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Principles

Separation is cavried out by applyice a bigh potentiod (0030 BV 0 g owrmowe 123273 pm|
fused stlica vapillary filled with a nubile phase. The mobile phase generally contains an
agueous companent and muse contain an cleetrolvte, Analyies migeate in the applicd electric
ficld ara rate dependent an their chacge amd jonic ridivs, Even neural analvles wigrate
throwgh the colbumss due e electio-osinotic Oww, wlhich wsoally vocurs wwards the cathode.

Applications

* Am accurate and precise lechmgue for quanotation of drogs inoall tpes of formolations.
= Particular strength inqualicy conomod of peptide drues.

= Ripghly selective and 1% very eftective in producing separation of enonlicmers.

» Weryellectave for impunty profiling doe 2o s high reselving power.

= Nory effective for the analysiy of drogs and their metabadites in biological fluids,

Strengthy

* Porentially many tines ke elfiicient than FIPLC in s separaling power,
r Shorter analysis times thaw HEFLE.

v Cheaper colimns than HFLC

* Megligible salvent Consumplion.

Limitations

e Currently musch less robuost than THPLC.

»  Renstvity lower than HPLCL

& More pargmeters redqeive sprimisation fham ip HPLC methacds.
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Introduction

Electrophoresis
Capillary electrophoresis (CE) s the most rapidly expanding separation technique in
pharmaceutical analvsis and is a tival w HPLC in its general applicability, The
instrumentacion is guite straightforward, apart Irom the high voliages requined, bot
the parameters involved in optimising the technigue o produce separation are mong
complex than those involved in HPLC. The webnigue is prefemed w HPLC where
highly selective separation 15 required.

Separation of analytes by clectrophoresis is achisved by differences in their
velocity inan electric field. The velocity of an jon is given by the formula:

p=uE |Equation 1]
where v is the ion velocity, g, Is the clectirophoretic mobility and & is the applied
electric field.

The electric ficld is in volis/vm and depends on the length of the capillary used
and strength of the potential applicd across i, The jon mohility is given by the
relationship shown below:

_ Electng Torce (F:)
" Frictional drag (F,.)
F|. = Q'E
where g is the charge on the ion and T is the applied electric field, i e. the greater the
chiarge on an ion the more rapidly it migrates in a particular elecirc lield

For a spherical ion:

Fy=-fmnn
where 1 i the viscosity of the medium wsed fur electrophoresis, ¢ is the ion radius
and v i5 the ion velocioy.

When the frictional drag and the clectde field experienced by the ion are equal;
gE = -6nne
substituting this expression into Equation |;

=l |
annr
If the applied clectric Acld is ncereased beyond the point where the drag and

electric field arc cqual. the fon will begin o migrate. From Equation 2 it can be scen
that:

H | Equation 2|

(i) The greater the charge on the 1on the higher its mobality.

titl The smaller the ion the grealerits mahility. Linked to this, since Equation 2
applies 10 a sphecical ion, the more closely an ion approsimales o o sphere, 1.2
the smaller its surface arca, the greater its mobility. This effect is consistent with
ather types of chromatography.

Thus the mobility of an jon can be influsnced by its p&Ka value; the more it is
innised the greater ics mobility amd its molscalar shape in solution. Since its degree
of ionisation may have a bearing on ils shape in selution, it can be seen that the
behaviour of analyres in solution has the putential 10 be complex. For many drugs
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the manipulation of the pH of the electrophoresis medium shoold have a marked
effect on their relative mobilities. Thus one would predict that the elecrrophoretic
separation of the two bases (murphine and codeine), which are of a similar shape and
size bul have difTeren pAa valuesowoudd increase with pH. 15 we assume g
morphine and codeine possess the same mohiliies al [ull charge, then Figare 14.1
indicates how their mebililics vary with pH, As cun be seenin Figure 14,1, the
biggest numerical différence in mobility is when the pH = pRa ol the weaker ase
although the rado of the mobilities zoes on inereasing with pH, ez ol pH 8.9 the ivn
mobility of codeine is ca two dmes that of morphine,

Ly

. | orphine Fig. 14.1
§ o8 Wariation of the ionic
: * 1 Codaina mability of morphine and
codeine, asuming
14 identical ivnic mobailities
at full charge, with pH
0754
u
05~
.25+
a T T T T 4
5] B 7 B ke 10
pH
NCH, MCH,
MO O GH CH,O o OH
Morphine pKa 7.5 Codeaing pRa 8.2

