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METABOLISM OF 4Ca IN LAMBS

By
LM. Ereixoi, M.A. Raarar, E.B.M. Asou-Husseen
AND S.M. ALrax.

Amimal Production Department Faculty of Agriculture
Cadro Undversity 1968

Bix growing fat tailed Aussimi lambs were experimented on to study
the effect of different dietary caleivm levels upon stable and radio.
active caleiurmn, These Jamba were divided into three equal groups.
Ono group received the normal retion while the other two groups
received the supplemented and the deficient ration.

Three montha after the beginning of the experiment, ¢ach lamb
received 0.5 mo. *5Ca as #Ca ol, a3 a single dose intravenously,’
-Blood samples, foces snd urine were collected at different intervais.
Seven days after the isotope administretion, lambs wers weighed and
slaughtored. Some seloctod tissues were taken for chemical and
radioactive calcium assay,

Total absorption snd retention of radioactive celeium incressed
in deficient lambs, Calcium status of the animel affected the endoge.
nous fecal losses. The apperent availability of caleivm was 9 87,
0.376 and 14.269%, while the true availability was 75.00, 5.65 and
17.20%, for deficient, normal and supplemented animals respectively.
About 1.97, 1.67 and 1.14 percent of the plasma caleium of deficient;
rormal and supplemented lambs were returning per hour from the
extravascular ecaleium. - - . .- - - . . - .

Caleium content in the different parts of the body was affected
T o by the dietary oaleium level; being the least for the deficient lambs
) and the highest for the supplemented ones, The bones, eapecially

the shéft may be the main orgsn eontrolling the calcium storage in
the animal body. ’ ’ )

Calciﬁm and phosphorus are required for the formation of bones and teeth.
Caleium is present in body cells and in some ways necessary for their
functioning,

Bone breaking strengih, growth data, blood values, and apparent
digestibility have been used as supporting criteria for determining the
calcium status of animale in relation to dietary treatment, These methods
did not indicate exactly the true availability of calcium, Advances in
radioisotope procedures have permitted the quantitative differentiation
between the portion of dietary calcium that passes unabsorbed through the
gastrointestinal tra¢t and the metabolized excreted caleium ; thereby making
possible a simple and direct means of the guantitative separate estimation

of the endogenous and exogerious calcium fractions in the feces of the normal
intact animal. - '
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This work was undertaken to study the effect of different dietary calcium
fevels upon stable and radio-calcium 45 (a in growing lambs under controlled

conditions, to determine the endogenons caleiwm los¢, and caleulate the
true caleium availability,

Kirkpatrie and Roberison (1953}, found that low concentration of
calcium in the ration produces rickets in young ‘animals, osteomalacia,
hyperirretability and tetany in maturc ones, while high coneentration causes
depression of nerve conductivity and muscle rigor.

Hansard et ol. (1952), eoncluded that *°Ca was excreted in both feces
and urine, and fecal caleimm consisted of unabsorbed ealcium together with
calcium which was absorbed and reexcreted,

Gallup and Briggs (1950), proved that calcivm maintenance require-
ments must be slightly greater than the phosphorus requiements. There
have been variation in procedures used for the measurements of caleium
availability for the various species, Comar el al. (1953), nsed *Ca to
estimate the true digestibility. :

Haneard et ol. (1954), stated that the metabolic fecal caleium in rumina-
nts makes up the major portion of the fotal calcium loss from the bedy.
The requirement for growth, pregnaney, and lactaion may be estimated
directly by product analysis. Therefore, the stmmation of these and the
maintenance requirements should equal the net requirement,

Experin_lanta.l and Methods
1. Animals :

Six growing fat tailed Aussimi lambs were used in this work. They
were six months old with an aveage weight of 23 kg These lambs were
divided into three equal groups. One group received the normal ratiom,
while the other two groups received the supplemented and the deficient
ration respectively. The composition of lambs’ rations given daily was as
shown in the following table :

Normal .‘ Bupplemented Deficient

Tngredients group group group
Clover hay (gmy . . . . . . . 1000 l1000 -
Caleium carbonate (gm.) . . . —— ib —
Yellow comn (gm.} . . . . . 38 5 — 500
Caleium 9, in the ration . . . 1.295 1.771 (.0186
| .

{*) Water wag offered ad lib for each group.

UAR. J. Anim. Prod, 11, No. 2 (1971).
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2. Application of Radioisotope

After three months from the start of the experiment, each lamb received
quantitatively 0.5 me. <Ca as *°Ca clz a3 a single dose iniravenously in-the
jugular vein.

Concurrent 7 days, chemical and radioizotope balance studies were
atarted at the time of dosage. Blood samples. feces and urine were collected
at different intervals. Seven days after the isotope administration, lambs
were weighed and slaughtered.

