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ABSTRACT. The aim of the study was to assess the effect of feed restriction
levels followed by realimentation on long bone growth and concentrations of
growth hormone, osteocalcin, bone-specific alkaline phosphatase (ALP), cal-
cium (Ca) and phosphorus (P) in plasma. Thirty-six Najdi ram lambs weighing
30.1 £ 0.3 kg were randomly allotted to one of three feeding regimens. The
first group was fed ad libitum throughout the trial (AD group). Other groups
were subjected to 5-week feed restriction at either 0.75 or 0.60 of ad libitum
intake (0.75AD and 0.60AD groups, respectively). Following the restriction pe-
riod, lambs were returned to ad libitum feeding (realimentation) for 7 weeks.
Feed restriction suppressed (P < 0.01) the growth of bone lengths in proportion
to the restriction level. After the realimentation, bone lengths of animals from
either 0.75AD or 0.60AD groups did not recover to the lengths of AD group.
Plasma concentrations of inorganic P and osteocalcin decreased (P < 0.01) as
the level of feed restriction increased. Concentration of plasma bone-specific
ALP increased (P < 0.01) by 39.6 and 72.7% in 0.75AD and 0.60AD groups,
respectively. After 4 weeks of realimentation, plasma concentrations of osteo-
calcin, ALP and P did not differ between all groups. The ulna, humerus and
femur linear lengths were directly correlated with the level of osteocalcin and P;
however, they showed a negative correlation with the level of ALP. Therefore,
plasma concentration of P, osteocalcin and ALP appeared to be suitable bone
markers for detecting changes in bone length due to variation in feed restriction
levels.

costs of production through the phases of feed re-
striction and realimentation without compromising

Livestock enterprises in Saudi Arabia are likely
to depend almost entirely on imported feed ingredi-
ents. To mitigate the increasing costs of feeds and
to make lamb production profitable, efforts have
started to create possible strategies to reduce the

future growth performance. Several studies have re-
ported the impact of different levels of feed restric-
tion on body weight (Abouheif et al., 2013; Sami
et al., 2013), but attention has hardly been paid to
bone growth, despite the intimate association of
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these tissues in young lambs; muscle is supported by
the skeleton and grows in response to passive stretch
(Peralta et al., 1994). However, the response of bone
growth varies according to the pattern of restriction,
realimentation and stage of lamb development
(Nicodemocetal., 1999; Prentice etal.,2006; Remmers
et al., 2008). Dashtizadeh et al. (2008) reported that
feed restriction resulted in retarded bone growth of
different body parts in young animals depending on
their maturity.

Many bone-specific biochemical markers have
been identified and can be used as potential indica-
tors of bone cell formation and turnover (Scott et al.,
1997). Those used to monitor the bone formation
are products of the osteoblast, including osteocalcin
and bone-specific alkaline phosphatase (ALP), and
were reported to reflect the activity of these cells
in bone (Nicodemo et al., 1999). Feed intake was
an important determinant of blood osteocalcin con-
centration and bone formation (Ndiaye et al., 1992;
Scott et al., 1997). Prentice et al. (2006) reported
that serum concentration of osteocalcin was low in
children suffering from protein-energy malnutrition
and increased significantly during nutritional re-
covery. As part of our studies on the effects of feed
restriction on lamb performance, the applicability
of different biomarkers of bone turnover to detect
changes in bone growth caused by various levels
of feed restriction would be of considerable value
in physiological and nutritional studies. Thus, the
present study was carried out to examine the effects
of short-term feed restrictions (two levels) on long
bone growth and plasma concentrations of Ca, P,
growth hormone (GH), bone-specific ALP and os-
teocalcin in growing Najdi lambs.

Material and methods
Animals and housing

Thirty-six Najdi ram lambs of an average body
weight 30.1 = 0.3 kg (40% of mature weight) and
about 110 £ 3 days old, were randomly assigned to
one of three groups (12 lambs/group). Lambs were
vaccinated against endemic infectious diseases,
treated with a prophylactic dose of Ivermectin (Ivo-
mec Injection, Merial Australia Pty Ltd., Macquarie
Park, Australia) with the addition of vitamins A, D,
and E (IU: 150 000, 37 500 and 150, respectively).
All lambs were kept under similar environmental
and management conditions (4 replicates/pens with
3 lambs per pen). Pens (1.7 x 3.0 m) constructed of
metal gates and concrete floors were placed under
a roof in an open-sided barn.