Wariation of ion mobility with pH is only paet of the story with regard o
sepuration by capillary electrophoresis — the other major Factor is eleciro-osmotic
{low {EQF )

EOF

The wall of the fused sitica capillary can be viewed as being similar W the surface ol
silica gcl and at all but very low values the silancl groups on the wall will bear a
ncgative charge. The p&a of the avidic silanol groups tanges from 4050 and the
amount of negative charge on the will will inercase as pH dses, Cations in the
rmunning buffer arc attracted to the negative charge on the wall resulling in an
increase i positive potential as the wall is approached. The effect ol the increased
positive potential 1s that more water molecules are drawn into (he region nest wo the
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wall 1Fig, 14.20 When a potcntial is upplicd across the capillary the cations in
splulion migrate towards the cathode. The concentrated layer of cations near to the
capillary wall cxhibnt a relafively high mebility (condwctivity} compered W the rest
of the tunning bulfer and drag theie solvating water molecules with them lowards the
cathode creating BOT The rate of EOF is pH dependent sinece the negative chargs on
the silanol groups increases with pH, and bepween a pH of 3 and 8 the EOF increases
about 1] times. The O decreases with buffer strength since a larger concentralion
of anions in the rupming buifer will reduce the positive potential at the capillary wall
and thus reduce the interaction of the water in the buffer with the cations al the wall,

Megatively chargad capdlan Fig. 14.2
well e Crtinns miove Eletra-asmerie flow
ok i .-:-. : -.n-, |h|-|. RS« Mpi e 1 ' ks - towands cashode
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The [Mow profile oboined from EOF is shown in Figure 14.3 in comparison with
the type of Taminar flow shown in HPLC, The fan (e profile produces narrower
poaks than are obtained in HPLC separations and 1s 4 compongnl in the high
separuiion efficiencies obtained in capillary clectrophoresis (CE).

= Fig. 14.3
R Flawe profiles obtained in
> CE and HPLL
e
T S ———— ey

Larninar flow caused by drag on Electro-osmatic fliow
the wals of an HPLG columin

Migration in CE

The existence ol EOF means thar all species regardless of charge will move towards
the cathede. In free solugion, cations move at a rate determined by their jon mobility
+the BOF. Newral compounds imove at the same rane as the EOF and anions move
at the rate of the BOF — their ion mability, the rate of EOF towards the cathode
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exceeds the rate at which anions move towards the anode. by upproximately en

dmes. A typical separation could be vicwed as shown in Figure 4.4, The cations in

solution migrate most guickly with the smaller cabions réaching the cathode hrst; the

neviral species move st the same tate as the EOT and the anions migrate most slowly
with the smallest anions reaching the cathode last. The EOF s uselul o that i allows

the dnalyss of all species bul 14 adds compleaity 0 the method mohal o feeds to be

carelully baluneed againsl ion mobility.

Tuble 14,1 shows how BOF cun be

controlled using different varables and illustrates some of the complexity of CE

relanve o HPLC,

Fig. 14.4
Migration of ionicand
rmeutral species in CE.
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EOF
Table 14,1 variables alfecting EQF
\ariable Effects on EQF Comments
Buffer pH EOQF increases with pH Most convenient method tor controlling EOF but

Buffer strength EOF decreases with
increasing bufter
strength

Electric field lncreased electric field
increases EQF

Temperature Increased temperature
decreases viscosity and
thus increases flaw

Organic Changes potential at

miodifier capillary wall - the
dielectric constant of
the running buffer
and the wiscosity.
Usually decreases
EOF

has 1o be balanced against effects on the charge

an the analyte

{iY Increased iomic strength means increased
electric current flow through the capillary,
which can cause heating

[ii} At low icnic strength more sample
absorption ante the capillary walls oocurs

[iii} Low buffer concentrations raduce sample
stacking following injection

Lowering the applied electric field may reduce

separation efficiency and raising the field

strength may cause heating

Easy to comtrol

Complex effects — can be useful but best
determined experimentally
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Table 14.1 Varishles affecling EQF {Cont.)

Variable Effects on EQOF Comments

Surfactant Absorbs onto the iy Calionic surtactants have a high affinity for
surface of the capillary the silanol groups and thus block access by
wall the smaller cations In solution reducing EOF.

