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Principles

Adiguid moabile phase is pumped under prossure through o stainless steel column
contarming particles of slatonary phase with o diameter of 3— 10 pm. The analyvte is loaded
omio the head of the columm vis o leop valve and sepacilion of 2 mixiure oceurs according
to the refative lengths of fime spent by its components inthe stabonery phase. [ should be
noted that alf components i misiice speod monz or less the samee fime in the mohile
phase in order m exit the column. Mantoring of the colurmn effloent can be carried owt
wills f variety of defectors,

Applications

e The combinution of high-pressece higuid cheomatography {HPEL) with maamitoriag by
L% fvisible detection prowides un accurate, precise and robuest method for quantitacive
analysis of phammaceurical produces and is the industry standard method Tor this
FILlrr.K!I‘iL".

«  Momitoring of the stahility of pure drog substances and in drogs in formolutons st
guarditsteon of @ny degradation products.

r Measurernent of deues and their metabolites in hiological fuids,

» eterminamion of partition ceelleients and pia values of diugs and of drog prorein
bimding

Strengths

*  Fasiby controlled and precise sample introduction ensures quantitaive procision,

= HPLC is the chromatographic techmgue which has ssen the most imtensive
development in recent years leading o improved, columns, detectors and software
conlril,

= The viriety of colomns and detectors means that the selectivity of the method can be
readidy wdjusted.

» Compared e GO there 15 less sk of sample degradation because heating s not reguired
in the chromarographic process.

+  Readily auteamated.

Limitations

* There s sull a requirement for reliable and inexpensive detectors which can maonitor
compiuns that lack o chromophure.

+ Dhrugs hive to be oxtracted from their formulations prioy to analysis

= Large smownts of organic sulvent wasle is gencrated, which is expensive t dispose of.

Introduction

HPLE is the technigue most commanly ased for the quantitation of drugs in
formulations {Fig, 12.1). Pharmacapoeiz] assays still rely guite heavily on dircet TV
spectroscopy but in industiyv detection by UV spectrophotometry 15 usually combined
with a preliminary separation by HPLC. The theoretical background of HPLC has been
dealt with in Chapter 1. There are many comprehensive books on this rechnigue, '

Instrumentation

A standared instrumental syseem for isoceatic clution consists of)

il A snlvent reservoir.

{ii}y A pump capable of pumping solvent up 04 pressure of 4000 pei and at Mows
of up o 10 mlfmin.

{iii) A loop ingector which may be fitted with a fixed volume loop between 1 amd
200 gl (20 4l i often vsed as standand),
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Fig. 121
A typical HPLC systam set

indicatirg a column back
pressure of 1265 osi and
connected ta o Lvivisitle
detactar which is st 1o
menitos the column
effluent at 260 nm.

to a flow rate of 1 mifmin,
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A columnp, which is usually a stainless steel wbe packed, usually, with
oetadecylsilane couted (ODE-conted) silicy gel ol average particle diameter
23,5 o8 M ).

Acdetector, which 15 wsnadly & UV Avisible detector, glthough for specialist
apphications a wide range of deteciors 15 availahle.

A data capmiee system, which may be a computing integrator or a PC with
software sultable for processing chromatographic daty,

The column is comnecied w the mjector and detector with tubing of narow
infertal diarmeter ca (L2 inny in erder to minimise "dead volume', Le. empey
space in the system where chromatography is not occuring and band
browdening can oceur by Jongitudinal dilfusion,

Muore advanced inastruments may have automatic sample injection and
column oven znd are capable of mixing two or more selvents in varving
proportions with Bme to produce a mobile phase gradient,

Stationary and mobile phases
Thete are twe principal mechanisms which produce retardation of s compound

passing throvgh 4 column. These sre illustrated 1 Figure 12,2 for silics gel. which is

4 straight-phase packing, where the mechamsm of retardation 15 by sdsorption of the
polar groups of o molecule onto the polar groups of the stationary phase. Also
incloded in ehis figere is OD&-coated silica gel, which is a reverse-phase packing.
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where the mechaniam of retardation is due to partiioning of the lipophitic portion of
amolecule into the stationary phase.

Silica gel and ODS silica gol are two of the most commonly used packings for
strtight snd reverse-phase chromatogrsphy applicaions. respectively, but there s
wariely of straight and reverse-phase packings avaibable, most of which are based on
chemical modilication ol the silica gel surface. altbough in recent vears slaionary
phuses which are based on otzunic pulyvmers bave become available, The extent Lo
which a compound 15 retained will depend primunly upon its polanty. in the case of
silica gel. and primarily upon its lipophilicity in the case of a reverse-phase packing
sueh a= OO0 sthea gel, Most drog molecoles have both lipephilic and polar groups,
The other [mewer (0 consider with reeard o the degres of reention of o particular
compound, apart from the stainonary phase. 15 the natore of the mobiie phase. The
more polar o tebile phase, the more quickly it will elute s compound from g silica
gel column: and the more lipephilic v mobile phose the more quickly it will elute a
compound [rom o reverse-phuse column,

CH.O Flg. 12.2
& CO0H Interactian af naproxen
| with the surfaces of silica
CHEH, gel and G035 silica gel

HPLL parkings

i:‘.-HEH_1
COCH ‘
i Hydrogan o 30;*‘ = Wan der Waals
£ onding o z iFleraction
an on OH OCHyy 00 H;  OCHg
| | |
——5i—{Q——5—10 Si 0 —Si—o—8%—0——=5i—0
!
—:EI—O—Ei—D— |— Si—0 5—o>0 Si—0O
Straight ohass {=ilica gef) Rewersa phase {ODS cilica gel)

[ pragtice o resrricied range of solvents 15 used with stright- and reverse-
phase columns,

In straighi-phuse chromatography, four commonly used solvents are;

hexane,  dichioromethane:  isopropanol,  methanol
e

[ncreasing serength
In reverse-phase chromulography, foer commoenly osed solvents are:

water,  methanol; acetonigrile;  tecrahydeofuran (THE)
-

Inerensing strength

The stronger a solvent or salvent mixturc. the mote guickly it will elure an
organic compound from a particular columm.
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' Self-test 12.1 P g o i TR eI
¥ 14 i 1B i TR T

Prednisolane (see Fig. 12.3 for the structune] s to be eluted from an G0% column.

List the following solvent systems in order of decreasing rate at which they will elute
predniscdone {f.e. in order of dacreasing strengthy:

1. a. {i) methanoliwater (20:80); {iit methanoliwvater (89:20%; {iii] methanaoliwater {50:50).
b {i) acetonitrilefwater (50:50%; (i) methanolheater (50:50); (i) acetonitrilefwatenTHF
{8040 10,

Prednisolone is to be eluted from a silica gel column.
List the fallowing systems in order of decreasing rate at which they will elute prednisalone:

2. i) hexanediscpropanal (30:100; (i) hexane/dichloramethane (30:10); {iii} dichlaromethanal
methanal (98:10); (iv) dichloromethaneisepropanol (90:10); (v dichloromethane/!
methanaol (8020}

(LRI 07 e e £ VIR A e T 1 I (1 AR N e Y P

Structural factors which govern rate of elution of
compounds from HPLC columns

Elution of neutral compounds

For a neutral compound it is the balance between its polarity and lipophilicity which
will determine the time it takes for it to elute from an HPLC column; the pH of the
mobile phase does not play a part. In the case of a reverse-phase column, the more
lipophilic a compennd s the more it will be retained. For a pelar column such as a
sifica gel column the mwore polar a compound is the more 10 will be retained, Polarty
can otten be related to the nomber and hydrogen bonding strengeh of the hydroay

groups prezent in the maolecule; this is illuserated as follows for o series of
corticosteroids shown in Figure 12,3, When these compounds are etluted from a

reverse-phase column using a mobile phase containing methanelfwater (73:25), the

expected order of elution would be: prednisolone, hetamethasone, betamethasone
17-valerate, betamethasone 21-valerate and hetamethasone dipropionate,
Prednisolene should elute shortly before betamethasone since i lacks a lipophilic

mecthyl group ar posicion 16 (the fluorine group in betamethasone also concrihues to
its lipophilicity}; the valerates both have large lipophilic ester groups masking one of
their hydroxy] groups. The 2 |-hyvdroxy! group hydrogen bonds more sirongly to the

mobile phase since it is an unhindered primary aleohol; thus it conversion to an

ester has a greater effect on the retention time of the molecule than esteritication ot

the 1 7-hydeoxyl group. which is a tertiary aleohol and is hindered with respect to

hydrogen bonding to the mobile phase. Finally, the dipropionate of betamethasane
has two hipophilic ester proups masking two hydroxyl greups and this would mean
that it would be most stcongly retained by a lipophilic stacionary phase, Figure 12.4
showws the chromatogram obtained from the mixmre of corticosteroids obtained using
an DS column with methanol/water { 75:25) as the mobile phase indicating that the

order of elution fits prediction. The lipophilicity of the swemids reflects ther
pharmaceutical uses since the more lipophilic esters are used in creams and
ointments for enhanced penetration through the Hpophilic layers of the skin, The

order of elution of these sternids would be mare or less reversed ona polar silica gel
column, although chromatographic behavious is usually more predictable on reverse-

phase columns.
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Predniaclans

aip— OH 21
o
17
»-0OH HO
Q
Batamethasanes

Eetamethasone 2 1-valersta

CGOGH,

Hetarmethasone 17-valerate

Betamsathasons 17 21 -dipropionale

Fig. 12.3

The strusctures of some
carticosteroids listed in
arder of their elution
from an OD% column
eluted with a
methanaoliwater (75:25)
mobile phase and below
the chromatogram
prodiced by the mixture.

Praddnisolene  Betamethazone

B.43 min 824 min

Betamethazans 21 -valerate
2060 mn

Betamethasone Betamstrasone diprogionate
17-walarate

1777 min 21,52 min

Tirme

Fig. 12.4

Prednisclone and
betamethasone ard their
esters eluted from an
QD5 column

(25 cm w 4.6 mm) with
meathanclivater (75:25]
as mobile phase, Y
detection at 240 nm.

