
Inhibition of Urea Biosynthesis and Conversion of ~-Citrulline-6-~~C to 
l4C=Urea by a-Methyl Aspartic Acid and p-Methyl Aspartic Acid (358%) 

W. BRUCE ROWE AND L. L. MILLER 
Department o f  Biochemistry, Cornell University Medical College, N e w  York, N e w  York 10021; and 

Department o f  Radiation Biology and Biophysics, University of Rochester School of Medicine 
and Dentistry, Rochester, N e w  York 14620 

a-Methyl aspartic acid and threo-p-methyl 
aspartic acid are effective inhibitors of in 
vitro urea biosynthesis in liver homogenates 
and slices ( 1-3). However, intraperitoneal in- 
jection of a-methyl aspartic acid results in no 
decrease in urea excretion while in vitro 
urea biosynthesis in liver homogenates 
prepared from similarly treated animals is 
strongly inhibited (1). The experiments re- 
ported here were undertaken to further inves- 
tigate urea biosynthesis in the presence of 
these inhibitors. Urea synthesis and conver- 
sion of ~-citrulline-6-l~C to 14C-urea by liver 
homogenates have been investigated in the 
presence of several nitrogen substrates. The 
effect of these inhibitors on urea synthesis 
and conversion of L-ci t r ~ l l i n e - 6 - ~ ~ C  to 14C- 
urea by the isolated perfused rat liver has 
also been investigated. 

Materials and Methods. ~-Citrull ine-6-~~C 
was synthesized from 14C-potassium cyanate 
and ornithine (4).  DL-a-methyl aspartic acid 
was synthesized as described by Cocker and 
Lapworth ( S ) ,  and DL-threo-P-methyl aspartic 
acid as described by Benoiton et al. (6).  
Citrulline and glutamine were purchased from 
Calbiochem, and aspartic acid from Nutri- 
tional Biochemical Co. Fasted male Sprague- 
Dawley rats were used as liver donors in 
the perfusion experiments and as donors of 
livers used in the in vitro experiments. 

The isolated rat liver perfusion technique 
of Miller et al. ( 7 )  was employed in these 
experimen'ts. Glucose ( 2  50 mg) was added to 
the perfusate a t  the beginning of the experi- 
ments, and amino acid substrates and L-cit- 
rulline-6-14C were infused at  a constant rate 
throughout the experiment. Urea nitrogen 
concentration was determined by the Conway 

(8) microdiffusion method. Urea specific ra- 
dioactivity was determined on chromatograph- 
ically pure urea obtained by Dowex-50 
chromatography of a picric acid filtrate of 
liver or perfusate followed by descending 
chromatography of the urea fraction in n-bu- 
tanol: methy ethyl ketone:formic acid:HzO 
(40:30: 15: 15). Urea eluted from the latter 
chromatogram was free of Ninhydrin reactive 
material and was homogenous in three chro- 
matographic systems. Radioactivity was de- 
termined by liquid scintillation counting. 

Results. Effect of a-methyl aspartic actid 
and threo-p-methyl aspartic acid on urea syn- 
thesis in rat liver hornogenates. Results 
presensted in Table I indicate that the extent 
of inhibition of in vitro urea synthesis by 
a-methyl aspartic acid and P-methyl aspartic 
acid is dependent upon the nitrogen substrate 
employed. Synthesis of urea in the presence 
of ammonium acetate was strongly inhibited 
by both a-methyl and p-methyl aspartic ac- 
ids. Inhibition is less for both analogs of 
aspartic acid when citrulline was employed as 
nitrogenous substrate. When aspartic acid as 
well as citrulline was present, the i-nhibitory 
effect of these methyl analogs of aspartic acid 
is minimal, In  the presence of glutamine 
neither analog exerted significant inhibitory 
effects on urea synthesis. 

In  the presence of ammonium acetate, cit- 
rulline, or citrulline plus aspartic acid, the 
inhibition of the conversion of L-citrulline- 
6-14C to 14C-urea closely parallels inhibition 
of urea synthesis. However, when glutamine 
was employed as nitrogenous substrate, the 
conversion of labeled ci trulline to labeled 
urea was inhibited despite the virtual absence 
of inhibition of urea synthesis. 
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UREA SYNTHESIS AND METHYL ASPARTATES 3 59 

CITRULLINE t 
ASPARTIC ACID 

5 
1 2 3 4 5 6  

HOURS OF PERFUSION 
FIG. 1. Effect of a-methyl aspartic acid on urea 

biosynthesis by the isolated perfused rat liver. In the 
citrulline + as2artic a,cid experiment, c:tru;line 
(0.25 mmole/hr) and aspartic acid (0.25 mmole/hr) 
were infused at a constant rate throughout a 
6-hr perfusion. In  the other experiment no exogenous 
substrate was infused. After 3 hr of perfusion, 
230 mg (1.6 mmoles) of a-methyl aspartic acid were 
added to the perfusate; and a constant infusion of 
h-methyl aspartic acid ['I? mg (0.5 mmole)/hrl was 
begun. Cumulative urea nitrogen was calculated 
from the concentration of urea determined in ali- 
quots of perfusate taken at  the times indicated. Each 
curve represents the results of a single perfusion 
experiment . 

