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Abstract

A capillary electrophoresis (CE) method has been developed and validated for separating the tetrapeptideAdgFphe-Phe-NH
and nine related substances. The method was developed using experimental design in a four-step procedure, in which eight variables were
investigated in a total of 47 experiments. The preferred background electrolyte (BGE) consisted of 0.1 M malonic acid at pH 2.5 with
7 mM heptakis(2,6-dB-methyl)B-cyclodextrin (2,6-DMp-CD). The separation of H-Tym)Arg-Phe-Phe-Nhkland the related substances
was accomplished within 15 min, with a resolution greater than 1.5 between all peaks. The method was then investigated with respect to
its selectivity, linearity, precision, detection limit (LOD) and quantitation limit (LOQ). In addition, a system suitability test was performed
and response factors were determined, essentially following International Conference of Harmonization guidelines for the validation of
analytical methods. LOD and LOQ for the related substance H-Arg-Phewidire found to be 0.3 and 0u&/ml, respectively, at a target
H-Tyr-(p)Arg-Phe-Phe-NHK concentration of 1 mg/ml. The method performed well with respect to all of the validation parameters.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tively time-consuming). CE is a micro-scale technique of-
fering a selectivity process that is orthogonal to chromatog-
Peptides are involved in the control and regulation of raphy and gaining favor as a potentially viable supplement
many vital processes in all living organisms, acting (for or alternative to HPLC. The most frequently quoted advan-
instance) as hormones, neurotransmitters, immunomodula-tages of the CE technique are its high efficiency, short anal-
tors, coenzyme or enzyme inhibitors, toxins and antibiotics. ysis time and small injection volumes. Numerous papers on
The pharmaceutical industry continuously strives to develop CE-based peptide separation have been pres¢ht&dl
new peptide-based drugs. Consequently, advanced meth- Optimization of CE methods generally requires a lot of
ods are required to separate, prepare, characterize, and desxperience and skill. Furthermore, it is often necessary to
termine peptides. Efficient separation techniques such asperform a large number of experiments to obtain success-
high-pressure liquid chromatography (HPLC) and capillary ful results. The main reason for these disadvantages is that
electrophoresis (CE) are essential for this. To date, HPLC hasmany variables are involved in CE, and these variables have
been the most commonly used technique, and the method ofquite disparate and sometimes unexpected effects on the se-
choice for routine purposes. However, despite being reliable lected responses (usually the resolution and time of the last
and well-established, HPLC has certain disadvantages (formigrating compound). However, the method development
instance, it requires relatively large samples, and it is rela- process can be significantly shortened if experimental de-
sign is applied. Altria et al. published a review on this topic
nearly a decade ad8], which still more or less reflects the
* Corresponding author. Tel+46-8-164-316; fax:-46-8-156-391. current state of the art. However, several papers since then
E-mail addressbo.karlberg@anchem.su.se (B. Karlberg). have reported on the applicability of experimental design to
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CE method developmeifs,9—16] just to mention a few of ~ 2.2. Solutions
these papers.

Many factors influence the separation in CE. Buffer addi- A set of buffer solutions was prepared and tested in
tives may be introduced to the background electrolyte (BGE) the concentration range 50-100 mM, covering pH values
to enhance the solubility of a determinand to improve the from 2.5 to 3.5. The total ionic strength was adjusted
separation capabilities of the analytical system. Addition by adding NaCl. The buffer additives cyclodextrin, tri-
of organic modifiers may change the viscosity of the BGE ethanolamine, methanol and acetonitrile were investigated
and the solvation conditions, thereby affecting the analysis in different constellations during the method development
time and peak efficiency. Increasing the conductivity of the procedure. The peptide sample solution used in all ex-
BGE also increases both the current through the capillary periments (if not stated otherwise) comprised 1.0 mg/mi
and Joule heatingll7]. Various complexing agents (most H-Tyr-(p)Arg-Phe-Phe-NK and 0.05mg/ml of each of
commonly a small quantity of cyclodextr[8]) have been  the nine related products dissolved in purified water (i.e.
added to the BGE when separating peptides by CE in or- Milli-Q). All solutions were filtered through a 0.45m pore
der to alter the mobility of the determinands and thus im- Millex-HV filter before use.
prove selectivity. The degree of complexation is governed
by the binding constant between the determinand and the Yy 5
clodextrin (CD). For separations of positively charged pep- ="
tides with similar masses, which are done at low pH, in the

range 2—4, an uncharged cyclodextrin would be a suitable. Al expenments were perfor_med using a FREE
choice[3.4.19] instrument equipped with a diode array detector and