Considering the chrommatoeram shows in Figure 124 in more detail, the resolution
between (he betgmethasone 2| -valerate and the hetamethasone dipropionage is
incomplele, increasing the water content of the mohile phase would result in longer
retention times for these two componants and better separation, however. increasing
the water content would also give very long retention times. If a formulation
conlained both the 2 1-valerate and 17 2 1-dipropionate, another type of column might
be chiosen 1o effect separation-of these two components within a reasonable length of
time, e, o silics gel column. IF the betamethasone dipropacnate were absent from
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this mixdure, a different separation srategy could be adopred o bring the valera:
esters closer w betamethasone and prednisolone. I would not be possible 1ooadd
more methanol to the mobile phase without losing resolution between betamiethasone
and prednisolone but after these two compounds had cluted, if an HPLC svstem with
& binary or ternary gradient system were used, the instrument could be progranmimed
to gradually increase the methanol content in the mabile phase to expedite the
elution of the later running valerutes, For example, & suitable solvent programme
might be as follows:

methanoliwarer {75:25) far 7 min, then ramping the sobvent composition to
methanolfwater (83:15% up 1o 17 min, This dype of programme would greatly reduce
the retention times of the valerates,

----- ) i TR VR TR 1 R
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Predict the order of elution, from first to last, of the following stergids frem an GRS coduamn
with methanolisator (70:30) a5 the mobile phase.

OH OH

Testosierans Oastradiol

OH OH
0 IGH:]

Mandralene Metrytesiosiorons

BLCUATSAER AL FEW ‘AU TE 31591 BUDJOIDPU EL |OIBEIISS0 LISMILIY
|.|

Control of elution rate of ionisable compounds by
adjustment of pH of mobile phase

This arca is not often considersd in any detail in books on HPLC; however,
pharmacists generally have a good grisp of the concept of pRa and it is worth
devating some space ta its effects in relation (o HPLC, An additional factor which
can be used o contral the solvent strength of the mobile phase is pH; pH contral is
employed mainly in reverse-phase chromatography. However. mobile-phase

conditions may be selected in siraight-phase chromatopraphy where the ionisation of

the analytes is suppressed, and basic compounds are run in a basic mobile phase and
acidic compounds are run with an avidic mobile phase. Control of the rate of elution
via the pH of the mohile phase is of course only applicable to compounds in which
the degree of iomisation is dependent on pH but this covers a majority of commanly
used drugs. The pH of the mobile phase can only be set within the range of
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cit 2-8.3 pH units becanse of the rendency for exeremes of pH to dissolve silica gel
and break (he bomds belween silane-coaring agents and che silica gel support. This
P range 1% pradually being cxteaded witl the advent of more stable coatings. The
effects of pH on retention time, suprisingly, ure w3 vel not fully widersiood, The
following examples give an approximation ol the effect of the pH mobile phase on
the retenton time of drugs on & reverse-phase HPEC column, which provides a
starting point for considering the eflect of pH on retention time, In fact many drogs
are still retained by lipophilic stationary phases Lo some degree even when they are
tully ionised: in this casce the drug 1s peobably pariitioning into the reverse phase as a
lipophilic 1on pair. The greatest eTects of alleration of pH in the mobile phase are
observed within | pH unil either side of the p&h value of the drug, i.e. where the
partition coefficient of the parislly ionised drog varies between 90% and 10% of the
partition coefficient of the un-lonised drug (see Ch, 2.p. 293,

Calculation example 12.1
The efMect of pI un the HPLC retention time of an ionisabls acidic drug.

Thuprofen, an acidic drug, which las a pAa of 4.4 s analysed by chromutogriphy on ODS siliva gel with a
mobile phase consisting of acetonitrife/0.] M acetate huffer pH 4.2 (40:60),

The ¢, fon the cotumn at 2 mobdle phase flow rate of 1 mlfmin is 2.3 man, Thesetention tme of thuprofen ol pH 4.2
is 23,32, If £'app 15 the apparent capacily Tactor of the partially ionised drup, then KappoacpH 4.2 = 23 32-2 3/
23=914.

Using the espression inmroduced in Chaprer 2 for the effect opr an partition cecflicient of an acid, it is possible
to predict approximately the effect of pH on retention ime since the ﬁffcd of pH on partition coefficient will
reflect ite effects on capacity factor and in theory:

Krapp= K71 4 1(pe-ps

Using the observed Aapp at pH 4.2: 9,14 = K/ 4 108 = K'/1L63
K'=914% 1.63 = 1490

I ihuprofen is atalysed using the same QDS cobumn with the mobile phase new eomposed of acotonimilefd 1 M
scetale buffer at pH 5.2 (40:00) the partition cocffcient will now he lowered a5 Gollows:

K'upp at pH 5.2 = K771 + 1077 = 14.9/7 3,
KlappatpH 32 =204,
Betention time =2, + 7, Klapp =23 4+ 23 % 204 = 7.0 min,

Experimentally, the retention tine of ibuprofen was found in fact to be 12.23 min. This reflects the fact that the
pha of the ding may not-be exactly a5 given in the Tieerature wmber the conditioms used Tor chromutography and
the fact that the Tow diclectric constant of he mobile phase in comparison with water suppresses ionisation so
Wt the drag is less ionised than predicted. However, the caleulation gives g reasenable spproaimation of the
behaviour of ibuprofen.

The same tvpe of calculation shown in Caleulation example 121 can be carried
vl [or basic drogs. Figure 1205 shows the structures of some local anaesthetis drugs
with their pKa values.

Figure | 2.6 shows the effect of the pH of the mobile phase on the Tour Lol
anaesthetics shown in Figure 12.5. The fargest etfects of pH are on bupivaciine and
pentycaine which are very close in structure; the pH adjustment mude in the example
s within £ 1 pH unit of their pKa values. The least effect is on procaine, which has o
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Fig. 12.5
MHCD NHGO‘Q The structures of some
CH. CH, r:l M local anaesthetic bages.
e} =
: g

Budivacere pla B Pentycaine pHa o5 B.1

NHCOCHNHCE,H? CODEHAGH N0 H 1

Prilocaine pka 7.9 Procaine pfa 8.0

‘Calculation example 12.2

The effect of pH oo the HPLC retention-time: of 2w ionfsable basic drop. Bupivacaine, which has » pia of 8.1, is
analysed by L]&ﬁmaimgraphy o OT8 silica gel with 1 mobile phisc consisting of acetonitrileTRIS buffer
pHB.A (40:60) at'a tlow rate of 1 mlimin, The t, far the column’ ala mabile phase flow rare of 1 mlfmin is
273 min. The retention time uf hupnmma At ]:I-H 8.2 is 13208 K"npp iz the appar:nr capacity factor of the
partially mmueﬂ drug, then ﬁ}r e bas: Rl :

Kapp =K'+ {opke 7
Thﬂﬁ'app apH B4 = 17892323 =675
BT =K1 + 1{3“'“—.#:;! 5
ﬁ"aﬁ?hn_n}u

It the drug were analysed using u:-ekmun]ch‘EI'i buffer pH7 4 (40: EIE}J ata ﬂnw rate of 1 mlimin using the same
colurin, the retention ume fan be estimared ox runm : &

F.‘".'lpp aapII T4 =K'l R m' T a H’F 1360
K'app at pH 74 = 1.69
Retentmn at pl-T?4‘n1ne B E’upp—23+ {; 69 #2323 =618 min
Expennmn:at!v the retantlm timie wik found 1 be 10, EL’II min. The déviation from the theoretical 'l.alua Wik
probably duc to the factors d.tsmsged aarlier for Jb-uprufeu ]

higher p&u (9.0) than the other drags and is thus aleeady B0%: jonised at pH 8.4, for
this reason, the lowerng of the pH has a less marked effect on ils retention time. The
effect of pH on prilocaine might inicially appear somewhat Tess thun expected bl
this is because it is closer to £, than the other doagss the decrease in ils retention time
abserved al the lower pH is in fact in line with the decreases observed for
bupivacaine und pentveaine, In chromatogram B, the procaine peak has Tost some of
15 dntegrity due to ity proximity to the solvent front this results 1 poor trapping ol
the wnalytle ut the head of the colamn. The effect of the arganic content ol the mobile
phuse on the pEy of analyvtes is given some additional consideration in Bex E2.1,
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Priscaing
I .21 min.
Bupivacaing
1050 .
Pantycaing
1585 min

Prilccaire
A H4#3mir

Procalng

3.26 min.
Bupsivacaion: i
17,30 min

Prrozning
4,08 min,
Pantycaines |
26.18 min |

Fig. 12.6

Somrae local anaesthetic
eluted from an ODS
column with

(A} acetonitile/TRIS.HC
buffer pH 8.4 (B0:40) and
(B 2cetonitnileTRIS.HCI
buffer pH 7.4 (60:40).

3

T = LG - 1
o

' Solf-test 12.3 =T e SR T T

The retenticn time of the acidic drug maproxer on an ODG column with a t, of 2.3 minutes in a
mixture containing acetonitriled 0.05 M acetate butfer pH 5.2 [40:60) is 2.07 minwtes. The pKa
of niaprozen is 4.2; what would be the etfect of reducing the pH of the mobile phase to 4,27
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A major Factor which is often ignored in preparing mshile phases is the effeer of the
addition of organic solven o the buffer. The effect of addition of acetonitrile on the pia
vislue of acetic acid has been caloulated o be as Tollews:”

Percentapge of wiw acetonitrife: i | & 30 40 S0
A value af accric acid: 4.75 .00 A (1 fr.4
The addition of organic solvent thus sappresses the ionization of the acid redocing the |H'|

in sodution and the overall effect is an anceease in pHL The same effect can be abserved for
aber bullers such as phosphote and citcate wnd with 0% vreanie selvent e elleclye pll
af the mobile phase may be 1—1.5 units higher than the measured pH of the buffer befone

mizing,

“Box 12.1, Auditionsal considerations of mobile phase pH

Summary of stationary phases used in HPLC

The intention of this book s W0 fogus mainly oncepphications of weehnigues o

pharmaceutical analysis. Detailed discussions ol stationary phases and detectors can
be found elewhere. > Table 12,1 summarises some of Lhe stationary phases which
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are ysed in HPLC, Currently, OIS silica gel or related phases such as octyl silica gel
are wsead [or = B0 of all pharmacentical analvees as pndged from g comprehensive
survey of the lirerature;? other phases are only wsed where special seleciivily is

required, such as tor very waler-soluble compounds or for bioanalylical separaniions
which may be critical because the sample mulris proceces many interfering peaks,

[n recent years polymeric phases huve become available for cerlain specialis
applications; the surlace chiemisirivs of these phases are similur w those of the silica
pel-based phases. Advaniuges of the polymens phases are stability w0 extremes of pH
and the Tack of secondary interactions of analyles with uncapped silano] groups,
Disadvaniages include eapense sl o temdency w swell when in contuct with
|ip1':-p|1i]i|: mohile phases, which can destroy them, Soch phases are best used with
predominantly agueons-hased mobile phases,