Some selected tissues were saken for chemieal and radio-calcium assay.
Since *Ca is a low energy beta emitter, and for eliminating the problem
of self absorption, the standard solution samples for plasma, ash golution of
soft tissues, bones and feces were prepared and counted as reported by
Thomas et al. {1952). The radioactivity of samples was measured using a
thin mica end window counter tube and scaler.

3. Caleium determination. :

To get xid of phosphate ions calcium: solutions of biological material
samples were managed as the AO.AC. (1955). Calcium detexrmination in
the ash solution of biological materials, urine and in plasma was carried
out using EDTA  (Ethyleng diamine tetra acetic acid) and ammoniwm
purpurate indicator as deseribed by Greenblatt and Hartman (1951).

4, Calculation =

All radioisotope values, except those for excreta, were calculated to an
equivalent body weight hasis and corrected to percentage of retained radio-
activity, thus permitting the measurement of the comparative. behaviour
of the activity absorbed by lambs’ body. Endogenous fecal caleigm, true
availability and caleium maintenance requirements were caleulated as

stated by Hansard ez al. (1957).

Results and Discussion

15Cq éxcretion end refention :

The average urinary #Ca cut put for normal and supplement lambs
_were about 2.48 and 2.30 times as that of the deficient animals. The averages
of #Ca out put in feces of the previous two groups of lambs were about L11
and 1,68 times as that of the deficient ones. s59Ca percentage excreted in
{eves of lambs was more than that oxereted in urine as shown in table (1).

'(f[il;gze} resulis are in good agreement with those obtained by Hansard et al.

7.A.R. J. Anim. Prod, 11, No. 2 (19713



108 . ' I. M. BL-GINDI BT AL.

TABLE 1.—CUMULATIVE RADIOACTIVE CALCIUM FERCENTAGE EXCRETED
IN FECES AND URINE OF LAMBS DURING 7 DAYS BALANCE TRIAL PERIOD.

! FECES URINE

Hours after
injootion | 1\ feient | Normal | Supplemsonted | Defioiont | Normal | Supplemented
% % TR % % | %

24 4.06 | 5.06 | 10.37 0.07 | 0.27 0.31
48 | 6.82 | 7.92 | 13.66 0.13 | 0.45 0.45
72 8.60 | 9.93 | 15.83 0.18 | 0.57 0.54
96 9.73 |10.94 17.45 0.23 | 0.66 0.61
1290|1043 |11.69 | 18.10 0.27 | 0.73 0.67
144 [10.97 |12.19 | 18.59 0.31 | 0.78 0.72
168 |11.23 |12.40 | 18.96 0.3 | 0.8 0.76

The total radicactive caleium percentage excreted in both feces and
urine was 11.57, 13.31 and 19.72 in case of deficient, normal and supplemiented
lambs respectively. This means that the radioactive calcium percentage
rctained at 7 days after administration was equal to 88.43, §6.69 and 50.28
in the previous group of animals respectively.

Tt appeared that the retention of caleium eppears 1o he related to the
body tequirement, for it increases in the depleted ammals. These results
are in harmony with those obtained by Henry and Kon (1933},

True availability of Celcium and meaintenance requirement :

The results obtained from concurrent chemical and radioactive ealehum
studies for true availability of caleium and maintenance requirement are
shown in table (2).

Caleium deficient animals “excreted the highest percentage of calcium
from the body stores, being 72.36%,. The total fecal caleium excreted from
metabolic sources increased in lambs maintained: on the highest caleium

“diet being 14.698 gm. this is in agreement with the vesults of Mitchell and
Curtzon 1939}, It can be noticed that the high endogenous fecal calcium
loss in the normal lambs (0.645 gm/day)} tended to mas the true availability
value (5.659%). These resalts further illustrate the ability of the growing

U.A.R. J. Anim. Prod., 11, No. 2 (1971).
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lambs to adjust their metabolic losses according to the dictary calcinm
available from both endogenous and exogenous sources, either by increasing
absorption or by more retention of that calejam normally absorbed and
reexcrcted into the gastrointestinal tract.