This paper reports the CE separation of the peptide Chemstation software (version A.05.02) for data han-
H-Tyr-(p)Arg-Phe-Phe-Nb, some of its degradation prod- dling (Agilent Technologies, Waldbronn, Germany). The

. : : PVA-coated capillaries were also obtained from Agilent
ucts, and several related peptides (10 peptides in all). The ; L .
N . . . “Technologies. These capillaries had an effective length
overall objective was to achieve full baseline separation ; .
. (Ie) of 56.5cm, a total lengthl{) of 64.5cm, an inner di-
between all the determinands. A four-step procedure for .
o . . . ameter of 5Gum, and an outer diameter of 3pbn. The
optimizing the CE separation was adopted, involving four : o . .
. ; o : capillary was preconditioned prior to all runs by flushing
series of experiments. The initial set of experiments was . e .
. . ) . with purified water, 0.1 M HCland BGE, each for 1 min.
performed to establish basic requirements. This was fol- .
. . .~ The temperature was varied in the range 15*@0and
lowed by a Plackett—Burman design for variable selection, . .
. : . oo the applied potential between 15 and 30kV. The sample
a reduced factorial design to estimate the significance of .

the selected variables, and, finally, a circumscribed central!ntrOdUCtlon procedure entailed sequential hydrodynamic

composite design, including axial points, to carefully inves- injection of sample and then BGE, by applying a pressure

. . : o . of 15mbar for 5s for each solution. Determinands were
tigate the influence of the retained significant variables on o

. AR detected by monitoring UV absorbance at 200nm (8 nm
the selected responses, resolution and migration time of theban dwidth)

last eluting peak. The validation of the final method basi- The experimental design models were constructed and

((:Iz(aglg)fglljci)(\j/\;ai?‘elg[tzeorn;ltllonal Conference of Harmonization analyzed using Modde Software (Umetrics, Umed, Sweden).

e The (Ka-values were calculated using the software AGQYp
DB, version 7.00 (Advanced Chemistry Development Inc.,
Toronto, Canada).

Instrumentation

2. Experimental
2.1. Chemicals 2.4. Choice of capillary

The peptides H-Tyri)Arg-Phe-Phe-NH, H-Tyr-(p)Arg- Peptides that are strongly basic and have similar mobil-
Phe-Phe-OH, H#)Arg-Phe-Phe-OH, H-Tyr#)Arg-Phe- ity values often present considerable separation challenges.
OH, H-(@)Arg-Phe-Phe-NH, and H-p)Arg-Phe-OH were One of the most common problems is adsorption onto the
kindly provided by Biochem Immunosystems (Montreal, capillary wall, particularly at low pH. This leads to poor effi-
Canada). H-Tyri§)Arg-OH, H-Arg-Phe-NH, H-Phe-Phe- ciency, decreased resolution and asymmetric peaks. Hence,
NH2 and H-Phe-Phe-OH were purchased from Bachem several organic additives have been used to coat the capil-
(Bubendorf, Switzerland), while heptakis(2,6@imethyl)- lary wall in order to eliminate such adsorptif2?]. In this
B-cyclodextrin (2,6-DMB-CD) and malonic acid were  study our choice fell on a permanently PVA-coated capillary
supplied by Sigma (St. Louis, USA). Sodium hydroxide, that is commercially available offering a permanent, stable
sodium chloride, phosphoric acid (85%), triethanolamine and reproducible surface. This type of capillary is suitable
(TEA) and acetonitrile (ACN) were all of analytical grade for the separation of basic peptid@®], and has previously
(Merck, Darmstadt, Germany). Purified water was obtained been used for the successful enantiomeric separation of a
from a Waters Milli-Q system (Watford, Herts, UK). tetrapeptide in CH7].
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2.5. Evaluation procedure 3.1. Step 1: initial experiments