Al high concentration they form a double
layer giving the capillary wall an effective
positive charge and <ausing EOF 1o reverse
flow tawards the anode

{iil  Anionic surfactants reduce the access of the
smaller igns In the running buffer to the
positive potantial at the wall thus increasing
the zeta potential and thus ECGF

Caovaient Can raise or lower it Meutral coatings reduce negative charge of
wall coating EOF depending on the the capillary wall thus reducing EOF
coating i) lonic coatings will have marked effects
an EQF
Instrumentation
I Fuaed =ilica capdlary coated with polyamide Fig. 14.5
Linhi Schematic diagram ot a
4| i 1] i
b capiliary electrophorasis

apparatus.

Funnirg butfer
+ e
Anade Cathods
- . e

Petential riflerence 15-50 kY

A schematic diagram of a capillary electrophorcsis instrument 15 shown in Figure
4.5, The fundamentals of the svstem arc as follows:

it1 Injection is commonly automated and is uswally accomplished by pressunng
the vial containing the sample with air,

iy Having loaded the sample the capillary i3 switched to a vial containing
runiing Buffer. The flow rate of the mnning buffer through the capillary & in
the low nanolitresmin Tange,

(iii}  The capillaries are like those used in capillavy gas chromatography with a
polyamide coating on the outside. The length of the capillanes wsesd is
50- 108 cm with an internal dismeter of G023-005 mm, They are generally
wound roumd a cassefle holder so that they can simply be pushed into place in
the instmment.
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(v} At the detector end the capillary hos g window burne into it so that itis
transparcnl Lo the tadiation used for degection of the analyie,

(v} The most commonly used deleclor is & diode array or rapid scanning UV
detector although Tuorometric, condactimetric and mass specirometric
detectors are available.

Control of separation

mMigration time

As discussed earlier. cations move most guickly wwards thie point of deteciion and
time has to be allewed for separations o develop and the EOF should not exceed the
cationic mobility by an amaunt which is incompatible with achieving separation.
The factors which can be used 1o control EOF have been discussed earlier. Another
factor in allowing separation to develop which is simply-controlled is the length of
the capitlary; however, the longer the capillary in relation to a fixed applied polentiat
the lower the electric field which is in voltsicn. Since the detection system 15 molnged
before the column outlet, it is important that the distance between the detector ard the
outlet is not too greal since the effective length of the capillary 1s reduced.

Dispersion

Longitudinal diffusion

This is generally the most important causc of peuk broadening in CE because of the
absence ol mass transfer and streaming offccts seen inother Ly pes of
chromilography, Thus (o seme extent CF resombles capillary gas chromategraphy
but with less mmass iransler effects and lower longtitedingl diffusion since the sample
is in the Hguid phase, Longiiudinal diffusion depends on the length ol lime an
analyle spemds in the capillary and also on the diffusion vis(Ticient of the analyte m
the mobile phase, Large analvtes such as proleins and aligonuglentides have low
diffusion coellicients and thus CE can produce very effivient separations of these
tvpes of analyte.

Infection plug length

The capillaries used in CE have narrow internal diameters. For o 100 et 51 g
i.d. capillary an imjection of .02 gl would occupy a | em length of capillary space,
Automatc injestion can gvercome difficulties in reproducible injection of such small
volumes but often deteciion limits require that larger amounts of sumple are injected.
Typically the injection is swcomplished by applying pressurce at the sample loading
end of the capillary, An important element in accomplishing elfivient sample
loading, purticularly if detecticn limits are a problem and u larger volume of sample
has to be loaded, is <tacking. A simple method for achieving stacking is to dissolve
the szmple in water o low conductivity buffer. The grealer resistance of the water
plug cavses a loculised increase in electrical potential avross the plug width and the
sample ions dissolved in the plug will migrate rapidly until the boutdary of the
running bufler is reached. By using this method, longer plugs up to 10% of the
capillury length can be injectzd. resulting in an inerease in detection limit.

Joule heating
The strength of the electric lield which can be apphied across the capillary is Hmited
b conversion of clectricul eneray info heat. Localised heating can vause changes m
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the viscosity of the ninning buffer and a localised increase in analvic diffusion. Heat
generation can be minimised by using narrow capillanies where heat dissipation is
rapid and by providing a wemperature-controlled crvironmens for the capillary.

