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Abstract

A capillary electrophoresis method for the determination of the enantiomeric purity of the local anaesthetic
ropivacaine hydrochloride in injection solutions has been validated. The method showed the required limit of
quantitation of 0.1% enantiomeric impurity. Good performances were shown for specificity, linearity, system
repeatability, intermediate precision and accuracy. Robustness was tested via a full factorial design at two levels and
the method proved to be robust. Comparison of the capillary electrophoresis method with the liquid chromatographic
method currently used for several years at our laboratory on real samples of ropivacaine injection solutions showed
that the techniques do not give significantly different results. © 1997 Elsevier Science B.V.
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1. Introduction

Capillary electrophoresis (CE) is a powerful
tool for the separation of enantiomeric drugs. In
an earlier paper we presented the results of the
validation and robustness testing of the enan-
tiomeric purity determination of (S)-ropivacaine
hydrochloride monohydrate raw material [1]. In
this paper the results of the validation of the

* Corresponding author.

chiral CE method for the enantiomeric purity
testing of ropivacaine hydrochloride injection so-
lutions (Naropin® solutions) in polypropylene
ampoules and bags (Polyamp DuoFit® and Poly-
bag”®) are presented.

The validation criteria and definitions were sim-
ilar to those applicable to the validation of a
chromatographic method in our laboratory and
were derived from officially adopted guidelines for
method validation [2-5]. Chiral CE methods that
to a greater or lesser extent were validated have
been reported [1,6—15].
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2. Experimental

2.1. Capillary electrophoresis

2.1.1. Conditions

The validation was performed on an HP*PCE
instrument (Hewlett Packard, Waldbronn, Ger-
many), comprising a diode array detector and
ChemStation software for data handling. The
capillary (Hewlett Packard, Waldbronn, Ger-
many) was 80.5 cm long (72.0 cm effective length)
with a 50 um 1.d. The applied voltage was 30 kV,
with an initial ramping of 500 V s —'. The temper-
ature was 30°C. Injection was performed at 50
mbar over 5 s (5 nl injection volume). UV detec-
tion was at 206 nm with a band width of 4 nm.
Preconditioning of the capillary was programmed
for each run and consisted of 1 min flush with
water, 4 min flush with 0.1 mol 1= ' of NaOH
(sodium hydroxide solution for HPCE, Fluka
BioChemika, Buchs, Switzerland), | min flush
with water and 4 min flush with run buffer.

The background electrolyte solution (BGE) was
made by adjusting a solution of 0.1 mol 17! of
phosphoric acid (AG, Merck, Darmstadt, Ger-
many) to pH 3.0 with triethanolamine (AG,
Merck, Darmstadt, Germany). The run buffer
consisted of 133 mg heptakis(2,6-di-O-methyl)-£ -
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o R -CH,CH,CH,CH; Bupivacaine

(S)-(-)-Ropivacaine

(R)-(+)-Ropivacaine

Fig. 1. Structures of the PPX analogues.

cyclodextrin (DM-f-CD, Sigma, St. Louis, USA)
per 10 ml BGE, resulting in a concentration of 10
mmol 1! of DM-f-CD.

All solutions were freshly prepared using Mil-
liQ purified water and filtered through teflon
filters, 0.45 pm pore size (Micron Separations,
Westboro, USA).
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Fig. 2. Electropherogram of ropivacaine and other n-alkyl-PPX analogues. Conditions as given in Section 2. 1, PPX; 2, mepivacaine;
3, ethyl-PPX; 4R, (R)-ropivacaine; 4S, (S)-ropivacaine; 5, bupivacaine.
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Fig. 3. LOQ for (R)-ropivacaine in ropivacaine hydrochloride injection solution. Conditions as described in Section 2.

