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METABOLISM OF %P IN POULTRY
By

R, Asou-Husseiy, M. A, Rasgar, LM, EL-GINDI
AND M.S.M. Samy*

Experiments wers conducted o determine the rate of uptake and
distribution of intramuseudarly  and intraperitoneally administered
sIp by cocks that had previously received phosphorus defisient and
adequate dicts. These studies indicated that the inorganic phos.
Phorus in plasmu was highly significant affected by its Ievel in the
diet. Tt was found that phoaphorus level in the diét had very slight
effect on its level in the soft tissues ond organe tending to be the
highest in the supplemoned group and the least in the deficient one.
The level of distary phosphorus affacted its content in ‘bones, Bones
in the supplementod group contained the highest levol of phosphorus
while that of the deficient ono contained the least. The resuita of
these experiments showed that the order of distribution of 22p among
tissues and organs of cach group was not affected by the dietary
phosphiorus level. The mode of injection viz,, intramuseularly and
intraperitoneally had na effect on the distribution of #2p among
tissues and organs. OF the soft tisgues tested, the liver contained
tho greatest amount of P followed by the kidreye heart muscles apd
obthers, with the brain contsiving only very small amounts, These
data indicatod that the tissucs and bones of the deficient Lroup
ratsiued gonerally movte --P thap those of the other twoe groups, and
those of the supplemented one retained the least. The standard
specific activities of most tissnes and organd tended o be high at
times soon afier tracer administratinn and then dectined gradually
thereafier, while that of bones increased at Iater timos after injection.

Recently, the production of artificially radiocative phosphorus  (*2P) has
furnished a new expermintal approach of phosphorus metabolism. Inous
et al. (1950) observed that =P was most aboundantly by mice in bones, liver
and blood, while the small intestines, spleen, kidney, testes and muscles con-
tained minute amounts, Smith et af, {1951) found that the rate of P uptake
by swine tissues decreased in the following order : bile, liver, kidneys, thymus,
Iymphnode, heart, spleen tongue muscle, lung, stomach (smooth) musecle,
gastro-cnemius and hiceps (skeletal) muscle and brain, Rosenfeld and
Inoue (1950 Beath 1952) fumnished a new expermintal approach of phosphorus
metablishm. Pointed out that the rate of P uptake by adult rabiis tissues was
bility of the cells to Phosphate jon. Freeksen and Meissner (1953) found
that the activity of 2P in rabgits, blood decreased exponentially with the lapse
that the activity of P in rabbits, blood decreased expontially with the lapse
of time up to 10 days after injection. After intravenous, intrapleural or
subcutaneous injections, the curves were similar in the shape, but after oral
administration the activity in the blood reached its maximum only after
the lapse of 2—3 days and then decreased, Their results showed little effect
due to the route hut a definite effect due to the lapse of time. Smith
et al. (1951) observed that the rate of **P uptake by turkey tissues was greater
in the liver than in the kidneys, heart, spleen, lungs, gastrocnemius and brain.
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Material and Methods

Thirty six Rhode Tsland Red coks of about one year old were experiment-
ed on. They were dividen into equal three groups. The first group received
a ration comiaining the normal level phosphorus (0.6 gm phosphorus per
cock daily) recommended by Morrison (15). The second group (supple.
mented one) was given the previous ration plus phosphate salt (to cover
three times phosphorus requirements of cocks. The third group (deficient
one) was fed on yellow corn alone which covered only half of phesphorus
requirement of cocks. Water was supplied ad Iibitpm, The composition
of the diet of the three groups are given in the following ; '

Criteria I Group ( 'Gr?lup ‘ G%:p
e II (T || 35 S

Corn graing o/ . = R l 20 20 100
,Barley'%............. 20 20 e
Wheat: bram oF . oo L e Rt 20 20 e
Ricebr:m%..‘......,... 20 20 I
Undecorticated cottonseed cake % ., . 20 20 —
Quantity of the rationfsock daily gm. 160 100 100
Phosphorus per cock daily om. .

