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Orotate, Citrate, and Urea Excretion in Rats Fed Various Levels of Arginine (38432) 
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Rats fed diets devoid of arginine have marked 
increases in urinary orotate, citrate and urea 
excretion within 24 hr (1, 2). Dietary arginine is 
not required for arginine balance by adult men 
(3), dogs (4) or rats (5) and it is believed that 
other mammalian species also meet their needs 
for this amino acid from tissue synthesis. Thus 
arginine occupies an intermediate position be- 
tween the “essential” and “nonessential” 
amino acids for mammals (6). Kennan and 
Cohen (7) have suggested that adult rats have 
limited capacity for arginine synthesis beyond 
their needs and that the Krebs-Hensleit urea 
cycle is operating near its maximum capacity for 
ammonia (i .e. ,  the sum of NH3 + NH4+) detox- 
ification. Because of the metabolic relationship 
of the Krebs-Hensleit urea cycle and pyrimidine 
biosynthesis (8), arginine probably plays a key 
role in the balance between these two pathways. 

The present studies were undertaken to deter- 
mine the concentration of dietary arginine re- 
quired to prevent increased orotate, citrate and 
urea excretion. 

Materials and Methods.  Thirty male, 
Sprague-Dawley’ rats (45-50 g) were fed a con- 
trol (Diet 1) Rogers and Harper L-amino acid diet 
(1, 9). After 3 days they were weighed and 
randomly assigned to five diets containing con- 
centrations of arginine expressed as a percentage 
of the air dry diet: Diet 1, 1.12; Diet 2,0.84; Diet 
3, 0.56; Diet 4 ,  0.28 and Diet 5 ,  0.00. All 
experimental diets, prepared in dry form and 
suspended in 3% agar gel, were made isonit- 
rogenous with the control (Diet 1) by substitu- 
tion of glycine. The rats were housed individu- 
ally in stainless steel metabolism cages in a con- 
trolled environment. Water was provided ad 
libitum. 

Urine collected daily in bottles containing 6N 

* ARS Sprague-Dawley, Madison, WI 5371 1. 

HzS04 was stored at -20” until analyzed. All 
feces were collected from each animal from day 
5-8 of the experiment. 

Urine urea, ammonia and orotate were de- 
termined colorimetrically as previously de- 
scribed (1).  Citrate was determined by the 
method of Camp and Farmer (10). Total nitrogen 
in urine and feces was determined by semi-micro 
and macro-Kjeldahl procedures ( 1 1). Statistical 
analysis of the data followed methods described 
by Steel and Torrie (12). Differences with 
(P < 0.05) were considered statistically sig- 
nificant. 

After 13 days on the assigned diets the rats 
were fasted for 18 hr and injected once with 2 ml 
of either 0.9% NaCl or ammonium chloride (3 
mmoles). Urine was collected for the next 4 hr. 

Results. Removal of arginine from the diet 
had no significant effect on feed consumption 
unless the concentration of arginine was less 
than 0.28%. Weight gains after 8 days of feeding 
were: 48.0 2 2.4, 43.4 2 2.8, 44.1 k 3.2, 
28.8 2 1.7 and 17.3 ? 0.7 for diets 1-5, re- 
spectively. Only rats consuming either diets 4 or 
5 had significantly lower weight gains. 

All animals were in a positive nitrogen ba- 
lance, Only complete removal of arginine (Diet 
5 )  caused a significantly lower N retention 
(P < 0.05) (Table I). As shown previously (13), 
total arginine deficiency caused a marked in- 
crease in urinary nitrogen as a percentage of 
nitrogen consumed (Table I). Diets containing 
0.56% arginine or less increased urinary nitro- 
gen loss which was principally due to increased 
urea excretion (Table I). 

