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Abstract 

The preparation of a new chiral stationary phase (CSP) based on mixed immobilized human serum albumin 
(HSA) and a,-acid glycoprotein (AGP) is reported. Enantiomeric separations of basic, acidic and neutral 
compounds on this AGP-HSA CSP were compared to those obtained on a HSA CSP and on a AGP CSP. The 
results show that the new CSP has a wider range of applications than the initial CSPs. For two compounds, the 
enantioselectivity on the mixed CSP was higher than on the HSA CSP. 

1. Introduction 

In the past few years there has been a rapid 
development of high-performance liquid chro- 
matographic (HPLC) chiral stationary phases 

(CSPs) for the analytical and preparative scpa- 
ration of enantiomeric compounds [I]. At pres- 

ent there are over a hundred commercially 
available CSPs based on a variety of mechanistic 
approaches. One of the most successful ap- 
proaches has employed protein stationary phases 
(PSPs) created by the immobilization of various 
proteins on silica supports. PSPs based upon 

a,-acid glycoprotein (AGP) [ 2.31, ovomucoid 
[4], cellulase [5], bovine serum albumin [2] and 
human serum albumin (HSA) [h-9] have been 
reported. Proteins can interact with small mole- 
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cules in a variety of ways. These multiple recog- 

nition mechanisms allow protein phases to sepa- 
rate a large number of solutes with very different 

structural characteristics [ 1,9]. 
Here, :ve report the preparation of a mixed 

CSP based on immobilized proteins. The term 

“mixed” stationary phase refers to phases pre- 
pared by a combination of two existing phases 
and which retain characteristics of both phases. 
The most notable example in chiral HPLC is the 
production of n-donor/n-acceptor Pirkle-type 
CSPs. Several of these mixed phases were syn- 

thesized by grafting a r-donor and a r-acceptor 
chiral moiety on the same silica [lo], by mixing a 
n-donor and a n-acceptor bonded silica [lo] or 
by bonding to the silica one moiety which con- 
tains both a T-donor and a 7r-acceptor group 
[ 11-131. The objective was to prepare a new 
CSP with an extended range of application in 
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~orn~~r~~on with CSPs containing only one group 
IO-13). 

C~~s~d~r~ng the already wide scope of protein 
based CSPs, a mixed protein CSP is expected to 
have an extremely broad applicability. The 
choice of HSA and AGP as the immobilized 
proteins was justified by the fact that their 
applications were quite complementary: HSA is 
most useful for acidic compounds while AGP is 
more favourable for cationic compounds [2]. 
Both are plasmatic proteins and the major car- 
rier proteins for drug compounds. 

A column was packed with a SO:50 mixture of 
HSA CSP and AGP CSP. We report the pmz- 
luminary ~hromatographi~ results on this coI~m~ 
and compare them to those obtained on columns 
packed with pure HSA CSP or pure AGP GSP. 

2. Experimental 

s and proteins used in this study 
were obtained from the following suppliers: 
HSA (fatty acid free fraction V) and human 
AGP, (R,S)-temazepam, (R,S)-oxazepam, 
(R,S)-oxprenolol, (R,S)-propranolol. fR,S)-sup- 
rofen li (R,S)-ketoprofen, (R,S)-disopyramide, 
were from Sigma (St. Louis, MQ, USA); (R,S)- 
promethazine, (R,S)-hexobarbital, (R,S)-pen- 
tobarbital, (K,S)-benzoin, S-benzoin and oc- 
tanoic acid were obtained from Aldrich (Mil- 
waukee, WI, USA); (~.S)-warfarin, R-warfarin 
and S-warfarin were gifts of R~Fo~t-Merck 
(Wilmi~~ton~ DE, USA}; ~~.S)-ketorol~~, R- 
ketoro~~~ and S-ketorolac were gifts from Syntex 
(Palo Alto, CA, USA); ~~,~)-verapamil was a 
gift from GD Searle (Skokie, IL, USA). (Rat)- 
Mefloquine was a gift from Hoffman-La Roche 
(Basel, Switzerland); (Rae)-enproline was a gift 
from the Walter Reed Army Institute of Re- 
search (Washington, DC. USA). 

