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HIGH-PRESSURE LIQUID CHROMATOGRAPHIC SEPARATION QF
DIPHENHYDRAMINE AND SOME OF ITS METABOLITES :
EFFECTS OF ELUENT SALT CONCENTRATION ON
CHROMATOGRAPHIC CHARACTERISTICS

M.L.E. Bergh and J. de Vries
Department of Medicinal Chemistry,
Vrije Universiteit
1081 HV Amsterdam (The Netherlands).

ABSTRACT

With appropriate variation of the pH, alkali halogenide
concentration and cation and/or enion species in the mobile phase
(mixtures of water and methanol), it was possible to resolve
diphennydramine, N-desmethyldiphenhydramine, N,N-didesmethyldipnen-
hydramine, benzhydrol, benzophenone and 2-methyldiphenylmethoxy
acetic acid on a reversed-phase column., The reteation volumes of
tne three amines decreased by increasing the following parameters
salt conceantration, methanol concexztration and cation and/or anicn
size. The retention volumes of the other compounds were rot
influenced. The good separation and the simplicity make this
method attractive for use in metabolism studies,

INTRCDUCTISN

An analytical procedure, commorly used Fcr the determinatiorn
of diphenhydramine and other antihistamines, involves solvent
extraction followed by gas liquid chromatography (1-4). For meta-
o0olism studies, nowever, this technigue is less suitatle. Zone
diphenhydramine metabolites, e.g. the N-oxide (5), are rather
tnermolabils, and others such as diphenylmethoxy zestic 22ii and
the conjugation products are not volatile enough.

In the present study high-pressure liquid chromatograrphy
(PLC) was tried in attempting to devise a procedure by which the

above objections are met.
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In the literature dealing with HPLC a large variety of ligquid
chromatographic modes has been reported, even if one confines to
compounds which are more or less structurally relatsd to dipnen=-
hydramines. Knox and Jurand (6) described the separation of
catecholamines and their metabolites using adsorption chromato-
graphy, ilon-pair chromatography and soap chromatogravhy. In tne
first case they noticed the problem of irreversible adsorption.
This might soon impair the column., Ion-pair chromatography usually
requires an organic solvent as mobile phase, This necessitates
extractions of the compounds to be analyzed from body fluids,
bringing about the risk of loss or rearrangement of metabolites
during analysis. When the mobile phase is of the aqueous type,
the body fluid can be injected directly onto the column {after
deproteinization). Therefore, in general, all modes reauiring zn
organic mobile phase are less suitable for druz metabolism studiss,
Soap chromatography seemed to be very promising, but In ths o232
of low detsrgaent concéntrations i% 123 =nz disadranzas:

alution order will complatel
*

r °2 changed on varying

concentration. Especially in studies, where the compounds to e

separated are unknown, %his can

Ion exchangs chromatograpiiy can
et al, (7) described the use of tais mode for irug analysis.
However, simultansous separaticn of metabolites ca

complex, as neutral components will elute with th2 sclvent Tron-,
and the elution pattern of weak acidic and basic ones can mark=4l;

be influenced by changes in pH and ioniec strength, Iz Tha zzrarae

tion on an octadecylsilane stationary prase sevaral m=chan

be involved., In a study on the effect of =luent salt concentratiszr
on the chromatographic propsrtiss of basic compounds using an
octadecylsilane stationary phase (with 66% underivatized silanocl
groups) and aqueous methanol mobile phases Sugden 2t al. (3)
observed that next to liquid-liquid partitioning salting-out
effects, ion-pair formation and ion exchange - although relativaly
high electrolyte concentrations were used - played a role in ta2

retention. Twitchett and Moffat (9) evaluated the use of an
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octadecylsilane stationary phase (a pBondapak Cig column) for
analysis of drugs. For basic drugs they found a poor column
efficiency. However, it should be noted that these authors used
eluents containing 25mM phosphate buffer. Assuming that only

17 of the silanol groups are underivatizedf, it is most likely that
at this nigh ionic strength the ion-exchange characteristics have
completely oveen suppressed.

The purpose of the present work was to investigate the useful-
ness of the ion-exchange properties of octadecylsilane for the
separation of diphenhydramine and the following (possible) meta-
bolites : N-desmetnyldiphenhydramine, N,N-didesmethyldiphenhydra-
mine, benzihydrol (diphenylmethancl) and benzophenone*, using
aqueous methanol mobile phases and electrolyte concentrations

lowsr trar commonly used in reverced-phase chromatograrviy.