Sofute wall interactions

Analytes may absork onto the wall of the capillary either by inferaction with the
negatively charzed silanal groups or by hvdrophobic interaction. High ionic sirength
huflers biock the negative charge on the capillary wall and reduce the EOF bt also
increase heating. 1M only analysis of cations is reguired, the pH of the ronning beller
can b lowered, ecg.o e pH 20 The low pH suppresses e charge on the silanol
groups, reduces EOF toa low level bue ensures full ionic mobilitg of the cations,
which will migrate o the cathode without the aid of the BOF, Full ionisation of the
analyies does not allow for differences in p&a to be used in producing separalion.

Electrodispersion

The mobitity of the running butfer has to be fairly similar to the mobilicy of the ons
in the sample zone. If the mobitity of the analvee ions is greater than the mebilicy of
the huffer ions, a fronting peak will result since the wons at the oot of e saimple
romne tencd 1o diffuse into the ruaniog buffer solution where they expenence a preater
applied etectric feld (due to the higher resistance of the bulfer compared with the
sample) and aceelerate away trom the sample sone. This effect will ba less i the
concentration of the running buffer is muoch preater than that of the sample.
Conversely. if the mobility of the sample ons is lower than that of the roning bulTer
ions, a tailing peak will be produced becavse the ions in the cear ol the sample cone
wilb 1end to difTuse i the bulTer where they will expenence a lower applicd
elecrric field (due o the loner resistance of the bulTer compared with the sample)
and will thus lag further bebind the sample sone. This elfect will be fess i the
concentration of the running buffer is muoch lower than that of the sample zone,

Applications of CE in pharmaceutical analysis

b its simplest form capillary electrophoresis i termed “copillary sone
electrophoresia’. The conditions used in this type of analysis are relatively simple
and the mohite phase used consists of a buffer with various additives. Many
applications focus on critical separations which are difficult fo achieve by HPLC, In
many cases itis difficult to explain completely the types of effects prodoged by
huffer additives.

Separation of atenolol and related impurities
predominantly on the basis of charge
The B-blocker atenolol 15 shown in Figure 14.6 with its principal known impuritics,
These impuritics are not readily separated from atcnolol by HPLC because of their
close structural simalarity,!

The separation wus carmicd out using a 005 min = 50 cm capillary at 15 KV with
a phusphate/borate ruoning buffer. Figure 14,6 shows separation ol the optimal pH of
97 of atenotol (30 pefml) from i impuritics spiked inlo solution at conccntrations
of 5 pedml. The elution order 15 a3 would be predicted from the ionisable groups in
the molecules, Atwnolol (AT elutes first since it bears a positive charge on the basic
secondary amine group (pha 9060, The dimer (TA) also carries one positive charge
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Fig. 14.6

Separation of alenaic
and Its prinepal
imparities by CE.
Reproduced with
parmission fram
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bt e i 2 teriary ainiee and has @ lower p&a than aenolol; 101s also @ larger oo thus
its mobility will he less than that of atenolol (stze was suflicient (o cause separalion
of these two molectles af pH 6.5 where both atenolol and the dianer would be [ully
chargec). The diol (120 is & newtral compound asd thos should elute an (he same rale
s the EOT, which will increase with pH, However, in (he paper under discussion the
eluticn time ol the diol increased with pH: (ks tay be dus 1o complex formation
with the borate in the runming buafTer, which will gend 1o Tomm a nesaively charged
complex with a diol, The blocker acid (BA) bears bodh & posslive and a negative
charge, which more or less peatralise each other over s guite wide pH range, as the
pH rises wwards the pRa of the amine growp (o 9,30 the negative charge of the
acichic groupbecomes predominant: although the molecule will sl bear some
pasitive charge, the overall negative charge will cause the molecule 1w lag behind the
EQIE. Fi1'|a|l_',.' the phenol (PEAF 1% neutral unul s pfa value (eg 9.7 10 ix
approached and at higher pH values i will develop a negative charge slowing down
its rate of migration; this is consistent with Figare 14,6,

