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Abstract

MEASUREMENT OF PURINE DERIVATIVES IN THE URINE OF SOME RUMINANT
SPECIES.

The application of published high performance liquid chromatography (HPLC) methods for the
determination of PD in urine of cattle, sheep, buffaloes {Bubalus bubalis) and arabian camels
(Camelus dromedarius) was investigated.

Urine was taken from two water buffaloes, two camels, three cows and four sheep, all fed at
maintenance level. Total nitrogen content in urine was determined using a micro-Kjeldahl
procedure. Allantoin, uric acid and creatinine levels were determined colorimetrically while xanthine
and hypoxanthine concentrations were determined by HPLC.

Relative proportion of allantoin ranged from 74 ± 7 to 91 ± 1% in camels and cattle,
respectively. Uric acid proportion was very low in camel urine (1.7 ± 1) but ranged from 3.7 ± 3 to
9.2 ± 1% in sheep and cows, respectively. Xanthine + hypoxanthine ranged from 11 ± 3 to 25 ± 7%
in buffalo and camels, respectively. Total PD:Creatinine ratio (mol/mol W075) was 118 ± 15, 46 ± 17,
37 ± 9 and 33 ± 5 for cattle, camels, buffaloes and sheep respectively.

The adoption of a single method for the simultaneous detection of all derivatives proved
difficult due to elution of polar coextractives at the same retention times as the peaks of allantoin, uric
acid and creatinine.

1. INTRODUCTION

The urinary excretion of purine derivatives (PD) has been validated as an index of
microbial protein yield in the ruminant species [1-3]. Chen et al. [4] reviewed different
analytical procedures for the determination of PD concentrations in urine. Colorimetric
methods have low technology requirements but are usually based on the Rimini-Schryver
reaction that is not specific for allantoin [5, 6]. HPLC methods can be applied to detect
allantoin, uric acid, xanthine and hypoxanthine [7, 8], or allantoin by a pre-column
derivatization procedure that converts it to glyoxilic acid [9]. This latter technique is simple
and fast but it only measures the converted allantoin. Previous work from our own lab [10]
was entirely based on colorimetric and chemical techniques. Compared to HPLC techniques,
these methods are less sensitive to small variations in PD concentrations and vulnerable to
matrix effects. However, a good correlation between both methods have been obtained [11].

A trial was set up with the objective of evaluating two published HPLC methods. They
were modified for the simultaneous determination of all PD in urine of four ruminant species:
cattle, sheep, buffalo {Bubalus bubalis) and one-humped camel {Camelus dromedarius), and
to provide some preliminary information on their PD profiles.
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2. MATERIAL AND METHODS

2.1. Animals and management

2.1.1. Buffaloes
Three dry buffaloes (live weight (LW) = 671 kg + 65) which had been bred in Italy were

fed two iso-nitrogenous diets (CP = 15.2% of DM) formulated as follows, on DM basis. Diet
1: 55% lucerne hay, 25% barley grain, 14% maize, 5% wheat straw and 1% soybean meal and
Diet 2: 35% maize silage, 21% barley grain, 18% lucerne hay, 10% wheat bran, 9% soybean
meal and 7% wheat straw. Experimental diets were given at maintenance level in two
consecutive periods. Each experimental period lasted for 3 weeks with the first two weeks for
adaptation and last week for sample collection. Urine was collected.for 4 days from each
animal during each period and from the total of 24 samples collected, 6 were selected (i.e.
third day-samples of each animal, for the two periods) for analysis.

2.1.2. Camels
Two one-humped camels (LW = 290 ± 77 kg) were kept in individual stalls and fed at

maintenance level (3.5 kg/d, DMI) a diet based on oat hay (95.2% DM; CP = 9% of DM).
Spot urine samples were collected during 3 consecutive days at consistent sampling times.

2.2.3. Cattle
Six urine samples were collected from three dry Simmental cows (LW = 621 ±67 kg)

kept in individual stalls and fed at maintenance level (6.9 kg/d, DMI) a diet based on fescue
hay supplemented with a compounded feed (CP = 13.9% of DM).

2.2.4. Sheep
Four Bergamasca sheep (LW = 65 ± 7 kg) were kept in metabolic cages and fed at

maintenace level a basal diet based on fescue hay (1.5 kg/d, DMI) supplemented with a
compound feed (0.3 kg/d, DMI). Urine was collected for 15 h a day (1700-0800 h) and 6
samples were selected from two consecutive days of collection from the 4 sheep.

