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ABSTRACT

A sorbent extraction method has been developed for separating '*C-labelled urea and aminoisobutyric acid (AlB) in blood. The use
of commercial solid-phasc extraction cartridges containing aminopropyl-bonded silica provided a convenient and rapid separation of
urca and AIB with better than 92% recevery of each and less than 5% cross-contamination. This allows these compounds, logether
with [*H]methylglucose, 1o be used as marker compounds for investigating three aspects of membrane transport. The fucility (o separate
any two of the three compounds permits their simultaneous measurement, greatly increasing the umount of data obtainable from cach

in vive preparation.

INTRODUCTION

In physiological research it is often nccessary
lo investigate the transport of metabolic sub-
strate molecules across hiological membrancs.
The mechanisms of transport include simple dif-
fusion (e.g. of urea), facilitated diffusion (e.g. of
glucose) and active transport (e.g. of amino
acids). In complex biological systems such as the
placenta, these mechanisms have been studied by
infusion of non-mctabolisable radiolabelled com-
pounds, e.g. ["*Clurea, [**C}- or [*H]-3-O-meth-
vlglucose (MG) and [**Claminoisobutyric acid
(AIB). either alone or in pairs where each of the
compounds carried a different radiolabel [1-4].
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To date, no method has been described which
permits the simultaneous asscssment of the above
three aspects of membrane transport by measur-
ing all three compounds in blood in a single in
vive preparation.

Since complex animal preparations tend to be
expensive and time-consuming to maintain we
aimed to devise a method which would efficiently
separate any two of the three marker compounds
(urca, MG and AIB), permitting the use of two
compounds with the same labcl. Preliminary ex-
periments suggested that urea and AlB were suf-
ficiently different in their chemical properties to
allow chromatographic separation. The scpara-
tion described here depends on the affinity of AIB
for an amino functionality bonded to the silica
packing material of commercial solid-phase ex-
traction cartridges commonly used for sample
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clean-up prior to high-performance liquid chro-
matography (HPLC). Thus, we have been able to
investigate membrane transport using '*C-la-
belled urea and AIB and [PH]MG in a single
preparation.

EXPERIMENTAL

Materials

The labelled compounds [**Clurea (specific ac-
tivity 2-10 mCi/mmol), [1-*C]-z-AIB (57.6 mCi/
mmol), z-[methyl->H]AIB (13.4 Ci/mmol) and 3-
O-[methyl-*H]-p-glucose (79 Ci/mmol) were ob-
tained from New England Nuclear Research
Products (Boston, MA, USA). Solid-phase ex-
traction cartridges (1 ml, amino, product No.
211 000), vacuum manifold and accessories were
from Alltech Assoc. (Deerfield, IL, USA). Aceto-
nitrile was Chromar grade from Mallinckrodt
(Paris, KY, USA) and waler was purified by a
Milli-Q ultrapure water system (Millipore, Syd-
ney, Australia). All other chemicals were analyt-
ical grade.

Deproteinisation of samples

Duplicate 0.1-ml aliquots of blood containing
the labelled compounds were mixed with 0.8 ml
of 0.04 M H,;S0. in microcentrifuge tubes, on
ice. Sodium tungstate (0.1 ml, 0.3 M) was added,
the tubes were mixed again, then centrifuged at
15 000 g for 4 min at 4°C. Aliquots (0.2 ml) of the
superniatant were removed to glass scintillation
vials for estimation of [PHIMG and total 1*C. A
further 0.5 ml was transfcrred to 5-ml tubes and
evaporated to dryness using a vacuum concentra-
tion system (Heto Lab Equipment, Copenhagen,
Denmark). Tubes were stored dry at —20°C until
the separation could be performed.

Separation of AIB and urea

The cartridges werc conditioned with 1 ml of
acetonitrile followed by 1 ml of acetonitrile which
had been cquilibrated with Tris buffer (1.0 A/, pH
7.5) in the ratio of 9:1. The dry, deproteinised
samples were redissolved in 0.1 m! of water, dilut-
cd to 1 ml with acetonitrile and transferred to the
cartridges as completely as possible. The tubes
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were washed with two 0.5-ml volumes of aceto-
nitrile—water (9:1, v/v) which werc also added to
the cartridges. The cartridges were then washed
with two 0.5-ml volumes ol acetonitrile-Tris (9:1,
v/v). The loading volume and all the washes, in-
cluding the volume remaining in the cartridges
and the systcm tubing, were collected in glass
scintillation vials for the estimation of [**CJurea.
[**C]AIB was cluted into a third set of vials with
two 1-ml volumes of 1 M HCL Batches of up to
twenty samples were processed thus using a vacu-
um manifold. The cartridges were not reused, the
manifold and all tubing were rinsed thoroughly
with deloniscd water between batches and at least
one control sample (described below) was includ-
¢d in each batch.