Separation predominantly on the basis of ionic radius

Yery small changes in molecular structore can lead woguite marked differences in
reention time in CE. An pmpressive separation of the experimenial anti-depressant
drug CIRIOIGN from a number of imporities was achieved using isopropanolf0.01 M
phosphate butfer pH 7.0 401:45.7 T this case the separation 1s due Lirpely o melecular
size or shape since at pH 741 the drug and i1 impurities will be charzed W a similar
extent.
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. Self-test 14.1 AR TR I Tl
Metipranolol and its possible manufacturing impuritles are separated wslng CE In a buffer at
pH-49.5. Suggest the likely arder of elution for the compenents in the misture.
tH CH CHIGH ),
COH L CHOHA MHCHICH, | COHLCHEH, N:
CHG CHE ch C-H‘E_ GHI:GH }
358
CHY CHZ
DCOCH, DCOCH, |
!
1 Mellpranalel pka 8.5 2 Tarliary amins pHa 9.1
OH OH
i I
QUHL,CHCH, NHCH{CH, & OCH,CHOH, NHCHICH. &
CH, GH4 CHz CH,
]
oHy GHg
oCH QEI:HGH;. MNHGCH{CH: & OH
OH
3 Diamine pia 9.8 4 PRenol pia 8.5, 10.0
TOT L E UGN 9 JapA0) s
|

Figure 14.7 shows the sepuration of all six components by Uk The cis isomer of
CGR30360A has a completely different moleculur shape rom the trams isomer,
resulting ina smaller ionic radivs and thus it tuns carlier than the fraes isomer.
Oitherwise the compounds elute in order of molecular size, the desuorocompound
heing the first of the derivatives of GRIN360A o elute. The presence of the
isopropanol in the mobile phase slows down the EOF sufficiently for separation to
develop.

Analysis of non-steroidal anti-inflammatory drugs
(NSAIDs) by CE and separation of anions on the basis of
ionic radius

M5AIDs generally contain a carboxylic acid growp und when ionised they are anions.
In CE using an unmodified capillary the EOF is towands the cathode and the overall
mobility of antons is given by the EQF - the mobility of the anions which is towards
the anade. [n this example® the running buffer used in the snalysis was carefully
designed with respect to its lomc content e avoid electrodispersion. Glycine was
found to have a suitable mobility for the analysis of this class of compound hecause,
althongh it is a small molecule with a carbosyliv acid growp which is completaly
ionised at the pH of the analysis (9.1, 1t also beurs a partial pogitive charge reducing
its overall mobility towards the anode and giving it & mobility similar to those of the
large lipophilic NSAID acids, The cationic compaonent in the buffer was also found
to have an important effect on resolution of the components in a maxture containing
four MEALDs, Triethanolamine was found (o be 1he best cationic component since it
recuced FOF because of its relatively low jon mobility and also through increasing
the viscosity of the munning buffer. Figure 148 shows the separation of a mixture
containing five NSAIDs: sulindac (8, indomethacin (1), piroxicarm {1}, Haprofenic
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B ki F H Fig. 14.7
a 0 Separation of GRS0AGD
- from its related
tﬁ =il ENH impurities.
3 5 0 Reproducad with
H H permissicn from
| e e e
9 R =F A= H (GRE0360A) '
4 A= FH=GHy
5RA'=FR=C,H,
B R'=FR'=CH,
3
] 5‘? 24
2 |, I‘ '1_
1240 6.0 o
min
Q.00 Fig. 14.8
8 Spparation of & mixture
1 of five NSAIDs using a
buffer comsisding af
= Py 0,075 M giycire adjusted
& o pH 9.1 with
£ tricthanakaming,
E Repraduced with
<L EQF permisslon fram
l §. Phvarm, Biomed, Anal.
| & fsee Reference ).
o [ L
M oo
00003 : j
o ) B0

acid (T) and aclofenac (A). All the drugs are fully charged st pH 9.1 and the
separation was achieved more or less according to molecular weight with aclofenac,
the smallest molecule. migrating most rapidly in the opposite dircction 1o the EOF
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Separation of peptides
A particular strength of CE I8 its ability 1o separate peptides. The use of therapeutic
pepliches 15 increasing rapidly and their large size and polarity present particular
problems 1n producing separations. Because peptides wsually bear rwo or more
charzes, the most impertant factor g optimise in peptide separations is the pH and
concentration of the running bufter The pl-value of a peptide is the pH where its
positive gnd negative charges are balanced. An example is provided by the
separation of sdrepocoriicotrophic hormone (ACTH) from three of its fragments *
Table 14.2 shows the motecular weights and pf-values of ACTH and three of its
[ragments, The pf-value gives some indication of the relative number of acidic and
hasic groups in the peptide; a high pf-value indicates a peptide with a targe number
al basic resicdues such as lysing and arginine. while a low pfevalue indicates that the
balance is in Favour of acidic residues such as glutanic and aspartic acids. In this
paricular example, conditions (pH 3.8 were chosen where the charge on the basic
residues was predominant although at this pHL. acidic residues will still bear an
appreciable negative charge inhibiting migration towards the cathode. In the current
example the separation is consistent with the balance of basic and acidic character in
the peptide. The most basic pepride (fragment 1) elutes first whereas the least basic
peplide elutes last Thus in this case the depres of positive charge on the peptides
predominates over fonic radius in determining the rate of migration since ACTH
migrates more guickly than fragment 3 despite having & nmch higher molecular
weipht, The separation was optimised by increasing buffer strength, as can be seen
frem Figure 14.9 and increased buffer strenpth gave increased migration time
throush 1ls effects in reducing BEOE. Another important effect of the inereased buffer
strength incthis case 15 the reduction of the interaction of these highly basic peptides
(partienlarly fragments 1 and 2 and ACTH with the silanel groups on the capillary
wall thus resulting in hetier peak shape.