Table 12.1 Some commanly used HPLC stationary phases

Stationary phase
05 sllica gel

Octyl silane and
butyl silana silica gels

Phenyl sitane silica gel

Shica gel

Aminepropyl
silica gel
Cyanaprapyl
sibica ged

Strong cation
exchanger [SCX)

Etrang anion
exchanger [SaAx)

Applications/comments

The mosl commonly used phase applicable to most preblems in
analysis of pharmaceutical formulations. Early phases gave
problems with strongly bazic compounds because of incomplete
endrapping of silanol (5-0H) groups. Amines adsorb strangly
anta free silanol groups not covered by the stationary phase,
Fully endcapped phases and phases with low metal content ara
now available, which enable the analysis of strongly basic
vompounds that formerly tended to produce tailing peaks. QD%
silica gel can even be applied to the analysis of peptides, whare
wide-pare packings are used to improve access of these bulky
molecules to the internal surface of the packings

Useful alternatives to 005 phases. The shorter hydrocarbon
chains do not tend to lead to shorrer retention times of analytes
since the carbon loading on the surtace of the silica ge! may be
higher far these phases and retentian tirme is atso dependent an
howe much of the stationary phase is accessible to partitioning by
the analyte’

Useful for slightly more selective analyses of compounds
containing large numbers of aromatic rings, e.g. propranaial and
raproxen, where some additional interactions can ooour with the
phenyl graups on the stationary phase. These interactions are,
however, very subtle

Often used in the past for problematical compeunds but with
gradual improvement of reverse phases increasingly less wsed.
Useful for chromatography of very lipophilic cornpounds such as
in the separation of differant classes of lipids and in the analysis
of surfactants, which tend ta torm micelles under the conditions
used for reverse-phase chromatography

A moderately polar phase aften used tor the analysiz of sugars
and surfactants

A moderately polar phase applicable to the anabysis of
surfactants

Usually based on ien pairing of the analyte with sulfenic acid
groups on the surface of the stationary phase. Useful for analysis
of very polar compounds such as aminaglycosides and other
charged sugar molecules and polar bases such as catecholamines
Wsually based on ion pairing of the analyte with quaternary
ammonium groups on the surface of the stationary phase. Useful
for the separation af polar compounds with anionic groups such
as nucleatides and anionic drug metabolites such as sulphates or
gluturanides

247
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Summary of detectors used in HPLC

For the majority of analyses of drogs in [oemulations, variable wavelength UV or
diode array UV detectors are used. A tvpical UV dector has d narmow cell aboul

| mm in dliameter with a length of |0 mom. giving 0 an internal volums of about & o,
The linear range of such detccrors 15 betwoen OO and 2 absorbance unils and
samples have o be diluted sufficicotly to fall within the range. Although (he egac
conceniration of a sample passing throwgh the flow cell is nod known, 8 suitable
congentralion can e approximated as shown in Calewlation example 123,

Calculation example 12.3

A typical elotion velume of chromatographic peak volome is 400 gl If 20 4 (0,02 mi) of a solution containing
paracetamel al @ concentration of 1 mg/100 ml is injected inte an HPLC system with a low cell with 2
pathlengrh of 16 mm:

Amcunt of paracetamol injected = 1 mg x.ﬂ,ﬂﬂliﬁ = CEONNIZ T, o

Mean concentration of paraceramal in the peak volume = ﬂ.ﬂ(m F3 I'[](]."il‘il.-’r_ ={L05 g 100 ml,
The A{1%, 1 cm) value for paraceiamol at 245 Tm s 668.

The absarbance of o (.03 mg (000005 gh solution = EIIEKKH}S 658 = [.0334. _'

The mean absorplion across the peak would be 000334, e

IF the peak has a Ganssian shape, the maximum absorption fur the peak would Te ca |5 times the mean
absorption, i.c. in this case 0,05 or 50milliabaorbance units (mALY. .

Selective detectors tend o be employed where the analyts 15 present in small
amicunts inoa complex matrix such as in bioanal ytieal procedures where components
ealracted trom the biological matrix along with the analyie can cause inlerference,
Sumne furmulated compounds bave only very poer chremopheres — these include:
swgars, lipids, sarfactanes, aming acids and some classes of drugs, e o number ol
anticholinergic drugs lack chromeopheores. In these cases an allernative (o UV
delection has 10 be employed.

Table 12.2 Same detectors commanly used in HPLC

Datector Applications
variable wavelength Based on absorption of UV light by an analyte, A robust
LW detector detector with good sensitivity works approsimately in the

sensitivity of the detectar in part deponds an the Al %,

: 1 cm) value of the compound being analysed, The early
detectors operated al o fixed wavelength {usually 254 nmyj;
currently detectors are availabie which can be adjusted to

— Flow operate at any wavelength over the full Wyiisible range

range of 0.01-100 pg of a compeund on-calumn, The
v Iz monochromsatic

il
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Table 12.2 Some detectors commanly used in HPLE [Cand )

Datector Applicationg
Diode array detecior An advanced type of UV detector with the ahility to monitar
(DA arrass the full UV range simultaneously using an array of

I
pohychromatic

o) -_'.- T TNt
Evaporative light

scattering detector
{ELSD)

Ligghl
me__l__&fua.r
== el "." ¥
—Asmul Distector

Electrochemical
detector

oy AgfAg
Floi! L Feferance

Flow
- Buxiliary
]
o Carbon
warking
B electiode
+ Curren

! fram
oxidatlon

Pubsed amperometric
detecior

photedicdes which detect light disparsed by 2 fixed
manachromator over a range of wavelengths oftering a
resolution of ca t nm. Useful for complex mixtures
containing compounds with widely ditterent absarbance
ranges and for mixtures whare peaks averlap
chrematographicaliy but can be separated in termes of LW
absorbance. The detector gives a full UV spectrum of each
peak in the chromatogram which aids in identitication of
urkrowns

Detaction is based on the scattering af a beam af light by
partir_les of compound remaining after evaporation of the
mobile phase. This detector is of growing importance; it is a
universdl deleclor and does not require a compaund to have
a chromophore for datection. Applications include the
analysis of surfactants, lipids and sugars. Unlike the
refractive index detector, which was formerly used for thic
andlysis, It can be used with gradient elution and iz rabust
enough ta function under a wide range of operating
condilions. However, it cannot be used with invalatile
materials such as buffers in the mobile phase or to detect
very volalile analytes. Typical applications include: analysis
of chleride and sodium ions in pharmaceuticals, lipids used
as companents in fermulations, sugars and sugar palymers.
Sensitive to ca 10 ng of analyte

The electrochemical detector is usually used in the
coulometric mode. A fixed potertial is applied betwesn the
wiorking and reference electrode. Detection is based on
production of electrons when the analyte is cxidisad, which
i the more common mode of operation, or consumation of
electyons in the reductive mode. The current flowing across
the detector cell between tha warking and auxiliary
electrodes is measured. The warking electrode that carries
ot the oxidation or reduction is usually made trom carbon
paste. Most applicable to selective bicanalyses such as the
analysiz of drugs in plasma, e.q. catechals such as adrenaline
and thiol drugs such as the angiotensin-converting enzyme
inhibitor captopril and the anti-rheumatic drug
penicillamine

There is really no distinction between this detector and an
electrochemical detector except that the detector has arisen
largely as part of ien chromatography and tends to be used
in the amperometric mede where conduction of currant
between two eleclrodes by an ienic analyte is measured
rather than current changes resulting from oxidation or
reduction of the analyte. The working electrode in this
detector i usually gold rather than carbon pasta. Highly
sensitive Lo ionic compounds, the detector is used inion
thramatography for the analysis of inorganic ions such as
phosphate and sulphate. Typical pharmaceutical applications
include the analysis of cardenclides and aminogiyooside
antibiotics which do not have chromophores. Sensitivity is
typically down to 1 ng of analyte. Widely usad in
glycobiology for the analysis of sugar residues derived from
glycoproteins. In the pulsed mode, the polarities of the
electrodes are alternated in order to keep the electrode
surfaces clean
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Tahle 12.2 some detectors commaenly wsed in HPLC (Cont.)

Detector Applications

Refractive index deteclor (RI)  Detection is based an changes of refractive index when the
analyte passes through the sample cell {(Samp.) in the
detector, the reference cell (Ref.} being filled with the
miahile phase. Like the ELSD, the Rl detector is a univeral
detector with even less selectivity than the ELSD. It is vary
sersitive to mobile phase compaosition and temperature
rriaking it non-rabust, It is still used as a universal detector
since iLis cheaper than an ELSD. Sensitive to ca 1 pg ot

heirror ._Lighd

Detectar
compound
Fluorescence detector Detection is based on fluorescent emission following
Flow excitation of a flucrescent compeound at an appropriate
wavelength. A robust and selective detector applicable o
i T compounds exhibiting fluarescence and to fluorescent

derivatives, Mast usetul for selective bicanalyses. Sensitive tao
below the ng level for highly fluarescent compaunds.
| | HMormally uses a Xencn lamp for excitation but instrumerts
Excitation | with high intensity deuterium lamps are available for
=i excitatian of shart wavelength absorption bands

Erugsion

Self-test 12,4 Al e s

Rank the Tallowing detectars in order of decreasing: 8. Selectivity b. Robustness o Sensitivitgy:

81 Variable wavelength Uy detesiar
fid  ELSDH

L) Ridetector

fivh Electroohemial delectorn

dopElap 1y

'I57T UOLa81EE AN LIDUIDARA DG CIIEA OIS [ EAIUSE0ILE [E WUAGIUES 101E1EE 1Y
USSP [EIWAYIoIIIFE 0513 oakaisp A7 YiEuS QAR 2)QRURL SEa0smiTay JOERE iy
0573 10EElEp AN qlﬁuapnvm. A LIRS SO | L D '.{J_J.J._ll'.l:‘rllas RAEL LR

Performance of a diode array detector (DAD)
Sometimes it s nol pessible to be completely confident that an HPLC has
chromatographically resolved all the compounids ina sample and it might be
suspocted b @ purticular chromatographic peak might be due te more than one
component, The DAD has developed inte a tool of some sophistication for
determining the purily of chromateeraphic peaks eluting from 2 HPLC column.
Simge o whale Uvivisible spectrum is acquired several times across the width of a
peak, this povides a means of checking the purity of the peak by checking for
varidlions in the shape of the absorprion spectram across the chromutographic peak,
Figure 12.7 illusirates fonr methods for looking at the pority of @ pesk vsing the
information acguired by a DAL