Increased urea excretion was evident after one 
day on diets 2, 3 , 4 ,  or 5 (Table 11). However, 
animals consuming diet 2 (0.84% arginine) re- 
duced their urea excretion within 48 hr indicat- 
ing that compensatory mechanism(s) were 
operating probably to increase endogenous ar- 
ginine synthesis. Animals fed diets containing 
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0.56% arginine were unable to reduce urea 
excretion indicating that they had reached their 
limit for arginine synthesis. Urea output tended 
to reach a maximum when the arginine content 
of the diet was reduced to 0.28%. 

The pattern of orotate excretion was similar to 
that for urea. Orotate was significantly elevated 
after one day on the diet containing 0.84% ar- 
ginine (Diet 2). By day 2 orotate excretion for 
rats consuming diet 2 was not significantly 
higher than for control animals (Fig. 1). The 
orotate excreted tended to increase as the per- 
centage of dietary arginine in the diet decreased 
(Fig. 1). 

Citrate excretion was dramatically increased 
on all diets containing less than the control intake 
of arginine (Table 11). Citrate excretion, unlike 
urea and orotate, did not reverse in the rats con- 
suming diet 2 (0.84% arginine) after 24 hr of 
feeding (Table 11), and remained elevated for all 
animals consuming less than the control intake 
of arginine. 

After 13 days of feeding, followed by 18 hr of 
fasting, rats force fed 3 mmoles of ammonium 
chloride excreted approximately twice as much 
ammonia in their urine as animals force fed 
saline regardless of the content of arginine in 
their assigned diet (Table 111). Urea excretion 
was increased significantly after ammonia load- 
ing in all cases except in animals consuming 
diets 4 or 5 containing 0.28 and 0.0% arginine, 
respectively (Fig. 2). Orotate excretion for all 
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FIG. 1. Orotate excretion in rats consuming diets with 
graded concentrations of arginine. Diets 1-5 refer to 1.12, 
0.84, 0.56, 0.28 and 0.0% arginine, respectively. 
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TABLE 11. Urinary Urea and Citrate Excretion of Consuming L-Amino Acid Diets Containing Different Concentra- 
tions of Arginine. 

Diet 

1 2 3 4 5 
___ ___ 

Arginine (%) (1.12) (0.84) (0.56) (0.28) (0.0) 
- ____ ____ ~ -~ ________ ____ 

24 hr urea excretion (mg) 
Day 1 70 f 3" 84 f 6b 86 f l l b  139 2 I l b  156 2 7b 
Day 3 6 6 2  7" 64 2 4" 109 f 29ab 130 2 14b 201 f 15e 

Day 1 442 2 40" 2050 f 661b 4700 f 1 133' 5220 2 545' 3750 2 1 189c 
Day 13 446 2 6 2 "  lo00 f 2 1 7 b  2175 f 2WC 3060 2 4 1 1 d  3660 2 93ICd 

Mean 2 SEM for six animals per diet. Initial wt 45-50 g. 
Values with unlike superscripts (a, b, c ,  d) differ P < 0.05. 

24 hr citrate excretion (pg) 

animals was significantly elevated by adminis- 
tration of ammonium chloride (Fig. 3). Urinary 
citrate was depressed after gastric intubation of 3 
mmoles of NHK1 compared to saline (Fig. 4). 

Discussion. The lack of change in feed con- 
sumption with partial removal of arginine from 
the diet indicates that marginal levels of dietary 
arginine satisfy satiation. Arginine at 0.28% of 
the diet or higher sustained normal food con- 
sumption and nitrogen balance. However, this 
content of arginine was not adequate to prevent 
metabolic changes as evidenced by the increased 
excretion of urea, citrate and orotate. Russek 
(14) has suggested the presence of hepatic 
glucoammonium receptors which monitor am- 

TABLE 111. Ammonia Excretion (mg) by Rats'V2 Consum- 
ing an L- Amino Acid Containing Different Concentrations of 
Arginine and Force-Fed Either NaCl or NHiCl (3 mmoles). 