TABLE 2.—CALOIUM BALANCE FOR LAMES MAINTAINED ON DIFFERENT
: DIETARY LEVELS OF CATCIUM,

Ttem ) Defigient Normal . Supplementsd

Caleium content in-the ration (%). . .| 0,018 1.224 1.71
Daily calcium intake (gm).. . . . . .| 0.084 12.248 17.133
Daily fecal caleium excretion {gm} . .| 0.076 12.199 14.698
Daily urinary calcium excredion (gm). 0.020 0.027 0.032
Apparent availabitity (%), . . . . ., 9.87 0.378 14.28
Calcium balance (gm). . . . , . . . . —.012 40,019 +2.403
Total 40 exeretion (9 of doss) . . . 11,57 13.31 19.72
%(a retained at 7 days after dosing (%) 88.43 86.69 80.28
Endogenous fecal ealeium (%, of total).] 72.36 5.8 3.47
Endogenous fecal calcinm (gmafdayy. .| 0,055 0.645 0.511
True availability (%) .. . . . . . . 75.00 | 5.65 17.20
Calculated caleium requirement for-

maintenance (gm/day). . . . . . . . 0.076 11.416 2.97

True availability of caletum from clover hay plus calcium carbonate
tended to be higher than that from clover hay alone.

This may be due to the presence of ealcium binding-substances in hay
that decreased the availability of absorption. Hansard et of, (1957), stated
that ground limestone and caleium carbonate as somrces of caleium were
intermediate between hone meal and hay.

It can‘be concluded that the value of a feed as a source of caleium
deperids not only upon the calcium content, but also on the availability of
calcium which can be used by the animal.

It is of interest to notice that the requirement of calcium for mainte-
nance al the various levels of dietary ealetum intake varied with the nutrition-
al status of the animal, This requirement was closely associated with the

ability of the animal to adjust its endogenos losses to its mineral intake level
as shown in table (2). :

‘UAR. J. duim, Prod., 11, No. 2 (1971).
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Total calcinm and *Ca in the plasma :

The average plasma calcium values were 10.65, 8.63 and 5.83 mg/100ml.
for deficient, normal and supplemented lambs respectively. These results
are in harmony with Yasseen (1958} whe found that the plasma caleium
valge was the highest in the deficient animals and it was the least in the
supplemented ones.

The *Ca uptake percentage by plasma of deficient, normal and supple-
mented lambs are shown in Figure (1},

Data for the 24 up to 168 hours period were analysed using the proce-
dure of Conrad and Hansard (1957).

The following exponential equations were found to represent radio-
caleium disappearance from the plasma from 24 up to 168 hours after dosing

Deficient lambs O(t) 100 & 00177
Normal lambs C(t) — 100 o0 0157t
Supplemented lambs C,, - 100' g0 0138

Were Oy is the uptake percentage of the injected dose in the plasma
at time (&)

The turnover rate for radioactive ealcium caleulated by the formula
established by Thomas et al. {1952), showed that the plasma radicactive
caloinm in the deficient lambs disappeared faster than that of both normal
_and supplemented lambs, It can be noticed that approximately 1.77, 1.57
and 1.15 percent of the plasma calcium (measured as 43Ca) left the blood
streamn per hour in deficient, normal and supplemented lambs respectively.

Since the plasma. calcium level remained constant, an amouant of caleium
equals to 1.77, 1.57 and 1.15 persen of the plasms caleium returned. from
the extravascular calcium per hour,

Total calcium and “Ca in differens tissues :

In generel the caleium content in the different parts of the hody was
affected by the dietary caleium level, being the least for the deficient lambs
and the highest for the supplemented ones as show in table {3).

Statistical analysis showed that the differences were insignificant.

There were differences in “Ca concentration in the different tissues,
but slight variations were observed among the different groups. The bones,
especially the shafts contained the highest amouvnt of caleium ; they are the
main organs controlling the calcium storage in the animal hody. '

U.A.R. J. Anim. Prod. 11, No. 2 (1971).
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In this connection Hansard and Plumlee (1954), found little differences
between groups of rats in radioactive caleium percentage retained by the
various bones and soft tissues. They added that a higher percentage of the
**Ca dose was absorbed by rats on the lower calcium diet.

TABLE 3.—THE EFFECT OF DIFFERENT DIETARY CALCIUM LEVELS UPON

CALCIUM CONTENT AND 4‘503 UPTAKE PERCENT IN SELECTED
LAMBS TISSUES.

Deficient Normal Supplemented
Tissue —

(la* 45 Ca Ca 45 Ca Ca 45 Ca

Content | Uptake% | Content Uptake% | Content Uptake9)

Liver . . . . . . 0.0887 2.15 | 0.1078 2.06 | 0.1082 2.75
Kidney oowow oo 6:0811 2.64 | 0.0560 3.10 | 0.0594 2.42
Brachialis muscle .| 0.0192 2.69 | 0.0196 1.23 | 0.0256 | 1.84
Gluteus mmuscle . .[ 0.0182 2.66 | 0.0220 1.24 | 0.0206 | 1.41
Tibia-bone head . . 11.8300 | 953.0 |[15.8930 | 462.0 18.2220 |422.0

Tibia-bone shaft . . [27.6740 ! 961.0 [30.2700 | 227.0 (35.6020 [270.0

* mg Cafgm frosh tissue.
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