Feeding protocol

The experimental groups were randomly al-
lotted to one of three feeding regimens: the first
group was fed ad libitum throughout the trial (AD
group), the second and third group were subject-
ed to 5 weeks of feed restriction at either 0.75
(0.75AD group) or 0.60 (0.60AD group) of ad libi-
tum intake, respectively. Following the restriction
period, lambs were returned to ad libitum feeding
(realimentation period) for 7 weeks. Feeding levels
of restricted groups were calculated by determin-
ing the average dry matter (DM) intake of lambs
with ad libitum access to feed the previous week
and multiplying that average by 0.75 and 0.60 to
determine the amount of feed intake per kg live
weight offered to lambs from 0.75AD and 0.60AD
groups, respectively. During the experimental pe-
riod (12 weeks), DM consumption was recorded
every week.

All lambs were fed commercial pellets at
09:00 h after discarding the refusals from the pre-
vious day. Refusals were weighed, sampled for
DM determination and then discarded. The com-
mercial pellets were formed as a pelleted total-
mixed ration with a ratio of 75% concentrate: 25%
lucerne hay; the chemical composition (DM ba-
sis) was, %: 14.53 crude protein (CP), 1.16 ether
extract (EE), 24.91 neutral detergent fibre (NDF),
14.22 acid detergent fibre (ADF), 0.54 Ca, 0.31 P,
7.46 ash and the metabolizable energy (ME) was
2.78 Mcal - kg'' DM. The trace-minerals mixture
blocks were placed in all pens. Fresh drinking water
was freely available.

Bone measurements
In live lambs, the lengths of right forelimb and

hindlimb bones were recorded at the onset of re-

striction period, at the end of restriction period and

at the end of the experiment by the same person

throughout the trial and measured with an accuracy

of 0.1 cm using vernier caliper. The measured bones

were:

e humerus: the distance between the eminent part
of shoulder joint and the elbow joint,

e ulna: the distance between the elbow joint and
distal end of the carpal joint,

e metacarpus: the distance between the carpal
joint and fetlock joint,

e femur: the distance between the eminent part of
the hip joint and the stifle joint,

e tibia: the distance between the stifle joint and the
distal end of the tarsal joint,

e metatarsus: the distance between the tarsal joint
and fetlock joint.
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Plasma biochemistry

At the end of restriction period and after 4-week
realimentation, whole blood samples (10 ml) from
the jugular vein of each lamb were collected into
heparinized tubes. Plasma was separated by centrifu-
gation at 1000 g for 10 min in a refrigerated cen-
trifuge, immediately apportioned into three 0.5 ml
aliquots and stored frozen in polypropylene tubes
at =20 °C until further analysis. Plasma concen-
tration of Ca was measured by atomic-absorption
spectroscopy (Spectra AA-200 Varian, Varian Tech-
tron Pty. Limited, Victoria, Australia) while plasma

concentration of P was measured photometrically at
340 nm (Cobas Mira, Roche Diagnostics Systems,
Basel, Switzerland) using a Roche Diagnostics kit
(Roche Diagnostics GmbH, Annheim, Germany).
Plasma GH concentration was measured as de-
scribed by MacRae et al. (1991) while bone-specific
alkaline phosphatase level was measured by im-
munoassay (Alkphase-B kit, Metra Biosystem, CA,
USA). Plasma osteocalcin concentration was mea-
sured using an enzyme-linked immunoabsorbent as-
say test (ELISA) according to procedures described
by Peterson et al. (2005).