The silica Kromasil 200 A, 10 pm was a gift 
from Eka-Nobel (Sweden). (3-glycidoxy- 
propyl)tri~ethyloxysilane was obtained from Al- 
drich, Other c~ernie~~~ were of analytical grade 
and were obtained from local suppliers. 

The silica gel was heated for 15 h at 180°C and 
1 mmHg (1 mmHg = 133.322 Pa). To 5.17 g of 
silica in 100 ml of dry xylene 2 g of distilled 
(3-glycidoxypropyl)trimethoxysilane in 5 ml of 
dry xylene were added dropwise and the mixture 
was refluxed for 36 h. After filtration on a fritted 
disc of porosity 4, the product was washed twice 
with dry xylene and dry acetone. The bonded 
silica was dried fcrr 18 h at 40°C under vacuum. 
The activated silica was then packed into 150 X 
3.6 mm I.D. HPLC columns. The column was 
washed with 100 ml of acetone and dried at 70°C 
under he~j~rn. A solution of protein (10 rn~~rnl~ 
in potassium phosphate buffer (0.05 M, pH 3.5) 
containing 2 M of ammonium sulphate was 
circulated through the column, in closed circuit 
for 24 h. The column was washed with 100 ml of 
potassium phosphate buffer (0.05 M, pH 7.5). 
The amount of protein immobilized was deter- 
mined by UV absorbance at 280 nm of tine 
protein solution before and after the immobiliza- 
tion procedure. Two HSA and two AGP CSP 
~~~~~rn~s were prepared. One of each was used 
directly. the other was emptied. The HSA and 
AGP CSPs were mixed in equal proportion and 
repacked in an analytical column to produce the 
AGP-HSA CSP. 

The amount of protein immobilized on each of 
the analytical columns was as follow: HSA CSP: 
85 mg HSA per g silica; AGP CSP: 105 mg AGP 
per g of silica; AGP-HSA column: HSA CSP 80 
mg HSA per g of silica and AGP CSP 100 mg 
per g of silica. 

Three chromat~~~r~phic systems were used in 
this study. They consisted of a SpectraSystem 
PI000 isocratic pump, a Spectra 100 variable- 
wavelength UV detector and a Data Jet inte- 
grator, all from Thermo Separation Products 
(San Jose, CA, USA). All columns were 150 x 
4.6 mm I.D. The injection volume was 20 y,l and 

aintained at 0.8 mlimin. The 
separations were carried out at room tempest- 
ture. Mobile phases ~omposition~ (1) phosphate 
buffer (pH ?,O.E12 M); (2) pbosp~ate buffer (pH 



7, 0.02 N)-acetonitrile (W:lU, v/v); (3) phos- 
phate buffer (pH 5, 0.02 ~)-aceton~trile (85~15, 
v/v); (4) ~h~sp~a~e buffer (pH 7, 0.02 IV)-n- 

~opa~o~ (9416, v/v); (5) phosphate buffer (pi-i 
5.5,U.02 M)-n-propanol(94:6, v/v) containing 2 
mA4 octanoic acid. 

The immobilization procedure was different to 
those used to prepare commercial SA- or 
AGE-based stationary phases. fn ~art~c~l~r, 
pro~~~~s did not undergo any furtive modi 
tions after immobilization and it is expected that 
their binding characteristics should be closer to 
the native proteins. 

In theory, if there is no special effect due to 
the ~rox~rnit~ of the two proteins, the capacity 
factor on the AGP-HSA CSP can be expressed 
by: 

The factors 111.95 and 13.94 were introduced in 
this ~x~~~s~~~n to take into account the lower 
amount of protein immobilized on the AGP- 
HSA column (80 mg/g silica vs. 85 for HSA and 
100 mg/g vs. 105 for AGP). The same factors 
should be used in the calculation of the enantio- 
selec~~v~~~ but in this case their effect is negli- 
gible. Therefore. the ~na~~i~?se~e~tivity can he 
expressed by: 

where A and B are the first and the second 
eluted enantiomers on the AGP-HSA CSP. 
respectively. These expressions indicate that a 
and k’ on the mixed phase are expected to take 

in~~~~~~~ate values between those obtained on 
the HSA and AGP CSPs. The maximum (Y is 
obtained when a compound is only retained on 