2.1.2. Purity determination

The enantiomeric purity of a 2 mg ml ! injec-
tion solution of ropivacaine hydrochloride was
determined by direct injection. Injection solutions
with a concentration of 7.5 mg ml~' or 10 mg
m] ~ ' were diluted in MilliQ filtered water to a
concentration of 2.0 mg ml~'. The percentage of
the (R)-enantiomer is calculated by internal nor-
malisation from corrected peak areas (peak area/
migration time) and according to Eq. (1):

. . Ag/t

Yoimpurity = —_ RIR . (N
Aslts + Ag/lx

Table |

Limit of quantitation of the (R)-form

Injection number (R)-ropivacaine (Vo)

1 0.074

2 0.075

3 0.081

4 0.078

5 0.082

6 0.090

Mean 0.08

R.S.D. (") 7.6

Six repeated injections of a solution of 2.0 mg ml ' of

(S)-ropivacaine hydrochloride monohydrate working standard
solution in 0.9% sodium chloride.

where A and Ag are the measured peak areas
and r, and tg the migration times for (R)-ropiva-
caine and (S)-ropivacaine respectively.

2.1.3. Resolution
The resolution between (R)-ropivacaine and
(S)-ropivacaine was calculated according to Eq.

2):

to—t
Ri=1.18—2_R

Wing+ Wiar

(2)

where w5 g and w, , g are the peak widths at half
the peak height of (S)-ropivacaine and (R)-ropi-
vacaine respectively.

For evaluation of the robustness testing, graph-
ical software for statistical experimental design,
Modde™ (Umetri, Umed, Sweden), was used. The
model was a full factorial two-level design. The
factors were the phosphoric acid concentration
(high 0.11 mol 1= !, low 0.09 mol | '), the DM-f-
CD concentration (high 12 mmol | ', low 8
mmol 1), the pH (high 3.1, low 2.9) and the
temperature (high 32°C, low 28°C). The response
was the resolution between the R and the S form
of ropivacaine.
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2.2. Liquid chromatography

2.2.1. Conditions

The separation was performed on a 100 mm
long and 4.0 mm id. chiral-AGP colum
(Chromtech, Middelburg, Netherlands) with 5 um
particles. A 10 mm long and 3.0 mm i.d. chiral-
AGP guard column was used. The mobile phase
consisted of 35.0 ml isopropanol (May and Baker,
Dagenham, UK) diluted to 500.0 ml with phos-
phate buffer pH 7.2, x4 = 0.05. The flow rate was
1.0 ml min~ !, The injected volume was 20 ul. UV
detection was performed at 220 nm.

2.2.2. Purity determination

The ropivacaine hydrochloride injection solu-
tion was diluted with the mobile phase to a con-
centration of 75 pg ml~! of ropivacaine
hydrochloride. The percentage of the R-enan-
tiomer was calculated from the peak areas 4; and
Ag by internal normalisation according to Eq. (3):

Ar
———-100 3
As+ Ag ©)

Yimpurity =

For the system suitability test, a solution of
about 75 pg ml—! of ropivacaine hydrochloride
with 0.5-1.0% (R)-form is injected. There should
be baseline separation between the ropivacaine
enantiomers and the R.S.D. of the peak area of
the (R)-form of three replicate injections should
be less than 5%.

2.3. Test components

2',6'-pipecoloxylidide hydrochloride (PPX, race-
mate, working standard), (S)-ropivacaine hy-
drochloride = monohydrate  ((S)-propyl-PPX,
working standard, batch no. 201/94), (R)-ropiva-
caine hydrochloride monohydrate ((R)-propyl-
PPX), mepivacaine hydrochloride (methyl-PPX,
racemate, working standard), ethyl-PPX hy-
drochloride (racemate) and bupivacaine hy-
drochloride monohydrate (butyl-PPX, racemate,
working standard) were obtained from Astra Pain
Control, Sodertilje, Sweden (Fig. 1).
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% (R)-ropivacaine
Fig. 4. Linearity of (R)-ropivacaine in ropivacaine hydrochlo-

ride injection solution. y =(21.9 + 0.5)x +(~0.4+0.7), r? =
0.9981. Conditions as described in Section 2.

3. Results and discussion

In order to obtain robust capillary elec-
trophoresis methods, we apply some general rules
for capillary electrophoresis in our laboratory.
New capillaries are washed before being used for
the first time to remove possible contaminants
from the manufacture of the capillary and to
enable reproducible results to be obtained. The
capillary is flushed with water at a pressure of
approximately 1 bar for 1 min and then for 30
min with 0.1 mol 1-' NaOH. Capillaries that are
stored are first flushed for 10 min with 0.1 mol
1! NaOH and then for 10 min with water. Since
each capillary has its own history, e.g. buffer
additives are not always easily removed from the
capillary wall, it is dedicated to a specific applica-
tion.