In the example illustrated in Figare 12.7, the spectrum of the apex of the peak (A)
pwhere interlerence by impurities is likely to be the least) is compared with »
spectrinm Trom the leading edpe of the peak (B). Compurison of individual specira
from anywhere actoss the width of the peak may alse be made with o spectrum
prodduced by combining each spectrum taken across the chromatographic poak to
provduce 3 composite spectraim for the peak. The four methods wsed sre:



High-pressure fiquid chromatography 251

Fig. 12.7

Anplications of diode
array detection to peak
purity determination.
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1)

(i)

{iv]

Spectrom A and spectrum B are normalised o get the best possible overiay
ansl are then correlated by plotting their absorbances ul o ¥ om intervals
across the spectra against euch other, The correlation coefficient of best fil line
through the resultant points can be determined (Ch, | g, F200 A pood
correlation between the spectra should give r? > (L9935 and the r* for such a
plot is multiplied by 1000 @0 give a similarity factor, which is quoted as
mesure ol peak purity when the spectra of leading and tailing ends of the
peak are compured to the spectrem of the apex, A pectect match is o = 1000
Spectra can be correlated W the apex spectidm o to a composite speclmm ol
severdl points aceoss the widch of the chromutogruphic peak giving rise to a
similarity curve. The threshold curve gives an indication of the contribution
from noise o spectral dilferences which is greatest al the ends of the peak;
where spectra are weak In comparison with background aoise from the mobile
phase ete. An impurity i« detected when the similarity curve rises above the
threshold curve, In the example illustrated the major impurily in the peak is
arciind point B,

For a very minor impurily. specival differences across the peak can be amplified
by ploting the vulues for: 1000 — similarite 000 — threshold across its width,
If il is possible to determine the wavelength where the impurity absorbs
stromaly relative Lo the analyte, & ratiogram can be constructed. This is
obtained by ploliing the ratio of a wavelength where the sumple absoirhbs
strgngly anel the impurity absorbs weakly against o wavelength where



252

Fharmaceutical Analysis

impurity absorbs intensely. If the peak is impare, the ratio will Tall arcund
where the impurity clutes. A pure peak will exhibit a fairly constant ratic
across the width of the peak.

Applications of HPLC to the quantitative analysis of
drugs in formulations

The: majerity of applications of HPLC in pharmacentical analvsis are to the guantilative
determinations of drugs in formulations, Such analyses nsually do not require lasge
amounts of Ume W be spent opimising mobile phases and selecting columns and
deteelors so that analyses of complex mixtures can be carried cur. A standard joke is
that most gquality control applications can be carried out with an ODS column and
with methanol:water (121} as 1 mobile phase. Analyses of formulations are not guite
that simple but compared w analysis of drugs in binlegical fhuds or elucidation of
complex drug degradation pathways. they present fewer difficulties. The main potential
interlerants in snalysis of o formudation arc preservatives, colourants {see Che 13)
und possible degradation products of the formulated drug. Some formuolations
vontain more than one active ingredient and (hese may present more of an analytical
challenge since the different ingredicnts may have quite different chemical properties
and elute at very different dmes from an HPLC column. In this case, achieving 2
short analysis time may be difficult. Since the emphasis in pharmaceutical analysis is
on quantitalive analysis of formulations, this will be considered first

Analyses based on calibration with an external standard

HPLC assays of formulaed drugs can often be carried out against an external
standard for the drug being measured. The instrumentation itself is capable of high
precision and in many cases drags are completely recovered from the formulaticn
matrix, Il complels recovery can be guaranieed. then the area of the chromatographic
peak obtained [rom a known weight of formulation can be compared directly with a
calibration eurve constructed wsing a scries of solutions containing varying
concentrations of a pure standard of the analyte. The use of a single poim of
calibration can also be justified since in quality control applications, the content of
the furmulation is unlikely 19 vary by = + 10% from the stated content. The Food
and Drug Adminisiration (FDA) have suggested that for an assay of the active
ingredients in o formulation, calibration should be carried within a range of £ 20% of
the expeeted concentration in the sample extract. The steps required in @ quantitative
HPLC assay based on the vse of an cxtemal standard are summarised as follows:

= Weigh securately an analyvticul stundard for the analvee and dissolve itina precize
violome of solvent oo prepare 2 stock solulion,

*  Prepare appropriate dilutions from the stock to produce a calibration series of
solutions so that (1) appropriate amounts of analyte are injected inte the
wistrument piving consideration Lo ils operaling range and (27 (he concentration of
analyte which is expected in a diluted extract from the samiple is ar approximalely
the mid-point of he range of concentrations prepared in the calibration series.

* Anject the calibraticn- solutions into the HPLO systern starting with the lowest
concentration and finishing with a blank injection of the maobile phase 1o check
for cammynver,

*  Prepare the formualation for extraction, e.g, powder tablets, and weigh accurately
portions of the preparcd material,
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= Extract the formulation with a solvent which is likely 1o give good extraction
recovery and make up oA precise volume,

= Fileer if necessary and lake u precise aliguot of the sample extract and dilute this
unlil its concentration falls at approximaltely the mid-point of the calibration
series prepared using the analytical seandard,

= Inject the diloted sample solwiion inte the HPLC system. Replicates of the sampls
preparition and of the injection of the sample in HPLC may be carried out;
sample preparition procedures are more likely (o give Ase (o imprecision than
instramental variation,

* Plol g calibration curve for the area of the pedks obtained in the calibration series
against the concentrulions of the solutions. The peak areas given by integrators
are in arbitrary wnics and may be Lo seven or cight Agures. Assays are not usually
precise beyond four significant figures, this it niay be appropriate 10 only
consider the lirst five figures from the integrator oulpul of any significance, o,
TAYY3EG6 might be hetler considercd as being 7899KM).

* Check the lincarity of the calibration curve, i.e, r = (.99, Determine the
concentration of the diluted sample exmact from the calibration curve by substituting
the arca of its chromatographic peak into (he eouation for the calibration line,

Analysis of paracetamol tablets using a calibration curve

Tablets
Tablets contain paracetamol 500 mg, phenylpropanotaniine 5 mg.

Explanation of the assay

Even without chromatographic reselution the small amount ol phenylpropanclamine
presend in the furmulation could be disregarded since fis A(1%, | <) value at the
wavelength 243 nm used for monitoring paracetamol is e 4 compured w an 4015,
1 em) of 668 for paracelamol, An-ODS column retains paracetamol adequately if the
amount of water in the mobile phase is high. Thus the mobile phase used s 0.05 M
acetic acidfacetoniirile (90: L5); the weakly acidic mohile phase ensures there is no
tendency for the phenol group in paracetamol {p&a 9.5) (o ionise, The tablet extract
bk 86y b dlilkited sufficiently to bring it within the range of the LY detector, Figure 12,8
shows the chromalographic traces obtained for an extract from parucetamol tablets
and a paracetaino] skandurd {1.25 mgd 10O mi) run using the system deseribed above,

Fig. 12.8 i

g, FPeracetamal B Paracetamal
3,363 mir A} Extract fram

i bt bl paracetamol tablets in
| comparisen with |
(B} paracetamel standard
at about the same
concentration. Codumn;
3F SF DS 4.6 mm = 150 mm,
mobite phase
acetonitrile; 0.05 M
acetic acid (B5:15] flow
rater 1 mimin,

[5F = solvent frant),

Time Time
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Assa

(1 P‘M‘if_rh oul 125 + 10 my of the paracetamol standard and transter it to a 250 ml
villurmetric flosk made up fo volome with acetic acud (0,05 B and shake well
[mtaoack solutiend,

(i) Prepare a series of solutions from the stock selution containing 0.5, 1.0, 1.5,
2.0 und 2.5 me/ 100 ml of parscatamal.

11y Weigh and powder 203 tablets.

(vy  Weigh out tablet poweder containing 125 mg £ 10 mg of paracetamol,

(vt Shake the mblet powder sample with ca 150l of acetic acid (103 M) for
Smin in a 230 mil volumetric tlask and then adjust the volume 1o 250 ml with
more geerie acid (.05 M),

ivi)  Filter co 30 ml of the sulution inte a conical flask and then transfer a 25 mi
aligquat of the filrace to 100 mE volumetrie fasks and adjust the volume (o
Tid) ml weath acetic acid (0005 M.

(vii} Take 100 ml of the diluled exlracl and tramster tea fudther 1000 m| vodumetric
Musk and make up o volume with (.05 M acetic acid,

(wiiil Analyse the standards and the extract using the chromatographic conditions
specified carlier,

Data obtained

= Weight of 20 (ublets = 121891 &

o Weight of 1ablet powder taken = 15005 myg

+  Weight of paracetamol calibration slandard = 1261 mg,.

Table 12.3 Data abdained from the analysis of paracetamol standard solutions by HPLC

Concentration of paracetamol standard solution Area of chromatographic peak
mg/ 100 ml

0.5044 17 994

1.009 36 1049

1.513 121

R 71988

2.5 80984

Area of paracetamol poak extracted from lablets = 45 205,
Calculate the percentage of the stated content of parpcelamid in the lablet poweder
analvsed.

w = 35656580 + 80803 r=1.000 Flg.12.8
Calibratiaon curve far 1he

Parecetamal tablets R

100 Q00 paracetamisl in taldets
nbitalned fram HPLL
= analysls of callbration
3: B0 00 standards.
£
£ e00n
=
g
§ 401 000 ~
-
k]
m 20000
B
T
I:I 1 T T T

T
0.5 1 15 2 25 a

Paracetarnol concerilalzn mgo0 ml
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The graph shown in Fipure 129 is obuumed from e data given in Tahle 12230
15 linear with r= 1.000.

The couation of the line can be used to caleulate the amount of paracetamal in the
diluted extract of the tablet powder

Calculation example 12.4

Substituting the area obtained for the paracetamel peak obtained from the aralvsis of the lablel powder exiryct it
the equation for the Hae: ' : N
45 I3 = 35 636x + 80

Sc-l'.-":.ng for x gi\-'es- the concentration of the exiract in mgd 1K mlb

45 20580

=
Y | 2660 e L ml.

Concentration of puracetamol in dilyted tabler extract =
Dilution steps

The dilution steps wsed were;

« 25 ml into 100 ml (< )

= 10 mline 100 ml (x T0)

* Total =240,

Congentration of parscetamol in undiluted t@blel extract
b 266 g OO miE x40 = 50:64 g d T mi.