Table 1. Average daily gain and daily intake of dry matter (DMI), Ca and P during 5 weeks of feed restriction and 7 weeks of realimentation

Restriction period

Realimentation period

Indices AD' 0.75AD?  060AD° SEM AD 075AD  0.60AD  SEM
DM, g - kg BW-" - d 4312 328 25.9¢ 31 38.9 423 427 21
Average daily gain, g 2752 143 82° 110 306 315 325 21

Ca intake, mg - kg BW-' - d'  233° 1770 140° 186 210 228 231 95
Pintake, mg - kg BW-' - d' 134 1020 80° 1.0 121 131 132 47

' — group with ad libitum feed intake; 2 — group with 0.75 restriction of ad libitum feed intake; * — group with 0.60 restriction of ad libitum feed
intake; SEM - standard error of the mean; BW — body weight; #°— means with different superscripts within the same row within each period are
significantly different at P < 0.01

Table 2. Bone lengths in growing lambs after 5 weeks of feed restriction and 7 weeks of realimentation

Indices Forelimb Hindlimb
AD' 0.75AD?  0.60AD® SEM AD 0.75AD 0.60AD SEM
Metacarpus, cm Metatarsus, cm
Start of restriction 18.00 17.90 18.10 0.09 23.20 23.20 23.10 0.12
End of restriction 19.40 19.10 19.40 0.1 23.60 23.60 23.50 0.14
End of experiment 22.20 22.20 22.50 0.13 25.60 25.65 25.40 0.13
Ulna, cm Tibia, cm
Start of restriction 22.40 22.50 22.45 0.13 26.60 26.60 26.50 0.12
End of restriction 24,407 24.00° 23.40° 0.13 32.20° 31.60° 31.60° 0.13
End of experiment 25.807 25.20° 24.75° 0.14 34.407 34.00% 33.90° 0.14
Humerus, cm Femur, cm
Start of restriction 18.60 19.00 18.70 0.09 21.40 21.25 21.30 0.14
End of restriction 22.202 21.60° 21.20° 0.09 29.002 28.40° 28.00° 0.15
End of experiment 24,607 23.60° 23.00° 0.15 31.807 29.75° 29.70° 0.14

123 see Table 1; SEM - standard error of the mean; #° — means with different superscripts within the same row within each limb are significantly
different at P < 0.01

Table 3. Plasma concentration of some bone markers in growing lambs after 5 weeks of feed restriction and after 4 weeks of realimentation
Restriction period Realimentation period

Plasma concentration

AD' 0.75AD?>  0.60AD* SEM AD 0.75AD 0.60AD SEM
Growth hormone, ng - ml™! 8.1 75 79 2.4 9.8 9.3 10.1 2.1
Osteocalcin, ng - ml™ 286° 265 250° 14.2 265 257 247 13.0
Alkaline phosphatase, U - I 139° 1940 2400 18.3 134 126 19 10.3
Ca, mg - dI”! 8.4 8.4 8.1 0.12 84 7.6 8.5 0.08
P, mg - dI”' 5.12 4.8%® 4.4° 0.15 49 5.0 49 0.06

123 see Table 1; SEM - standard error of the mean; ®° — means with different superscripts withinin the same row within each period are
significantly different at P < 0.01
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Statistical analysis

Data for DM intakes, bone lengths and plasma
concentrations of bone biomarkers during all peri-
ods of the experiment were estimated by analysis of
variance (ANOVA) using GLM procedures (SAS,
2002). Duncan’s multiple range test was used to test
for significant differences between means. Regres-
sion analysis between the blood parameters and lin-
ear body growth, including correlation coefficient,
intercept and regression coefficient were also ana-
lysed using SAS.

Results

All lambs maintained good health throughout the
study. The intakes of DM, Ca and P decreased (P<0.01)
as the level of the applied feed restriction increased
(Table 1). Average daily gain (ADG) increased during
the restriction phase (P < 0.01) as the level of feed re-
striction was decreased; in comparison with AD group,
the growth rates decreased by 48 and 70% in 0.75AD
and 0.60AD groups, respectively. On the other hand,
daily DM, Ca and P intakes during the realimentation
period of both restriction levels were similar (P> 0.01)
as compared with lambs from AD group.

At the onset of restriction period, differences
between the studied long bone lengths of different
feed restriction groups were non-significant (Table 2).
Except for the metacarpus and metatarsus bone lengths,
feed restriction significantly suppressed (P < 0.01) the
length of other studied long bone lengths. After the
realimentation, bones lengths did not recover to the
lengths of bones occurring in AD group, except the
length of tibia in 0.75AD group.