one of the initial CSPs. In chat case cy is equal to 
the ry ordained on the CSP on wfiich the com- 

The s~~a~atio~ of a series of chiral corn~o~~ds 
occluding anionic, cationic and neutral com- 
pounds was studied on the HSA, the AGP an 
the AGP-HSA CSPs under various conditions. 
The separations were not systematically opti- 
mized but the retention and enantioselect~vity of 
test corn~o~~ds were compared on the three 
columns under t same co~d~~~o~s. The 
columns were us on three separate chromate- 
gra~bic systems so that all the results were 
collected simultaneously. The mobile phases 
were used in the same order on each system. The 
c~~~e~t~ factor of the first eluted ~~a~~io~er and 
the e~a~~iose~ectivity on all three CSPs for 36 
compounds are summarized in Table 1, This 
table also includes the values calculated from the 
expressions above for k&,_,sa and c$op_rrsA* 

As the eIuti~~ co~d~tious on the ACP and 
HSA CSPs for a given compound can be quite 
different, a large number of solutes tested could 
not be separated on both AGP and HSA in the 
same coud~tions even though the ~nan~i~m~ric 

was possible on bot 
separations reported here were carried out in 
conditions where the solute was eluted from al! 
three columns. 

Compounds which could not be separated on 
the I-ISA CSP in the conditions necessary for 
their elution from the AGP CSP, inckuded ver- 
apamil, ~rom~~~azine, proprano~ol, oxpr~~olo~~ 
d~s~~pyr~rnide, ~n~iroline and rn~~oquiue* For all 

em, the observed k’ and a w 
20% of the calculated values which suggest that 
the AGP-HSA CSP is performing as the sum of 
the two initial phases. As expected, oxpre~olo~ 
which had a very low retention on HSA (k’ = 
1.61, was separated on the AGP-E-ISA CSP with 
an ty value of 1,17, equal to the Q! observed on 
the AGP CSP. Examples of chromatograms are 
given on Fig. 1 far disapyramide. 

Acidic corn~o~~ds such as non steroidal anti- 
i~~~rnrna~~~~ drugs and warfare 
low retentions on the AGP CSP in 
used to elute them on the HSA CSP. The 
chromato~ra~h~c parameters obtained for war- 
farin were in relatively good accordance with 
ca~c~~a~~~ values, owever, for ~~~o~~ofe~, sup- 



given in the experimental section. 

rofen and ketorolac, the observed capacity fac- 
tors were 40% lower on average than their 
expected value. Moreover, for ketoroia~ and 
suprofen, LY values greater than the expected 
values were obtained on the mixed stationary 
phase. 

Some test solutes could be s 
the AGP and the HSA CSPs 
experimental ~o~d~t~o~s. The 
obarbi~al~ p~~~obarbita~~ benzoin, tema2epam 
and oxaz~pam. For all these c~rnpo~nds~ the 
final separation factor on the mixed phase de- 
pended on the elution order on the initial 
phases. For oxazepam, the elution order was the 
same on AGP and HSA CSPs and the LY value 
was 2.40, ~~te~rned~ate between the a values on 
both initial phases. For ail the forrr other com- 
pounds, the elution order was different on AGP 

the resulting CT was lower o 

mixed phase than on either original phases. As 
shown in Fig. 2, hexobarb~tal separated on both 
the AGP and the HSA GSPs with cy values of 
1.44 and 1.34, respectively. When G~romato- 
graphed on the mixed phase there was a com- 
plete loss of en~nt.i~s~~~ctivity. The separations 
induced by bath CSP compensate each other so 
that the e~a~tiosele~~~vity is lost. A g the five 
solutes in this category, two (hex bital and 
p~~tQ~arbita1~ had s~~~i~ca~tly tower retention 
on the mixed CSP than expected. These two 
compounds were acidic compounds but as op- 
posed to ketoprof~~, suprofen and ketorolac 