Buffer solutions that contain chiral selectors or
other additives are always freshly prepared. The
solutions are filtered through filters with a pore
size of 0.45 pm immediately before use to remove
particles and air bubbles.

Since the injected volume is influenced by vis-
cosity differences, it is important that the capillary
temperature is constant to obtain good reproduci-
bility of peak areas. The sample vials are allowed
to attain a constant temperature on the autosam-
pler. When possible, longer injection times, e.g.
5-10 s are employed. The pressure difference
generated for hydrodynamic injection is moni-
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tored during injection and if it does not accord
with the set level, the injection time is adjusted
automatically by the instrument. If short injection
times are employed, the ability to regulate the
injection is reduced. During injection the capillary
end is immersed in a vial containing electrophore-
sis buffer at a constant level, to avoid fluctuations
in injection volume due to differences in hydrody-
namic forces. To minimise the effect of sample
loss due to thermal expansion, an electrolyte plug
can be injected after the sample plug or a voltage
gradient can be applied, as was done in this
method. Since variance in precision is mostly due
to fluctuations in injection volume, the incorpora-
tion of an appropriate internal standard can min-
imise this source of error. For this method.
however, calculations were done by internal nor-
malisation, so no internal standard was needed.

In cach analysis sequence, a system suitability
test is performed at the beginning and end of the
sequence. For the method presented in this paper,
the test mixture was a solution of 2.0 mg ml ' of
(S)-ropivacaine hydrochloride and 4.0 pg ml ' of
(R)-ropivacaine hydrochloride in 0.9% sodium
chloride solution, corresponding to a 2 mg ml !
of ropivacaine hydrochloride injection solution
containing 0.2%, enantiomeric impurity ((R)-
form).

3.1, Specificity

The specificity was tested by mixing the PPX
analogues (Fig. 1) into the sample matrix, i.c. a
physiological salt solution. The electropherogram
in Fig. 2 shows that the specificity of the system is
excellent and also separates the enantiomers of
the other PPX analogues.

3.2. Detection and quantitation limits

The electropherogram in Fig. 3 shows that the
limit of detection (LOD) is clearly lower than the
0.08% of (R)-form originally present in the (S)-
ropivacaine hydrochloride monohydrate working
standard. The working standard available at the
time of validation of the method for the purity
determination of the raw material had less chiral
impurity. The LOD then determined corre-

sponded to 0.05% of the (R)-form [l]. For the
chiral LC method, a detection limit of 0.1% of the
(R)-form has been reported [16].

The limit of quantitation (LOQ) for (R)-ropiva-
caine was determined by injecting a solution of
the working standard corresponding to 2.0 mg
ml ' of ropivacaine hydrochloride in 0.9% NaCl,
since this solution contained a quantifiable
amount of (R)-ropivacaine (Fig. 3). The chiral
impurity was 0.08% and the R.S.D. of six dupli-
cate injections of this solution was 8% (Table 1).

3.3. Linearity

A calibration curve for the (R)-form was made
in a concentration range of 0--3% in ropivacaine
hydrochloride injection solution. Since a small
amount of the (R)-form is present in the (S)-ropi-
vacaine hydrochloride monohydrate working
standard, this was taken into account. The plot of
corrected peak areas versus amount of (R)-ropi-
vacaine showed good linearity (Fig. 4).

3.4. Accuracy

The accuracy was tested by the determination
of (R)-ropivacaine added to a solution of (S)-
ropivacaine hydrochloride monohydrate working
standard in a physiological salt solution. Nine
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Fig. 5. Accuracy test: experimentally determined amount of
(R)-form vs. the theoretical amount. The slope of the plot is
0.98 4 0.01, the intercept is 0.0l +0.01 and the coefficient of
determination, r2, is 0.9998. Conditions as described in Section
5
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Table 2

System repeatability and intermediate precision. A, B and C are the results obtained on three different days

Injection number

Levels of (R)-form (%)