Thae cnromatograph was fitt2d wizooa 30 om

- mm I,l. revers=2d-vhase ulondapzik C

(€3]

1

= CZlaim of the manufacturer.

M
n

-2thyldiphnenylmethoxy acetic acid was added to this series.

nsuostituted diphenylmethoxy acetic acid was not availakis

€
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Solvents and chemicals

The mobile phase consisted of a mixture of methanol and
distilled water (78/22 or 85/15 (V/V)), containing NaCl, NaBr,
NaF, KCl or LiCl in several concentrations (0 - 3.42 mM).
Methanol and the inorganic salts were of analytical gzrade.
Diphenhydramine, N-desmethyldiphenhydramine, N,J-didesmethyl~
diphenhydramine, benzydrol, benzophenone and 2-methyldiphenyl-

methoxy acetic acid came from the laboratory stock.

Sample preparation

Injection samples were prepared by dissolving the parent
compound and the metabclites in methanol-water mixtures, Sample

solvents and eluents had always the same composition.

RESULTS AND DISCUSSION

-

P s - . * .
Fig. 1. snows & successful and reproducivle” separazion of

diphenhydramine, some of its metabolites, venzophencwe 2

product of O-dealkylation next to benzhydrol) and Ze-methyldi

nylmethoxy acetic acid - a metabolite of orghnenadrin

[

y 3
derivative of dipnenhydramine -, This was produced zy

methanol in 1,71 mM aqueous sodium chloride adjusted to pE 7.0.

Since it was supposed that icn exchange was involved in

'

separation, special attention has teen paid to the effactis o
lonic species and salt concentration of the mobile prase on
chromatograpnic benavior.

The retention times of the three amines were clearly affacted
by the pH. When using an unbuffered 78/22 methanol/water eluent

adjusted to pH = 3, the amines eluted with the front. At oH = 7

*  All experimental results combined, the standard deviation in
the retention time lies within the range 0.55 and 2,33 per

cent of the mean. The separation was performed twenty times,
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1 -High-pressure liquid chromatogram showing (A) 2-methyl-
diprenylmethoxy acetic acid, .
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methyldiphenhydramine, t_ =

LU
3" (2)

L
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raqt,
i Z

nydramine, t_ = 3

Solvent : methanol-water (78:22), pH = 7 and sodium
chloride concentration = 1.71mM; flow-rate = 1.2 ml/min.
The zoncentrations ¢of the compounds were 30 ug/mi,

g/mi, 1V ug/mi, 30 ug/mi, 25 uwg/aml and 50 pgiml,

U
respectivaly; sample volums 23 ul.

{same methanoi/water ratic) the amines did not =2lute at =211,
However, when at this pH sodium chloride was added the amines
eluted.

The retention volumes of the amines decreased by increasing

the following parameters : alkalihalogenide concentration (Fig. 2],
T

cation and/cr arnion radius (Figs 3 and L) (the first of which with
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Fig. 4  -Effect of halogenide species in eluent on retention volumes
of diphenhydramine (1), l-desmethyldiphennydramine (I}

and ,l-didesmsthyldivhenhydramine (3)

tne excertion of 1.71 mll sodium chloride) and methianol conzeuzratii:,

Thne atove thenomena migat te explained by assuming tnat e

column has some cation-sxcpange propertiszs, Irigina-

2ations in solution will compete.

siution dehavior of venzhydrol and benzophencone - both neutral
compounds - as well as taat of Z-methyldiphenylmethoxy acestic
acid - atv pi = 7 existing in the anion form - is also understand-
atle on she basis of ion exchange.

The 2ffect of the anion size upon retention volume indicates

that some mechanism other than ion exchange is also involved
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(Fig. 4). Ion-pair formation might be considered to be operativa.
The observed decrease of retention volume by increasing anion sizs
is compatible with the observations of Ivans and Matesier |
found that the association constants of some tetraaliylammonium
nalogenides in hydrogen-vonding solvents incresssd In the orisr

217 < Br~ < IT. Additional evidence Tor an ion-pair mschanis-

the finding that retention volumes of the amines decreassd " .!:7"

=

by raising the methanol concentration from 78 to 357

dium chloride concentration = 1.7t mM), A similar prencmenci w23
observed by Sugden et al. (8).

The practical advantage of =he phencmena describved

the retention volumes of =he dipnenhydramines can be changsi

necessary, e.g. when peaks of other metarolites (conjugation rroe-

ducts, aydroxylatad compounds etc., 3ive 3vsrlan, or

aralysis time iz requirsd.
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