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ABSTRACT

A study on the excretion dynamics of urea nitrogen (NU) in endogenous urinary
nitrogen (EUN) was carried out on 350 male Wistar rats in 14 age groups (k = 14), ranging
from 23 to 273 days, with an average body mass (SB) from 39 to 446 grams. The rats in
each k — group were randomly assigned to one of five subgroups, differing in the duration
of the protein - free diet (PFD) feeding, t=3, 6,9, 12 and 16 days. Urine for EUN and NU
determination was collected during the entire experiment.

The age of the rats (k) was found to have a significantly greater influence on the
concentration of NU and EUN than the duration of the PFD feeding (t). The interaction
of k -t was significant, The proportion of NU in EUN increased distinctly in successive
t periods to age of about 80— 100 days, after which it rose only slightly in older rats.
A distinct drop in the proportion of NU in EUN was seen between the period of 3 and 16
days of feeding the PFD.

NU excretion (mg) as a function of urinary EUN excretion (img) and duration of the
PFD feeding described by the linear multiple regression equation after transformation to
power form is given below:

NU = 0.27- EUN!IS7 - ¢0.185 (1)

Dhily urea N excretion (NU,) was highly correlated with body mass (§By). increasing with
age and decreasing with the duration of feeding the PFD. This relationship describes the multiple
regression equation of which exponential transformation is given below:

NU =225.4 - SB,'-%3 (in kg) - 022 (2)

Equations (1) and (2) make it possible {0 obtain a satisfactory estimate of the amouni of endogenous
NU in the urine of rats fed for 16 days on PFD and the daily urca N (NU,) excretion on days | to 16
on a PFD, )

KEY WORDS: rat, endogenous nitrogen, urea, protein-lree diet
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INTRODUCTION

Urea is the main protein metabolite excreted in the urine of ureotelic
animals. Ashida and Harper (1961), as well as Schimke (1962a) demonstrated
that the amount of urea excreted in the urine of rats was a linear function of the
dietary protein level and its biological value. Schimke (1962a) also found that the
level of urea cycle enzymes in the liver increased linearly as the amount of dietary
protein increased. This fact is reflected in the amount of urea excreted in the urine
and its proportion in total-N which. in extreme cases, can even reach 98%. The
urea in urine from ammals fed protein-containing diets is derived from two
sources, urea from deamination of ingested protein and urea from catabolism of
endogenous proteins. In nutritional studies, endogenous urea has been deter-
mined rarely, usually only once, during the so called period of stabilized urinary
nitrogen excretion in humans and ammals given a protein-free diet (Smith, 1926,
Kiriyama and Ashida, 1964; Berdanier et al., 1967; Calloway and Margen, 1971;
Uauy et al., 1982),

Due to the lack of data in the relevant literature on the excretion dynamics
ot endogenous urea as influenced by either the age of the animal or duration of
feeding a protein-free diet, we carried out this study aimed at ascertaining the
effects of both of these factors on the quantitative relation between excretion of
urea-N and total-N in urine as well as between the excretion of urea-N and body
mass of rats in which total urinary N and body mass were a function of age and
duration of feeding protein-free diet.

MATERIAL AND METHODS

The experiments were carried out on 350 male Wistar rats assigned to 14 age
groups (k= 14) from 23 to 275 days, with an average body mass of 39 to 446 g,
respectively (Table 1). The rats were fed a protein-free diet to appetite for periods
(yof3,6,9, 12 or 16 days. Details of the experiment are given in previous papers:
characteristics of the rats and composition of the protein-free diet (PFD) are
given by Beza (1986); urine collection and total urinary-N content (EUN) by
Beza {1987). Urea and EUN were determined using Brown's method (1959) in
urine collected individually from each rat in successive periods of feeding the
PFD.

The proportion of urea-N (NU) in urinary EUN of each rat after 3, 6,9, 12
and 16 days of feeding the PFD was determined statistically using the linear
regression model, logy = a + blogx, and the multiple linear regression model,
logy = b, + b, log x, + b, log x, for the relationship NU (EUN, t} and for the
relationship NU, (SBy, d). i.e. the daily urea-N excretion (NU,) as a function of
body mass (SBy) and the day of PFD feeding (d).
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Bifactorial analysis of variance was used to evaluate the significance of the
effect of rat age (k) and duration of the PFD feeding (1} as well as the interaction,
k-t, on the proportion of NU in EUN. Statistical analysis was carried out
according to Bliss (1967, 1970).