0. 621 1.821 0.301

e S

Twe months before administrating radioactive isotope, the cocks were
individually caged. On the sixty first day, immediatyl alter the first feerl
niake, each cock in the three groups was injected with 20 Me 2P Jabeled
sodium phosphate. Six eocks in each group were injected intramuscularly
and the ethers intraperitoneally. Twe cocks from each group but differing
in the site of injection were killed and bled to death 2 6, 12, 24, 48, 72
and 96 hours after injection. Blood was collectod and some tissmes were
taken for radicactive assaw and chemical determination, The iujectoin,
precaniions, and teehniques involving the radicaetive material were carried
out according to Comaxr (1955), and Hansard ez al. (1951).

Radioactivity was counted using Geiger muller ecounter, Preparation
of samples of plasma for counting was earried out as reported by Kamal
and Cragle ( 1962).  Organs and tissmes were prepared using the method of
Smith e al. (1951), The samples used for radioassay wore wsed also for phos-
phorus determination, The method of Fiske and Sabbarow (1925) was used
for phiosphorus estimation. The ealenlations of radicactivity were carried
ont according to Hevesy (1948), Sacks (1953), Comaxr (1955); and Overman
and Clark (1960). Snedecor’s book (1959) was consulted for statistical
analysis,
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Eisulis and Discussien

1. Radioactive and inorgenic phosphorus in plasma :

The results indicated that there was no effect for the route of injection
on the course of the standard speceific activity (S A.) of plasma during the
diffexent intervals afier injection. This is in agreemient with that abtained
by Freerlizen and Meissner (1953) with rabkits. It can be noticed fromi table
(1, 2) ihat the dietary phosphorus level had a significant effect on phosphorus
concentration in the different parts of the body, being the lowest in the
deficient group and the highest in the supplemented one. The average
plasma phosphorus was 5.37, 6.87 and 3.89 mg/ 100 ml plasma for the
cocks fed on the normal, supplemented and deficient ration respectively.
Three were highly significant differences between the mormal group and
either the svpplemionted or the deficient one. These results ave in  good
agreement with those obtained by Abou-Hussein et ol. (1968) with rams,
Eeeson et al. (1944) with lambs, Gibson ez al. (1950), and Tillman et ol.
(1959) with eattle.

2. Phosphorus dissribution :

It can he veen from Table (3) that phosphorus level in the diet Lad a
lightly effeet on its lovel in the soft tissues and organs, tending to he
the highest in the supplemented group and the least in the dificient one.
These findings are in good agreement with those of Schinieider and Steen-
gock (1939) with rats, and Tillman et al. (1959) with cattle. Tn this connec:
tion Hansard and Plumlese (1954) reported that soft tissues are apparently
maintained when necessary at the expenss of bone minerals. The equili-
brivm existing between bone and soft tissues would probably require complete
Lone depletion hefore these tissues would materially be affected. Tt cam
he observed that therfe was a marked effec of dictary phosphorus on iis

Yery

content in bones. The supplemented group contained the Lighest lovel of
phosphorus while the deficient sne contained the least, The results indicate

1

tHint the phos;
L. - 7 . T Fego [ ¥ . 7 & .
e opi m the different groups. These results are in agrecment with
il

thosa Hc.mﬁ{ﬂ_i"y Rosenfeld and Beath (1952) with rates, Smith es g, (1951)
with swine, Smith et o, (1955) with sheep and Smith ez of. (1956) with turkeys.

3. Radioactive phosphorus retention :

It was observed that the deficient group generally retained more 3P
than the other two groups while the supplemented one retained the least.
These resulis ars gimilar to those Foumd by Allam (1966), Hansard and Plumlese
(1954) with #*Ca on rats and Abon in et ol, (1964) with *Mn on rams.
Ihe retention of P by bones was affected by ihe level of phosphorus in the

= gy + - ' s . -
diet. The phosphorus deficient growp retaimed more P in tissues organs,
and bones than the normal ous, while the supplemented group retained the
least. This adaptation may be mediated through the postulated active tran-
sport systen.