Diet Arginine 96 Treatment Mean 2 SEM 

1 1.12 NaCl 4.9 2 0 . 4 "  
NHiCI 9.5 f 1.1' 

2 0.84 NaCl 3.5 f 0.5" 
NHiCl 6.3 2 3.9' 

3 0.56 NaCl 2.3 2 0.2b 
NH4Cl 6.5 20.5' 

4 0.28 NaCl 3.5 f 0.9" 
NHiCl 6.2 2 0.4c 

5 0.00 NaCl 2.3 2 0.4b 
Nicl 5.4 2 0.3' 

' Four hour urine collection from three animals per dietary 

* Values with unlike superscripts (a, b, c) differ 
treatment after 14 days of experimental feeding. 

P < 0.05. 

monia concentrations in the portal circulation. 
He attributed the strong satiating effect of high 
dietary protein to ammonia liberated in deamina- 
tion of amino acids. Previous work in our 
laboratory (1) has shown a marked increase in 
portal blood ammonia in rats consuming an ar- 
ginine deficient diet. Whether reducing dietary 
arginine influences the action of these postulated 
hepatic glucoammonium receptors or those of 
higher centers is unknown. However, our results 
would argue against a stimulation by either ar- 
ginine or ammonia. 

Kesner ( 15) showed that ammonia administra- 
tion leads to marked excretion of orotate which 
agrees with the data obtained in these studies 
(Fig. 3). It is well known that ammonia intoxi- 
cated animals respond favorably to arginine 
(16-2 1). This response has normally been as- 
sociated with an increased urea production. 
Therefore, it may be assumed that ammonia tox- 
icity and arginine deficiency result in metabolic 
derangements associated with the urea cycle. 
Since the urea cycle and pyrimidine metabolism 
both require carbamyl phosphate, the data indi- 
cate that a derangement of urea formation pre- 
disposes a change in pyrimidine metabolism. 

Force feeding of ammonium chloride mark- 
edly increased urinary NH3-N regardless of the 
diet previously consumed (Table 111). Urea 
excretion after ammonia loading, however, was 
highly dependent on the dietary regimen. Urea 
production was stimulated by ammonia loading 
in the rats consuming diets 1 ,  2 or 3 but was 
without effect in animals previously fed diets 4 
or 5. On the basis of these results, the urea cycle 
must have been functioning maximally in ani- 
mals consuming diets 4 or 5 before additional 



30 

28 

26 

24 

22  

20 

18 

16 

z 
a 14 

3 
t! 

m 12 
E 

10 

8 

6 

4 

2 

URINARY OROTATE, CITRATE, UREA - RATS 

Saline 

@Ammonium 
Chloride 3 mmoles 

T 

T 

T 

757 

T 

1 2 3 4 5 

Diets 

FIG. 2. Urea excretion in rats consuming diets with graded concentrations of arginine force fed either NaCl 
(0.154 mM) or NHiCl (3.0 mmoles) in 2 ml. Diets 1-5 refer to 1.12, 0.84, 0.56, 0.28 or 0.0% arginine, 
respectively. 

ammonia was introduced (Fig. 2 ) .  
Citric acid may be a more sensitive indicator 

of arginine intake than orotic acid. However, 
conventional diets contain citrate. Thus orotate 
being present in the urine at minimal concentra- 
tions would appear to be a more reliable indi- 
cator of arginine deficiency when diets of con- 
ventional ingredients are fed. Experiments are 
presently underway to determine the validity of 
this hypothesis. 

Milne et al. (22) and Grollman et al .  ( 2 3 )  have 
developed the hypothesis that renal tubular reab- 
sorption of citrate is controlled by the pH within 
renal tubule cells rather than by urine pH. We 
have not observed any differences in urinary pH 
between animals fed diets with or without ar- 
ginine (unpublished data). An increased tubular 
intracellular pH may be responsible for increased 

excretion of citrate found in arginine deficient 
rats, however. 