Level 1 Level 2 Level 3 Level 4 Level 5
A 1 0.11 0.38 0.52 1.22 2.56
2 0.12 0.38 0.53 1.25 2.60
3 0.12 0.37 0.53 1.22 2.58
4 0.13 0.35 0.53 1.23 2.59
S 0.13 0.37 0.51 1.21 2.56
6 0.13 0.37 0.53 1.18 2.58
Mean 0.12 0.37 0.53 1.22 2.58
R.S.D. (%) 6.6 2.6 1.4 1.8 0.6
B 1 0.13 0.36 0.53 1.22 2.58
2 0.15 0.35 0.51 1.23 2.60
3 0.15 0.35 0.52 1.21 2.60
4 0.13 0.36 0.53 1.24 2.58
5 0.13 0.35 0.52 1.22 2.57
6 0.12 0.36 0.51 1.23 2.59
Mean 0.14 0.36 0.52 1.23 2.58
R.S.D. (%) 8.1 1.8 1.6 0.7 04
C 1 0.13 0.37 0.50 1.23 2.57
2 0.14 0.37 0.54 1.21 2.58
3 0.13 0.37 0.52 1.22 2.55
4 0.13 0.36 0.51 1.19 2.58
5 0.12 0.36 0.54 1.20 2.58
6 0.14 0.36 0.53 1.20 2.59
Mean 0.13 0.37 0.52 1.21 2.58
R.S.D. (%) 4.5 1.6 2.6 1.2 0.6
Mean of means 0.13 0.36 0.52 1.22 2.58
Within assay R.S.D. (%) 6.6 2.0 1.9 1.3 0.5
Between assays R.S.D. (%) 4.9 2.0 0.5 0.7 0.2

mixtures in the range 0-3% of (R)-form were
injected. When calculating the theoretical percent-
ages of (R)-ropivacaine, the amount present in the
(S)-ropivacaine  hydrochloride = monohydrate
working standard was taken into account. In Fig.
5 a plot of the theoretical concentration of impu-
rity against the experimentally determined con-
centration shows that the method is accurate.

3.5. System repeatability and intermediate precision

To test the system repeatability, five different
levels between 0.1-2.6% of (R)-ropivacaine in
injection solution were each injected six times.
The R.S.D. were 6.6-0.6% (Table 2A). The

poorer precision at the lowest concentrations is
related to the small peak size. For the LC method
currently used in our laboratory, the R.S.D. at the
0.2% impurity level is about 10% and at the 2%
impurity level 1.5% R.S.D. [16]. These figures
support the use of the CE method.

The intermediate precision reflects the within-
laboratory variation. In our laboratory, at the
time of the validation, this meant that the same
instrument was used by the same analyst but on
three different days and with freshly prepared
solutions. The results presented in Table 2 show
that the R.S.D. are about the same as for the
system repeatability.
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Table 3
Full factorial two-level design robustness test

Experiment  Run order pH  H;PO, concentration Cyclodextrin concentration Temperature (°C) Resolution
(mol 171 (mmol 17")

+ 3.1 0.1 12 32

— 29 0.09 8 28

N1 1 29 0.09 8 28 375
N2 18 1 0.09 8 28 382
N3 19 29 0.1 8 28 4.01
N4 16 31 0.1l 8 28 3.96
NS 11 29  0.09 12 28 5.00
N6 12 31 009 12 28 513
N7 2 29 0.1 12 28 5.29
N8 14 30 12 28 519
N9 6 29 0.09 8 32 3.68
Ni10 7 31 0.09 8 32 370
N1 3 29 011 8 32 3.82
Ni2 10 31011 8 32 3.80
NI3 8 29  0.09 12 32 4.92
N14 17 3.1 0.09 12 32 4.94
NIS 5 29 011 12 32 5.04
NI6 4 3.1 011 12 32 5.09
N17¢ 13 3.0 010 10 30 4.45
N18§* 15 30 0.10 10 30 443
N19* 9 30 010 10 30 4.48

4 Centre points.
3.6. Robustness

In the robustness test the method parameters
that are expected to vary between days and cir-
cumstances or those known to affect the resolu-
tion were tested. A great deal is already known
about these parameters and the aim of this study
was to determine whether the analytical results
would be affected by small changes. The earlier
robustness test for ropivacaine hydrochloride
monohydrate substance was performed by vary-
ing the experimental parameters one by one [l].
The parameters were now varied according to a
full factorial design at two levels. A Plackett-Bur-
man designed test was presented by Rogan [17].
An inter-company cross-validation showed that a
chiral CE method could successfully be trans-
ferred between laboratories [6].