2.2. Urine collection

All samples were collected into acidified containers (4N H2SO4 for buffaloes, 2M HC1
for sheep, cattle and camels) in order to keep the pH of urine below 3 and immediately diluted
(water:urine ratio of 1:4) to avoid the precipitation of uric acid during storage.

2.3. Analytical procedure

Urine samples were analysed for total N content (micro-Kjeldahl procedure), allantoin
[6], uric acid [12] and creatinine [13]. Xanthine plus hypoxanthine were determined following
the method proposed by Resines et al. [7] with the following modifications:

Standards were diluted with ammonium phosphate (solvent A) as described by
Czauderna and Kowalczyk [8]. Wavelength was set at 254 nm. The pump was programmed as
below:
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0
100
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112



The HPLC conditions used were: A 300 x 4.9 mm reverse-phase NOVAPAK CI8

column, (Waters, Milford, MA) along with a 20 * 3.9 mm NOVAPAK Clg guard column
(Waters, Milford, MA,) were fitted to a Perkin-Elmer (series 200), connected to a ISS 100
auto sampler and Ic95 UV-VIS detector (Perkin-Elmer, Norwalk, Connecticut, USA).

3. RESULTS AND DISCUSSION

3.1. HPLC methods

Two available methods to detect PD directly with a single injection and without
derivatization were considered. A summary of the characteristics of both methods is given in
Table I.

TABLE I. CHARACTERISTICS OF THE HPLC METHODS UNDER STUDY

Features Resines et al. [7] Czauderna and Kowalczyk [8]
Conditions
Columns

Mobile phase

Flow rate
Wavelength
Temperature
Standards dissolved in:

Isocratic
Novapack C18 reversed-phase
(300 mm x 3.9 mm I.D., 4 urn
particles size)

10 mM potassium phosphate
buffer (pH = 4)

0.5 mL/min
218nm
25°C (stabilized)
water

Gradient
Novapack Cl8 (150 mm x 3.9
mm I.D., 4 urn particles size)

Chrompack (100 mm x 3 mm
I.D., 4 urn particles size)
precolumn pellicular packing
material, reversed phase Cl 8
(10 mm x 6 mm I.D.)
binary gradient program:
eluent A (ammonium phosphate
2.5mM;pH = 3.5withlO%
phosphoric acid)
eluent B (eluent A plus
methanol 95/5 v/v)
0.4 mL/min
205 nm
17-25°C (unstabilized)
solvent A

Standards were easily dissolved in the solvent 'A' described by Czauderna and
Kowalczyk [8], therefore mobile phases of this method was chosen. A single column (300
mm long) [7] connected to a pre-column was chosen instead of the two 150 mm Novapack
columns plus the 100 mm Chrompack column and a 10 mm pre-column connected in series,
as suggested by Czauderna and Kowalczyk [8] because of the cost and technical complexity
of this option.

A standard solution for each PD was prepared and injected to test the response of the
method, and clear peaks were detected at 205 nm, with allantoin appearing at 2.93, creatinine
at 3.73, uric acid at 5.48, hypoxanthine at 6.15 and xanthine at 7.44 minutes. Choosing the
best wavelength to detect different substances within the same run is critical. The best
absorption for the metabolites ranges between 200 and 300 nm. Resines et al. [7] suggested
218 nm while Czauderna and Kowalczyk [8] used 205 nm. Our preliminary tests with a
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spectrophotometer indicated that metabolites could be divided into two groups: one that
showed best linear response to changes of concentration at 200 nm (allantoin, uric acid and
creatinine) and the other showing best results at 260 nm (xanthine and hypoxanthine).

A chromatogram from the injection of a mixture of the standards with wavelength set at
205 nm [7] is shown in Figure 1.
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FIG.I. Chromatogram of the standard mixture, with peaks for allantoin (2.84 min), creatinine
(3.2 min), uric acid (5.31 min), hypoxanthine (6.05 min), and xanthine (6.9 min).

However, when injecting urine samples the peaks for allantoin, creatinine and uric acid
were not clearly detected because they overlapped with unidentified compounds. One of the
reason for this is the high polarity of allantoin and uric acid that requires very low
wavelenghts and long columns to separate allantoin from other chemical compounds present
in the urine. These compounds have chemical properties which are comparable to those of
allantoin, therefore the separation of the latter PD was complicated by the "background noise"
generated in the column by the chemically-competitive compounds [4]. It may be possible to
achieve better separation using solid phases more suitable for polar compounds and multi-
wavelength detectors.