Two response functions were selected for this work, The aim of the initial experiments was to establish the
namely the resolutionRs) and the migration time of the  basic analytical requirements of the method, such as the type
last eluting peak (in the following referred to as “the mi- of buffer and pH range of the BGE.
gration time”). The basic requirements were that these The pH value of the electrolyte solution is an important
response functions should provide measures of the analysis/ariable since it alters the charge of the determinands. Suc-
time and baseline separation of H-Ty}A\rg-Phe-Phe-NEl cessful separations of basic peptides are normally achieved
and its nine related products. The peak separation betweerat low pH values[23]. According to the B, values pre-
H-Tyr-(p)Arg-Phe-Phe-NK and H-p)Arg-Phe-Phe-OH sented inTable 1 the determinands have stable positive
was identified as being the most critical, so the resolution, charges at pH values in the range 2—4, implying that the pH
Rs, between these two peaks was chosen as one of theof the selected electrolyte solution should be in this range.

assessed responses throughout the investigation. Positively charged determinands move towards the detec-
Peaks were integrated and the resolution was calculatedtor in this analytical system. Three buffer systems, namely
using the Chemstation software, according to phosphoric acid/dihydrogen phosphat&{2.12), malonic
acid/malonate (K5 2.84), and citric acid/citrate i 3.06)
Rs= 118 x 2—n 1) were tested, covering the pH range 2.5—_3.5. The calculated
w121+ w1/2,2 pKas4 values seem to be high in comparison with the ones
normally found for Arg residues in peptides.
wheret; andt, are the migration times angh 2,1 andwy 2 2 The malonic acid/malonate buffer system at pH 2.5 proved

the peak widths at half peak heights. In this study, a resolu- to be the most suitable, since at least partial separation was
tion of at least 1.5 between two peaks is considered to give obtained between all ten determinands. It also gave rise to
baseline separation. the lowest current and the most stable baseline. An electro-
pherogram obtained with 50 mM malonic acid buffer solu-
tion at pH 2.5 is shown iffrig. L

2.6. Validation parameters X i
Consequently, this buffer was used in all subsequent ex-

The purpose of validation is to establish whether or not Pefiments.
an analytical method is acceptable for its intended purpose.
The validation of this analytical method was performed
according to the ICH guideling®0,21], and the following
parameters were studied: selectivity, linearity, sensitivity,
accuracy, precision, and system suitability.

3.2. Step 2: experiments based on a Plackett—-Burman
design

A Plackett-Burman design was applied to iden-
tify variables that might influence the separation of
H-Tyr-(p)Arg-Phe-Phe-NK and its nine related substances.
This screening design reduces the number of experiments
3. Results and discussion required to test eight variables at two levels frof(256)

to 12, and allows large amounts of information to be ob-

The optimization procedure comprised four steps: a seriestained about variables that have a significant influence on

of initial experiments followed by three sets of experiments the selected respons€able 2displays the eight variables

based on different experimental designs. tested here and their respective experimental domains. The
Table 1

Calculated Ka-values for the determinands

Substance 10a1 pKaz pKas pKag
H-Arg-Phe-NH - 7.734 0.35 - 13.4+ 0.70
H-Tyr-Arg-OH 311+ 0.22 8.32+ 0.31 9.98+ 0.15 13.5+ 0.70
H-(p)Arg-Phe-OH 3.40+ 0.10 8.40+ 0.31 - 13.4+ 0.70
H-(p)Arg-Phe-Phe-NH - 7.73+ 0.35 - 13.4+ 0.70
H-Tyr-(p)Arg-Phe-OH 3.49+ 0.10 7.62+ 0.33 9.97+ 0.15 13.4+ 0.70
H-(p)Arg-Phe-Phe-OH 3.4% 0.10 7.74+ 0.35 - 13.4+ 0.70
H-Tyr-(p)Arg-Phe-Phe-NH - 7.60+ 0.33 9.96+ 0.15 13.3+ 0.70
H-Tyr-(p)Arg-Phe-Phe-OH 3.5& 0.10 7.60+ 0.33 9.96+ 0.15 13.3+ 0.70
H-Phe-Phe-NH - 7.694+ 0.33 - -
H-Phe-Phe-OH 3.4% 0.10 8.50+ 0.31 - -

pKa1, PKaz, pKaz and Kasa = pKa values for the C-terminus carboxylic acid, the N-terminus amine, the tyrosine hydroxyl group and the arginine
guanidine group, respectively.
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Fig. 1. An electropherogram of H-TypJArg-Phe-Phe-Ni and the nine
related substances. BGE: 50 mM malonic acid, pH 2.5, with an applied
voltage of 20kV and at 25C. Migration order: 1. H-Arg-Phe-N§