LY
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80 E. R. M. ABOU-HURBBEIN et al.
TABLE 1.—RADIOACTIVE AND INORGANIC PHOSPHORUS IN PLASMA OF OCOOKS
PED ON NORMAL AND SUTPLEMENTED RATIONS
Normal group suppiemented group
Hours |7,
_ adter Tnorganic D Inorganic ) ;
injection)  p 100 up bpecifie |Standard| p mysigp | %P |Specific |Standard
ml. Uefml, (aetivity | 8.4, ml. Ue/ml. |activity B.A.
8 5.33 0.00748; 0.1403| 9.298 7.03 0.0{}206| 0.0293| 2,080
12 5.68- 0.00358| 0.0648 4.130 7.01 0.00?93| 0.1131; £.486
24 5.04 0.00362| 0.0647 3.680 6.75 0‘00249| 0 ‘D3GE}| 3.137
48 4,93 0.00304| 0.0016| 3.838 6.28 0.00246 0.0361|I 3.194
72 5.00 0.00320] 0.0640| 3.348 6.88 0.00162| 0.0235] 1.924
26 6.10 0.00176| 0.0288| 2.040 6.86 0.00099 0‘014:4} 1.428
TABLE 2.—RADIOACTIVE AND INORGANIC PHOSPHORUS IN PLASMA COCKS
TED ON WORMAL AND DEFICIENT RATIONS
Normal proup Deficient group
Hours ‘ |
in;i:?il;m i[)nf;‘g?lrgg ap sepecific Htandard IPMI;E'I;;:)% 2P |sepecific |8tandard
i, Ugml, |activity 8.4, ml. | Uejml. |activity | 8.4,
8 5.33 0.00748| 0.1403) 9.296 3.92 000567 0.1416‘ 14,865
12 5.68 0.00368| 0.0648 4,130 4.02 0.00704| ©0.1751 14.009
24 5.04 0.00326| 0.0647 3.660 3.95 0.00311) 0.0787 7.209
48 4.83 0.00304{ 0.0616] 3.836 3.91 0.00188| 0.0483] 4.871
Y2 5.00 0.00320| 0.0640;  3.348 3.82 | 0.00228| 0.0597; 7.018
96 6.10 0.001%5!  0.0258 3.87 | 0.06985 7.312

2‘040:!

L 0,00270]
4 |
1 I

U.AR. J. Anim. Prod., 11, No. 1 (1971).
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TABLE 3.—PHGSPHORUS CONTENT IN TISSUES AND ORGANS OF COCKS
FED ON RATIONS CONTAINING DIFFERENT HOSHORUS LEVELS

mg. phosphorus/ gm. fresh weight

ITEM
Normzl [ Supplemented Deficient
Pectoral muselo . i i 2.19 ‘ 2.31 %11
Gastroenemius muscle . . . | . 1.85 1.90 1.72
Kidneys 2.40 | 2.58 2.34
Liver 2.78 i %.87 %.63
Testes S S 1.B7 J 1.64 1.38
Heart, . . ., . .. ... . . | 2.06 2.16 1.95
Spleen : 2.69 2.90 2.53
Bile . / 1.75 ; 1.89 1.55
Femur :
Epiphysis o 8814 | 50.75 21.34
Diaphysis ; |J 75,92 1 80.34 68.75
1

4. Radioactive phosphorus distribusion :

The results indicated that the level of dietary phosphorus did not ifluence
the distribution of P among tissues and organs. Moreover, the mode of
injection viz. intramuscularly and intraperitoneally had no effect on the
radivactive distribution. Tn this connection, Havesy (1948), Rosenfeld and
Beath (1952) reported that the uptake of phosphorus by a particular tissue
may depend upon the permeability of the cells 10 phosphate ion. Some
tissues, notably the liver, Kidneys, heart, spleen; showed a rapid uptake rate;
while others particularly the testes, and gastrocnemius and pectoral muscle
showed much slower rate (Figares 1—3). Within the three groups, the
tissues can be arranged generally in the following order of decerasing radicac-
tive phosphorus uptake rate : bile, liver, kidneys, heart, spleen; testes; gastrs-
enemius muscle and pectoral muscle. It can be noticed also that P uptake
by these tissues was the highest in the deficient group and the lowest in the
normal one. These results are in harmony with those found by Cohn
and Greenberg (1938) with rats, Smith et al. (1951) with swine, Smith et al.
(1955), and Abou-Hussein ef al. (1968) with sheep.

O.A.R. J. Anim. Prod., 11, No. 1 (1971).
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