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Summary

CrzOs was found to be very effective in correcting the daily variations in the excretion of dry
matter, Ca, Mg, and P in rabbit faeces. It can shorten the length of a balance experiment by
50%. We have an idea that a considerable part (about 50%) of the total P retained is in-
corporated in the organism so quickly that it cannot be observed with the intravenous radio-
active tracer method.

The excretion of the endogenous faecal P amounted to 20 mg pér day. No significant diffe-
rence was found between the apparent and the actual abserption coefficient of P.

The exchangeable P pool of the organism amounted to 690 mg. The experiment results should
be subjected to detailed biometric evaluation,

Samenvatting

Cr203 bljkt goed bruikbaar voor correctie van variaties per dag in de uitscheiding van droge
stof, Ca, Mg en P via de faeces van het konijn. De duur van de balansproef kan hierdoor met
50% worden bekort,

De indruk bestaat, dat een belangrijk deel (* 50%) van het totaal geretineerde P zo snel
wordt ingebouwd in het organisme dat met de intraveneuze radio-actieve tracer methode dit
niet wordt waargenomen.

De endogeen faecaal uitgescheiden hoeveelheid P bedroeg 20 mg per dag. Er bleek geen signi-
ficant verschil tussen de schijnbare en werkelifke P-absorptiecoéfficiént,

De uitwisselbare P-pool van het organisme bedroeg 690 mg. Een uitgebreide biometrische
evaluatie van de proefgegevens is gewenst.

Introduction 1.

The importance of more thorough P
research is underlined by attempts to
rationalise and restrict P feeding to
livestock because of local surpluses of
phosphorus originating in the manure,
and hence a possible danger to the

How can the daily variability in P
excretion in the faeces be corrected
so that reliable and reproducible
data may be collected in a short
experiment of less than 10 days?
The variability itself is primarily
related to changes in the rate at

environment, One conceivable remedy
would be to reduce the P level in the
feed to below the accepted standard and
then to stimulate P absorption artifi-
cially in such a way that the phosphorus
requirements with respect to mainte-
nance, growth, and production would
still be met. A report on such an arti-
ficial corrective measure will be pu-
blished in another connection (7).

The present study is concerned with two
questions:

which P passes through the aliment-
ary canal.

2. How are we to interpret the results
obtained after oral or intravenous
administration of sodium (32P) or-

thophosphate (Nag32P0,) to a
healthy rabbit on a normal diet?
The investigators have based their

search for the answers to these questions
on the belief that the most reliable in-
formation would be obtained by a com-
bination of the classical (chemical)

#) At the time of the experiment Dr. J, M. van Leeuwen and Mr. J. W. van Riel worked at
the "Hoorn"” Institute for Livestock Feeding and Nutrition Research. Dr. van Leeuwen is
now attached to the Central Veterinary Institute, Rotterdam Branch, and Mr. van Riel
to the Animal Physiology Laboratory, Amsterdam University,
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balance method with the modern {phy-
sical) tracer method. The classical
method alone provides an incomplete
picture of absorption from the intestine
and excretion in the faeces and urine.
The endogenously excreted P fraction
and the exchangeability of P in the P
pool of the body are quantities which
can be measured with aradioactive
tracer but which clude observation by
the old methods. This new information
increases our knowledge of the physio-
logy of P.

Set-up and feeding

The concentrated feed consisted of
equal parts of coconut flakes, linseed
meal, barley meal, and maize meal, to
which extra minerals (1.5% CaCOg,
0.4%% NaCl, traces of CuSO; and
CoSQy,, but no extra phosphate) and
chromium oxide had been added. The
total dry feed mixture contained 0.54%
P, 0.81% Ga and 0.50% Cr;O5. The
animals each received 80 g of this feed
per day, mixed with 140 ml water to
form a thick mash. The amount of
water they drank was measured.

The animals were kept in wire cages;
their faeces and urine were collected
separately (7).

Two rabbits were used for the chro-
mium oxide correction experiment (in
August 1971), and four for the isotope
experiment {in October 1972); all were
Viennese rabbits, does, and nearly
adult.

The chromium oxide correction experi-
ment covered a preliminary period of
11 days, followed immediately by a
10-day experimental period.

During both perieds each animal receiv-
ed 400 mg CrpO3 a day, mixed in its
food, and daily balances were kept. In
the faeces collected during the prelimin-
ary period, only CrsO3 was determin-
ed, while in the faeces collected during
the experimental period Ca, P, and Mg
were also determined.

The isotope experiment involved a
changeover: two rabbits each received
84 uCi 32P in the form of Nag32POy,
mixed in their food one on day 0, and
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two other rabbits were administered the
same amount of 32P intravenously (into
a vein in the ear) at the same time at
the start of the experiment. After a
week the treatments were reversed. The
results of both treatments could be com-
pared within one group of 4 animals
by plotting startpoint and change-over
time to the same moment, Observations,
which consisted of analysis of blood,
urine and faeces samples, were stopped
after a fortnight.

