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ABSTRACT

A simple, rapid and reproducible reversed-phase ligh-performance liquid chromatographic method for the simultaneous determina-
tion of benzoic acid (BA), phenylacetic acid (PAA) and their respective glycine conjugates hippuric acid (HA) and phenaceturic acid
(PA) in sheep urine is described. The procedure involves only direct injection of a diluted urine sample. thus obviating the need for an
calraction siep or an internal standard. The compounds were separated on a Nova-Pak €, columa with isocratic elution with acetate
builer 25 mA, pH 4.5)-methanol (93:3). A flow-ratc of 1.0 mlmin, a column temperature of 35°C and detection at 230 nm were
employed. These conditions were optimized by investigating the effecls of pH. molarity, methanol conceniration in the mobile phase
and column temperature en the reselution of the metabolites. The tolul analysis iime was less than 15 min per sample. At a sigaal-Lo-
noise ratio of 3 the detection limits for ten-fold diluted urine were 1.0 pg/ml for BA and HA and 5.0 ug/m! for PAA and PA with a 20-ul

injection.

INTRODUCTION

Ruminants have long been known to excrete
lats¢ amounts of aromatic acids in their urine.
The principal aromatic acids excreted are hippur-
ic acid (HA) and phenaceturic acid (PA), which
are the respective glyveine conjugates of benzoic
acid (BA) and phenylacetic acid (PAA). The
amounts of these acids excreted by sheep and
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their dietary origin have been studied by Martin
[1.2). The urinary excretion of BA and HA has
been correlated with the cell wall digestibility.
Urinary HA excretion may reflect, to some ex-
tent, changes in cell wall digestibility duc to vari-
ation 1n degradable protein supply [3}. Urinary
PAA excretion is derived from rumen catabolism
of phenylalanine [1].

[n order to estabiish the relationship between
the urinary excretion of these aromatic com-
pounds and the contribution of dietary constiiu-
ents, it is necessary to develop a simple and accu-
ratc method for the determination of thesc com-
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pounds in sheep urine. Several workers have pro-
posed methods for the determination of urinary
aromatic acids. Some procedures are based on
colorimetric reactions and chromatographic
methods. For BA determination, reversed-phase
high-performance liquid chromatographic (RP-
HPLC) methods have been most widely em-
ploved [4-6]. Various methods, including spee-
trophotometric [7]. gas chromatographic (GC)
[8.9]). GC-mass spectrometric [10,11] and HPLC
methods {5,12-14], have been used for the deter-
mination of free PAA in urine. Some of these
methods are very sensitive but they required ex-
traction procedures, expensive equipment or
rather tedious manipulations and they have not
been used routinely. As a method for the determi-
nation of HA, spectrophotometry after reaction
with benzenesulphonyl chioride [15-18] was once
widely accepted, but has gradually been replaced
by GC [15,19] and HPCL [4.5.20-23] methods,
because of their possibie higher specificity. Com-
parative studies of spectrophotometric and chro-
matographic methods {15 17] show good agree-
ment. but the results obtained by spectrophotom-
etry were higher than those given by the chro-
matographic techniques. We have found no re-
port of the determination of PA.

We have developed a simple and rapid RP-
HPLC method for the simultaneous determina-
tion of BA, PAA and their glycine conjugates HA
and PA in sheep urine, which allows their urinary
cxcretion profiles and their relationship with the
nutritive status of ruminants to be established.

EXPERIMENTAL

Chemicals and reagents

BA, PAA and HA were obtained from Sigma
{St. Louis, MO, USA). PA was synthesized in the
[nstituto dc Quimica Orgéaanica “Juan de la Cier-
va" (CSIC) according to Ford’s method [24] and
characterized by IR and 'H NMR spectrometry
and elemental analysis.

Other chemicals were of the highest purity
commercially available. Methanol was of HPLC
grade from Carlo Erba (Milan, [taly). Water was
previously distilled and purified with a Milli-RO
15 system (Millipore, Bedford, MA, USA).
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Stock solutions of aromatic acids (I mg/ml)
were prepared in water and kept at 4°C up to one
maonth. These stock solutions were diluted with
deionized water to prepare working standard so-
lutions of 20 ug/ml for BA and HA and 300 ug/
m! for PAA and PA. A 20-ul aliguot of these
solutions was uvsed daily as a control o check all
condifions of the HPLC procedure.

Calibration graphs obtained with different
concentrations ranging from 1 to 50 pg/ml for
BA, 10 to 300 pg/ml for HA and 100 to 500 ug/m!
for PAA and PA were construcied by plotting the
peak areas of each compound against concentra-
tion. Triplicate mnjections of each concentration
were made.