2. H-Tyr-)Arg-OH, 3. H-P)Arg-Phe-OH, 4. H%)Arg-Phe-Phe-
NHz, 5. H-Tyr-()Arg-Phe-OH, 6. H)Arg-Phe-Phe-OH, 7. H-Tyr-
(p)Arg-Phe-Phe-NH, 8. H-Tyr-(b)Arg-Phe-Phe-OH, 9. H-Phe-Phe-MH

10. H-Phe-Phe-OH.

concentration levels of the BGE solution components, i.e.
the organic modifiers and the 2,6-DRACD, followed rec-
ommendations from the literatuf@3]. The chosen concen-
tration of triethanolamine corresponds to a constant pH of
2.5 for the BGE. Finally, the domains for the two physical
parameters are directly related to the instrumental limits. A
sample containing H-Tyre)Arg-Phe-Phe-NH and its nine
related products was injected into the PVA-coated capillary
according to the worksheet presentedable 3

The regression coefficients of the eight variables are pre-
sented inFig. 2 using resolutionKig. 29 and analysis time
(Fig. 2b) as response factors.

As can be seen, raising the concentration of 2,6-pA@D
in the buffer solution has a strong positive effect on the
resolution, but a strongly negative effect on the analysis
time. This is consistent with expectations, since addi-
tion of 2,6-DM-{3-CD decreases the charge density of the
determinand—CD complex and hence its migration time.
The differences in complexation between the 2,6-BNGD
and the determinands contribute to the enhanced resolution

Table 3
Worksheet for Plackett—-Burman design
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Table 2

Selected variables and their respective domains in the Plackett—-Burman
design

Variable Experimental domain

Low High
Methanol (%) 0 15
Acetonitrile (%) 0 15
Triethanolamine (mM) 0 15
(2,6-DM)-3-CD (mM) 0 20
Buffer concentration (M) 0.05 0.10
lonic strength 0.03 0.07
Temperature°C) 15 40
Applied voltage (kV) 15 30
2 ] T
= 1.5_ T T
° 10 iE
=) i
2% 00
2 %057 E[ \—I—‘
(@) BCo lonSt T HV ACN MeOH CD  TEA
0 E
SR ’—I—‘
ZE T 1 T 1] T
S I I 1 il
5 5 T
&g 20 1
(b) BCo IonSt T HV ACN MeOH CD  TEA

Fig. 2. Regression coefficients of the variables for (a) the reso-
lution between Hi§)Arg-Phe-Phe-OH and H-TymjArg-Phe-Phe-NkH
and (b) the migration time. Variables: buffer concentration (BCo),
ionic strength (lonSt), temperaturel)( applied high voltage (HV),
acetonitrile addition (ACN), methanol addition (MeOH), addition
of heptakis(2,6-d@-methyl)3-cyclodextrin (CD) and addition of tri-
ethanolamine (TEA).

Exp. no. MeOH (%) ACN (%) TEA (mM) CD (mM) Concentration (mM) lonic strength Temperate@ ( Voltage (kV)

1 0 0 15 20 0.1 0.03 40 15

2 0 0 15 0 0.1 0.07 15 30

3 0 15 0 0 0.05 0.07 40 15

4 15 0 0 0 0.1 0.03 40 30

5 0 15 0 20 0.1 0.07 15 30

6 15 15 15 0 0.1 0.07 40 15

7 15 0 0 20 0.05 0.07 40 30

8 0 15 15 20 0.05 0.03 40 30

9 15 15 15 0 0.05 0.03 15 30
10 15 15 0 20 0.1 0.03 15 15
11 15 0 15 20 0.05 0.07 15 15
12 0 0 0 0 0.05 0.03 15 15
13 7.5 7.5 7.5 10 0.075 0.05 27.5 22.5
14 7.5 7.5 7.5 10 0.075 0.05 275 225
15 7.5 7.5 7.5 10 0.075 0.05 27.5 22.5
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The addition of either acetonitrile or methanol (MeOH) to Table 4
the buffer affects the resolution in a positive way. However, Worksheet for the full factorial design
acetonitrile has no significant influence on the migration Exp. no. CD (mM) TEA (mM) ACN (%) MeOH (%)
time, whereas addition of methanol increases it. Hence, they 1

