did not show any interference
with the HPC peak. HPC in the formulation was separated from
the drug and other excipients in the colloidal dispersion. The
elution order of the peaks followed the size exclusion mecha-
nism, i.e., larger molecules eluted first. Dispersing agent S and
the drug were baseline separated using the ELS detector; there-
fore, potentially, the method can be used for the simultaneous
determination of HPC, dispersing agent S and the drug. The RI
detector can be used for the detection of dispersing agent S; how-
ever, the drug co-elutes with small solvent molecules and thus
cannot be quantitated. The solvent molecules did not interfere
in the ELS detection because they are volatile and thus were not
detected.

3.2.2. Linearity
The linearity of the responses for both ELS and RI detec-

tors was examined by spiking five different levels of HPC
from 50 to 150% of the method concentration (0.25 mg/mL)
into the placebo formulation (all other components except
HPC). The RI detector exhibited linear response as a func-
tion of HPC concentration, withR2 of 0.9990 (linear equation:
y was
o n:
y as
-
= 407,212x − 9204); however, the ELS detector response
nly approximately linear, withR2 of 0.9896 (linear equatio
= 5,846,984x − 444,430), and an evident non-linearity w
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Fig. 7. Comparison of detector responses as a function of HPC concentratio
ranging from 10 to 300% of the method concentration (0.25 mg/mL). Panels
A and B show the second order polynomial, linear, and double logarithmic fits
of the ELS detector response; panel C shows the linear fit of the RI detecto
response.

observed. In order to optimize the accuracy for quantitation, a
wider range of method concentrations was investigated in orde
to model non-linearity.

In a wider range from 10 to 300% of the method concen-
tration, the ELS response is not linear (R2 = 0.9528,Fig. 7a);
however, the ELS response has an excellent second order pol
nomial fit (R2 = 0.99998,Fig. 7a). Due to the nature of ELS
detection, a sigmoidal calibration curve with a very nearly linear
section in the middle tends to be generated[21]. The decline in
sensitivity at the lower concentration end of the range is probably
due to the predominance of the Mie scattering light deflection
mechanism[21]. The decrease in sensitivity at the high con-
centration is due to the reduction in the surface ratio of the
particles to the particle concentration, which causes a propor
tionally smaller amount of light to be reflected and refracted as

the mass of each particle increases[21]. In the range we evalu-
ated, the concentration (limited by the solubility) was not high
enough to observe the full sigmoidal shape.

Since using a second order polynomial fit presented tedious
data processing for quantitation, another approach using a dou-
ble logarithmic fit was evaluated. When the eluent is nebulized
at constant mobile phase and carrier gas flow rates, the size dis-
tribution of the eluent droplets remains constant. It does so also
during the elution of the analyte, if the surface tension of the
solution does not change significantly. During the vaporization
of the solvent, the droplets shrink and their final volume is pro-
portional to the analyte concentration. Then the response of the
ELS detector is given by Eq.(1) [33]. In the event that the detec-
tor response is linear as a function of sample concentration, the
constantb in Eq.(1) is equal to 1.00.

Y = a × mb (1)

where,Y is the response of ELS detector;a the constant;b the
constant; andm the mass or concentration of the sample.

This results in a linear relationship between the logarithm
of the peak area and the logarithm of the sample concentration
(logY = b × logm + loga). This is confirmed by our results as
shown inFig. 7b of the double logarithmic plot for HPC con-
centration ranging from 10 to 300% of the method concentration
(R2 of 0.9993). The constants (b anda) were determined from
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he slope and the interception of the plot. In this case, the v
or b anda are 1.56 and 8.58E + 6, respectively, indicating
he response is not linear as a function of sample concent
b �= 1.00). Compared to the polynomial fit, a double logarith
lot simplified the data processing and was more practica
pplication to the assays. Thus, it was used for the quanti
f a wider range of HPC concentrations. While the ELS dete
esponded non-linearly from 10 to 300% method concentra
he RI detector response remained linear (Fig. 7c) over this rang
R2 = 0.9940).

.2.3. Recovery
Recovery of HPC from the formulation matrix was conduc

y spiking known amounts of HPC (50–150% of method c
entration of 0.25 mg/mL) into the matrix. The results (Table 1)
how that the average recoveries were 100.4% using both
nd RI detectors. The results from the ELSD have much
ariation (1.8% R.S.D.,N = 5) compared to those from the
etector (4.8% R.S.D.,N = 5).

able 1
ecovery of HPC from Solution-spiked formulation matrix

Recovery (ELS) Recovery (R

evels (%)
50 99.7 93.2
70 103.4 106.6
00 99.4 101.3
20 100.7 101.7
50 98.7 99.4

verage 100.4 100.4
.S.D. (%) 1.8 4.8
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Table 2
Injection precision of the method

Peak area of HPC (ELS) Peak area of HPC (RI)

Number of injection
1 1311791 90817
2 1299559 94277
3 1304984 89557
4 1314085 91658
5 1301677 88911
6 1311693 90916
7 1334837 88230
8 1330701 90177
9 1296770 86152
10 1276701 90932

Average 1308280 90163
R.S.D. (%) 1.3 2.4

3.2.4. Measurement precision
Measurement precision was conducted by making replicate

(N = 10) injections of HPC standard solution (0.25 mg/mL) into
the HPLC. The R.S.D.s for HPC peak area (Table 2) were 1.3 and
2.4%, respectively, from the ELS and RI detectors, indicating
that ELSD has better measurement precision.