These suggestions can be adopted to elucidate the metabolism of PD studying every
derivative to the most detailed level for research purposes, however the approach is
necessarily expensive. A further level of application of PD is their practical use for the
evaluation of the efficiency of feed utilization by ruminants in developing countries. This
scenario conflicts with the above mentioned high-tech approaches, requiring simple and cheap
measures, and often applying these measures to species that render a daily total urine
collection virtually impossible. Therefore, possible suggestions would include the conversion
of all derivatives to the more oxidized form, i.e. allantoin, expressing total PD as units of
allantoin and using colorimetric or HPLC approaches as the two measures seem to be strictly
related [11]. Moreover, the spot sampling technique, crucial for a widespread adoption of PD
technique at the farm level particularly with grazing animals, is still capable of detecting only
large differences in rumen microbial nitrogen yield [14].

Due to the analytical retrictions described above it was decided to analyse allantoin, uric
acid and creatinine by standard methods, as reported in the material and methods, limiting the
use of the modified HPLC method to xanthine and hypoxanthine. The absorbance of 254 nm
was chosen because it was virtually equal to the one giving the best absorbance rates for
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hypoxantine and the same adopted in our department for the analysis of allantoin by HPLC
with pre-column derivatization [9].

3.2. Purine derivative partitioning

The concentration of PD in the urine of cattle, sheep, buffalo and camel are shown in Table II.
PD concentrations were consistent with our previous findings for cattle and sheep. Camel
urine showed the lowest uric acid concentration although an extensive precipitation of uric
acid during sample storage could be not discarded, even when deposits of urate salts were not
detectable under microscopic examination.

TABLE II. CONCENTRATION OF PD IN URINE SAMPLES OF DIFFERENT SPECIES

Allantoin (mg/L)
Uric acid (mg/L)
Xanthine (mg/L)
Hypoxanthine (mg/L)
Total PD (mg/L)
Total N (g/L)

Buffaloes
mean ± sd
391.9 ± 147.2
43.7 ±20.6
35.5 ±7.9
15.9±18.1

486.9 ±174.2
8.8 ±1.78

Camels
mean ± sd
952.2 ±333.1

17.7 ±11.4
157.2 ±69.2
167.9 ±147.8

1294.9 ±456.9
6.4 ±3.9

Cattle
mean ± sd
1801.1 ±364.
180.3 ±32.1

ND
ND

1981.5 ±385.
9.9 ±2.0

9

.3

Sheep
mean ± sd
2364.7 ±1074.4

84.2 ± 47.3
93.3 ±36.2

512.4 ±234.8
3054.7 ± 1307.2

12.7 ±4.2
ND= not detected

Table III presents the relative proportions of the different derivatives. Allantoin
concentration in cattle urine (91%) was similar to our previous findings [10]. Sheep and camel
urine contained 74-76% allantoin whereas buffalo urine showed a intermediate value (80%).
Neither xanthine nor hypoxanthine were detected in cattle urine while a significant proportion
(20%), was found in sheep urine. Differences in urinary PD profiles has been previously
defined using both colorimetric [1] and HPLC methods [15] among species, reflecting
differences in xanthine oxidase distribution as a key enzyme in shifting PD towards allantoin
and uric acid which cannot be recycled back to intermediate metabolites [16].

TABLE III. PROPORTION OF ALLANTOIN, THE SUM OF XANTHINE + HYPOXANTHINE,
AND THE PURINE NITROGEN INDEX (PNI) IN THE URINE OF DIFFERENT SPECIES.

Buffaloes Camels Cattle Sheep root P r > F
MSE

Allantoin* 80.2b 73 .7 c 90.8 a 76.1 b c 4.88 0.0001
Xanthine +
Hypoxanthine* 10.9b 24 .6 a - 20.2 a 5.07 0.001

PNI** 0.019b 0.088a 0.071 a 0.086a 0.02 0.0001

* = as percentage of total PD concentration;
** = PD nitrogen as a fraction of total urinary nitrogen.
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When comparing the urine of buffaloes to those of cattle the former had a realively high
xanthine plus hypoxanthine contribution to total PD, higher than the values previously
reported by Liang et al. [17] and Chen et al. [18]. Chen et al. [18] also demonstrated that
xanthine oxidase profile in buffalo was similar to that in cows indicating the capability to
convert almost all salvageable PD to uric acid. Differences may be explained by breed
selection of Italian-bred buffaloes as well as the methodological approaches used in the
different studies.