Plasma concentrations of growth hormone and
Ca in lambs from 0.75AD and 0.60AD groups did
not differ (P > 0.01) at the end of restriction period
(Table 3). On the other hand, plasma concentrations of
P and osteocalcin decreased (P < 0.01) as the level of
feed restriction increased; however, the level of ALP
showed significant increase alongside as the level of
the applied feed restriction increased. The plasma con-
centration of osteocalcin, bone specific ALP, Ca and P
after 4 weeks of realimentation did not differ (P>0.01)
between feed-restricted groups and AD group.

The ulna, humerus and femur linear lengths were
directly correlated with the level of osteocalcin and
P however, they showed a negative correlation with
the level of ALP (P < 0.01; Table 4 and Figures 1-3).
Tibia linear length showed no significant correlation
with the studied blood parameters (P > 0.05).

Table 4. Analysis of correlation coefficient and regression coefficient among serum phosphorous content (P), serum alkaline phosphatase level

(ALP) and serum osteocalcin concentration with different bones lengths

Bone length
ulna humerus tibia femur
correlation regression P-value correlation regression P-value correlation regression P-value correlation regression P-value
P 0.66 0.032479 0.00 0.46 0.00903 0.00 0.23 0.010706 0.19 0.57 0.011421 0.00
ALP -0.66 -3.12522 0.00 0.7 -3.38385 0.00 -0.26 -1.34154 014 -0.63 -0.55071  0.00
Osteocalcin 0.44 0.699328 0.00 0.48 0.831682 0.00 0.26 0.548312 0.14 0.57 0.743245 0.00
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Figure 1. Linear lengths (mm) of ulna, humerus, tibia and femur in relation with serum osteocalcin level (ng - ml™)
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Figure 2. Linear lengths (mm) of ulna, humerus, tibia and femur in relation with serum alkaline phosphatase (ALP) level (unit - ')
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Figure 3. Linear lengths (mm) of ulna, humerus, tibia and femur in relation with serum phosphorous level (mg - dI”')

Discussion

Average daily intake of Ca in 0.60AD group
during the restriction period (140 mg - kg™ body
weight (BW)) was adequate and within the normal
range listed for growing sheep according to NRC
(2007). The daily P intakes during restriction pe-
riod were 134, 102 and 80 mg - kg™' BW for AD,
0.75AD and 0.60AD groups, respectively. Louvan-
dini and Vitti (1996) classified the adequacy of dai-
ly-consumed P in sheep weighing between 38 and
40 kg as 30-80 mg - kg™' BW —marginally deficient;
80-100 mg - kg' BW — adequate; >100 mg - kg™
BW — excessive. On the other hand, in the study

of Portilho et al. (2006) greater values of P as:
111.1 mg - kg' BW was considered deficient;
195.7 mg - kg! BW — moderate and 274.8 mg - kg™
BW as adequate for young growing Santa Inés lambs
weighing 22 kg. In the present study, the levels of
daily P intake during feed restriction were thought
to be marginal.

Except for the metacarpus and metatarsus bone
lengths, the long-bone lengths in 0.75AD lambs were
shorter (P < 0.01) by 4.07-6.51% than in AD group,
indicating that a low nutrients supply during growth
impairs the normal development of long bones in
proportion to the restriction plane of nutrition (Nico-
demo et al., 1999; Dashtizadeh et al., 2008). At the
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end of the trial, bone lengths of the restrictively fed
lambs were shorter (P < 0.01) and did not recover to
the lengths of AD lambs. This result was in agree-
ment with the findings of Remmers et al. (2008) who
observed that feed restriction in younger animals
acutely reduced body dimensions.