3.2.5. Repeatability
The repeatability of the method was evaluated by preparing

four samples from the drug colloidal dispersions. About 195 mg
of the drug colloidal dispersions were weighed into a 10 mL
volumetric flask, and diluted to volume using 0.02 M ammo-
nium acetate in DMF as diluent. Since the formulation contains
1.225% HPC, the resulting solutions had an HPC concentration
of approximately 0.239 mg/mL. The HPC concentration in the
sample solution is limited by the drug solubility in DMF. All of
the components including drug were completely dissolved at this
concentration. The samples were quantitated using HPC stan
dards. A double logarithmic calibration curve generated from
standard injections in the same run was used for the ELSD
while the linear calibration curve generated from the same se
of standards was used for the RI detector quantitation. The ave
age assays (Table 3) were 102.4% claim and 104.2% claim with
R.S.D.s of 2.5 and 4.5%, respectively, from the ELS and RI
detectors. The average assays from the two detectors are with
2 lent
b xhib
i

T
M ons
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A
R

Table 4
Limit of quantitation for HPC using ELS and RI detectors

Detector ELS RI

LOQ (per injection) 2�g 1�g
Peak height at LOQ 2189�V 175�V
Average noise level 150–200�V 10–20�V

3.2.6. Limit of quantitation (LOQ)
LOQ was defined as the lowest concentration that provided

a signal-to-noise ratio above 10. It was found that ELSD and RI
had comparable LOQs of 1–2�g per injection (Table 4). Even
though the peak height of HPC from the ELS detector at the LOQ
level is more than 10 times higher than that from the RI detector,
the noise levels from the ELS detector were also proportionally
higher, resulting in no improvement of LOQ compared to the
RI detector. If the greater noise level in the ELS detector could
be reduced, the ELS would be a much more sensitive detection
method.

3.3. Application: determination of HPC surface coverage
in drug colloidal dispersions

The validated method in conjunction with the sample prepa-
ration procedure for separating the bound and non-bound HPC
was used to determine the HPC surface coverage in a drug col-
loidal dispersion. Assays were conducted in a replicate of four
preparations to obtain the % bound HPC in a freshly prepared
drug colloidal dispersion. The total amounts of HPC in the dis-
persion were determined as shown in the method repeatability
section. The non-bound HPC was separated from the bound
HPC and the drug pellet as described in the experimental sec-
tion. The % bound HPC was obtained according to the method
described in the experimental section. The results are shown in
T 4 and
2 dif-
f which
i m the
d ectly
f vely,
a ion.

3

asi-
u tility
s etec-
t r, the
E e RI
d ch as
t peaks
f com-
m ector
g s also
m y of
t ration
r nge.
% (absolute), indicating the quantitation of HPC is equiva
etween these two detectors. However, the ELS detector e

ted better method precision.

able 3
ethod precision for determination of total HPC in drug colloidal dispersi

HPC in dispersion (percent claim)

ELS RI

ample number
1 100.6 102.9
2 101.2 98.2
3 101.6 109.0
4 106.3 106.8

verage 102.4 104.2
.S.D. (%) 2.5 4.5
-

,
t
r-

in

-

able 5. The average % bound HPC was determined as 25.
2.1% by ELS detector and RI detector, respectively. The

erence between the assays is less than 3.4% (absolute),
s reasonable considering the propagated error induced fro
ifferent determination steps. The R.S.D.s calculated dir

rom the four determinations were 4.7 and 8.9%, respecti
gain indicating the better method precision of ELS detect

.4. Comparison of ELS and RI detectors

The RI detector is a universal detector, while ELS is a qu
niversal detector because it is not suitable for high-vola
olutes. More method development work to optimize the d
or performance was needed for the ELS detector; howeve
LS detector was found to equilibrate much faster than th
etector and was not influenced by ambient conditions, su

emperature change in the room. There were no negative
ound using the ELS detector while negative peaks were
only found using the RI detector. Even though the ELS det
ave significantly higher detector response, the baseline wa
uch noisier, resulting in no improvement in the sensitivit

he method, as assessed by the LOQ. Over the concent
ange investigated, the RI detector had a wider linearity ra
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Table 5
Determination of bound HPC in drug colloidal dispersions

Total HPC concentration in
dispersion (mg HPC/g dispersion)

HPC concentration in supernatant
(mg HPC/g supernatant)

Percent non-bound HPC Percent bound HPC

ELSD RI ELSD RI ELSD RI ELSD RI

Sample number
1 12.63 12.91 10.63 11.35 74.1 77.3 25.9 22.7
2 12.71 12.33 10.99 11.27 76.3 80.7 23.7 19.3
3 12.76 13.68 10.72 11.85 73.7 76.0 26.3 24.0
4 13.34 13.41 11.14 11.72 74.1 77.5 25.9 22.5

Average 12.86 13.08 10.87 11.55 74.6 77.9 25.4 22.1
R.S.D. (%) 2.5 4.5 2.2 2.4 1.6 2.5 4.7 8.9

It is reported in the literature that ELS detection has a wider
dynamic range for quantitation and may possibly be used with
gradient elution[21,22]; this was not assessed in this study. The
ELS detector exhibited better injection precision and method
precision, and it also provides the potential for quantitating the
active drug. This advantage will be useful if the active drug does
not have a UV chromophore. In our case, this application was
not made because a separate HPLC method with UV detection
was available for the drug analysis.

4. Conclusion

A SEC method and ELS detection conditions for the separa-
tion and detection of HPC were optimized to provide maximum
peak intensity, adequate peak shape, and minimal baseline noise.
The final method was validated for injection precision, linear-
ity, recovery, method precision, and LOQ. The relative merits of
ELS and RI detection for this application were compared. The
two detectors yielded equivalent mean results for HPC determi-
nation; however, ELS detection has better method precision.

A sample preparation procedure was employed for separa-
tion of bound and non-bound HPC in a colloidal dispersion
formulation. This procedure in combination with the chromato-
graphic quantitation method above was successfully applied to
the characterization of HPC surface coverage on drug particles
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