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Abstract

Polyvinyl alcohol (PVA) is used in the manufacture of poly(DL-lactide-co-glycolide) (PLGA) microparticles for the
delivery of drugs in an injectable implant form. The levels of residual PVA may affect the release or injectability of
the microparticles, and thus must be controlled. Previous work had shown the use of visible detection of
iodine–borate complexes of PVA, but this was found to be insensitive and prone to interferences from other
formulation components and the sample solvents required. Refractive index detection did not appear to be sensitive
enough to detect low levels of PVA. Evaporative light scattering detection was found to be more sensitive and less
prone to interferences from the sample matrix than refractive index, and gave reproducible results with acceptable
recoveries. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Aqueous suspensions of polymeric microparti-
cles are often used as an extended release delivery
system for intramuscular (IM) depots. The mi-
croparticles are prepared using polyvinyl alcohol
as an emulsion stabilizer in the solvent extraction
method [1]. This process creates the potential for
residual PVA that must be monitored for quality
and safety purposes. Several other methods of

analyses were reported in the literature. Most of
these involve the extraction of polyvinyl alcohol
from the sample matrix into an aqueous phase,
followed by the formation of a PVA–iodine–bo-
rate complex that can be detected by visible spec-
troscopy [2–5]. However, this method suffers
from the need to perform an extraction of the
aqueous soluble PVA from the organic soluble
polymer. For the example presented, the detection
of PVA at or below the maximum possible
amount of PVA expected of 6% w/w was not
possible due to interference from the drug-poly-
mer matrix. In addition, the chloroform extract
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Table 1
Chromatographic conditions

Column Tosohaus TSK-Gel GMPW), 30 cm×7.5
mm (Tosohaus, Montgomeryville, PA)

Flow rate 1 ml/min

Mobile phase Water containing 0.1% v/v trifluoroacetic
acid

Column 37°C
temperature

Injection 200 �l
volume

14 min data collectionRun time
35 min total run time (to allow for
elution of polymer matrix peaks)

Fig. 1. Typical standard curve of log area versus log concen-
tration.

Fig. 2. Typical standard curve of area versus concentration.

exhibited visual particulates that could possibly
indicate incomplete dissolution of the microparti-
cles and reduced recovery of PVA.

A method for the analysis of PVA in the poly-
meric microparticles was developed that involves
complete solubilization of the microparticles to
release the encapsulated PVA, followed by disso-
lution of PVA into a hot aqueous solvent. Analy-
sis of the samples was accomplished by size
exclusion chromatography, coupled with evapora-
tive light scattering detection. Excellent recoveries
were observed in spiked samples with detection
limits ranging from 0.8 to 4 �g on column, de-
pending on the style of detector used.

2. Materials and methods

2.1. Materials

PVA (Airvol 205S PVA) was purchased from

Air Products and Chemicals Inc (Allentown, PA).
All other chemicals were of HPLC grade or bet-
ter. The PVA standards were prepared from 0.05
to 0.6 mg/ml in 20/80 (v/v) acetonitrile/0.1% v/v
aqueous trifluoroacetic acid. These standards were
stable for at least 2 weeks when stored at ambient
conditions.

Table 2
Detector conditions

AlltechVarex Polymer labsCondition

167 40 120Drift tube temperature (°C)
64 mm (72 psi)Nitrogen flow 1.75 SLPMa 1.0 SLPM

Not applicable Not applicable40Low temperature adapter temperature (°C)
Not applicableNebulizer temperature (°C) Not applicable 85

a SLPM, standard liters per minute.
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2.2. Equipment

SEC analyses were performed on an isocratic
HPLC system. Due to the high molecular weight
of the PVA of approximately 50 000, an SEC
analysis procedure was chosen. The PVA used for
quantitation was a sample of the same material
used in manufacturing of the microparticles. An
evaporative light scattering detector (ELSD) was
used for the initial method development (Varex
ELSD IIA, Deerfield, Illinois). Further evalua-
tions were performed on an ELSD with a low

temperature adapter (LTA) (Alltech 500 ELSD
with LTA, Deerfield, IL) and a Polymer Labora-
tories ELSD (Model PL-ELS 100, Amherst, MA).
Similar results were obtained, but the latter detec-
tors were approximately 21

2–5 times more sensitive
than the former. The chromatographic conditions
are shown in Table 1. The conditions for each of
the three different detectors examined are shown
in Table 2.