RESULTS

The NU content (mg) and percentage of NU in urinary ELUN, expressed as
means SD 4 (calculated from 5 rats) during the five periods of feeding the PFD
in the 14 age groups of rats, are presented in Table t.

The coefficients of variation (CV %), calculated for mean NU (mg) did not
change with age. The mean CV’s% from the 14 age groups were 11.8%, 12.5%,
12.1%, 13.2% and 12.7%, fort = 3, 6,9, 12 and 16 days, respectively. The mean
NU percentage (Table |)indicates that the proportion of NU in urinary EUN of
rats increased more or less regulary in all of the periods of feeding the PFD up 1o
62 days of age; the mean %NU (for 5 periods) increased from 39.4% in
23-day-old rats to 64.5% in 62-day-old animals. With increasing age in older
rats, the %NU decreased in an irregular manner to, on average, a value of
61.5%.

Asthe duration of feeding the PFD increased, the % NU in EUN dropped in
a rather regular manner in the 7 youngest groups (29, 35, 39, 42, 52, 98 and
125-days-old). In the remaining seven age groups, changes in %NU (during
feeding the PFD), can be classified as random. A well-defined drop in the %NU
occurred in almost all of the age groups between the 3- and 16-day periods of
feeding. The difference between the mean % NU’s (from 14 age groups) for these
extreme periods amounted to about 7%.

Bifactorial analysis of variance, computed on the individual results of the
studied rats (n = 350), showed that the age of the rats (k), the duration of the
PFD (t)and interaction of k - t had a significant influence (P < 0.01) on the % NU
in EUN. The F-tests were: for variability k F. = 8633 > 228 atn, = 13, n,
= 280, for variability t F. = 23.27 > 3.4l atn, = 4, n, = 280, and variability
k-tF, =379 > 1.62atn = 52, n, = 280.

The relationship NU (EUN) in the urine of rats of different ages in successive
periods of feeding the PFD, describe the regression equations presented in the
Table 2. Analysis of variance in regression showed thad the b, coefficients did not
differ significantly among t periods (P > 0.05), but that the a, coefficients did
(P < 0.01) and decreased with the duration of PFD feeding. The D% coefficients
{(r? - 100), which ranged from 95.3 to 97.9%, inchcate how strongly the variability
of NU was related to the vanability of excreted EUN. The calculated slope,
common for feeding periods from 3 to 16 days, b, = 1.187 (£0.012) > 1**
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indicates that the rate of NU excretion increased not linearly when the excretion
of urinary EUN rose with the age of rats. The amount of excreted NU (mg)
decreased significantly (P < 0.05), however, when EUN excretion increased
during feeding the PFD.

Excretion of NU as a function of two variables, EUN and t, can be equally
well described by the multiple regression equation:

log NU = —0.5688 + 1.1866 (+0.0123) log EUN — 0.1854 (+0.0189) log t,
(1
where:
NU and EUN are expressed in mg, t in days; Sg = 0.0766; r, = 0.978**;
r, = —0.417** R = 0.983** ttest b, = 96.47** t1estb, = 9.81**; b/ = 1.0345;
b, = —0.1136.
The equaition (i) allows to make a close estimation of the amount of
excreted NU after a freely chosen time of feeding the PFD, up to 16 days.
The relationship NU (t). Equations describing this relationship were
calculated for each of the 14 age groups (k) using logarithms of means (Table 3).

TABLE 3

Relationship between endogencus urea nitrogen {(NU) in urine and duration of protein-free diet
feeding (1) in male rats of different age, calculated on mean values according to:
logy =a + blogx: {y = NUinmg; x == 3,6,9,12, 16 days}; n of means = 5 in each group