Four experimental parameters were studied, i.e.
the concentration of DM-£-CD, the concentra-
tion of phosphoric acid, the temperature and the
pH. The concentration of the cyclodextrin has a

strong effect on the resolution. The model devel-
oped by Wren [18,19] predicts an optimum con-
centration. Our previous experiments where the
association equilibrium constants for the ropiva-
caine—cyclodextrin compiex were calculated
showed that the method concentration is below
the optimum concentration [20]. This means that
a higher concentration of DM-£-CD will result in
a higher resolution.

The way the BGE is prepared is important. The
concentration of phosphoric acid not only affects
the stacking of the injected zone, but also the
amount of triethanolamine added.  Tri-
ethanolamine is used to adjust the pH and affects
the electroosmotic flow (EOF) [21], which is re-
versed in this system [20]. The amount of tri-
ethanolamine added results in a more or less
negative EOF, which in turn affects the resolution
[22].

An important observation in previous work
was that the quality of the cyclodextrin varied
among the different suppliers and that this had an
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BG =0.100
CD = 10.000

Fig. 6. Robustness test: response surface for the concentration of DM-B-CD (CD) and concentration of phosphoric acid (H,PO,)

and for temperature (7°) and pH.

important impact on the determination [1]. Other
groups observed similar variations for hydrox-
ypropyl-f -cyclodextrin or DM-f-CD [10,23-25].
We nowadays only use DM-f-CD supplied by
Sigma, so the quality of DM-/-CD was not in-
cluded in this test. At this moment, we have been
using three different batches of DM-f-CD that
were supplied by Sigma and have not found any
significant differences.

The selection of four parameters suggests a 2°
full factorial design, i.e. 16 experiments. Three
centre points, i.e. the normal experimental condi-
tions, were added. The total of 19 experiments
were performed in random order and the resolu-
tion between (R)- and (S)-ropivacaine was mea-
sured. Since the peak for (S)-ropivacaine at the
assay concentration is triangular and highly asym-
metric (Fig. 3), calculation of the resolution on
such a separation is not meaningful. To determine
the effect of the parameters on the separation, a
lower concentration of (S)-ropivacaine hy-
drochloride (15 pg ml—') was used.

The experimental set-up and the results are
presented in Table 3 and Fig. 6.

The resolution varies between 3.7 and 5.3 with
the concentration of the cyclodextrin having the
strongest effect. Fig. 7 shows the separation of a
real injection solution under the conditions that
gave the lowest resolution, ie. 7 =32°C,
[HsPO,]=0.09 mol 17!, pH = 2.9, [DM-f-CD] =

8 mmol 17! Even under these conditions an
acceptable separation was obtained and the deter-
mination of the enantiomeric purity was not af-
fected. This proves that this CE method is robust.

3.7. Comparison with liquid chromatography

At present a chiral liquid chromatographic
(LC) method is used to determine the enan-
tiomeric purity of ropivacaine hydrochloride in
pharmaceutical formulations (Fig. 8). Several in-
jection solutions were determined by LC as well
as CE. The samples were injection solutions at
concentrations of 2, 7.5 or 10 mg ml~"' of ropiva-
caine hydrochloride in different sizes of
polypropylene ampoules or bags. They repre-
sented samples normally analysed in our labora-
tory and originated from stability trials i.e. they
were stored for different periods of time at differ-
ent temperatures and humidities. The purity de-
terminations were performed as described in
Section 2.

The results of both methods are presented in
Table 4. A paired ¢-test was performed giving a
calculated value for ¢ of 0.62. The critical value
for |¢] is 2.06 (25 degrees of freedom, 95% confi-
dence interval), which means that the two differ-
ent methods do not give significantly different
results.
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Ay } [HPO,] = 0.10 molt Ay ‘ [HyPO,] = 0.09 mol}
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Fig. 7. Robustness test: comparison of the standard conditions (A) with the conditions that gave the lowest resolution in the
robustness tests (B).