Amount of paracetamol in undilu{'e-cl_ tahlet extract

= The volume of the vadiluicd tablet éxtract = 230 mi

o Amount of puracetamol in 100 ml ofthe extract = 50.64 mg

+  Amount of paracetanal i 250 ml of ediract = 2500100 % 5064 mg = 26,6 mg
»  Amount of paracetamol found by the tablet powder assaved = 1266 mg.

Amount of paracetamol expected in the tablet nu:m der taken For assay

. ‘ﬁ-ﬂ}_.ht of 20 whlets = |2.1589] ¢

= Waight of one tablet = 12.1891/20 = 0.6094 & = 6093 mg -

= Stated content per tablet = 300 mg

o Amount of parseeramol expected in the weight of rablet powder taken for assay =
L5015 et 3 0 (KD mb = 1233 mg. =

Percentage ofsmted content
*  Percentage of stated content = 120.6/123.5 » [0 = 1121“r 3%,

Self-test 12.5 : TRRNTTORT Tt G TR LA e B

e e e

Calulate the percentage of stated content In paracetamal tablets using the calbration curve

given above and the fallowing data:

Data

® Weight of 20 tablets = 122245

« Weight of tabler powder taken = 1525 mg

« Stated content per 1abler s 500 myg

« nitial extraction valume = 200 ml.

Cllutlon steps

« 2omlinte 100 ml

« 10 mlinte 100 ml

« Area of chromatographic peak for paracetamai extracten from the tabien = 44 519,

S b WAL
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Assay of paracetamol and aspirin in tablets using a
narrow range calibration curve

Tablets
Tablets contain parscctamol 250 my, aspinn 2350 g, codeine phosphate 8 mg,

Explanation of the assay

‘T'hes problem is slightly more difficult thun el posed by pacacetamol tablets singce
there are two major active ingredicents in the formulalion. The codeine phosphaie
cannot be determined using the chromatographic sysiem described here since il
elutes from the column in the void volume and s obscared by the sofvent front.
Again an 008 column is guite suitable, and since aspirin s iomsed extensively
ahove pH 4.0, the pH of the mobile phase can be manipulated w move it oo region
of the chromatogram where it cun be run in the same mobile phase as paracetamal
without its retention time being inconvenietily Tomg. Figure 12,10 shows the effect
of mobile phase pH on the elution time ol aspirin; the pRa of paracetamol is much
bipher than tbac ol aspirineand it is unafTected by the adjustiment in pH of the mohile
phase. The mobile phase which resulied in cheomatogram B is preferred for the
analysis.

Brief outline of the assay

The assay is more of less the same as that described for the paracetamol tablets
except that the fablets are extracied with (005 M sodium acetate buffer pH 4.4, 'The
calibration standard solutions are prepared so that they contain both aspicin and
paracetamaol m 0,05 b sodium scetate buller pH 4.4 90 the concentration range
1015 mygd 100 ml.

Fig. 12.10

{A) A tablet extract
cantaining paracetarmol
and aspirin tun at a pH of
ca 3.7 in 0.05 M acetic
acidacetonitnle {#5:15)
{150 mm = 4.6 mm G0%
column, flow rate

1 mlf min). {B} Shows the
tablets extract run at pH
d.4in 0.05 M sodium
acetate bufferfacetonitrile
{B5.15). ODS colermn

150 mm =« 4.6 mm, flow
rate 1 mlfmin. UY
detaction at 243 nm.

Paracetarmol Paracotamal
A, 331 miln B 3.35 min
EF
5F
A plriey
Aspirin
| 4.92 mm
: 17.42 min \
| ) |
| |
= [ =, 4 I'k. 1.. -..I L- ] — =
I [ ]
Tirmes Time
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Data obtained

= Weight of 20 tblets = 112698 g

«  Weight of tablet powder mken = 283.8 mg

*  Weight of parscetamel standard = 1255 mg
*  Weight of aspirin standard = 1273 mg.

Mean urea of chromatographic peaks for a duplicate apalysis ol the tablel cxiract:

s Aspirn: 13366
*  Paracctamol: 44 535,

The equations tor (he calibration lincs abtained were as follows:
* Aspinin; v= 12 136 x4+ 130

+  Paracstamol; v= 35 374 = - 35

Ditution of sample

«  Initial volume in 250 ml,

hluted:

« 25 (o HOD il
o 10 1060 ml,

Self-test 12.6 ST T T

Calculate the parcentage of the stated content of aspinin and paracetamal in the tablet |
poweder analysed wsing the data ohtained above,
Ut BE B WIS IUE1LI0D PAIELS §0 UG |0 = [OWEIB0EIE] SISy

Assay of active ingredients in a linctus using a single
point calibration for each analyte

Content per 5 ml of linctus
Pscudocphedrine hydrochleride 30 mg, triprodidine hydrochloride |23 mg,
dextromethorphan bromide 10 mg and preservatives.

Explanation of the assay

This ussay 18 allogether more difficalt since three active ingradients dare involved and
severdl excipients interfere in the analysis, inclading one major excipient
tmethylpurabenl, which is not remeved in the extraction process. Tn addilion the
aetive ingredients are bascs which have a tendency o interact with any uncapped
silano] groups in the stationary phase and it is essential 1o use a column which is
denctivated with respect te the snalysis of basic compounds. The theee active
mgredivnts are all gt different concenerations in the formulation so thal atention bas
b b paid fo selection of & detcetion wavclength at which each componen! can be
detecied, In this particular assay a DAD would be uaeful.

Brief outfine of the assay

The lincius s sugar free so that it is sufficient]ly non-viscous to be measared with a
pipetie rather than welghed. An aliquot of the linctus (3 ml) is made basic by
additicn ol |l of 10 M ammonid solution. The aguecus layer is extractesd with
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2« 10 ml of chloroform. The chlomstorm lavers are combimed und evaporated 1o
dryness using a rotary cvaporaior, The residue is dissolved inca 10 ml ol methanol
and transterred 1o a 100 ml volumetric flask and then dilued w volume with mobils
phase. The sreas of the peaks obtained from the linclus extract are compared with a
solution containing pseudoephedrine HCI. dextromethorphan. HBr and
triprolidine, HCI {structures shown in Fig. 11,14} al the same concentrations as would
be expected in the Tinctus extract.

Figure 12,11 shows the chromatogram of the linelas extriction, the elusnt was
monitored at 260 nm. This analysis illustrates some of the difficulties of analysing a
more coroplex [ermulation and is by no mesns definilive, The main criticism of the
chromatogram shown in Figure 12,11 is that the shape of the dextromethorphan peak
is not perlfect and it is incompletely resolved (ron the methylparaben, The
picudoephedrine peak elutes guite close to the void time of 2.3 min and although it
is present in fargest amount in the formulation (30 mg!S mi) it prodoces a relatively
small peak in terme of area because its AC1%. | om) value at 260 nm is only 12,
Destromethurphan produces a slightly tailing peak due to interaction with umeapped
silamol groups; this interaction is loss at lower pH values, The AT1%. | em) vulue of
dextromethorphan at 260 nm is ca 30, Triprolidine produces a peak with 4
reasonable shape, probably because it is a weaker base (pKao 6.5} than

dextromethorphun (pfa 8.5). and this also accounts for its longer retention time
sinee it is less jonised at pH 6.8 than dextromethorphan. The A{1%, 1 cny) valoe of
triprolidine at 2608 nm is ca 250 which accounts [or the large anea of it
chromatographic peak despite the fact that it is the least abundant component in (he
formulation (the GO analysis of the active ingredients in this formulation s less
problematical, see Ch, 13 p. 2170 The dats obtained are shown below,

Peeudcephadring Meihylparaben Flg. 12,11

3,11 min 12.11 min The HPLC chromatagram

I i Tripcdiding af an extract from a
15,85 min lingtus cantaining
pseudaepbedrineg,
r‘ dexiramethorphan,
Dexiro- = tFIp!Ir:-Iidirtu ;:d -
| miethylparaben.
T:T:E?n | rezlumin 5 oo 4.6 mm,
;| mabite phase
(! || acelankrilein.on b
i | H

phasphate buffar pH 6.8
! I {35:65) 1 mbimin. LV
| i | maritering at 260 nm.

Data obtained

« Volume of elixir extraceed = 5 ml

«  Final volume of extract = 100 ml

» Caleulate the perventage of stated conteént for the mproliding, HC in the formulation,
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Standard + concentration Area of peak in standard Arza of peak in sample
Pseudoephedring HC| 345 178 318915

31.23 mof100G mi

Dextrometharphan HEr 4794918 459 293

10.5 T mea 100 ml

Tripralidine, HCI 543701 527 158

1.254 mgr 100 mi

Calculation example 12.5

Prom simple rotic;

Congeniration of psendoepbedrine HC in extract = 31.23 % 200 213

T 3063 g 100 ml,
3 ml of clixir were extracted to produce 100 ml of extract solution.
5 ml of elixir are statad 1o twr_ltain'?lﬁ g of tiproliding,
Percentage of stied content = 13%?? = 102.1%,
T FTT TR TP LR R P
Self-test 12.7 7o £ e 14 .---. i Tt __' ‘;?,:: .-ﬁ:'il,__iﬁﬁi

Calzulate the percentage of slated content of: ) triprolidine, HCE and () destromethorphan,
HEr in the elixir.