Urine samples

Urine from unselected sheeps, with different
body weights and diets, was collected daily under
toluene in metabolic crates. After removing the
tolucne, the urine was stored at —20°C until ana-
lysed. Urine samples were centrifuged for 10 min
al 2000 g and filtered through a Millex-HV
0.45-um pore size filter (Millipore) and then di-
luted ten-fold with deionized water. The extent of
dilution was based on the results ol preliminary
expertments. A 20-pi aliquot was injected on to
the HPLC column.

Instruments and chromatographic conditions

A Waters Model (Milford, MA, USA) 600-E
instrument equipped with a Waters Model 484
UV detector was used. Quantification was based
on integration of peak areas using a Waters
Model 745B mtegrator.

RP-HPLC scparations were carried out on a
Nova-Pak C, g column (150 mm x 3.9 mm 1.}
4-pm particles) (Waters). The mobile phase was
acetate buffer (25 mM, pH 4.5)-methanol (95:5).
Before usc, the mobile phase was always filtered
through an HA 0.45-um pore size filter (Milli-
pore) and degassed by ultrasonication. The How-
rate and column temperature were .0 ml/min
and 35°C, respectively. The detection wavelength
was set at 230 nm. With all system components in
place, the column was equilibrated by passing the
mobile phase at a flow-rate of 1.0 ml/min for at
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least 30 min or until a steady baseline was ob-
tained.

The purity of the compound peaks was tested
by comparison of the peak areas obtained at
wavelengths of 218, 230 and 234 nm.

RESULTS AND DISCUSSION

Meihod performance

We studied different procedures to obtain a
suitable separation by RP-HPLC under isocratic
conditions and tested several variables to opti-
mize the anatysis of these aromatic acids. We var-
ied the conditions of the eluent and the column
temperature.

Fig. 1A shows the influence of methanol con-
centration (3-10%) on the retention of the com-
pounds. The aqueous component of the mobile
phasc was buffered at pH 4.5 with a4 25 mM ace-
tate buffer. In all instances, decreasing the con-
centration of methanol increased the retention of
the solutes. With a mobile phase containing 5%
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Fig. 1. Optimization of the analytical conditions. {A) Relation-
ship between capacity factor (£') and methanol concentration.
Aqueous phase was 25 maAf acctate buffer (ptl 4.5). (B) Depend-
ence of &” on pH of the aqueous phase. The mobile phase con-
tained 5% methanol. (C) Influence of the buffer concentration
on k" values. Mobile phasc was acctate buffer (pH 4.5)-methanol
(95:5). (D) Uffect of column temperature on &k values. Condi-
tions as in (A), cxeept that the mobile phase contained 5% of
methancl. A = BA; @ = PAA; Bl = HA: L] = PA.
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methanol the resolution of all of the peaks was
greater than 1.5

The resolution was also optimized by investi-
gating the effect of the pH of the mobile phasc.
Fig. 1B shows the variation of the capacity fac-
tors with pH values of 3.0, 3.2, 3.5, 4.0, 6.0 and
7.0 (25 mM phosphate buffer} and 4.5 (25 mM
acetate buffer}. For all compounds, the retention
decreased with increasing pH because of depro-
tonation of the carboxylic groups. Variations in
elution order as a function of pH may be attri-
buted to differences in the pk, vatues. For exam-
ple, the pK, values for BA, PAA and HA are 4.2,
4.3 and 3.8, respectively. No literature value for
the pK, of PA is available. Good separation and
a reduction in the overall analysis time of the me-
tabolites was achieved at pH 4.5.
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Fig. 2. Chromatographic separation. (A) Stundard solution: {B)
urine sample. HPLC conditions: Nova-Pak C, ; column (150 jim
* 3.9 mm LD.. 4-um particles), mobile phase, acetate buffer (25
mM, pH 4.5}methanol (95:5). flow-rate. 1.0 ml/min; column
temperature, 35°C; detector wavelength, 230 nm.
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The effccts of bufler concentration (10-63
maAf) and column temperature (23-45°C) on the
capacily factors at this pH are shown in the Fig.
LC and D, respectively.

The studies described were performed at 35°C
with a bufler conceniration of 25 mM and at a
flow-ratc of 1.0 ml/min. Further increases in
How-rate {up to 1.5 ml/min) and temperature (up
to 6(°C) resulted in incomplete resolution of the
compounds.

The detcetor wavelength was set at 230 nm,
which is intermediate betwcen the maximum ab-
sarbance of HA and PA (about 218 nm) and the
BA and PAA (aboul 254 nm).

Accerding to these studies, the best resolution
for the simultaneous determination of these acids
in sheep urine was obtained under the chromato-
graphic conditions specificd under Experimental.

The chromatograms resulting from the injee-
tien of pure standards and of ten-fold diluted
urine under the chromatographic conditions fi-
nally adopred are presented in Fig. 2. Under
these conditions there were no other endogenous
urinary componenis that can interfere with the
peaks of the analytes. The retention times were
ca. 4.0 min for HA, 5.5 min for PA, 10.4 min for

TABLE I
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BA and 12.7 min for PAA. At a sighal-to-poisc
ratio of 3, the detection mits {or ten-fold diluted
sheep urine were 1.0 pgym! for BA and HA and
5.0 pgiml for PAA and PA for a 20-p0 injection.