2.3. Sample preparation

Samples were prepared by dissolving approxi-
mately 50 mg of PLGA microparticles in 1 ml of
acetonitrile in a 5-ml volumetric flask. After vor-
texing and brief sonication in a bath, 0.1% v/v
aqueous trifluoroacetic acid at approximately 90–
95°C was added, and the sample vortexed briefly
prior to 20 min of sonication. The sample was
then cooled, and filled to volume with 0.1% v/v
aqueous trifluoroacetic acid. Finally, the sample
was filtered through 0.45 �m PTFE filters and
analyzed. The samples are stable for 2 days at
room temperature. Spiked sample preparation
was accomplished by adding dry PVA (Airvol
205S PVA, Air Products and Chemicals) to the
dry microparticles prior to sample preparation.
Since this method does not address any entrained
PVA, a separate experiment was conducted to
prove that the PVA could be removed from the
microparticles using this method. A solution of
6% w/v PVA in water was prepared and approxi-
mately 1 g of microparticles was added to the
solution and swirled well. The solution was then
filtered and the microparticles collected and al-
lowed to dry overnight. The dry microparticles
were then weighed and prepared as above. Fur-
ther proof that the method was capable of detect-
ing PVA in the formulation was obtained at a
later date, when samples containing detectable
PVA were prepared. These samples had levels of
PVA on the order of 0.1–0.3% w/w.

3. Results and discussion

The limits of detection for PVA ranged from
0.8 to 4 �g on column depending on the detector

Table 3
Recovery of PVA from PLGA matrix

Weight polyvinyl alcoholSample no. Recovery
added (mg)

1 (65:35) 0.578 97.74
0.569 98.662
0.6073 101.22

Average 99.21
% RSD 1.82

4 1.347 96.03
1.3415 99.42

6 1.309 99.22
Average 98.22

1.94% RSD

7 100.722.131
99.812.2208

9 1.931 98.90
Average 99.81
% RSD 0.91

1 (75:25) 0.610 99.85
0.5572 100.26

3 0.597 100.32
100.14Average

% RSD 0.25

1.3034 98.64
5 1.226 97.39

1.2806 99.91
Average 98.65
% RSD 1.28

7 2.248 99.21
2.021 100.398

99.841.9479
Average 99.81
% RSD 0.59

Overall average 99.31
Overall % RSD 1.29
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Fig. 3. Representative chromatograms blank, placebo and sample solutions.

used. The Alltech and Polymer Laboratories de-
tectors gave approximately 3 and 5 times lower
detection limits for an aqueous system, respec-
tively. For both models of detector, the method
showed a good R2 value when the logarithm of
the area is plotted versus the logarithm of the
concentration of PVA. Typically, ELSD is non-
linear over this wide of a concentration range,
and the results must be treated as a logarithm
to obtain a linear curve [6]. Example standard
curves both prior to and after logarithmic treat-
ment are shown in Fig. 1 and Fig. 2.

Recovery of PVA from the sample matrix was
determined by weighing solid PVA with solid
microparticle samples and preparing them as
discussed under sample preparations. Spiked and
unspiked samples of two different polymer ra-
tios (65:35 and 75:25) were analyzed in triplicate
at three different levels. The polymer ratios had
no affect on the recovery observed as shown in
Table 3. Fig. 3 shows that no interfering peaks
from the sample matrix or the solvents were ob-
served. The two peaks observed in the placebo
solution are likely due to the acetonitrile used in
the sample solvent and the excipients in the

placebo formulation, although these peaks have
not been specifically identified. The sample pre-
pared by placing microparticles in an aqueous
PVA solution demonstrated that PVA could be
easily observed, and that the extraction method
works well for these samples. Analyses of multi-
ple batches of these microparticles have shown
that different levels of PVA other than the
spiked samples can be observed.

4. Conclusions

A simple chromatographic method for the
analysis of PVA in a polymer matrix has been
developed. The advantages of this method are
that low concentrations of PVA can be detected
with minimal interferences. The method is sim-
ple and can be applied to a wide variety of
polymer matrices that are insoluble in the sam-
ple solvent. It also allows samples to be ana-
lyzed that are not compatible with currently
published methods that require extraction and
spectroscopic detection.
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