were not ionized in the conditions of the assay. 

The reason for this unexpected c~romato- 
avior of acidic compounds is not 

clear. It does not seem to be due to a pariah loss 
or inactivation of the I-ISA since the few cationic 
compounds which ad a quite high retention on 
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AGP HSA AGP-HSA 

Fig. 1. Enantiomeric separation of disopyramide on (A) AGP, (B) HSA and (C) AGP-HSA CSPs. Column dimensions: 
150 x 4.6 mm I.D., mobile phase: phosphate buffer (pH 7. 0.02 ,Wj-acetonitrile (W:lO, v/v), flow-rate: 0.8 mlimin, detection 
UV absorbance at 254 nm, injection volume: 20 ~1. 

the HSA CSP were not affected to the same 

extent. Column-to-column variability is possible 
but would certainly affect all the compounds, not 

just the acidic solutes. Another possibility is that 
the presence of the AGP creates an obstacle to 
the interaction of acidic drugs with the HSA. It 
is unlikely that the proteins could physically 
interact with each other since they were im- 

mobilized on different particles of silica. When 

the AGP and the HSA columns were coupled 
on-line with no possible interaction between the 

proteins, the results for ketorolac were within 

2% of the expected values of k’ and (Y. 

3.2. Stability of the stationary phases 

Pentobarbital and benzoin were chromato- 
graphed with mobile phase 1 at the beginning of 

, . , e 
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AGP HSA AGP-I-ISA 

Fig. 2. Enantiomeric separation of hexoharhital on (Al AGP. (R) HSA and (C) AGP-HSA CSPs. Mobile phase: phosphate 

buffer (pH 7, 0.02 M). other conditions as in Fig. I. 
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the column life and after seven different mobile 
phases were passed throug the ~01~~~ includ- 
ing sul~ti~ns containing ion ed modi~~rs such as 
octanoic acid and dimethyloctylamine and about 
200 injections were made. No apparent column 
degradation (peak broadening or peak strutting) 
was observed. A decrease in enantioselectiv~ty 
was observed for benzoin on the HSA CSP (cz 
decreased from 1.12 to 1.07) and on the AGP- 
HSA CSP (1.21 to 1.16) but an increase in LY 
from 1.06 to 1.18 was observed on the AGP 
CSP. Capacity factors where almost unchanged, 
For ~entobarbit~~, very little change in k’ and cy 
was observed on the AGP-HSA and HSA CSPs 
but a large decrease in k’ from 7.7 to 3,9 for the 
first eluted enantiomer and from 10.3 to 5.5 
the second eluted one on the AGP CSP. 
observed changes in retention and ena~tiose~ec- 
tivity could be due to insufficient conditioning of 
the stationary phases prior to the first use. 
Another explanatian can be a modification of the 
protein structure due to insufficient washing of 
the mobile phase modifiers. 

4. Canefusions 

The new AGP-HSA CSP has an even wider 
range of ap~~~cat~ons than either initial CSP; 
only one out of 16 compounds tested could not 
be separated on the mixed protein column. The 
mixed protein phase combines the useful enan- 
tioselectivity of bath individual proteins except 
for the small number of samples for which both 
proteins show ena~~~ose~ectivity but with enan- 
tios~~ect~vity in opposing senses. When both 
proteins were involved in the r~tentiarl, not only 

chiral but also eon-choral interactions were in- 
creased; the resulting ~na~tioselec~~vit~ was gen- 
erally intermediate between the values obt~ned 
on the two initial CSPs. The best cy values were 
obtained in conditions where only one of the 
original CSPs participated in the retention and 
separation* 
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