were added in the further investigations. 2 28 8 g 3
The addition of triethanolamine had a positive and sig- 3 0 15 0 0
nificant effect on the resolution between H-Ty)Arg-Phe- 4 20 15 0 0
Phe-NH and H-p)Arg-Phe-Phe-OH. Therefore it was 2 0 0 15 0
worth carrying out a more detailed investigation of the E; 28 12 12 8
magnitude of triethanolamine’s effect on the separation. No g 20 15 15 0
significant effect on the migration time was observed. 9 0 0 0 15
The capillary temperature (T) and the high voltage (HV) 10 20 0 0 15
had significant and positive effects on the analysis time. This 11 0 15 0 15
. : : . 12 20 15 15 15
was expected since the magnitude of the high voltage influ- 13 0 0 15 15
ences the rate of movement of the determingi@$ The 14 20 0 15 15
temperature affects their mobility through changes in the 15 0 15 15 15
viscosity of the BGE and by changes in thegpralue of the 16 20 15 15 15
determinands and the constituents of the BGE. When oper-1/ 10 75 75 75
: . . ; 10 75 75 7.5
ating at high temperatures and high voltage levels a satisfac- 10 75 75 75

tory baseline separation was still achieved, even though both
variables had a negative influence on the resolution. Thus,
in further experiments the physical variables were held con-  Only the concentration of 2,6-DN3-CD was found to be
stant at their high levels. a significant variable for both of the response functions. The

The ionic strength (lonSt) of the BGE was found to addition of triethanolamine to the buffer had no effect, ei-
have a positive significant effect on the resolution between ther on the analysis time or the resolution. Triethanolamine
H-Tyr-(p)Arg-Phe-Phe-Nil and H-p)Arg-Phe-Phe-OH,  was therefore omitted as a BGE constituent in all further
but no influence on the migration time. This was consistent experiments. The addition of the organic modifiers only
with expectations, since increasing the ionic strength of the influenced the analysis time. In fact, a buffer containing
BGE improves the peak efficiency and thus also the reso- acetonitrile reduced the time by 2 min, while a buffer with
lution [17,18] Even at a low ionic strength a resolution of methanol increased it by 2min. No significant variable
at least three was obtained. Therefore, we saw no reason tanteractions were observed.
increase the ionic strength above the value of 0.03 M. In accordance with these findings, the effects of the pres-

The buffer concentration (BCo) had a significant and pos- ence of 2,6-DMB-CD and acetonitrile in the BGE were in-
itive effect on the resolution. A secondary positive effect of cluded in the subsequent method development procedure.
a high buffer concentration is that it promotes stacking due
to differences in conductivity between the sample and the 3.4. Step 4: experiments based on a circumscribed
BGE. This variable was therefore set to the high level in all central composite design
further experiments.

Consequently, the following variables were further inves-  The last step in the method development strategy was to
tigated in subsequent method optimization steps: 2,6/BM-  use a circumscribed central composite design including ax-
CD, methanol, acetonitrile and triethanolamine. ial points. Such a design investigates quadratic interaction

terms and yields results in response surfaces that are easy to
3.3. Step 3: experiments based on a full factorial design  interpret. The two remaining factors, 2,6-DBACD and ace-
tonitrile, were studied in 11 experiments in which the center

The full factorial design involved the four selected fac- point was randomly repeated three times. The concentration
tors, comprising 16 experiments*j2and three repeated ex-  of 2,6-DM-B-CD was altered between 10 and 25mM and
periments at the center point. The obvious objective was to the concentration of acetonitrile in the range 5-20%hle 5
investigate possible interactions between the variables. Theshows the worksheet laying out the central composite design.
respective domain for each of the variables was maintained A graphical response surface for each of the two responses
as inTable 2 and the temperature and the voltage were held was constructed, sd&g. 3a and bNo distinguishable op-
constant at 40C and 30KkV, respectively, throughout all of timum could be found for any of the responses within the
the experiments. The BGE was based on 100 mM malonic tested domain. The results indicate that the presence of ace-
acid. tonitrile in the BGE does not improve the analysis time,

The solution containing H-Tyre)Arg-Phe-Phe-Nk and and only the CD concentration significantly influences both
its nine related products was injected into the PVA-coated the resolution and the migration time. The results yield-
capillary according to the worksheet presentedable 4 ing the response surface depictedrig. 3aindicate that a
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Table 5
Worksheet for the circumscribed central composite design E} 80