' Analyses

Chemical analyses were made by means of
standard “Hoorn” methods, as described in
other publications (Annual Reports of the
”Hoorn” Institute for Livestock Feeding and
Nutrition Research).

¥For the determination of 3P, the Cerenkov
effect in an aqueous medium was used
(4). Measurements were carried out with a
Beckman Liquid Scintillation Counter (LS-
150). To calculate efficiency, specific activity,
and balance results, a computer belonging to
the Agricultural University, Wageningen, was
used,

Notation

The rate of change of the specific activity of
3P in blood plasma (R} is represented by
the formula {4):

-at —azt
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Rs = 4d,e + dae
The endogenous faecal P fraction (v;) is cal-
culated by means of the following formula
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in which Rp]’::(] is the quantity of 2P ex-
creted in the faeces between 4B and 120
hours after the injection of 32P. A check en
the result of vy is obtained by means of the
following equation, ¢1 being 48 hours and #o
being 120 hours:

#2p in wrine _ P in faeces

P in urine ]
I

This check gives very satisfactory results.

The pool of exchangeable phospherus and the
quantity of phaosphorus absorbed from the
pool per time unit (z,- ) in the organism is
calculated by means of the following formula

(1): e
.‘?]t = P.plE) + v Fit)de
£l A ,
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in which R,: is the total quantity of #P
present in the body for instance at t1 = 48
hours and & = 120 hours after injection.
This produces two simultaneous equations
with two unknowns. The quantity of P ab-
sorbed per time units {v,) is calculated by
means of the formula:

v, T e, = +
a T vr b

L

The meaning of these and subsequent abbre-
viations is given in Table 3.
The actual absorption coefficient of P, (o),
can be obtained as follows:

<

a =

e

The apparent absorption caefficient of P, (al),
equals:

The balance yields 4 = v; - (», + v.) Y
The endogenous excretion of P in the intes-
tine (vd) is calculated by means of the fol-
lowing equation:
”f = v d'( 1= a).

Results .
1. Use of Cr203 to correct the daily variabi-

lity in P excretion in the faeces
Table 1 shows that correction by CryOy
reduces by 3 to 5 times the daily varia-
bility in the excretion of the faeces, on
the basis of air-dry matter, and of the
quantities of P, Ca and Mg excreted in
the faeces,

It can be seen from Figure I that the
duration of a P balance can be shortened
by 4 to 6 days (on average of 5 days)
with the CrsQOs corrective. Without
correction the experiment would have
to last more than 10 days to produce
reasonably constant results. These con-
clusions apply also to Ca, Mg, and air-
dry matter, but this aspect will not be
dealt with further in this paper. The
correction is obtained by multiplication
of the quantity actually excreted by the

C,0j in the food

C5O;3 in the faeces

of equal units of weight per unit of time,
The reliability of the CryOjz corrective
is partly explained by the high recovery
of CryO3 (100.5% on average) after an
ll.day preliminary or adaptation
period (Table 2).

Figure 2 shows that a constant excretion
level of CryOg3 in the faeces is achieved
after only 6 days.

factor on the basis

2. Results obtained after oral and intrave-
nous administration of NasPOs to
healthy rabbits on a normal diet

Figure 3 represents the average rate of

change of radioactive 32P in the blood

plasma of four rabbits over a period of

340 hours after oral or intravenous

administration of 84 aCi Nazg32PO,.

The specific activity of 32P as a per-

centage of the dose is shown logarith-

Variation coefficients (%) of the daily excretion of air-dry matter, P, Cu, and Mg

in the faeces of rabbits I and Il during a 10-day experiment.

Table 1.
air-dry
matter
I II
without CreQO3 sorrective 16.5 292
with Cr203 corrective 3.3 6.4

P Ca Mg
I 11 1 11 I 11
169 308 163 295 16.7 30.4
5.7 6.1 3.3 6.1 4.3 6.2

Table 2. CreOs excreted in the faeces by rabbits I and II, in % of the intake.

11day preliminary period
10-day experimental period

rabbit
I II X
89.6 72.3 81.0
103.7 97.4 100.5
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Table 3.
Chief parameters of the P metabolism of four young rabbits calculated per rabbit per day.