Age of
rats, a8, by + Sy t-tesl Se Ik
days (k)
23 0.8790 1 0.0431 0.8019 + 0.0461 b < I* 0.0262 0.9951
26 0.9995 +9.1405 0.8324 +0.1505 b <1 0.0853 0.9543
29 1.195240.0838 0.6551 +0.0897 b < 1* 0.0508 0.9730
35 1.6827 +0.0854 0.5877£0.0615 b < 1%* 0.0348 0.9840
39 1.8357+0.0851 0.4141 +£0.0912 b < 1** 0.0517 0.9344
42 1.8005 + 0.0840 0.4671 £ 0.0900 b < 1** 0.0510 0.9485
52 1.7871+£0.0531 0.6871 +0.0569 b<1* 0.0322 0.9899
62 1.7850+0.0618 0.7628 +0.0662 b<1* 0.0375 0.9897
78 1.9703 +0.0359 0.6953 4+ 0.0385 b < [** 0.0218 0.9954
98 1.9896 +0.0583 0.6888 +0.0624 b<1* 0.0354 0.9879
125 1.8633 £0.0265 0.7296 £ 0.0283 b < 1%% 0.0161 0.9977
158 21023+ 0.0878 0.6342 +0.0940 b < 1* 0.0533 0.9686
264 1.858010.0433 0.8753 +0.4640 b<1 0.0263 0.9958
275 2.0058 40.0392 0.7672+0.0420 b < 1* 0.0238 0.9955

Regression highly significant for P < 0.01

Regression lines non parallel Fyy, = 3.05 > Fy g = 1.99

Position of regression lines F, = 251.72%* > Fy 4, = 1.93
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Variance analysis in regression shows that the coefficients by and constants a;
differed (P < 0.05) among the age groups. The D% equalled 87.3 to 99.5%. It
was found that coefficients by, were neither linearly nor curvilinearly significantly
correlated with either rat age (r = —0.396; R = 0.420) or initial body mass (r =
= —0.307; R = 0.473). However, constants A, (A, = dloga,) were found to be
significantly correlated linearly with the age (r = 0.614*) and initial body mass of

rats (r = 0.827**). Using the derivative of function % from equation in

Table 3, the daily urea excretion NCIlJt ondays 1, 3,6,9, 12 and 15 of feeding
the PFD were calculated. @

The obtained amount of excreted NU, and body mass (SBy), taken from the
work of Beza (1986a) for the same rats, are presented in Table 4. The relative
NUy excretion, expressed as a percentage of excreted NU, and relative EUNy
excretion on the same days of the PFD feeding (taken from the paper of Begza,
1987), are presented in Figure 1. It can be seen that both curves fall almost in

@ 1 3 6 ° 12 15
DAY on PFD

Fig. 1. Daily endogenous urea nitrogen (NU,) and endogenous urinary nitrogen (EUN ) as per cent
of the excretion on the first day of protein-free feeding of male rats of different age (mean per
cent + SD)

parallel. NU4 excretion decreased mostly to day 6, reaching approximately 60%
of NU, excretion. On subsequent days of the PFD feeding, NUy excretion
decreased at a much slower rate, equalling about 47% NU, on day 15.

The relationship NU; (SB;) was calculated on the basis of the values
presented in Table 4 after logarithmic transformation. The regression equations
calculated for days 1, 3, 6,9, 12 and 15 of the PFD feeding along are presented in
Table 5. Statistical comparison of the slope ratios shows that the by coefficients
did not differ significantly, and the common coefficient b, for d from 1 to 15
equalled 1.0328 (+0.0421) did not differ significantly from 1. This permits the
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conclusion that the rate of NU, excretion in relation to body mass, which
increases with age, was constant within the limits of error, regardless of the
duration of the PFD feeding. The amount of excreted NUy, however, decreased
from 224.4 mg - SBy,,' *** on the first day to 1167 mg x SBg,, ' on day 15 of
the PFD feeding, i.e. it decreased to about 52% of NU,. However, the greatest
drop in NUj excretion occurred by day 3 to 77% and by day 6 to 65% of NU,.

The daily excretion of urea-N, as a function of two vanables SBy and d, are
equally well described by the multiple linear regression equation:

log NUy = 2.353 + 1.033 (£0.029) log SBy — 0.242 (+0.027) logd  (2)

where: NU, is expressed in mg; SBy in kg; d — day 1 to 15 on the PFD;
S = 0.0952; r, = 0940**% r, = —-0.308** R = 0.972*% ¢ test for
b, = 35.13*%** ttest for b, = 9.33*** b/ = 0.924; b, = —0.095.

Both this equation (2) and the equations given in Table 5 show that, in the
presented experiments, the principle factor atfecting decreased NU, excretion/kg
SB4!'-%3% was the duration of feeding the PFD.

DISCUSSION

In studies on the metabolism of endogenous protein in humans and animals
fed on protein-free diet, total urinary-N per unit of total or metabolic body mass
was predominantly determined. However, the excretion of nitrogenous com-
pounds, 1.e. protein metabolites, in urine has not been examined in detail.