SoR T0L AN e wh ) sremsuy

Assays using calibration against an internal standard

If the recavery in an sssay is good and the instrumentation used for measurement ol
the sample 15 capable of high precision, the use of an internal standard is not
necessary, HPLC instrumentalion is usually capable ol high precision but for vertain
samples, recoveries prior (o injestion into the HPLC may not be accurate or previse.,
Examples of formulations in which recoverics may nol be complete include
ointments and creams, which require more extensive extraction prior to analysis,
Problems of recovery are also typical of advanced drug delivery systems, which may
be based on pulymeric matrices in which a drug is dispersed. An intemal standard {5
a compeind related to the analyie (the properties required for an internal stanedard
are summarised later), which is ideally added to the formulation being analysed prior
Lo exeraction, Quantification is achieved by establishing a response factor for the
analyte relative 1 the internal standard, i.c. a ratie for the arcas of the
chromatagraphic peaks obtained for equal amounts of the analyie and internal
standard; ideally this should be close w | for equal amounts of analyte and intermal
standard. The response factor may be based on a single-paint calibration or 2 full
calibration curve may be constructed; all the BI assays of this (ype arc based on
single-point calibralions. Once a response faclor has been established the samjde is
extracted with & solution contaming the same concentration ol internal standard as
wis used it determining the reaponse (aclor (or a solution which after dilution will
vield an exiract in which the internal standurd is at the same concentration as in e
calibration solution). Provided the solulion containing the lixed concenoation of
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intermal standard is added o the sample in a precisely messured volume, any
subseguent losses ol smnple are compensated for since losses of the analvte will be
rvirrored by Tosses of the oternal standard, The example given in Thox 12.3 35 typical
of & BP assay incorporating un imbernd] standard.

| 5 &

Box12.2; Propérties of aniinternal staidard i i w

o Jdeally should he closely related in strectare e tie unalvie

*  Should be siahle

+  Should be chromutographicelly resolved finm the analyte and any cxcipients present in
the chromatogram of the formulation exiract

»  Should elue as close as possible do the analvies with the restrictiong abave

+ Fora given weight sheold produce 3 detector response similar te that produced by the
analyre

Assay of hydrocortisone cream with one-point calibration
against an internal standard

Explanation of the assay

Excellent separations of corticosteroids can be achisved on an QT3 column with a
suitahle ratio of methanolfwater as an cluent, In this assay hydrocortisone {5
guantified using betamethazone s an inlernal standard. The scructure of
hetamethasonc is close to that of hydrevortizone bur since it is more lipophilic it
elutes from the (DS column after by drocortisone (Fig. 12,12} The assay is a
mwdilication of the BI* assay for hyvdrocorizone eream, In the assay described here
the internal standard is added o the Grsl exlmetion slep rather than after extraction
has been carried out in order 1o ensure that any losses in the course of sample
preparation are fully compensated lor, Ealmaction is necessary in the case of a cream
hecause the large amount of oily excipients in the basis of the cream would soon
clog up the column if no atlempt was made W remeve them. The comticosteroids are
sufficiently polar to remain in the methancolfwater layer as they have a low solubility
in hexane. while the oily excipients ure removed by extraction into hexane. The
sndium chlorde (NaCl) is included in the sample extraction solution to prevent the
formation of an cmulsion when the exiract is shaken with hexane. Sclution 2, where
the incernal standard is omitted, is prepared in onder o check that there are no
excipients in the sample which would inler{ere with the peak due o the internal
standard,

Brief outline of the assay
i1y Prepare a mixture of methanol/15% agqueous NaCl solulion {2:1].
(i1 Prepare Solution | as follows:
»  Mix together 10 m] of a0, 1% wiv solution of hydrocortisone and add
[t of a0 1% wiv solution of betamethasone in methanol (internal
srandard solution)
o« Add 20 ml ol methanol and then add water to dilute the solution o 103 mi.
{iii)  Prepare Solution 2 as follows:
+  Disperse cream containing ca 10 mg of hydrocortisone in 30 mi of the
methanolMaCT solution + 100 ml of methanol
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Fig. 12,12
Chromatogram from the
arvalysls al hydrocortisone
cream with
betamethasare 24 an
internal starudargd on ar
COE column

{25 2o~ 4.5 roied with
methanalfeater (70:30)

550 miny

Hyd=eardigione

Aydrocatizans

576 min

Brlamethazons Hydranan s

Betamethasone

E.77 min

AT men

as the mabile phase. 6.6 nwn

LA) Calibration standard

tsolatiar 13, (B Cream

extract + internal

standard {Solulior 3},

(€} Cream axtract |

withoul the addtion of

internal siandard

fhalutien 2). h | ‘
|

= Extract the dispersed croam with warm hexane (30 ml)

* Remove the lower laver (methanol water layer) and wush the hoxane layer
wilh 2 x 10 ml of the methanol!Nal| solwion combining the wushings with
the original exirau

#  Thlute the extract to HH m) wilth water.

Prepare Solution 2 as tollows:

* Repeat the procedure used in preparing Solution 2 except in the initial step.
use 31 ml of methanolNaCl sobulion + 100mlof the beamethasone inemal
slandard solution,

= Analyse the soluijons using & mobile phase contuining methanoliwater
I A0 und an ODS coluein.

= Serthe UV deeclor ar 240 nm,

(v}

The caleulation carried out froms the data obtained i the assay described above
uses response therors for the sample and standard {Box 12,20

Data obtained

* Stated content of hydrocorisone cream = 1% wiw

+ Weight ol hydrocoriisone cream ased 1o prepare solulion 3= 1173 g

= Arca of hvdrocortisone peak o Sobution | = 103026

* Area of betamethasone peak in Soludon | =92 449

= Avea of hydrocorlisone peak in Solution 3 = 113628

= Arcaof betamethasone peak in Solution 3 = 824920

*  Concentration of hydrocortisone in the solution vsed in the prepararion of
Solutien | =L 10085 wiv .

= Concentration of betamethasone used in preparation ol Sulutions | and 3 =
O D035 wivy,



262 Pharmaceutical Analysis

LR R T (R R

Assavs hased an the use of 2n intemal stundand whe resposse [ctoes W compare e sample
sulution with the calibration selotion. In this casc @ simple one-point calibration @5 used.
[he concentrtion of Beranethasone can be ignored since icis the same in Sotutions 1and
3; it showbd wsually be the cuse that the saine conesotration ol internal standaed i prosent
in the calibrarion and sample solutions. If this iy the: case then for the assay described
ahove:

Responye factor for Solutien | (calibration saluion |
area of hydrocortisone peak in Solution |
~ared of betamethasone peak in Solutivn |
Besponse Tsctor for Solution 2 (sample selution)
_area of ydiveortisone peak in Selution 3
arca of hetunethasone peak in Solution 3

The amount of hydrocortisone in the cream can be caleulated as Tollows:
Concenteation of hydmcortisone in Sqlodon 5 =

Bespmse [actor for Sobution 3 ; ; - :
el s 5 o ntratiom of hyvdrocorisone i Solution |
Response Tuctor for Solution |

withormne of Solegon 3

Fo

Calculation example 12.6
Solution | is prepared by diluting 10 mi af a 0.1008% wiv splution of hydrecortisane o 100 ml.
Dilution x 10, i

(11008

Concentrarion of ydrocortisone in Solution | = H'J

= OIONET wiv.
103 026,

93 449 =1.1144,

Response factor for Solation 1 =

113628
B2 9X)

Response factor Solution 3 = = L3703

13703

e ], i}lmﬂ 2 (L2239 vy = 001239 20100 ml,

Concentration of hydrocertisone in Solution 3 =

vilume of S-:ﬂuﬁo-n 3

i : wekhi ufh}ldm‘..nrtiﬁnnef HOE) aml.

Amiount of hydrocorrisone in Solution 3 =
The volume of Selution 3 = 100 ml.
Amount of hvdrocortisons in Solution 3 = % = 001236 =10.01239 &

Weight of hvdrocortisane cream analysed = 1,173 g,

Percentage of whe of hydrocortisone in cregm = =2 = 1) = LOSGY wiw,
Stated content of hydrocortisone in the cream = 1% wiw,

Pore : , AL 03'& o

reentage of stated content = = 100 = 105.6%.

The cream confrrma o the BE requirement that it should contain berweaen 90-110%, of the stted content.



Betamethasons valerate i» analysed in a sample of ointment used far treating haemarrhoids,
the related steroid bociomethasone dipropicnate is used as an internal standard. The
followding data were praduced:

» Stated castent of betamethasons valerate in cintment = 0.05% wivw

= Welght af cinlment analysed = 4.3668 g

Area of betamethasone valerate paak in Schition 1 (calibration solution) = 89 467
+ area of beclomethasene dipropicnate in Sglutian 1 = 91833

= Area of betamethasone valerate peak in Selution 3 - BT 657
-
-

Area of beclamethasone dipropicnate peak in Solution 3 = 90 343

Concentration of betamethasone valerate present in the calibration solutian

= 0004481 % vy

Concentration of beciomethasone diprepicnate in the callbration selution and in the sampla
extract safution = 0L007319% wiv (Note: if tnis is the <ame in both the calibration and samiple
solutions, it can be ignored)

# Wilume of sample extract = 50 ml.

Caloulate the % whw of betamethasone valerate inthe creanm

Pl MG E L LS C) SIseasuye

o

Assay of miconazole cream with calibration against an
internal standard over a narrow concentration range

Explanation of the assay

In this case the selective extraction of oily excipients from Ihe cream is made
somewhat easier by the fact that the miconazole (pRu 6,31 is almost fully ionised at
pHE 4k the econazole internal standard used dillers Mrom miconazole by only one
chioring sioin (Fig, 12.13). Thus a preliminary extraction can be made with hexane
te remave much of the basis of the ointment and hen the sample can be simply
diluted with muobile phase, Allered and analvsed,

B i |
Fig. 12.13 |

]
)I". The strizctures of
ftl i micarazoie and

k | econazole. |
0 L

Cl
A =2 miconazoda R = Hecanarole

Brief outline of the assay

A chromatographic mobile phase consisting of acetonitriled) ] M sodium avetate
buller pH 4.0 (70:30) is prepared, Sepurate stock solutions in 250 mil of
chromatographic mobile phase contaiming mivonazole nitrate (200 = 20 mg) und
ecomasole mitrate {200 = 20 mg} (internal standurd) are prepared. 25 ml of eoomazole
nitrate slock solution is teansferred to five 100 ml volumetric flasks and varying
amouils of miconazole stock solution; 15, 20, 25, 30 and 35 mi are added o the five
flasks, The flasks containing the calibration series are diluted o volume with muobile
phisse, A sumple of cream containing 20 my miconazole nitrate is shaken with 25 ml

High-pressure liguid chromatography 263
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of the stock solution of coomeole mitrale Tur 3 mine The sample is then exoacted
with 5V ml of hexanc. and the hexane layer is removed and discasded, Nitrogen gas
is then Blown theewgh the solution for a few mines o remeve residual hesong and
the selution is then transferred to a 100 mb volumetrie flask, diloted wovolume with
meshile phase and a portion (200 mi) is fltered prior o analysis, The delection
wivelength wsed iz 220 noy sinee miconszole and ceonpeole lack strong
chrommophores, Ora 15 e 46 mm ODS columne at s flow rute of 1 mliin,
ceomazale elules ol o B min and micenazele elutes at cq 10 min; the eara chlorine
atomn in thie structure of miconazals increases its lipophilicity considerably,

Data obtained

e Weprht of miconazole vsed to prepare stock solution = 2005 mg
= Weiahl of crean taken tor assay = L0368 ¢

»  Arca of miconazoie peak ohtuined [tom sainple = |14 923

» Arey ol econaeole peak obtained from sample = 124 118

Tabsle 12.4

Concentration of miconazole

in calibration solution Area of miconazole  Area of econazole:  Area miconazole
g 100 mi peak peak Ared econazole
120 70655 123563 05018

16.12 95218 125376 .76T4

M5 119783 126 /63 .5249

218 151310 127 BRY 1.1R3

2R 166673 125436 1379

The eyuation ol e line oltained from the above dags v = 0048 x — 0L00G,
r= 11,

Self-test 12.9 T e T

Caleulere the percentage of wiv af miconazele in the cream from the data chtained
abave.