Interestingly, the decrease in the linear growth
of long bones, except tibia, showed direct correlation
(P <0.01) with the reduced levels of osteocalcin (Fig-
ure 1) and P (Figure 3). However, it showed a nega-
tive correlation with the increase of alkaline phospha-
tase level (Figure 2). Specifically, plasma osteocalcin
concentration decreased (P < 0.01) as the feed re-
striction level increased. This trend was consistent
with the decrease in osteocalcin concentration when
feed or P intakes were restricted (Scott et al., 1997;
Kang et al., 2010). Reduced plasma concentration of
osteocalcin in the feed-restricted lambs might result
from decreased activity by osteoblasts (Clemens and
Karsenty, 2011). Ndiaye et al. (1992) and Scott et al.
(1997) showed that osteocalcin concentration was re-
duced by energy restriction and these changes result-
ed mainly from reduction of bone formation. While
osteocalcin is the major non-collagenous protein in
bone, its function is unknown, although its close as-
sociation with the mineral matrix had been taken to
indicate some role in the mineralization process. Sev-
eral studies demonstrated that circulating osteocalcin
was derived from the new synthesis rather than from
the degradation of bone; thus, it provides a measure
of osteoblast activity (Clemens and Karsenty, 2011).
In this study, the plasma osteocalcin concentra-
tions after 4 weeks of realimentation did not differ
(P > 0.01) between feed-restricted groups and AD
group. This result, however, suggested that the os-
teoblast cell numbers in feed-restricted groups were
probably compensated to attain AD group during the
early stage in realimentation and resulted in similar
activity when compared with ad libitum fed lambs.
Similar results were reported by Ndiaye et al. (1992)
who found that refeeding produced a rapid rise in rat
serum osteocalcin, which reached control concentra-
tions after 24 h of refeeding.

Plasma concentration of bone-specific ALP in-
creased (P < 0.01) by 39.6 and 72.7% when feed
intakes were restricted to 0.75 and 0.60 of ad /ibi-
tum intakes, respectively. ALP is primarily local-
ized in the membrane of osteoblast and its level in
the plasma will be related to a combination of the
activity of individual osteoblasts and the extent of
the bone surface covered by active bone-forming
cells. Raised levels of ALP had been reported in

a number of metabolic bone disorders especially,
in those which a defect in bone matrix mineraliza-
tion was reported (Beli¢ et al., 2010). In addition,
greater plasma ALP concentrations had previously
been reported in sheep fed insufficient P diet in
comparison with animals receiving adequate P
(Scott et al., 1997).

Plasma concentrations of growth hormone and
Ca for the different levels of feed restriction did
not differ (P> 0.01) at the end of restriction period.
The concentrations of plasma inorganic P were pro-
portionally related to the level of feeding in lambs.
Louvandini and Vitti (1996) reported a highly sig-
nificant positive linear relationship between P in-
take and plasma P concentration in sheep. In this
trial, plasma inorganic P levels varied between
4.4 and 5.1 mg - dI"!, which were within the nor-
mal 4-9 mg - dI"! range, according to Thompson
(1978). It seems that, the 80 mg - kg BW™ - d™!
of P intake in the 0.60AD lambs was marginal to
maintain plasma P level at its ‘lower-limit’ normal
range, but on the other hand, was inadequate to sup-
port ‘normal’ bone growth in young growing Najdi
lambs during the restriction period. Prentice et al.
(2006) found that maximal bone growth would not
occur when the dietary P intake was hardly suffi-
cient to maintain normal plasma P level only.

Conclusions

Various feed restriction levels in growing
lambs resulted in proportional changes in long
bone lengths, with ad libitum lambs having longer
bones than those of feed-restricted groups. After
realimentation, bone length did not recover to the
lengths observed in ad libitum fed group. Plasma
concentration of phosphorous, osteocalcin and
alkaline phosphatase were suitable bone markers
for detecting changes in bone length due to varia-
tion in feed restriction levels; however, refeeding
produced rapid rise in their concentration, which
reached the ad libitum level after 4 weeks of re-
alimentation. The ulna, humerus and femur linear
lengths were directly correlated with the level of
osteocalcin and P however; they showed a nega-
tive correlation with the level of alkaline phospha-
tase. Insufficient energy/nutrient and phosphorus
supply must be avoided in the growing animals to
ensure high skeleton growth. Further experiments
are needed to determine the exact cause of the re-
duced length of distinct long bones in the restricted

group.
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