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Abstract

MEASUREMENT OF THE PROPORTION OF PLASMA PURINE DERIVATIVES EXCRETED IN
THE URINE OF SHEEP.

Four sheep were used to measure the proportion of plasma allantoin excreted in the urine at
three levels of intake. The sheep were fed a mixed ration at 800, 1200 and 1600 g air dry matter per
animal/d during three periods, using an incomplete Latin Squre design. Each period consisted of 10-
days adaptation and 7-days measurement. After the adoptation, each animal was injected via a jugular
catheter, a single dose of 30 uCi of 4,5-14C-allantoin as a tracer. Urine collection was made 5 days
before tracer injection and until 7 days after tracer injection. Plasma samples were taken at different
intervals after the tracer injection. The proportion of plasma allantoin which is excreted in the urine
was measured as the recovery of dosed l^C-allantoin in the urine. Glomerular filtration rate (GFR)
was estimated from creatinine clearance. There was no significant difference in the recovery of
plasma allantoin between levels of intake but there was a considerable variation (P <0.05) between
individual animals. The recovery in the four sheep were 88.0, 79.9, 72.4 and 73.0%. This animal
variation may be partly explained by the difference in GFR in these animals (6.96, 5.5, 5.0 and 4.32
L/kg wO-75/day j n the four sheep, respectively). GFR tended to increased with feed intake. However,
variation in GFR in the same animal did not seem to affect the proportion of plasma allantoin
excretion.

1. INTRODUCTION

Purine derivative excretion (PD) in the urine is used as an index to estimate the amount
of microbial protein supplied to ruminants [1-3]. It has been consistently shown that PD
produced in the body is not completely disposed of via renal excretion. The proportion at
which plasma PD is excreted in the urine may explain differences between species animals in
the excretion rate of PD [4-6]. The objectives of this work were: i) to estimate the proportion
at which plasma PD is excreted in the urine of sheep using l4C-allantoin as a tracer, ii) to
examine whether this proportion is affected by level of feed intake, and iii) to examine
whether the variation in the proportion is related with the glomerular filtration rate (GFR) of
sheep.

2. MATERIALS AND METHODS

2.1. Animals and management

Four female rumen-cannulated Suffolk crossbred sheep (approx. 1 year old, body
weight 50 to 58 kg) were used. The sheep were kept in metabolism crates with unrestricted
access to clean drinking water and daily feeding at 0800 and 1600 h. The feed contained 50%
hay, 30% barley, 10% molasses, 9% fishmeal and 1% mineral and vitamin premix.
Continuous ventilation and lighting were provided. The animals were maintained in this
condition through out the experiment.
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2.2. Experimental design

The experimental design in this study was an Incomplete Latin Square. Three levels of
feed intake (800, 1200, and 1600 g/d of 92% dry matter) were allocated as treatments to 4
sheep over 3 periods. There was a 10-day adaptation period for each feeding level (period).

2.3. Tracer solution and injection

4, 5-l4C-allantoin (purity 0.96 and specific activity of 6 uCi/mmol) was used as the
tracer in this experiment. In each period, 30 uCi of the tracer was injected into the jugular
vein of each animal. Therefore, the injected dose contained 4 mg of cold allantoin (allantoin
carrier) and 4 mg of tracer dissolved in 200 ml medical saline. Tracer solution was sterilised
before injection. The animals had a jugular catheter inserted 24 h before dosing the single
injection of the tracer. 40 ml of tracer solution was injected into each animal within 2-3 min.
After injection, the catheter was flushed with heparinised saline.

2.4. Sample collection

2.4.1. Blood
10 ml of blood was withdrawn to a heparinised vacutaner from each sheep via jugular

catheter at the following times: 1 h before injection, 1-8 h hourly and thereafter at 22, 24, 28,
30, 46, 52, 96, 120 and 144 h after injection. The blood samples were centrifuged at 1 500 g
for 20 min and plasma samples stored at -20°C.

2.4.2. Urine
Complete collection of urine was made 5 days before injection and 7 days after the

tracer injection. The first 6-h urine after the injection was also collected. Urine was collected
in 10% H2SO4 so that the pH was below 3. The urine samples were diluted and stored at -
20°C.

2.5. Sample analysis

2.5.1. Measuring ^C- allantoin activity in urine
Measurement of l4C- allantoin activity was made according to the procedure described

in the IAEA-TECDOC [7]. The proportion of plasma allantoin excreted in the urine was
estimated as the recovery in the urine of the injected 14C-allantoin, i.e. the 14C radioactivity
present in allantoin in urine expressed as a proportion of the total activity injected.

2.5.2. Purine derivatives in urine
Urine samples prior to tracer injection were analysed for xanthine, hypoxanthine and

uric acid by Autoanalyzer [8] and allantoin by HPLC [9], respectively.

