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Summary

The role of the amino acid 3-methylhistidine as an indicator of protein breakdown and weight loss is

often suggested. Despite existing information for other animal species, little is known about the actual

levels of 3-methyhistidine in the serum of less studied domestic species such as the goat. We have

evaluated the 3-methyhistidine serum concentrations in young Boer goat bucks subjected to two distinct

feeding regimens: winter-grass hay with or without supplementation. Non-supplemented animals had a

negative nitrogen balance and experienced weight loss throughout the experiment and significantly higher

concentrations of 3-methyhistidine than supplemented animals that had a slight increase in live weight.

This amino acid can be considered a valid indicator of protein breakdown and weight decrease in male

goats. Serum 3-methylhistidine concentrations in adequately fed male goats were similar throughout the

assay (20-40 pmol/l) whereas in weight-losing animals, concentrations of up to 170umol/l can be expected.

Introduction

Although not extensively used in laboratory
animal science, goats (Capra hircus) are gaining
fields of
biomedical research (Czerniak, 2001). However,
many specific aspects of goat physiology are
still relatively unknown and are often assumed

international recognition in several

to be equal or similar to the other small ruminant
species widely used in both farming and laboratory
research, the sheep (Ovis aries). Although both
species share a reasonable number of features, there
are certain aspects of digestive physiology that
cannot be assumed to be analogous. There is hence
a substantial need to conduct research in several
aspects of goat nutritional physiology in order
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to obtain more accurate and comparable results
when using these animals as laboratory animals.
The amino acid 3-methylhistidine is considered
a component of several structural proteins and
its presence in the urine in large quantities is
considered an indicator of protein breakdown
(Plaizier et al., 2000) as recorded in laboratory
rats (Kim and Lee, 1990). Although well described
in other less conventional species like dairy cattle
(Blum et al., 1984) or the dog (Neumann et al.,
2008) under a variety of physiological conditions,
little information regarding 3-methylhistidine in
goats seems to be available. In fact, its role as an
indicator of protein breakdown in this species is
the subject of some controversy as data based on
3-methylhistidine excretion in the urine have not
led to conclusive results (Brown et al., 1987). No
additional data on 3-methylhistidine levels in goats
have been published since this last reference and
serum concentrations have not, to the best of our
knowledge, been described yet.
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In this paper, we aim to study 3-methylhistidine
serum concentrations in the goat buck under weight
loss. The role of this amino acid as an indicator of
protein breakdown is also discussed.

Materials and Methods

Fifteen intact bucks (6-8 months; 28.0 + 0.2 kg)
of the Boer Goat breed were purchased from a
registered breeder in South Africa and divided in
two groups (WH and WH+S). The animals were
housed in individual metabolic cages that allowed
intake monitoring and faeces and urine collections
as illustrated in Figure 1.

WH (n=8) was fed 500 g winter veld hay.
WH+S (n=7) was fed 600 g winter veld hay plus
supplement: 170 g of maize meal, 44 g of molasses
meal and 15 g of feed-grade urea. Feed composition
is presented in table 1.

Animals were weighed once a week and nitrogen
(N) balance measures were performed on the same
days. Faeces and urine were collected at days 2,
7, 14, 21 and 28 of the observation period for the
determination of N content by Kjeldahl digestion
(Buchi 315, Schweiz, Germany). Apparent
N balances were determined by subtracting
urinary (Nu) and faecal (Nf) N from ingested
N. Methodologies used in N balances have been
described earlier (A/meida et al., 2006).

Blood was extracted on the same days using
standard heparin-lithium vacuum tubes and needles,
prior to daily feeding. Serum was separated by
standard centrifugation using a refrigerated Hettich
Rotanta centrifuge at 2500 rpm. Serum (300 ul) was
deproteinised with sulphosalicylic acid, followed
by freezing at — 20°C, centrifugation at 45000g
and pH reduction to 2.2 using lithium hydroxide.

Figure 1. Experimental animals in metabolic cages

Table 1. Feed composition

Maize Urea Molasses Hay
Dry Matter (%) 90.0 99.0 74 91.6
Crude protein (%DM) 9.1 285.7 4.9 38
Crude Fiber (% DM) 7.8 - - 41.0
Ash (%DM) 1.6 - 8.6 10.3
Ether Extract (%DM) 2.5 - - 1.6
NFE (%DM) 79.0 - 87.9 433
Gross Energy (kJ/100g) 1583 897 1309 1508

DM: Dry Matter; NFE: Nitrogen Free Extractives
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Concentrations of 3-methylhistidine were deter-
mined using a HPLC and Beckman Coulter Amino
Acid Analyser 7300 (Fullerton, CA, USA), with a
lithium buffer system.

Results of both groups were compared by ANOVA
Repeated Measures for the 3-methylhistidine
concentrations and ANOVA Single Factor for the
nitrogen balances and live weights.

Experimental procedures were authorized by the
Animal Welfare and Ethics Committee of the
University of the Free State, following European
Union and South African regulations. Authors A.M.
Almeida and L.A. Cardoso are holders of a Grade C
FELASA diploma.