70

£

Exp. no. CD (mM) ACN (%) E 60
1 10 5 g5
2 25 5 § 10
3 10 20 e 9

20
4 25 20 £ l § L X
5 6.9 12,5 £,
6 28.1 12.5 T T T T T
7 175 19 s6 7 8 9 0 11213 IS
8 175 231 Migration time (min)
9 17.5 12.5 Fig. 4. An electropherogram of H-TypfArg-Phe-Phe-NK and the
10 175 12.5 nine related substances with 100mM malonic acid buffer contain-
1 17.5 12.5 ing 7mM heptakis(2,6-dB-methyl)B-cyclodextrin, operating at 30kV,

40°C. Migration order: 1. H-Arg-Phe-Ng 2. H-Tyr-(p)Arg-OH, 3.

) ] ] H-(p)Arg-Phe-OH, 4. H%)Arg-Phe-Phe-NH, 5. H-Tyr-(p)Arg-Phe-OH,

CD concentration of 10 mM gives a resolution of about 4.5, 6. H-(p)Arg-Phe-Phe-OH, 7. H-Tyre)Arg-Phe-Phe-Nk, 8. H-Tyr-()-

which gives scope for further adjustment, since “baseline Arg-Phe-Phe-OH, 9. H-Phe-Phe-NHL0. H-Phe-Phe-OH.

separation” of the peaks is considered to have occurred if the

(rjzss(i)llglglrlu\?v:tslg:fg 3;';;?;?;”83;’;22 iﬂ?sligg'?ﬁén Ecsnanalysis time of 14 min. An electropherogram of the main
9 . ; ) € gv component and its nine related substances under these con-

domain, and the potential value of including such points is

. ' . . X ditions is shown irFig. 4. Using these conditions a method
illustrated here, since the best results in this series were ob- 9 9

. : . ; validation study was performed.
tained from an axial point experiment where the CD con- y P
centration was just 7mM. In this experiment all ten peaks

were well separated, with a resolution of at least 2.7 and an3-2- Validation

3.5.1. Selectivity

To evaluate the selectivity of the method the test solution
described irBection 2.2vas injected. The relative migration
times for all impurities are given iffable 6and a repre-
sentative electropherogram is depicted-ig. 4. As can be
seen, the resolution between all the involved compounds is
excellent. The method proved its ability to baseline separate
all nine of the related substances from the main component;
thus fulfilling the selectivity requirements.

G5
oot
L7 TS

l”'l’%’

Resolution

3.5.2. Linearity

The linearity of the response was calculated for the main
component, H-Tyri§)Arg-Phe-Phe-NK. To do this, seven
standard solutions were prepared in the concentration range
(@) 0.18-1.38 mg/ml, with H-Tyr#)Arg-NH2 as an internal
standard (IS). The quotient between the corrected peak area
of the main component and the corrected area of the IS was
used in the regression analysy§ Yersus the standard con-
centrationsX), yielding the equatiory = 2.1926¢ + 0.0674
and a correlation coefficient;?, of 0.999. The method
shows good linearity within the tested range.

3.5.3. Precision

The precision study was based on six repetitive injections
of a test solution containing 1.0 mg/ml H-Tyw)Arg-Phe-
Phe-NH and either 2.g/ml (0.17 corrected area%) or
0.8ug/ml (0.07 corrected area%) H-Arg-Phe-plHre-
spectively. The R.S.D. of the corrected area was 3.5%
for H-Tyr-(p)Arg-Phe-Phe-NK. For 0.17 corrected area%
Fig. 3. Response curves for (a) the resolution betweem)Ar§-Phe- H-Arg-Phe-Nh the R.S.D. was 1.4%, and for 0.07 cor-
Phe-OH and H-Tyrif)Arg-Phe-Phe-NH and (b) the migration time. rected area% H-Arg-Phe-NHhe R.S.D. was 1.7%.
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Table 6
Separation data for the substances in the mixed sample
Substance Concentration Migration Relative Resolution,Rs R.S.D. corrected  Efficiency Response
(mg/ml) time (min) migration time area (%) (Plates/m)  factor
H-Arg-Phe-NH 0.05 5.85 0.67 44.7 43 218000 0.6
H-Tyr-Arg-OH 0.05 6.61 0.76 37.6 34 451000 0.7
H-(p)Arg-Phe-OH 0.05 6.78 0.77 343 3.8 487000 0.4
H-(p)Arg-Phe-Phe-NH 0.05 7.51 0.85 20.7 5.0 524000 0.6
H-Tyr-(p)Arg-Phe-OH 0.05 8.29 0.94 7.57 2.0 489000 0.7
H-(p)Arg-Phe-Phe-OH 0.05 8.48 0.96 5.54 3.2 474000 0.7
H-Tyr-(p)Arg-Phe-Phe-NH 0.55 9.09 1.00 - - 127000 1.0
H-Tyr-(p)Arg-Phe-Phe-OH 0.05 9.80 111 12.3 34 369000 0.8
H-Phe-Phe-Nkl 0.05 115 1.29 30.3 3.1 280000 1.0
H-Phe-Phe-OH 0.05 13.8 1.55 48.8 1.7 252000 0.8