A B PSE | LY

Assays involving more specialised HPLC techniques
Althomgh mere than 0% of all separationy by HPLC ulilise reverse-phase
chromatography, there are certain analyees which regeire more specialised
chromatopraphic methods. A few cxumples are given in the following section.

Assay of adrenaline injection by chromatography with an
anionic ion-pairing agent

Explanation of the assay

Injections of local anacsthetics often coptain low concenteations ol adrenaline in
order to localise the anacsthetic for a time by constricting blood vessels in the
vicinity of the injection. Adrenaline cun be analysed by straight-phase
chiomatozraphy. for instanee on silicw gel, bul this generally reguires strongly basic
comditions under which the catechol sroup in adrenaling i unstable. Adrenaline is
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not retained by reverse-phase colwmns and elutes in their void volume. A commonly
uscd techmique for the analvsas of adrenaline snd nther highly water-scluble amioes
15 bon pair chromalography. This can be viewed essentially ws the generation of an
ion exchange column in sioe The process s illustrted in Tigure 1314 where sodium
vetanesulphonic aeid (SO5A) is added o the mebile phase (e.g, sodium phosphate
bullier 1.1 Mimethanol 9:1 containing (L0245 S05A): the SO5A parlidens into the
fipuphilic sttionary phase and satrates ic The sitjonary phase is then able to retain
adrenaline by clecrrostatie interaction. Clution oceors by o combination of
displacement of adrenaline front its on pair by soehium ons and by migration of the
o T tselfin the mobile phase. An addidonal Benelt of using an on-puiring
reagenl, rather than resoning o srraight-phase cheomatography, is thut the organic
solvenl content in the mobile phase can be kepr low, thes enabling the use of an
clectrochemical detector, which works bestin mubile phases with a low content of
e solvent and which is highly selective lor the readily oxidised caechol groups
ol adrenatine,

oH Fig. 12.14 !
Interaction of adreraline
HO with an lan-gairing agert
coabed ko an QDS
statiarary phase.

CH
™

s
GH. o4
MH, CH.,
.E:E Electrastatic intaractinn

CaH, 50, CgHy; Scﬂ- GgHy 2 503

: # ¢ Wan der Wzals intezchon
Q8 Mz OC, 3 Hs QC.Hy,

—S5—0—8—0——58—=0

I

|8 8 o |

Assay of ascorbic acid by chromatography with a
cationic ion-pairing agent and electrochemical
detection

Ascorbic acid is highly polar and 15 not retaimed by reverse-phase colinnns, One
technigue [or retaining it on @ reverse-phase colunmn is 10 use 3 culionic loo-pairing
reagent, [n the example given in Figure 12,13, cetrimide is used us the ion-pairing
reagent i the mebile phase (e.g. 0.1 M sadium acetate butter pH 4.20ceonitrile
4355 containimg (1,03 M cemimide). Again the low organic solvent conlent of the
merhale phase enables monitoring with an élecrrochemical detector. Selectivily is
importang in the delermination of ascorbic acid becanse it is often present in
multivitamin lormulations and a3 a preservative in pharmaceutical formulations
comlaining ulher compenents in farge amounts.
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CH, OH Fig. 12.15

| Interacticn of ascorbic

CIHOH Qa o acid with ar lon-pairing
\'f/’ agent coaled onte the

surface of an OG0
el
oH
5 Elesirostatic imeraction

Ty Hy N ICH ) G gHo N IGH

)

Wan ser Waals interaciion
OCHy  O0H,, 00 M.

Si— Si (&) Si

HS—0
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Assay of proteins with wide-pore HPLC packings

For large molecules such as peptides, chrmnatographic packings have w be used
with wide potes 1o Fagilitate partitioning of the large soructores into the stationary
phase, Typically O packings with 0,003 g pores are used. The 1993 BP assay
for human nsolim s based on this (ype of packing, The chromophores in proteins aee
usually not particudarly strong so thal TV deleciors are set af short wavelengths. The
mobile phases used are similar to those used [or chromalography of simall molecules
on ODS columns. The mobile phise used in the BP analvsis of insulin 1s composed
of & mixture of phosphate BolTer 01 2,2 and acetomiteile and detection 1s carried ow
with the wavelength of the D detector set at 214 nme Peptide drugs may be
contaminated with closely related pepticles, which may differ by onty one o ewo
amino acids from the main peplide bul may have high biological potency even when
they are present in stooll wonoumis. The BP assay of bwman insulin includes at tost for
the presence of porine insulin, which differs feom homan insulin by only one aming
acid oul of 30, The monograph stipilaes that there should be a resoluton of at loast
1.2 between the peaks [or buman and porcine insulin when a test soluton containing
coual amounts of the teo insalins 15 ran;

Prodeins may diller widely in Hpophilicity depending on their amino acid
composition, In the Berature example shown in Figure 1216, the reproducibility of
three batches of 4 300 A ODS packing for the separation of a mixture of proteins
wits sllied.” The mohile phase used was the popular system for protein unalysis
utilizing graudienl elution with aqueous wrifluoroacetic acid and acctonitrile with
eradually increasing acetonitrile content. Under these conditions the most lipophiliz
privigins elute fast,

Anotlier methosd used for eluting proteins from an Q08 column s via the salting
vt elfect, where mobile phase pradient is run from high o low salt concentmation;
again the most lipophi e proteins elute (ast.
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Ir Fig. 12.16
Separation of a milure
aof prateins on three lots

AN Hay Ly of the same wide-pare
£ s {300 A OD5 packing.
! - Solient & HOMH,CH
(o711 trifluoraacatic acigd
i (95:5:0.7 whwwh. Solvent A
| 'I HLAACH CNArfluoroacets
AT LA acil {S:95:0.085 vl

Gradient 85% 4 # 15% E |
o dd % A+ 53%H B aver
Z0.min. Proteins: Leucine
enkephalin {Enk}.
angiotensin (Ang), Brase
[RM), insulin {in),
oytochrame C (Cy),
Iysozyme (Ly), myaglabin
opel |

S | b L In__;_m_"-._ [My] and carbonic
anhydrase (Ca).

Reproduced with
parmissicn from

1. Pharm. Biomed. anal,
e Reference B

Absorance 215 nm

_l |
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Assay of hyaluronic acid by size exclusion chromatography

Polyvmeric materials have a number of pharmaccutical applications. Hyaluronic acid
is a high melzcular weight polvmeric carbohydrage (Fig. 12.17) which bas excited
much interest in recent vears beocause propertics such as the promotion of wound
healing are atributed 1o it Tois slso vsed as a surgical aid during surgery (o remove
calaraety, In recent years, high performance gel filiration columns conlaining rigid
beads of porous polymers have become available Tor determination of high
melecubar weight analvies. The retention mechanism in size exclusion or gel
permeation chromatcgraphy (GPC) is based on the extent w which an snalvee enters
pores within the stationary phase (Fig, 12185 The largest molecules are complewsly
excluded from the mtemal spave of the column and slute from the coluvmn first
Colummms with varving pore siges are avaloble and for byalurepie acid o lacge pore
stz is regquined sinee the polvmer bas o melecular weight > 180 Dalions, Inorder 1o
deteriming moleeular weights, such columns are colibrated with polymeric stimdands
af known molecular weight, slthough correciions related o the viscosity of the
analyie have 1o mande when ones type ef pobymer is wsed Tor calibrating a column
psed i emeler o detenming the modecular weighl of a different Lype of polyiner
becawse ol dillerences in three-dimensional shape,
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Flg, 1217
The hyaluronic acid
palymer,
Small raclenules egly enler pores Fig. 12.18
Intermediate moleculss enter pores The mechanism
ta differing gxtants governing the aralysis of
high molecular weight
Large molecules aso focluced analytes QPC.
fram paores

Typicully such an assay can be carricd out using & column packed with an
sgueous eomptible porous polymer with a mobile phase consisting of, for exampie,
005 M sodiam sulphate solution. Hyvaluronic acid exhibis some weak UV
absorption dui to its N oacery] groups st short wavelengths and UY monitaring of the
clucnt can be carried oo at ca 215 nm. Alternacively a refractive index detector o an
ELST} ean be vsed o monitor the eluent for polyimers exlibiting ne UV abisorprion ar
all, GPC of lipophilic polymers can be conducted in the same way using polymeric
plhiases which are compatnble with organic solvents.

Analysis of non-ionic surfactants with an ELSD and
gradient elution

Non-ienic surfactants are used in [ormulations W sobubilise drogs with poor wler
solubility, these compounds comsist in ther simplest fonn of an alky] zroup sttached
ter a polyethylene plveal chain. Non-ionic surfactants are usually mexluees, o
Cetomacrugol TR, which bas the general Tormuli:

CHCHL ) OCHCH . OH

shere m i3 13 o0 17 and mis 26 w0 24 These compoumls are amphiphilic and have
affinity tor water and organic solvents, Their apalvsis by HPLC roguines o universal
detector which dees not reguire subslances o have o chromephore inorder e delect
them Formerly BRI derectors were wsed Tor this Lepe ol analysis bul the TLSE allows
pradient elution to be wied, which 15 advantageons where complex mixtures conlain
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Fig. 12.19
Eluticar af non-ionic
surfactants of varying
thair lengths from an
aminoprapyl colurmn
with & mesannd
chlarefarmimethanal
gradient are ELS0
detaction.