Kennen and Cohen (7) suggested that mature 
rats have limited reserves of arginine for urea 
synthesis. Our data agree with this hypothesis 
for rats ranging from 50-500 g (1). The present 
data provide further evidence supporting the 
therapeutic value of arginine for preventing 
hyperammonemia when the liver is capable of 
utilizing arginine. Arginine is believed to pre- 
vent hyperammonemia by supplying the 
Krebs-Henseleit urea cycle with essential sub- 
strate (18). Our data in agreement with others, 
show that dietary arginine may be a deciding 
factor in preventing death from hyperam- 
monemia. 

Orotate feeding has resulted in increased liver 
concentrations of uridine nucleotides and de- 
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Orotate 
OSaline 

FIG. 3. Orotate excretion in rats consuming diets with graded concentrations of arginine force fed either NaCl 
(0.154 mM) or NHiCl (3 mmoles). Diets 1-5 refer to 1.12, 0.84, 0.56, 0.28 or 0.0% arginine, respectively. 

pressed adenine nucleotides. Nucleic acid pur- 
ine: pyrimidine base ratios were also altered with 
orotate feeding (24). In experiments comparing 
arginine deficiency to diets containing 1% oro- 
tate, similar quantities of orotate were excreted 
in the urine (our unpublished data). lnvestiga- 
tions are presently underway to determine if ar- 
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FIG 4. Urinary citrate excretion in rats consuming diets 
with graded concentrations of arginine force fed either NaCl 
(0.154 mM) or NHiCl(3.0 mmoles) in a 2 ml vol. Diets 1-5 
refer to 1.12,0.84,0.56,0.28 orO.O% arginine, respective- 
'Y. 

ginine deficiency alters concentrations of purine 
and pyrimidine nucleotides as well as base 
ratios. Precedence €or these studies is the recent 
finding that arginine or one of its metabolites 
initiate DNA synthesis (25). 

The data show that rats respond rapidly to 
arginine deficiency by changing the excretion 
rate or primary end products of nitrogen 
metabolism The present studies with purified 
diets show that 0.84% dietary arginine is the 
minimal dietary concentration which will pre- 
vent metabolic changes The present studies 
demonstrate that diets containing 0.28% ar- 
ginine caused the urea cycle to operate maxi- 
mally for ammonia detoxification in growing 
rats of the size used in these experiments. 

Williams (25) using data on carcass analyses 
calculated the arginine requirement of the rat to 
be 0.77% of the diet. Ramasarma et al. (26) 
concluded that the dietary requirement of 0.2%, 
suggested by Borman et al. (27) may be insuffi- 
cient for rapid growth. Clearly 0.84-1.12% of 
the arginine in the diet was required for excretion 
of normal concentrations of metabolites in the 
present experiments. 

Summary. Thirty Sprague-Dawley male rats 
(50 g) were conditioned to an agar gel L-amino 
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acid diet containing 1.12% arginine (Arg) before 
random assignment to diets containing different 
concentrations of Arg (1.12,0.84,0.56,0.28 or 
0%). Feed intake or N balance were depressed 
only with 0% Arg. Day 13 urinary excretions of 
citrate were 446, 1002,2175,3056 and 3655 p g  
for 1.12, 0.84, 0.56, 0.28 and 0.0% Arg, respec- 
tively. With Arg concentrations of 0.56% or 
lower urinary orotate was dramatically increased 
throughout the 13 day experiment. Urea excre- 
tion was greater than control with 0.56, 0.28 or 
0% Arg. Within 48 hr on the 0.84% Arg diet, 
urea, ammonia and orotate excretion returned to 
control values but citrate remained above con- 
trol. NH4Cl (3 mmoles) caused a doubling in 
ammonia excretion in all rats regardless of diet 
when compared to NaCl. Similarly, orotate 
excretion increased in all ammonia treated rats. 
Urea excretion was increased after NH4Cl for 
rats fed 0.56, 0.84 or 1.12% Arg. We conclude 
that rapidly growing rats have limited reserves of 
Arg and that more than 0.84% dietary Arg was 
required to prevent abnornial loss of inter- 
mediary metabolites. 
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