2.5.3. Creatinine in plasma and urine
Urine and plasma were analysed for creatinine [10, 11] and GFR was estimated from

creatinine clearance and calculated as: GFR (L/d) = Daily creatinine excretion (mmol/d) •*-
plasma creatinine concentration (mmol/1).
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3. RESULTS AND DISCUSSION

3.1. PD excretion to feed intake

Digestibilities of organic matter (OM) or dry matter (DM) of the feed were not
significantly affected by the level of intake, as shown in Table I. Urinary excretion of PD was
correlated with the digestible OM intake (P <0.05) although the mean values of the three
intake levels did not reach significance due to large variation between animals.

TABLE I. FEED INTAKE, FEED DIGESTIBILITY AND DAILY URINARY EXCRETION OF PD

Intake
level

(g/d)

DM
Digestibility

(%)

OM
Digestibility

(%)

Digestible
DM

Intake
(g/d)

Digestible
OM

Intake
(g/d)

PD
excretion
(mmol/d)

PD excretion
(mmol/kg
W075/d)

800
1200
1600
SED
Ftest

79.2
75.3
69.5
3.7

NS

80.4
76.5
71.2

3.5
NS

575
823
939
67
**

537
769
885
62
**

12.47
17.98
20.95

3.88
NS

0.588
0.884
1.134
0.215
NS

NS, Not significant; •*, = P <0.01

3.2. Measurement of the proportion of plasma PD excreted in the urine

14C radioactivity in the urine sharply increased following the injection of the tracer but
fell to the background level within 3 days, indicating that all of the dosed I4C radioactivity
was cleared from the body within that short time period. The urinary recovery of the injected
14C-allantoin did not reach significance between the three levels of intake (Table II). However,
there were significant differences (P «3.O5) between animals (Table III). It appears that the
proportion at which plasma allantoin is excreted in the urine is not so much a feed related
variable, but is more an animal variable.

The recovery of the injected 14C-allantoin in the urine was not complete, indicating that
only a fraction of the plasma allantoin is excreted in the urine. The values observed in the this
work (72—88% for the four sheep) were within the same range of values for the recovery
plasma PD or allantoin excreted in the urine reported by Chen et al. [3, 12] observed using
different experimental approaches. Secretion into the rumen via saliva may account for part of
the unrecovered l4C-allantoin injected, since 14C activity was detected in the saliva of the
sheep in this work (detailed procedure not described here). 14C activity was not detected in the
rumen fluids probably due to breakdown of allantoin by rumen microbes.

TABLE II. THE PROPORTION OF THE DOSED l̂ C-ALLANTOIN EXCRETED IN URINE AND
GFR AT 3 LEVELS OF FEED INTAKE

GFR
(L/kg W°-7S/day)

4.88
5.45
6.05
0.92
NS

NS, Not significant; *, = P <0.05; **, = P <0.01

Intake level
(g/d)

800
1200
1600
SED
Ftest

Recovery

78.6
77.1
79.3
5.9
NS

Creatinine excretion
(mmol/kg W°75/day)

436
488
495

71.2
NS
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TABLE III. THE PROPORTION OF THE DOSED 14C-ALLANTOIN EXCRETED IN URINE
AND GFR IN THE 4 SHEEP

Sheep

A
B
C
D
SED
Ftest

Body
weight (kg)
54.5
51.2
54.1
55.4

Recovery
(%)
88.0
79.9
72.4
73.0
3.5
* •

Creatinine excretion
(mmol/kg W°75/day)

580
448
437
427
72.1
NS

GFR
(L/kg W° 75/day)

6.96
5.57
5.00
4.32
0.709

•

NS, Not significant; *, = P <0.05; **, = P <0.0l

3.3. Relationship between GFR and PD excretion

Table II and III show the daily excretion of creatinine excretion and GFR at 3 levels of
intake and in the 4 animals. GFR tended to increase with feed intake although difference
between the mean values at the 3 levels of intake did not reach significance. However, GFR
for the different animals was significant (P O.05). Figure 1 shows that variation in GFR may
account for part of the differences between animals in the recovery of dosed l4C-allantoin.
Animals with a higher GFR tended to have a higher recovery of !4C-allantoin in the urine (see
Figure 1 and Table III). It is interesting to note that within each animal, however, GFR (which
increased with feed intake) does not affect the recovery factor.
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FIG.l. The recovery of ^C-allantoin plotted against the GFR in the 4 sheep.

In summary, the proportion at which plasma allantoin is excreted in the urine of sheep,
determined by the tracer method, was not affected by the levels of feed intake, but was more
affected by animal variation. The animal variation may be partly explained by the difference
in GFR in these animals. However, variation in GFR in the same animal did not seem to affect
the proportion.

84



REFERENCES

[I] BALCELLS J., GUADA, J., CASTRILLO, C , SURRA, J., Urinary excretion of
allantoin precursors by sheep after different rates of purine infusion into the duodenum,
J. Agric. Sci., Cambridge 116 (1991) 309-317.

[2] VERBIC, J., CHEN, X., MACLEOS, N., 0RSKOV, E., Effect of microbial nucleic acid
infusion on purine derivatives excretion by steers, J. Agric. Sci., Cambridge 114 (1990)
243-248.

[3] LINDBERG, J., Excretion of purines in the urine of sheep in relation to duodenal flow
of microbial protein, Swedish J. Agric. Research 19 (1989) 45-52.