Table 182 Charactarstics of ACTH and its peptide fragrments

Molecular No. of amino Calculated Migration
Peptide plvalue weight acids mohbility ander
Fragment 1 11.69 1652 14 00431 1
Fragment 2 10.05 2934 24 00378 2
ACTH 9.24 4567 39 0216 3
Fragment 3 7.58E 1298 10 a5 £
A a4 B 4 C 4 Fig. 1-!1-.'!_I
Separation of ACTH and
related peptides by CE in
& buffer at pH 2.B. Buffer
E 3 strength: (A1 20 m;
= 7 183 50 mbd; {2 100 mid,
4 12 1 1 3 Reproduced with
a permission from
“\_‘4 ll ] ] ). Chromatogr. [see
= i s . bl - I I"' | . Raference 4).
o 4.0 an oo 4.0 AN o 5.0 1040 15.0
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I ihis elegant study it was concluded that for all the peprides studied the best
separations were achieved in bulTers of medinm to high strength (00511 B, thos
allowing maniitation of EOF withour meving away from the optimal pH for the
running bufter it was also concloded that acidic pH values in the range of 2.2 3.3
were best for analysis of basic and neutral poptides whereas acidie peptides were
hest run at around pH 7.0,

Use of additives in the running buffer
Additives in the running buffer can produce greater selectivity where separation in
simple free solution is not possible,

Applications of cyclodextrins in producing improvements
in separation

Cyclodestring arc noutral compounds which migrale al the same e a5 the BOT,
They have large hyvdrophobic cavitics in their structures inte which molecules can
The case with which & molocule fts into the cavity of the oyvelodexirin 1s dependent
oft its stereochemistry, Cyvelodextring have been used as additives both in chiral,
where opposite enantiomers form transient diastercomeric complexes with Lhe
optically active cyclodextring, and non-chiral separations where the eyelodesiring
affect diasterepizomers to a different extent.

Separation of pilocarpine fram its epimer

Pilocarpine (P, a drg used in treating glancoma, can potentially contam ils epimer,
isopilocarpine (1) as an impurity. In a study it was not possible te complewly
separate pilocarpine and isopilocarpine by variation of the pH of the running buffer,
The optimal pH for scparation should be 6.9 where both compaounds are ca 505
ionised but cven at this pH separation was incomplete’

Fig. 14,10

Separation of pllocarpine
ard Bopilocarpine by
inclusion of
freycladextring the
running buffer. (a) With
addition af oydlodextrin.
(B} witheut addition of
tytlagdextrin.
Reproduced with
prermission fram

1. Chromatogr. {see
Reference 4],
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Inclusion of 001 M B-cvelodextrin in the running buffer resulted in baseling
separation of the diastereoisomers. Figure 14,104 shows the separation of the twe
epimers achieved following addition of the cyelodexirin to the ranning buffer. Tn fhas
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example capillunes weére used where the silanol groups on the capillary wall had
been partially blocked by veating, reducing the negative charge on the wall and thus
reducing the EOF and allowing more time for separation to develop. In the present
example the separation 15 achieved by the different degree of complexation of the
[-cyclodextrin additive with the two dizstereoisomers.