v, =P intake in food (mg) 428

vF . = VP excretion in faeces (mg) 341

v, = P e_xcretion in urine (mg) 25

a!' = apparent absorption coefficient of P (3} 208
a = ac:l_.lai ahsorptioﬁ coefficieant of P () 25*
val =P absorPtian frpm food (mg) IOTh
a2 =P reabs;orption after absorption, circulatien and endogenous

excretion (mg) 7

vy = endogenous P excretion in intestine (mg) 27

b_f‘ = endogenous P excretion in faeces (mg) 20

4 = total P retention i:y the organism (= P balance) (mg) 62°¢
Vou - P retention in the organism, measurable by blood *2?P (mg) 29¢
UT_.: Vf + v, + Vop = measurable P excretion from exchangeable P pool (mg) 74

p = magnitude of exchangeable P pool {mg) 690

a. The difference is insignificant; b. Variation coefficient = 12%;

c. The difference is significant P <0,05,

mically on the y-axis. It is noticeable
that after 50 hours already the decay
curves are running parallel. Before that
time the decan of z,FP in the blood-
plasma after oral administration is
tound to become constant approximately
one day earlier than after injection.
Possibly inorganic 32P is “incorporat-
ed” into the organism ‘through the in-
testinal wall more quickly than when it
is injeécted intravenously into the blood-
stream. Figures 4 and 5 represent the
cumulative excretions in faeces and
urine of 32P as percentages of the dose.

These figures show that 14 days after

oral administration 69% of the initial
dose of 32P had left the rabbits’ bodies;
the corresponding figure after injection
was 43%. At that point the rabbits that
had received an injection contained
nearly twice as much radioactivity as
those that bad received an oral dose of
the same quantity of 32P,

Table 3 shows the results of the experi-
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ment in which 32P was administered
intravenously to four rabbits, together
with the balance data.

The experiment in which 32P was ad-
ministered orally was not taken into
account in the calculation of the para-
meters in Table 3. Figure 6 is a chema-
tic representation of the results given in
Table 3.

Figure 7 shows how the inorganic P
content of blood plasma varies in a
single rabbit after blood samples have
been taken at different intervals (minu-
tes and hours). This observation was not
made during the isotope experiments,

Discussion.

1. Since the isotope experiments des-
cribed above should preferably be com-
pleted within just a few days because
of the swift biological and radioactive
decay of the isotope, it is absolutely
essential to use a means of correcting
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Fig. 1. Effect of CraOs correction on the average excretion of P per animal per dag in the

faeces of two rabbits, represented per balance period of increasing number of days
(from 1 to 10).

#

the daily variations in the excretion of
minerals in the faeces and urine.

Once a good corrective such as CryOg
has been found, it is vital that an ade-
quate preliminary period (at least 6
days) should be allowed, so that con-
stant and maximum recovery (100% in
this case) is achieved. Although the
need for this correction is self-evident,
it is in fact very often omitted; this can
lead to seriously inaccurate results.

2, Figure 3 shows that oral admi-
nistration of 3ZP results more quickly
in a constant decay of the specific acti-

vity in blood plasma than does intra-
venous injection. Nonetheless, the oral
isotope experiment was not taken into
account because of the lower level of
radioactivity in the blood, and because
it may be assumed that the absorption
coefficient of inorganic P cannot be
compared with that of organic P in the
food. In the intravenous injection expe-
riment a very small quantity of in-
organic radioactive P is injected into the
blood, which normally contains an
excess already of inorganic nonradio-
active phosphorus,
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Fig. 2. Excretion pattern of CraQOga in the faeces of two rabbits receiving 400 mg CRaOs
per day in their feed.
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Fig. 6. Schematic representation of P metabolirm in the rabbit (mg per rabbit per day).
See Table 3 for the meanings of abbreviations,

This provides a reliable experimental
model. The fact that unknown factors,
such as stress, may cause fluctuations in
the inorganic phosphorus content of
bloed plasma (Figure 7) does not
prevent the decay curve of the specific
activity of 32P in the blood plasma
from having a constant rate of change
(Figure 3). This is understandable if it
is realised that specific activity is the
ratio between radioactive and nonradio-
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active P. Since the above fluctuation
quickly dies away, it is probably of
only slight significance for the evaluat-
ion of the other results, To make certain
however, blood samples should not be
taken too frequently at the beginning of
the isotope experiment.

This experiment also shows that there
is no significant difference between the
apparent and the actual absorption
cocfficient. The endogenous faecal
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Fig. 7- Fluctuations in the inorganic P content of blood plasma in the rabbit, blood samples
taken at various intervals.

fraction (ov,)} in fact constitutes hardly
5% of the total P intake (2, ).

Part of the total P retention was found
not to be measurable by the isctope
method (the difference between & and
v,+ = 33 = 8 mg). This can be ex-
plained by the direct retention of P
absorbed in the intestinal wall and
other internal organs, partly outside the
peripheral circulation.

For a precise biometric evaluation of

the experiment results, the method of
calculation used by us must be compar-

ed with other methods based, for in-
stance, on compartment systems (1, 5,
6), which are evolved by computers
using simulation techniques. To do so
would far exceed the scope of this
article. Our method of calculation
is a slightly modified version of that of
Bauer & al. {2, 3). It is simple and
capable of a physiological interpretat-
ion. The compartment model is difficult
to interpret in physiological terms, es-
pecially in respect of P metabolism,
since P has a general function and
occurs widely in the organism.
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