The results of the experiment presented in this study deal with the excretion
of urea-N (NU), the main component of endogenous urinary nitrogen (EUN).
They showed that NU excretion was highly correlated with EUN excretion, rat
body mass (SB) and duration of feeding PFD for a period of up to 16 days. From
the equations describing relationship NU (EUN, t) {Table 2) and from equation
(1) it can be concluded that the rate of NU excretion increased significantly in
anonlinear manner (b, — 1187 = 1187 = 1**), when EUN excretion increased
with the age of the rats, in all of the periods of feeding the PFD.

The equations describing the relationship NU (SBy, d) (Table 5) and
equation (2} show that the rate of urea-N excretion (NU,), regardless of the day
of the PFD feeding, was constant within limits of error (b, = 1.033 > 1, non
significant), when SB, increased with the age of the rats. In addition, equations
{1Yand (2) show that the rate of NU and NU, excretion decreased significantly
during feeding the PFD, according to b, = —0.185 and b, =
= —0.242, respectively.

The nonlinear course of the relationship NU (EUN, t) suggests a nonlinear
increase the NU concentration in EUN with age and a nonlinear decrease of
%NU during feeding the PFD; % NU, computed using equation (1) increased
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over all of the periods of feeding the PFD, from an average 44% in 23-day-old
rats to about 62% in 98-day-old rats. The % NU in the older animals increased
slightly, reaching 64% in 275-day-old rats. Both, the mean percentages of NU,
calculated using equation (1) and those obtained directly from experimental
values, in spite of some differences between them. unequivocally indicate that the
concentration of NU in EUN increased significantly with age only in young rats.

Significantly smaller changes in %NUin EUN oc¢curred during feeding the
PFD. In spite of the fact that in equation (1) b, = —0.1854 indicates that the
ratio of NU to EUN steadily decreases with PFD feeding duration a distinct
difference in % NU occurred only between the 3- and 16-day perieds of feeding
the PFD. A similar direction of change is indicated by the changes in mean % NU
in Table (1) These results suggest that in the shorter periods of feeding the PFD,
changes in the %NU in EUN can be unnoticeable. The results obtained by
Kiriyama and Ashida (1964} also indicate a tendency towards increasing the
%NU in EUN with age from 21 to 158 days in rats fed a protein-free diet.

The increased concentration of NU in EUN with age suggests that the rate
of endogenous urea synthesis increases with age also. However, when NU, and
EUN, excretion were retated to SBy, i.c. to body mass, that also increases with
age, showed that the excretion rate of NU/kg SB was relatively stable (b, =
= 1.033 > | insignificant) while the rate of EUN excretion, EUN/kg SB, in the
same rats decreased in accordance with b, = 0.872 < 1** (Beza, 1987). This
indicates that the increasing with age the excretion of NU per unit of excreted
EUN, thus the increased concentration of NU i EUN wiath age, was caused by
the decreasing excretion of EUN with age, and was not related to increased urea
synthesis with age.

From the relationship NU, (SBg, d) it can also be concluded that the rate of
endogenous NU excretion is determined for the most part by body mass, while
the amount of NU excreted per unit SB was determined, in these experiment, by
the duration of the PFD feeding; excretion of NU, decreased from 224.4
mg/kg SBy' % onday | to 116.7 mg/kg SB4' %% on day 15 of the PFD feeding. In
a study by Kendall et al. (1982) carried out on adult dogs fed a protein-free diet,
whose body mass increased form about 3 to 51 kg, the relationship between NU
and EUN was found to be hnear, since the daily EUN/kg W?-7% excretion was
constant.

Both Schimke (1962b) and Nakano et al. (1972) found that the decrease in
urea excretion in the urine of rats fed a protein-free diet was caused by the
decrease in the amount and activity of urea cycle enzymes in the liver, as well as
by the decreased activity of enzymes degrading amino acids due to a fall in the
hepatic c-AMP level,

The steepest decline in urea excretion in the urine of rats, as compared with
day 0, when a diet containing 15% casein was provided, was found by Schimke
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(1962b) on the fourth day of feeding a PFD (75%, while on day 7 it rose to only
79%).