Camels showed a high proportion of xanthine plus hypoxanthine in their urine whereas
uric acid proportion was very low. Bakker et al. [19] postulated that this metabolic profile
would provide high antioxidant activity to scavenge radicals generated by the stressful
exposure of these animals to the extreme chill of desert nights.

Table III also presents the ratio between purine-N and total-N (Purine Nitrogen Index,
PNI) in the urine. This parameter has been proposed by Chen and Jayasuriya [20] as an index
of the utilization of nitrogen in the rumen (PD nitrogen) compared to the amount wasted in the
urine.

Camels, cattle and sheep had comparable values of this index, while buffaloes showed
lower values. Indeed, PNI may reflect differences in feed-N conversion efficiency and/or
endogenous PD excretion, which in turn is the result of enzymatic activity in blood and tissues
reflecting differences in metabolic activity among species. In this sense Liang et al. [17]
compared swamp buffaloes to indigenous Malaysian cattle and suggested a lower conversion
of digestible DMI into urinary allantoin. Similar results were obtained by Chen et al. [18],
who also indicated that differences may be explained by the efficiency of microbial synthesis
or digestibility of microbial purines.

In absence of total urine collection, PD:creatinine ratio may provide an index to detect
differences in PD excretion assuming that creatinine excretion depends only on the body mass
and is constantly excreted through the day. Each derivative and the total PD concentration was
expressed as a ratio to creatinine concentration which in turn had to be divided by metabolic
live weight (MLW) to allow comparisons between species. This double correction is required
for two reasons:

- to render PD excretion independent of the time of sampling, because creatinine and PD
have similar daily fluctuations [19]. The ratio can than be adopted to evaluate spot urine
sampling

- to correct for the animal body mass that is linearly and positively related to the urinary
excretion of creatinine [20].

Table IV presents PD:creatinine ratio for the four species given a similar feeding
regime. No difference was observed between sheep, buffalo and camel. However, cattle
showed significantly higher (P <0.001) PDxreatinine values than the other species.
Allantoin:creatinine ratio was similar to that of PDxreatinine ratio whereas uric acid and
salvageable PD (hypoxanthine plus xanthine) xreatinine ratio was lower in buffaloes than in
sheep and camels.

This ranking is the result of dietary and endogenous aspects which were not fully
considered in this preliminary study, but literature consistently reported higher values of
endogenous PD excretion in cattle than sheep [15] and low values of endogenous excretion
and conversion of excreted PD to microbial protein in the rumen of buffaloes [18].

Very few data are available to describe the metabolism of PD and their relationship to
nominal microbial protein synthesis in one-humped camel, because of the difficulty of
collecting urine and measuring microbial protein synthesis in these animals. However, these
preliminary results seem to indicate that this species has a purine metabolism that is more
comparable to sheep and buffaloes rather than to cattle.
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TABLE IV. RATIO OF PD:CREATININE RATIO FOR THE FOUR SPECIES (W°75)

Allantoinxreatinine
Uric acid:creatinine
Xanthine +
Hypoxanthinexreatinine

PDxreatinine

Buffaloes

29.2 b

3.0 b

4 .4 b

36.6 b

Camels

32.4"
0.7 c

12ja

45.8 b

Cattle

107.5 a

10.1 a

-

117.6 a

Sheep

24.8 b

1.1 c

7.5 ab

33.3 b

MSE

10.01
0.76

4.89

12.42

Significance

0.0001
0.0001

0.030

0.0001
ratios are expressed as mmol/mmol

4. CONCLUSIONS

The preliminary investigations presented here has shown that the adoption of a single
method for the simultaneous detection of all purine derivatives is difficult due to elution of
polar coextractives at the same retention times as the peaks of PD and creatinine. The
determination of allantoin and uric acid is particularly difficult because of the chemical
properties of these compounds that cause a fast elution from the column. Therefore, further
studies are required to investigate methods based on a single direct injection of the sample to
detect all purine derivatives.

Even though the trial was not directly aimed at comparing species, some conclusions
can be drawn to address further research. Water buffaloes need further investigation because
of their potential economic interest and the lack of information regarding purine metabolism.
In addition, more detailed studies are required to clarify PD metabolism of one-humped
camels.

The contribution of the different PD to total daily excretion, the estimation of
endogenous contribution to total PD excretion, and the conversion factors for estimation of
microbial protein production under different dietary regimes and physiological conditions
require to be elucidated in these two latter species. The spot sampling technique, crucial for
the widespread adoption of PD approach on-farm in developing countries, needs further
research to fully define its effectiveness for predicting differences in rumen microbial protein
supply.
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