Scintiflation counting

Commercial scintillant (10 m] Ready Safe,
Beckman Instruments, Fullerton, CA, USA) was
added to cach vial. *H and '*C contents were
determined by counting for 10 min in a dual-
channel scintillation counter (Model 1219, Rack-
Beta, LKB Wallac, Turku, Finland) using an au-
tomatic window setting. External standard
quench correction was made using a stored curve
obtained by counting commercially prepared
quenched standards. Background counts were
determined in extracts of unlabelled blood
processed with the samples. The *H and '*C ac-
tivities in each vial were expressed as dpmy/ml of
blood following appropriate correction for hack-
ground counts and difution.

Control samples

To develop and validate the separation we sup-
plemented blood with approximately 50 000
dpm/ml each of ['*Clurca and [*H]AIB, and
froze small aliquots. When samples were routine-
ly processed at least one of these was included for
every ten samples to determine the efficiency of
separation.

Increased sample volume

When the concentration of one or both iso-
topes was low, larger volumes of blood were
processed with similar precision. Protein was pre-
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cipitated in triplicate, from 0.25 ml of blood with
2 ml of 0.04 Af H;504 and 025 ml of 0.3 M
sodium tungstate in 5-m! tubes with centrifuga-
tion at 3000 g for 30 min. Supernatants were
pooled, with two 0.8-ml volumes taken for total
counts and two 2-ml aliquots for evaporation.
The subsequent sample trcatment and separation
were identical to that for the 0.1-ml samples.

RESULTS AND DISCUSSION

The separation of the two compounds was val-
idated using ['*Clurea and [PH]AIB. It was as-
sumed that [’H]AIB intcracts with the sorbent
and solvents in the same way as the '*C-labelled
compound. Dried supernatant aliquots from
control blood supplemented with ['*Clurea and
[*H]JAIB were redissolved in 0.1 ml of water, di-
luted to | ml with acetonitrile and applied to con-
ditioned cartridges as described in the Experi-
mental section. Sequential {ractions correspond-
ing to the loading volume (1 ml), the tube washes
{2 x 0.5 ml), the acetonitrile-Tris washes (3 x
0.5 ml) and HCl eluates (3 = 1.0 ml) were collect-
ed in separate scintillation vials. A percentage of
95.8 £ 1.4% (mean £ S.D.) of the urea and 4.5
+ 1.1% of the AIB was either not retained or
was eluted by washing with acetonitrile-Tris

100 7
T, 80
2 ]
el @
2 6
=]
E g
- 40ﬁ
5)
'__ e
52 20 A
0- ., B
q 2 3 4 5 6

Fraction eluted from coclumn

P C. Evans et al. | J. Chromarogr. 614 (1993 ) 145-152

(9:1), while 94.8 + 4.2% AIB and 2.2 = 0.8%
urea was cluted by 1 M HCI (Fig. 1). The third
acetonitrile-Tris fraction contained 0.6 + 0.3%
urea and 0.5 £ 0.1% AIB, with 0.2 & 0.2% urea
and 0.9 + 0.5% AIB in the third HCl fraction, so
these were omitted from routine sample separa-
tions. However, care was taken to collect all the
liquid remaining in the columns and collection
tubing associated with each fraction.

The precision and accuracy of the method were
calculated from quality control data accumulated
over eighteen separate experiments each contain-
ing lour or live control samples. The meun (=
S.D.) percentage of total urea which appeared in
the AIB fraction was 3.5 £ 2.5% while 3.2 =
(1.8% total AIB appeared in the urca fraction.
For the larger (0.25 ml) samnles the spillover was
3.6 £ 2.5and 4.0 £ 0.9%, respectively.