In our experiment, urinary NU excretion in rats of different ages fell, in
comparison with the first day of feeding the PFD, by an average of 25%, 40%
and 53% on days 3, 6 and 15, respectively. Such significant differences in the
reduction of NU excretion between our and Schimke experiments are the effects
of the high level of urea derived from the catabolism of casein provided on day 0
in Schimke’s experiment. The sharp decrease in urea excretion on day 4 of
feeding the PFD indicates, according to Schimke, the rapid adaptation of urea
cycle enzymes to altered nutritional conditions. The decrease in NU excretion on
the first day of feeding the PFD in our study can be attributed to the depletion of
the more labile proteins, whose catabolic rate, as estimated by Yamaguchi and
Kandatsu (1968, 1973}, was above one hundred times higher than of less labile
proteins. [t was calculated (Beza, 1992) that the more labile proteins were almost
compietely catabolized within the first 3 days of feeding the PFD. This suggests
that the NU, calculated from equation (2) and, on day 4, equal to 160.4 mg/kg
SB4! 933, represents urea-N derived only from less labile proteins.

In summary, it can be said that endogenous NU, excretion can be best and
with a high degree of accuracy estimated from equation (2) which describes NUy
as a function of (SBy and d), because determining SBy is easier than determining
EUN, in urine. Once the value of NUjy, excreted on a specified day between days
I and 15 on PFD, is known, the amount of NU, derived from deamination of
dietary protein, provided at maintenance or higher levels, can be calculated from
the difference:

NU, deamination = total NUy; — endogenous NU,
for rats of the same SB4 at which the endogenous NU, was determined. The ratio
of NU,4 from deamination to endogenous NUy can be an indicator also used as
an index of the biclogical value of provided dietary protein.
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STRESZCZENIE

Metzbolizm azotu u szczuréw w réznym wieku, Zywionych dieta bezbialkowa. 4. Wydalanie
azotu mocznikowego w moczu w zalezno$ci od masy ciala i czasu zywienia dieta bezbialkowa

Badania nad dynamika wydalania N mocznikowego (NU) w N endogennym moczu
(EUN) przeprowadzono na 350 samcach szczurow typu Wistar w 14 grupach wiekowych
(k = 14), 0od 23 do 275 dni, o $redniej masie ciala (SB) od 23 do 446 g. W kazdej k-grupie
szczury podzielono losowo na § podgrup, odpowiadajacych okresom zywienia dieta
bezbiatkowy (PFD)t = 3, 6,9, 121 16 dni. Zawartos¢ NU i EUN oznaczono w moczu
zebranym oddzielnie od kazdego szczura w ciagu przyjetych okresow zywienia PFD.

Wykazano, ze na koncentracje NU w EUN istotny | znacznie wigkszy wplyw mial
wiek szczurdow (k) niz czas zywienia PFD (1), przy istotnej interakgji k- t. Procent NU
w EUN zwickszal si¢ w czasie zywienia PFD do okoto 80 lub 100 dnia zycia szczurow,
a u starszych zwierzat zwigkszal si¢ z wiekiem juz nieznacznie. W czasie zywienia PFD
wyrazne obnizenie udzialu NU w EUN wystapito migdzy okresem 3 a 16-dniowym.

Wydalanie NU w zaleznoéci od wydalania EUN {ing) w moczu i t-okresu Zywienia
PFD najlepiej opisywalo rownanie liniowe] regresji wielokrotnej, ktore po zdelogaryt-
mowaniu ma postac:

NU = 0,27 EUN!187 (0168 (1)

Dobowe wydalanie N mocznikowego (NU,) bylo wysoce istotnie skorelowane 7 masa
ciata (SBy). zwigkszajaca si¢ z wickiem szczurow, a obnizajaca si¢ w czasie Zywienia PFD. Zaleznos¢
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t¢ najlepiej opisywalo rownanie liniowej regresji wielokrotnej, ktore po zdelogarytmowaniu ma
postac:

NUy = 226,4 - SB;"™ (w kg) - de e 2

Na podstawie rownania (1) i (2) mozna z duza dokladnoscia oszacowac ilo§¢ NU pochodzenia
endogennego w EUN w dowolnym okresie zywienia PFD migdzy 3 a 16 dniem oraz dobowe
wydalanie N mocznikowego (NUy) w dowolnym dniu miedzy 1 a 15 dniem Zywienia PFD.
Otrzymang z rownania (2) iloé¢ NU j-endogennego mozna wykorzysta¢ do oszacowania ilosci NU,
pochodzacego w dezaminacji biatka diety, skarmianego na poziomie bytowym lub powyzej
bytowego. Stosunek migdzy obu zawartosciami NU, moze by¢ wskaznikiem wartosci biologicznej
skarmianego biatka.