[4] DEWHURST, R., WEBSTER, A., Effects of diet, level of intake, sodium bicarbonate
and monensin in urinary allantoin excretion in sheep, Br. J. Nutr. 67 (1992) 345-353.

[5] CHEN, X., KYLE, D., 0RSKOV, E., HOVELL, F., Renal clearance of plasma
allantoin in sheep, Experimental Physiology 76 (1991) 59-65.

[6] CHEN, X., SAMARAWEERA, L., KILE, D., 0RSKOV, E., ABEYGUNAWARDENE,
H., Urinary excretion of purine derivatives and tissue xanthine oxidase activity in
buffaloes, with special reference to differences between buffaloes and Bos taurus, Br. J.
Nutr. 75 (1996) 397-407.

[7] ZOLLNER, N., Purine and pyrimidine metabolism, Proceedings of the Nutrition
Society 41 (1982) 329-342.

[8] INTERNATIONAL ATOMIC ENERGY AGENCY, Estimation of rumen microbial
protein production from purine derivatives in urine, IAEA-TECDOC-945, Vienna
(1997).

[9] GOERING, H., VAN SOEST, P., Forage fiber analysis, Agric. Research Service, U.S.
Department of Agriculture. Handbooks N° 21 (9970) 31 p.

[10] YOUNG, E., CONWAY, C, On the estimation of allantoin by the Rimini-Schryver
reaction, J. Bio. Chem. 142 (1942) 839-852.

[II] MARTIN ORUE, S., BALCELLS, J., GUADA, J., CASTRILLO, C , Endogenous
purine and pyrimidine derivative excretion in pregnant sows, Br. J. Nutr. 73 (1995) 375-
385.

[12] ZINN, R., OWENS, F., A rapid procedure for purine measurement and its use for
estimating net ruminal protein synthesis, Can. J. Anim. Sci. 66 (1986) 157-166.

[13] TAUSSKY, H., Standard Methods of Clinical Chemistry, Academic Press, New York.
(1996) 235.

[14] CHEN, X , CALDER, A., PRASITKUSOL, P., KILE, P., JAYASURIYA, M. C. N.,
Determination of I5N isotopic enrichment and concentrations of allantoin and uric acid
in urine by gas chromatography/mass spectrometry, J. Mass Spectrometry 33 (1998)
130-137.

[15] ANTONIEWICZ, A., HEINEMANN, W., HANKS, E., The effects of changes in the
intestinal flow of nucleic acids on allantoin excretion in the urine of sheep, J. Agri. Sci.,
Cambridge 98 (1983) 221-223.

[16] CHEN, X., 0RSKOV, E., HOVELL, F., Excretion of purine derivatives by ruminants:
endogenous excretion, differences between cattle and sheep, Br. J. Nutr. 63 (1990) 121-
129.

[17] GIESECKE, D., SATNGASSINGER, M., TIEMEYER, W., Nucleic acid digestion and
urinary purine metabolites in sheep nourished by intragastric infusion, Can. J. Anim.
Sci. 64 (1984) 144-145.

[18] BLAXTER, K., WOOD, W., The nutrition of the young Ayrshire calf 1. The
endogenous nitrogen and basal energy metabolism of the calf, Br. J. Nutr. 5 (1951) 11-
25.

85



[19] FUJIHARA, T., 0RSKOV, E., REEDS, E., KYLE, D., The effect of protein infusion
on urinary excretion of purine derivatives in ruminants nourished by intragastric
nutrition, J. Agric. Sci., Cambridge 109 (1987) 7-12.

[20] GIESECKE, D., BALSLIEMKE, J., SUDEKUM, S., SATNGASSINGER, M., Plasma
level, clearance and renal excretion of endogenous and ruminal purines in the bovine, J.
Anim. Phy. Anim. Nutr. 70 (1993) 180-189.

[21] OSUJI, P., NSAHILAI, I., KHALIL, H., Effect of fasting on the urinary excretion of
nitrogen and purine derivatives by zebu (Bos indicus) and crossbred (Bos indicus x Bos
taurus) cattle, J. Applied Anim. Research 10 (1996) 39-47.

[22] LIANG, J., MATSUMOTO, M., YOUNG, B., Purine derivative excretion and ruminal
microbial yield in Malaysian cattle and swamp buffalo, Anim. Feed Sci. Technol. 47
(1994) 189-199.

[23] BECKERS, Y., THEWIS, A., Excretion of purine derivatives in urine of Belgian Blue
bulls following duodenal infusion of purines from Torula yeast, Proc. Society of
Nutritional Physiology 3 1994) 235.

[24] McALLAN, A., The degradation of nucleic acids and the removal of breakdown
products from the small intestines of steers, Br. J. Nutr. 44 (1980) 99-112.

[25] BALCELLS, J., GANUZA, J., PEREZ, F., MARIN-ORUE, S., GONZALEZ
RONQUILLO, M , Urinary excretion of purine derivatives as an index of microbial-
nitrogen intake in growing rabbits, Br. J. Nutr. 79 (1998) (In press).

86