In thirteen assays the mean (+ 5.D.) recov-
eries ol label following separation were 92.6 =+
1.3% (urea) and 96.8 + 3.4% (AIB), inter-assay
C.V.s were 2.4 and 3.2% and intra-assay C.V.s
were 4.0 £ 1.8 and 3.8 £ 2.4%,, respectively. The
corresponding values for the 0.25-ml samples
(five assays) were: recovery, 94.6 £ 3.2% (urca)
and 92.8 + 1.8% (AIB); inter-assay C.V, 3.6 and
2.4%:; and intra-assay C.V., 2.2 = 1.5and 1.9 =
1.2%, respectively.
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¥ig. I Separation of [**Clurea and [*H]aminoisabutyric acid using solid-phase extraction cartridges containing amino-bonded sllica.
Four aliquots of blood supplemented with the radiolabelled compounds were deproteinised with tungstic acid. dried, redissolved in 0.1
mi of water, diluted to 1 ml with acetonitrile and applied to the columns. Fractions were collected m separate scintillation vials and
counted to determine the recovery of radicactivity in each. The fractions correspond to: (1) the loading volume; (2) two 0.5-ml washes
with acelonitrile-water (9:1); (3-3) acetonitrile-1 #f Tris, pH 7.4 (9:1) washes, 0.5 ml each; (6-8) 1 M HCI eluates, 1 ml each.
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The retention of AIB appears to be dependent
on both ionic and polar interactions with the
bonded phase of the column packing. Of all the
bonded silicas screened for the separation, the
aminopropyl showed the highest retention of
AIB. While it would seem logical to separate urca
and AIB by retention of negatively charged AIB
on a strong anion exchanger at pH 10-11 we were
unable to demonstrate more than 73% retention
under these conditions. AIB was better retained
by sorbents which had some polar characteris-
tics, ie. diol and aminopropyl. Of these, initial
screening of standards diluted in acetonitrile
showed 98% AIB was retained by the amino-
bonded sorbent equilibrated with acetonitrile—
Tris, compared with 90% by the diol under iden-
tical conditions.

Maximum retention (and therefore separation)
was associated with a low-aqueous component in
the loading solvent and we found that morc than
10% water in the resuspending solvent led to in-
creased appearance of AIB in the urca fraction. It
has been suggested that secondary interactions of
polar molecules with the silica sorbent are en-
hanced in the presence of a Tris buffer [5]. We
found that retention of AIB could be [urther in-
creased by conditioning the cartridges with ace-
tonitrile which had been equilibrated with Tris
buffer.

Several mcthods were investigated for precip-
itating blood proteins including organic solvents,
perchloric acid, barium hydroxide-zinc sulphate
and tungstic acid. Of these only the tungstic acid
precipitation described in the Experimental scc-
tion showed consistent recovery of each of the
three labelled compounds together with adequate
retention of AIB on the cartridges following re-
constitution with acetonitrile-water. The mean
{+ 5.D.} recoveries in the supernatant were 97.1
+ 2.8% forurea, 99.2 = 5.0% for AlB and 101.0
+ 3.6% for MG.

Under the conditions which best separated
urea and AlB it was not possible to consistently
recover MG in cither fraction. Indeed further
washing of the cartridge after elution of AIB
failed to recover mare than 85% MG. We there-
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fore used MG as the only *H-labelled compound
and estimaled its concentration in the superna-
tant prior to separation, together with total #C
which provided a useful check on the recovery of
the two *C-labelled compounds following their
separation.

The procedure is convenient and reliable due
to the consistent quality of commercial solid-
phase extraction cartridges compared with indi-
vidually packed colummns. Taking into account
the recoveries of each compound and possible
contributions from the other due to spillover, the
method would be expected to yield a measured
value within 10% of the true result. This is lcss
than the variability of repeated animal experi-
ments using combinations of two tracers with dil-
ferent labels, as well as being significantly fastcr
and cheaper.

The method has proved useful for simultane-
ously investigating three diflferent mechanisms of
transport across the ovine placenta. Owens ¢/ «f.
[2] estimated placental transfer by simple and fa-
cilitated diffusion using ["*CJurea and *HMG,
respeclively, during experimental intrauterine
growth retardation. Our abilily to separate urea
and AIB permitted us to use a similar approach
but extended to include the simultaneous obser-
vation of the active transport of amino acids us-
ing infused ['*CJAIB. Such studies have previ-
ously been reported only in small animals and in
the absence of [!*Clurea [1,4]. Thus this method
has allowed us to assess the effects of manipulat-
ing fetal and maternal nutrition and endocrine
status on placental transport by simple diffusion,
facilitated diffusion and active transpert simulta-
ncously in a single in vivo preparation.
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