Retlsawr: from Reference
.
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connpounds with widely different lipophilicities or polarilics. For example mixiures
aimilar w Cetomacrogol 100 have been separated on g polar aminopropy| column
using a gradivnl between hexane/ehloreform/methanol { 76:19-5) and hexane/
chloroformdmethanol (56:14:3010 over 30 min with ELSIY monitoring of the eluent®
as shown in Figure £2.19. The methanol content of the mobile phase is gradually
tnereased with tme so that the more polar (longer chain) components elute within
reascnable {ime,

Assay of catecholamines in urine by ion exchange
chromatography with electrochemical detection

The determination of drugs in binlogical matrices presents a particulur analytical
challenge. In the example given" an elecirochemical detector is wsed because of its
high selectivity for catecholamines which oxidise ut a relatively low potential thus
reducing interference by other less readily oxidised components in the urine.
However. even with » sclective detector there 15 stll interference v the sample
matrix. Figure 12,204 shows a chromatogrm obtained using an ODS column with
an ion-patring agent which produces reténtion of the cateccholamines as described
cartier for assay of adrenaline in an injection (in the current example the jon-pairing
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analysis of adrenaline
(adr), noradrenaline
{nade) arid dopamine
(DAL in wrare using: (4)
An Q0 calurmn with ion-
pairing agent ir dtrate
buthes pH 5.0 with 2%
tatrahydrofuran (THF) as
the mobile phasc; (Bl a
strong cation exchange
coliemn with citrate
buffer pH 5.0 with 79
THF i3 the mohile phae.
The eluent wiss menitorecd
by electrochemical
detection at a potential
ot 0.7V, Methyldopamine
MEAY was used as an
internal stardard and
adeded to the urine
before oxtraction.
Reorodieced with
permission from

) Chromatogr. Biomed,
Apps. {sec Reference 10).

agent [ dimmethyleyelohexyl sulphare ). Figure 12208 shows that sclectivity for the
catecholamings is increased when an ion exchange column is used in conjuncticn
with elegtrochemical detection,

Derivatisation in HPLC analysis

Denvitisation in pharmacestionl analysis s most ollen vsed 1o improve the
sclectivity of biosnalytical methods. However, In some cases 11 1% pecessary o deect
compounds which lsck o chromophore. The analysis of amineglyeoside sntiblotics is
difticult because of complete absence ol 4 chromophore and in addition the
antibiodics are wsually mixlores of several components, The BP assay of nedmycin
eyednops carmies cutl an wdentity check on the neomyein Boand neomycin C
components in the eyedrops by denivatising them so that they are deteclable by TY
monttoring (Fig. 1221 The polarity of the highly polar amino sugars is reduced
some degree by the dervatisation so that they can be mun on g silica gel column in a
mubile phase compuosed of chilurofurm anl ethano], The sdvanlage of vsing silica in
this ease s thal the excess non-polar Moorodinitrobenzens denvalising agent will
ehule from the column well belore (he polar derivaised glyveosides. Derivatisation
resctions have also been extensively wsed in the analysis o amino acids, The
literature on dervalisation for HPLC s ealensive bul generally the use of o suilable
detecter would be prefermed instead of resorting (o derivative: Fonmation, o recent
wears pulsed wnperomeine detection bas been increasingly applied w the analysis of
armimoslycosules,

Separation of enantiomers by chiral HPLC

Although abour 0% of drugs are chiral compounds, cnly about 129 of drags are
administered as pure single enanticmers. This situation is gradoally changing a5 a
number of companies have now started o move towards prodecing enanticmearical iy




High-pressure figuid chromatography 271

Fig. 12311 M, MCH,
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purc forms of established deags, Thus chromalographic separation of coantiomers 15
important from the point of view of qualily control of enantiomerically pure drogs
and alse in bicanalytical studies where the pharmacokinctics of two enantiomers
may be monitored separately,

The basis of separation in chiral FIPLC is (he Tovmation of wmporary
digstorcomeric complexes withia the chiral stationary phase, This causcs
cnantiomers, which normally exhibit identical partitioning inlo & noa-chiral
stationary phase, to partition o a different exient inlo the statonary phase. In order
for separation to occar, the enanfiomers musl have three points of contact with the
stationary phase. ‘This is shown in Figure 12,22, where cnantiomer | interacts with
groups A, B and C. Its mirror image, enanliomer 2, is unable w interact in the same
way with more than two of the groups on the chiral stalionary phisse no malter how it
15 powitioned,

There are numcrons chiral stationary phases available commerciully, which isa
reflection of how difficult chiral separations can be and there 15 nouniversal phase
which will separate all types of enantiomeric pair, Perhaps (he most versatile phascs
are the Pirkle phascs, which are based on an amine acid linked 1o aminopropy| silica
gl vig ils carboxy] group and via its aming growy o (G-naphiby Dethylamine; 0 the
proseess of the condensation a substitweed vrea is generatesl, There i5a range of these
lype of phases. As can be seen in Figure 1223, the mleractions with phase arc
complex but arc cssentially related o the three points ol contact model, Figure 12.24
showsy the separation of the two pairs of enantdomers (RR, 35, and RS, 5.R ) present
in fabetalol {sec Che 2 p. 36) on Chirex 3020
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separation of the four
enantiomers of labetalal
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1,2-dichlgroethans!
ethanal {containing L
one part in 20 of
triflucroacetic acid)
(a:35:3).

Heproduced with
permissian from
Fhenomenex Inc.
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Another popular chiral HPLC phase is based on cvelodexirins anchored onto the
surface of silica pel. Cyelodextring consist of 6,7 or 8 glocose unils lerked oeether
intw g ring. They adopt a barrel like shape and the hydrophobic pertion of an analyee
fits mto the cavity, For good separation. the chiral centee in the malccule must e
level with the chiral 2 and 3 positions of the glocose units, which are arranged
aronind the barrel vim, and which carry hvdrosy| sroups that cun interact with the
groups attached to the chiral centre through three point contiet. Figure 12,25 shows
the [ blocker propranclel included within the evelodestria cavity

CH Fig. 12.25

¢ e hanism For ghifal
spparation an g
cycledextrin phase.

Fraprancdgl

Hydraphakae cavity

Crher chiral phascs inclode those based on proteins, cellulose Widcetate, anin
acids complexed with copper and chiral crown ethers.

Twi erher strulegics [or producing scparstions of cnantiomers involve the
additton of chiral modifiers o the mobile phase (eoe. chiral on-pairing reagents ).
which can bring abour scparstion on for tnstance an ordinary 005 column and the
Formuation of derivatives with chirally pure reagents that produce different
diastercoisomers when reacled with opposite enantiomers of 4 particular compourd
tee OO exumple, Che 1] pe 21590,
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1. Some non-stercidal anti-inflammatary drugs (N5AIDSs) were found to have the following
capacity factors in 3 particular mabile en a reverse-phase column: aspirin .4, naproxen 3.6,
ibuprafen 14.5, dicletenac 10,4, paracetamol 0.2, Ghven that the column had a ¢, at 2 mir
determine the retantion tires of the NSAIDs,

Uil §°7 [swezaleled

AL g PR FELJONIE LN | Wepaddng) i 7 g Uand ey Uil g g ullidse saasmeLny

2. Pradict the order of elution from firsl (o last of the following steroids from an OD5 calumn
in methanoliwater (9:40) as & mabile phase [Flg. 1.2.26).

Flg. 12.28 ; CH,OH CH.OH
o
OH
Flusromettalone Triarmcinclons Mathylprednisolone
CH, CH,
(] &)
H OH  HO LEOLH,
L
O o
CH.,
Prediisalong Fluorametholona Frogesiorone

aceiaia
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3. Predict the arder of elution from first to |ast of the following marphingne campounds from
an 005 calumn in an acetonitrilefbufer mixture pH B0 {10:90). Asgurme the aka values of

the bases gre-all similar (Fig. 12.27)
Fig. 12.27 MNCH, NCH.
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| 4. An amalysis is carried aul on codeine linctus stated to contain 0.3% wiv of codeine
phosphate. The molile phase consists of 001 8 ascetic acidimathanol (0:60), contalas 0.01 M
wilane sulphonic and chrematography s carried cut on 2 reverse-phase column with Wy
menitoning at 285 rm. A one-point calibeation was carried out agairst a calibration
stardard containing ca 0.06% wiv cogluine phosphate, The following data wers obtained:

= ‘Weight of lincwus analysed = 1470683 g

* Density of linctus = 1.25 géml

* The linctus is diluted to 50 mi with water pros to analysis

+ Area of codeine peak abtained by analysis of the linctus = 86 983

= Ares ot codeine phosphate calibration peak = 84 732

= Peorcentage of wiy of cadelna phasphate is calibration standard = 0.06047.

Wiy it the octane sulphonic acid included in the mobile phase?
Cals ulabe the percentage of wh of codeine phosphate in the finctus.

A MEQOETD ISMELE

5 Aratysh is carred out on tablets cortalning noprexen 100 mg and aspirn 250 mg per talie
A narreow range calibration curve is corstructed within + 20% of the expected concentration
of the dilvied tablet extract. UV monitoring of the coliomn efluent is carried out at 278 nim.
Suggest & colurmn and mobile phase for this analysls; both aspirin and naproxen are
discussed earlier in this chapter. Suggest a suitabile column and maokbile phase for this
anahyiis. The following data were abtained far the analysis:

* Weight of 20 tanlets = 103621 g
= Wieight ot tablet powder assayed = 257,17 my
# Wolume of jnitial extract = 250 ml.

Ddlutian sleps:

* 10 to 100 mi
20 to 100 ml
» Calibration curve for naproxen y = 174 D402+ 579 r=0.099
» Calibration curve for aspiriny =54 785 x + 1426 r=0.95%9
whiere ks in mogd100 ml
* Areqof peak obtained for naproxen in diluted sarmple extract = 72 242
* Arca ol peak abtained for aspirin in diluted samplc estract = 54 319

Caleulate tne percentage of stated canten| for raproxen and espirin.

B LBR ULICSE [0 T WaN0IGe0 S aaasup

B, Analyss & carried gut or a cream stated to contain 2% wiw of bath miconzzole and
hydracortsane. An GDS column s used with 4 mobile phase consisting of acetonitsdlal
atelate buffer pH 4.0 (70:30 and the eluent is monitored at 220 nm. A narrow ranig:
calipration curve, within « 20% of the expected concentration of each analyte in the sample
extrict weas prepared for each analyle by plotting the ratio of the areas of the analyie peaks
fgitingt fixed amounts of the internal standards for both ana'ytes. The internal standardy
usedd were; geonazele and hydrocortisons 21 -acelate for miconazole and hydrocartisons,
respestively,

Howsd wordld the retention time of hydrocortisons compare in the mobile phase used in this
asiay wilh o motile phase containing methanolfacetate buffer pH 4.0 (70:30) and why do yod
think hydrocertisone 21-acetate is used as an internal standare rather than the betamethasone
wsed] in the assay discussed 2arlier in this chapter?

Suggest & suitable extraction procedure for exfracting the analytes from the cream and for
remoiitey ity excipient and indicate 2ny other oreparation which might ba required prior to
aralysis.

The folcaring dita were ootained:

* Weight of rreom taken for assay = 1.0235 g
# Final valume of extract from cream = 300 mi