Separation of chiral local anaesthetics

Cyelodextrins are wsed in GC and HPLC to effect separation of enantiomers and
they are also very effective in CE applications. The applicadon of CE to chiral
separations will undergn rapid growth in the next few years because of the high
efficiencies that can be achieved in such separations using thas technigue and
becanse of the cheapness of the chiral additives compared 1o the cost of chiral GC
and HPLC columns. A series of enantiomers of local anacsthetics was separated by
CE using a phosphate buffer at pH 3.0 containing tricthanolamine as a cationic
additive and 10 mM of a dimethyl B-cvclodextrin.® The addition of the cationic
additive reversed the EOF {sec Table 14.1) towards the anode, however, the analytes
atill migrated towards the cathede, having an overall mobility in this dircction
greater than the EOF towards the anode. This allowed inereased time for interaction
of the analytes with the eyclodextrin which migrates towards the anode with the
EOFE. The use of methylated p-cyclodextrin increases the interaction of lipophilic
analytes with this chiral selector compared with Pevelodextrin itself.

CHy Fig. 14.11
Soparation of the
i MWHCO enantiamers of a series
e ° rl"l af local anaesthetics
CH,, =] th.ruug.h thair interaction
with dimetiyl
o troycladentrin Included in (-
Maprvacaing (M) R =CHy the ranning butfer,
EtPFX (E} A= GiH, Radrawn fram Aeference
Raplvaraine (AP) A = CH; .

Bupivacaina (By R=CHy
Pertycame (®) A =0CH,,

20 24 =] g 0

Figure 1411 shows the separation of B and § isomers of 2 sarnes of straciuaily
related local anaesthetics, Wilde separations were achieved for the compounds in this
siries where it wus proposed that the i of the hydrophobic portion of the analyie
into the evelodextnn was optimal when one of the substituents af the chiral centre
wits able (o interact with the chiral hydrosy] growps on the rm of the cyclodesirin
cavity, Table |43 shows the assoviation constants calvulated for the inleraction of
the cnantiomens paics with the dimethyleyelodesirin® The lareer (he value of K, the
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more the enantiomer is retarded by the selector, which in this case is migrating
rovwards the anode The valves in the table alzo show that the caleniated maohilities
[or gach analyie in [ree sulution decrease with the bulk of the MN-alkyl substituent,

Table 14,3 Association constants of some enantiomers of some local anaesthetics with dimethyl
prowvclodextrin and their mohilities in free salution

“
Compaund K (L mol ) K (L mel) {104 m's v}
Mepivacalne 18 24 1.96
Ropivacaine 18 Fi 1.82
Bupivacaine 16 Fis) .47

Micellar electrokinetic chromatography (MECC)

This extension of the basic CE wehnigue allows the separalion of neutral
womponents W be carmied ol bul it bas also been widely used in schieving
separations ul omic species, In MECC, a surfactant is gdded o the mobile phase ol o
concentration above ity critical micelle concentraticn, The surtactants used can be
antonic, cationic or nedtral, The nucelles act in a marner analogous 10 he stationary
phase in HPLC, Aniomic micelles migrate in the opposite dirgeion G e asual GO
which is lowards the cathode, Catiomie micelles nigrate with the BOF and neutral
e les migrale al the same rate gs the BOF, The presence of the surfactant in the
running bulfer also bas an effect on he rate angd direction of BOF via interaction
wilh the capillary wall so thal the final basis Tor separation i MECC may be due 1o a
nurmber of mechamismes, The intermction of the analyie wicth the mivelles may be
msdified wsing oreanic solvent additives in the running bufler which reduce the
partitioming of the analvie inw the micelle; al the sume tdme such oreanic modifiers
tendd 10 reduce EQF, The Rarmmation of micelles is illustrated in Figore 14,12

Fig. 14.12

Micelle formation during
MECC ard the effect of
charged micelles on the
rate of migration of a
neutral compound
relative te the EOF
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Separation of cefotaxime from related impurities.

Penicilling and cephalosporing are reactive compounds and may contain a number of
degradants: the high selectivity of CE can be advantageous where separation of
complex mixtures s reguoired, Some ol the imporities gy be neutral and separtion
of neutral impurities [rom each other requires parliticming e charged micelles
which migrate a1 u different rule 1rom the EOF, In this particolar application sodinm
dodeey] sulphate (SDS), an anionic suclactant, was used Lo conduct MECC,” The pH
of the runnimg buffer was 7.2, which was low enough o avoid prometing the
depradation of cefotaxime, which is unstable e alkali, Cefolaxime and its related
impuritics are shown o Fgure 14,173,