Since the LC method was developed and vali- parallel in ongoing stability studies to gain more
dated earlier, it is filed in the New Drug Applica- experience in routine analysis and to train more
tion (NDA). At present, both methods are used in analysts in the CE technique.
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Fig. 8. Chiral LC separation of (S)-ropivacaine with 0.2% chiral impurity of its enantiomer (R)-ropivacaine. Conditions as described
in Section 2.
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4. Conclusions

The capillary electrophoresis method compris-
ing the use of DM-f#-CD offers very good enan-
tiomeric separation of ropivacaine hydrochloride
in injection solutions. The method has been vali-
dated and shows good performance with regard
to selectivity, linearity, system repeatability, inter-
mediate precision and accuracy and meets the
required limit of quantitation. It is robust, which
makes it very suitable for quality control of the
enantiomeric purity of ropivacaine hydrochloride
in pharmaceutical formulations. Comparison of
the CE method with the existing chiral LC
method showed that the methods do not give
significantly different results for the determination
of the enantiomeric purity of ropivacaine hy-
drochloride injection solutions.

Acknowledgements

We would like to thank Klaus-Ulrich Lipfert
(Astra Pain Control) for supplying the samples,
Magnus Melin (Astra Pain Control) for help with
the Modde software and Erik Johansson (Umetri)
for critical reading of the manuscript.

References

[1] C.E. Séanger-van de Griend and K. Groningsson. J.
Pharm. Biomed. Anal., 14 (1996) 295-304.

[2] Validation of compendial methods, in United States Phar-
macopeia XXIIT (1995) 1982-1984.

[3] ICH guideline on Validation of Analytical Procedures—
Extension, draft 7, rapporteur: J.-L. Robert (CPMP), July

1995.

[4] ICH guideline: Validation of Analytical Procedures.
Committee for Proprietary Medicinal Products, Novem-
ber 1994.

[5] G.P. Carr and J.C. Wahlich. J. Pharm. Biomed. Anal., §
(1990) 613- 618.

[6] K.D. Altria, R.C. Harden, M. Hart ct al. J. Chro-
matogr., 641 (1993) 147—153.

[7] K.D. Altria, A.R. Walsh and N.W. Smith, J. Chro-
matogr., 645 (1993) 193-196.

[8] K.D. Altria, D.M. Goodall and M.M. Rogan, Elec-
trophoresis, 15 (1994) 824 827.

[91 A. Werner. T. Nassauer. P. Kiechle and F. Erni. J.
Chromatogr. A, 666 (1994) 375--379.

[10] E.C. Rickard and R.J. Bopp. J. Chromatogr. A, 680
(1994) 609- 621.

[11] A. Guttman and N. Cooke. J. Chromatogr. A, 685 (1994)
155-159.

[12] J.E. Noroshi, D.J. Mayo and M. Moran, J. Pharm.
Biomed. Anal., 13 (1995) 45-52.

[13] P. Castelnovo and C. Albanesi. J. Chromatogr. A, 715
(1995) 143- 149.

[14] F. Li. S.F. Cooper and S.R Mikkelsen, J. Chromatogr. B.
674 (1995) 277-285.

[15] G. Hempel and G. Blaschke, J. Chromatogr. B. 675
(1996) 139- 146.

[16] L. Eriksson Mdller, Astra Pain Control Report.

[17] M.M. Rogan, K.D. Altria and D.M. Goodall, Chro-
matographia, 38 (1994) 723 -729.

[18] S.A.C. Wren and R.C. Rowe, J. Chromatogr.. 603 (1992)
235-241.

[19] S.A.C. Wren, J. Chromatogr., 636 (1993) 57 - 62.

[20] C.E. Singer-van de Griend, K. Groningsson and D.
Westerlund. Chromatographia, 42 (1996) 263-268.

[21] 1. Bechet, Ph. Paques., M. Fillet, Ph. Hubert and J.
Crommen. Electrophoresis, 15 (1994) 818--823.

[22] J.W. Jorgenson and K.D. Lukacs. Anal. Chem.. 53 (1981)
1298 - 1302.

[23}] M.H.F. Nielen, Anal. Chem., 65 (1993) 885 893.

[24] S. Palmarsdottir and L.-E. Edholm. J. Chromatogr. A.
666 (1994) 337-350.

[25] LE. Valko. H.AH. Billiet, J. Frank and K.Ch.AM.
Luyben, J. Chromatogr. A. 678 (1994) 139144,