Linearity

Linearity was checked by measuring difTerent
concentrations in the ranges 10-300 pgiml lor
HA. 1-50 gg/mt for BA and 100-500 pg/mi for
PAA and PA. Linear relationships between the
peak areas and the concentrations tested were
found. The average slopes and y-intercepts of the
calibration graph equations are shown in Table 1.

The standard addition method was used to
check for chemical interferences in the determi-
nation of different acids. The equations calculat-
ed are shown in Table [.

The slopes found for the calibration and stan-
dard addition graphs were similar for cach com-
pound.

Analviical recovery, precision and accuracy

The analytical recovery was evaluated by as-
saying urine samples spiked with diflerent
amounts of cach acid ranging from 10 to 50 uy/
ml for BA and HA and from 100 to 500 ug/ml for

CALIBRATION GRAPHS AND STANDARD ADDITION METHOD

Acid Linear regression s W’ Concentration”
cquaton” (1ezimly
Calibrarion
HA vy = 10083y - 4.5534 0.9995 [3 [6—300
PA 1= 0.02660 — 0.1940  0.9986 9 100-300
BA 1= 098260 — 0.0190 0.9998 9 1 50
PAA o= 00360y + (0,3833 J.9989 9 TO0--500
Sterdened addition
HA o= L0721y + 290.5432 0.9980 5 Q- 50
PA o= 00241y + 4.0748 .9982 3 TO--300
BA o= 09300y - 30239 0.9998 5 10-30
0.9980 5 100 500

PAA = 0,034 + 2.00006

“ p = peak arca x 1075 ¢ = concentration (ug:ml)

" » = number of concentrations.

© Cualibration. concentration range present; standard additions, concentration range added.
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PAA and PA. Replicate analyses (n=35) at cach
concentration were made. The mean rccoverics
were 101.27 + 1.60% [coefficient of variation
(C.V.) = 1.6%] for HA, 96.26 £ 2.77% (C.V. =
2.9%) for PA, 9791 + 2.64% (C.V. = 2.7%) for
BA and 98.07 = 2.453% (C.V. = 2.3%) for PAA.

The inter-day precision and accuracy were as-
sessed by analysing urine samples containing dif-
ferent concentrations of each metabolite five
umes per day during one week. The results are
given in Table 1l

The quantitative data for BA, PAA, HA and
PA obtained with this method are given in Table
If1. The mean values and standard deviations for
BA. PAA and HA obtained from 40 urine sam-
ples were 23.50 £ 16.22, 312.83 £ 159.76 and
175.81 + 9230 pg/ml, respectively. The mean
value for PA in 20 samples was 21291 + 169.61
pg/mb. In the other sumples PA was not detected.

TABLE 11
INTER-DAY PRECISION AND ACCURACY

Acid Concentration Concentration C.V. Relative

added found (Vo)  error
(pgiml) {mean + S (%)
= 353
{yeg/ml)
HA 10 10.36 £ 0.17 i.6 36
20 1984052 26 08
30 021079 26 07
4 20.49+0 85 2.1 1.2
30 51184+ 1.33 2.6 2.3
PA 100 97601 1.76 [ 24
200 191384 13.03 68 4.2
300 203744646 22 2.1
400 37329+ 1642 44 6.6
200 404.624+22.30 4.8 7.1
BA 16 1.2 4.40.57 5.6 2.1
20 19.50 £G.55 2.k 2.3
30 28994119 4.1 33
40 38234134 35 4.4
50 47784167 3.3 4.4
PAA 100 10046 1813 8.1 0.5
200 19345+ 890 46 32
300 296.79 4 2.67 0.9 1.1
400 393831748 1.9 1.5

500 409.23 1 1.88 0.4

-

|
|
|

TABLL It

DETERMINATION OF HA, PA, BA AND PAA IN SHEEP
URINE

Acid " Concentration (juzml)

Range Moean = S.D.
HA 490 18.00-296.60 173.81+£9230
PA 20 14.46-396.27 2191+ 169.71
BA 40 4,20 49,76 23501622
PAA 40 54,08 472.50 312.83:2159.76

The wide range of the values obtained is due to
the variability between animals.

Alter injecting about 200 samples into the col-
umn, there were no appreciable changes in the
pressure and the quality of the peaks was still
acceplable.

CONCILUSION

An RP-HPLC system has been developed for
the simultaneous separation of BA and PAA and
their glycine conjugates HA and PA in sheep
urine, in which no time-consuming extraction
procedure is necessary, a simple mobile phase is
used and good reproducibility 15 achieved. The
method should be applicable to studics designed
to reveal a better understanding of the mecha-
nisms of aromatic acids metabolism in rumi-
nants.
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