Figure 4. 144 shows the MECC trace oltained from O which was spiked with
0,25 wihw of cach impurity and Figure 14,148 shows an unspiked sample ot C, The
slowest migrating compound was the neulrl kwlons compound L, which should
have the most affinity for the negatively charged amd hydrophobic SDS. The other
impuritics are carbokylic acids which will be fully charged at ph 7.2, thus bearing o
negative charge, which will cause seme degree of repulsion between the analytes and
the negatively chanzed micelles, The anti-isomer of Cis late eluting hecause of i3
stereochermstry, henee its ome radios and padilion coellicien are quite ditferen

E acH, acH, Fig. 14.13
| 2 Cefotaxime and its

1%3_)]\”,%_( imipurities.
\T,;\GH LOCH, T;

):N

GOOH
DA 8, - NH, : H
Cefotaxime (C) OOR, = NHE Hto
F HR,=MNHCHD FL— CHFCY:.DGH:}
CHPH FGH?
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Fig, 14,14

teparation of cefotaxime
and related impurities.
(A} Sample spiked with
impurities. (B} Unspiked
sample. U = unknown.
Reproduced with
permission from
Chromatographia (see
Reference 7).
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Iroem those of C {this s consistent with a lack of antibiolic effe) Tor the anti-isomer?,
The MECC method was capable of prodocing separation of all seven imporities from
C al the 0.2% level; it gave precision comparable to a previously developed HPLE
method and was more rapid than the HPLO method.

Analysis of flavonoids by MECC
Flavonoids are nateral prodducts which occor in cerain popalar hiecbal medicines
such as Crinkpo-bitofae, They are phenols and-are not chanzed until the pll of the
running huffer is high. Separation by MBECC was carried out nsing 044 M S0DS ina
(L2 M borate ranning buffer ac pH 8.2 At this pH the flavoennids studied are more
or less. ancharged and in the absence of ditferential partitioning would migeate at the
same rate a5 the EOE The presence of 505 in the rumning buffer slows down the
rate of migration of these compoands aceording to how steongly they partition inoo
the S5 micedles, which are moving towards the anode while the ECF ia towards the
cathode, Figure 14.15 shows the closely related structures of the flavonoids whilst
Figuare 14.16 shows the separation achieved for a model mixture of these
compennds.

The method gave good precision and ragid separation of the mixture.
Chromatography of these types of compounds normally requires the use of gradient
HPLC with long clution times.
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Fig, 14.15
Some flavaroid
strugtuares.
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Further reading

Additicnal problems e Ll L R s s
1. Select the most suitable running buffer from those given below to accom plish efficient
separation of the following mixtures;
iy Twogeornelrical isomers of a bsic drug pKa 9.7
i) A mixtuee af newtral corticosteroids,
(i Amisture af opium alkaleids with pia values in the range 7.5-B.5.
(iv) Two enantiomers of 2 local apaesthetic pka 8.0,
fwh T proteivs both of ca 20000 MW, one with a pl-value of 5.5 and the other with a
plevatueof 7.1
fwi) Human ard porciee insulin - human insulin ditfers from porcine insulin by one am no
acid having a more polar threonine residue in place of an alanine residug and their
-values are the same,
A, 0.05mM phosphate bBuffer pH 7.5 containing 0.0% mb 505
L. 0.0 mi borale buffer pH 9.5 cantaining .01 mM feoyclodestrin,
¢, 9.0% M phosphate buffer pH 6.5,
. 0,05 mM phosphate buHer pH B0
e 0.0 mM borate boffer pH B.D comtzining 0.01 mi propyloyclodestrin,

B (14) 3 {A) %5 {1} P o @ (1) TR () U (1) SIBMSLA

2. Predict the order of elutian af the the fallowing tricgclic anti-cepressants from a CE systern
with the fallawing rannivg Buffer 0.5 mM Bulfer pH 855 metharcl (84615 4).

L]
m : ’pﬂ : T
CH,GHCH, NHCH, OHZGH ,CHL NICH i Prakablia Ml )
[resipramine pka 10.2 Irnipramine pia 9.5 Daxepin phz 9.0
and< 3 ad =3
CH,CHCH, NHDH, GH,GH GH, NITH ).
Narrptyling p&s 9.7 Amitriphyline pia 9.4

wudaxop suppfaduwe sunwesd g sugfid o ‘s eldisap Lansug

Capillary Flectrophoresis. TLR. Baker Wiley Tnterscicnee, Chichesier ¢ 1909575,
Capailary Elecirophorstic Sepacations of Drugs. A5, Cohen, 3 Terabe and £, Devl. Elsevier,
Arnsterdamn {1906),