The R.S.D. values for the corrected peak areas wereaccording toEq. (2)and results are presentedTiable 6
all less than 4%: a typical and acceptable level for a CE-
2

. CONCmaincomp X alr€dmpurit
instrument. Ry = . L

CONCimpurity X ar€@naincomp

3.5.4. Quantification and detection limits Correction for the difference iR¢-values is appropriate
The substance with the lowest absorbance at 200 nm,when calculating the purity of H-Tym)Arg-Phe-Phe-Ni
H-Arg-Phe-Nh, was selected for the determination of the if r; < 0.8 or >1.2.
method’s quantification limit (LOQ), and detection limit
(LOD).
The LOQ is here defined as the concentration giving 4. Conclusions
a signal to noise ration of 10:1. For a solution contain-

ing 1.0mg/ml H-Tyr-6)Arg-Phe-Phe-NH, the LOQ of This paper demonstrates that experimental design is a
H-Arg-Phe-NH was found to be 0.8g/ml, corresponding  powerful tool for optimizing analytical procedures involv-
to 0.07% of the main peak using internal normalization. ing a large number of variables. The stepwise approach for
A repeatability study at the LOQ concentration was also the optimization enables swift identification of the signifi-

performed (se&ection 3.5.3 cant variables through application of a Plackett—Burman de-
The LOD of H-Arg-Phe-NH was calculated to be  sjgn scheme. Further investigative steps of these significant
0.3pg/mlin a solution containing 1.0 mg/ml H-TypJArg- variables, based on full factorial and circumscribed central
Phe-Phe-NiB. The LOD corresponds to a signal to noise composite designs, then reveal the optimum conditions for
ratio of 3:1. the separation and elucidate the robustness of the method,
with a limited number of experiments. The choice of re-
3.5.5. System suitability test sponse function is normally critical when applying exper-

To assess the performance of the system a system suitimental design. In this case, only two response functions
ability test (SST) was developed. The SST prescribes limits were considered: resolution and migration time. Both were
for the resolution between peaks, in our case between theyseful parameters for optimization, but sufficient resolution
H-Tyr-(p)Arg-Phe-Phe-Nid and the H-0)Arg-Phe-Phe-OH  is an absolute requirement, whereas the migration time is
peaks, which must be at least 1.5. The test solution desirable but not essential.
comprised 0.55mg/ml H-Tyre)Arg-Phe-Phe-NH and The analysis time for the CE method (14 min) is much
0.05 mg/ml H-6)Arg-Phe-Phe-OH. During the method vali-  shorter than the corresponding time for the HPLC method
dation procedure thes between these two peaks was greater (35min), making CE an attractive technique for peptide
than 3, and the R.S.D. for ti& obtained from six repeated  separation. The CE technique is often affected by problems
injeCtionS of this solution was 2%. This R.S.D. value is of associated with the very short ||ght path due to on-line

the same magnitude as the one obtained for the precisiongetection, which make the detection limits relatively high.

study performed at the LOQ level of H-Arg-Phe-ihdi- However, the detection limits for CE and HPLC analysis of
Cating that the SyStem maintains its SUltablllty even at this peptides are Comparab|e_
low level.

3.5.6. Response factor determination
To determine the response factolg;, for the test
substances, solutions were injected containing H-Tyr- [1] P.G. Righetti, Biopharm. Drug Dispos. 22 (2001) 337.

(D)Arg-Phg—Phe-NIj and the selected impurities at known 51 3 issaq, T.P. Conrads, G.M. Janini, T.D. Veenstra, Electrophoresis
concentrations. The response factd®s, were calculated 23 (2002) 3048.
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