Results and Discussion

Results regarding evolution of live weight are
presented in Figure 2. Animals fed winter veld hay
had a final decrease in live weight of 20% whereas
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Figure 2. Evolution of live weight of WH+S (m) and
WH (a) Boer goat bucks. Results were significantly
different between groups except on day 2.
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supplemented animals experienced an increase of 10%.
Nitrogenbalancedataispresentedin Table2. Ingested
N for the WH group was always significantly lower
than for the supplemented animals (about 20%).
Similar results were observed in faecal N (Nf). Nf
of WH animals was only about 20 to 35% of that
observed in the supplemented animals. However, N
excreted in urine was very similar for both groups
and no significant differences were recorded. These
results affected the N balances, which were always
higher in the WH+S group than in the WH group that
had negative balances from day seven onwards. The
WH group can therefore be regarded as typical of
animals subjected to mild undernutrition, reducing
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Figure 3. Evolution of 3-methyhistidine serum
of WH+S (m) and WH (4).
Results were similar for both groups at Day 2 and

concentrations

significantly different between experimental groups
for all other dates. Significant differences were
recorded for all dates in the WH animals whereas
WH+S animals showed constant values throughout
the experiment.
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Table 2. Nitrogen Balances of Boer bucks

Day 2 Day 7 Day 14 Day 21 Day 28

WH+S WH WH+S WH WH+S WH  WH+S WH  WH+S WH
Ni  9.80° 2.30 9.35 1.92 11.7° 2.20 9.49" 1.73 11.4° 1.80
® (71 (.38) (.73) (.13) (.53) (.14) (:30) (-12) (-49) (.09)
Nf 7 .59 3.55 1.53 6.84" 1.88 441" 1.42 6.35" 1.42
(g (18) (.03) (:21) (.24) (.59) (.18) (.17) (.11) (.56) (:28)
Nu 1.18 1.59 1.28 1.27 2.19 1.64 1.75 1.57 1.86 1.85
(g) (31 (.24) (:23) (.21) (:33) (21 (-18) 17 (:22) (:29)
NB &.1I° .09 4.52° -.88 2.69" -1.36 3.22° -1.01 3.12° -1.47
(g (9 (.55) (.62) (.48) (.35) (.36) (.88) (.26) (.67) (:38)

Ni — Ingested Nitrogen; Nf — Nitrogen excreted in faeces; Nu — Nitrogen excreted in the urine; NB —

Nitrogen Balance. *Significant difference for p<0.001;Standard Error of Mean values in parenthesis

nitrogen excretion in a preserving effort to reduce
the negative effects on the nitrogen metabolism.

3-methylhistidine
were evaluated and are presented in Figure 3.

Serum  concentrations  of
Results were similar for both groups at day 2 and
significantly different between experimental groups
for all other days. Significant differences were
recorded for all days in the WH animals where there
was registered a clear increase in 3-methylhistidine
serum concentrations (up to four-fold) whereas
WH+S animals showed constant values throughout
the experiment.

There is only one previous study on
3-methylhistidine levels in the goat species (Brown
et al., 1987) and that research was conducted at the
level of urinary excretion. The authors concluded
that 3-methylhistidine is not a valid index of muscle
protein degradation. Data from live weight evolution
and nitrogen balances presented in this work
demonstrate that there is clear nitrogen depletion
as a natural consequence of the feeding regimens,
and subsequent weight loss, that the experimental
animals were subjected to. An analogous situation
was reported in one of our previous studies that
showed losses of nitrogen content at the carcass
levels of mildly (A/meida et al., 2006) and
severely (Almeida et al., 2002) underfed rats
despite no alterations in specific myofibrillar
proteins at the level of the gastrocnemius muscle
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itself. Consequently it can be assumed that in the
underfed animals used in this study, body reserves,
including structural proteins, are being degraded
and used for maintenance purposes (Belkhou
et al., 1991). The increase in 3-methylhistidine
concentrations experienced by WH animals seems
therefore to confirm its role as a consistent indicator
of protein breakdown for small ruminants, and
male goats in particular, as seen in other species
like mice (Vissers et al., 2007) and confirming its
important role as a method for measuring tissue
protein breakdown in vivo as suggested earlier
(Chinkes, 2005), contradicting earlier studies.
Tothe best of ourknowledge, little orno information
is available regarding 3-methylhistidine con-
centrations in serum of young male bucks. Results
from this experiment indicate that under normal
circumstances, 3-methylhistidine concentrations
values are within the range of 20-40 pmol/l.
An up to four-fold increase may be expected as
a consequence of the level of undernutrition
reaching as much as 170umol/l. Data presented
in this study concern only male young animals of
the Boer breed. It would be interesting to conduct
similar research in other goat breeds, with special
reference to dwarf goats as this breed is more often
used in biomedical research. Similarly studies on
females, varied physiological conditions and ages
could also be conducted.
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