Etect of a-methyl aspartic acid and threo- 
p-methyl aspartic acid on urea synthesis in 
the isolated perfused rat liver. The results 
presented in Fig. 1 indicate that the rate of 
urea synthesis by the isolated perfused rat 
liver was essentially the same in the presence 
of a-methyl aspartic acid ( 3  to 6 hr) as i t  
was in the control period (0 to 3 hr), before 
addition of a-methyl aspartic acid. This lack 
of inhibitory effect was observed in the ab- 
sence of exogenous nitrogen substrate and in 
the presence of substrate concentrations of 
citrulline and aspartic acid. 

The rate of urea synthesis in the presence 
of endogenous substrate was not affected by 
the presence of P-methyl aspartic acid (Fig. 
2 ) .  In the experiment using citrulline and 
aspartic acid as nitrogen substrates, the rate 
of urea synthesis was significantly increased 
following addition of ,&methyl aspartic acid 
(Fig. 2 ) .  

The rate of conversion of ~-citrull ine-6-~~C 

to 14C-urea was investigated in similar experi- 
ments, the results of which are reported in 
Fig. 3.  The rate of incorporation of radioac- 
tivity in perfusate urea was not altered by 
the addition of a-methyl aspartic acid to the 
perfusion system. However, addition of p- 
methyl aspartic acid caused an increase in the 
rate of appearance o'f citrulline radioactivity 
in perfusate urea. Thus, p-methyl aspartic 
acid causes both an increase in the rate of 
urea synthesis and in the rate of conversion 
of ~-citrulline-6-l~C to 14C-urea. 

Discussion. It is evident from results 
presented above, as well as from results of 
the studies of Cedrangolo et al. (1, 2 )  and 
Severina (3 ) ,  that both a-methyl aspartic 
acid and threo-p-methyl aspartic acid are 
effective inhibitors of in vitro urea synthesis. 
Our experiments have demonstrated this inhi- 

& 40 
F 

ClTRULLlNE + 

SUBSTRATE 

I I 
1 2 3 4 5 6  

HOURS OF PERFUSION 
FIG. 2. Effect of p-methyl aspartic acid on urea 

biosynthesis by the isolated perfused rat liver. In  the 
citrulline + aspartic acid experiment, citrulline 
(0.25 mmole/hr) and aspartic acid (0.25 mmole/hr) 
were infused a t  a constant rate throughout a 
6-hr perfusion. In the other experiment no exogenous 
substrate was infused. After 3 hr of perfusion, 
230 mg (1.6 mmoles) of p-methyl aspartic acid were 
added to the perfusate and a constant infusion 
of '77 mg (0.5 mmole)/hr was begun. Cumulative 
urea nitrogen was calculated from the concentration 
of urea determined in aliquots of perfusate taken at 
the times indicated. (citrulline + aspartic acid 
curve) represents the results of a single perfusion 
experiment ; (no nitrogen substrate curve) represents 
the average results of two perfusion experi- 
ments. The range of values obtained at  30 min, 3 
and 6 hr is indicated by vertical bars. 
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I 
1 2 3 4 5 6  

HOURS OF PERFUSION 
FIG. 3. Effect of DL-a-methyl aspartic acid and 

DL-threo-p-methyl aspartic acid on conversion of 
~-citrulline-6-~~C to urea by the isolated perfused 
rat liver. ~-Citrulline-6-~~C was infused at  a con- 
stant rate ‘of 1.72 ,uCi/hr throughout a 6-hr perfu- 
sion. No exogenous substrate was infused. After 3 hr 
of perfusion, 230 mg (1.6 mmoles) of methyl 
aspartic acid were added to the perfusate and a 
constant infusion of 77  mg (0.5 mmole)/hr was 
begun. Incorporafion of radioactivity into urea was 
calculated from the specific radioactivity of urea 
isolated from the perfusate (see Methods). The 
concentration of urea was determined in aliquots of 
perfusate. Each curve represents the results of a 
single perfused experiment. 

bition in terms both of net urea synthesis and 
of conversion of ~-citrulline-6-‘~C to I4C- 
urea. The observation that urea synthesis 
from glutamine is not inhibited while the 
conversion of labeled citrulline to urea is in- 
hibited warrants confirmation and further in- 
vestiga tion. 

At a concentration of 20 mM in the perfu- 
sate, neither compound inhibits urea synthe- 
sis in the isolated perfused rat liver. This 
concentration is twice that required for inhi- 
bition in the homogenate experiments. a-Meth- 
yl aspartic acid has no effect on the rate of 
urea synthesis and no effect on the rate of 
conversion of citrulline to urea. /$Methyl 
aspartic acid causes an increase in the rate of 
urea synthesis which is paralleled by an in- 
crease in the rate of conversion of citrulline 
to urea. 

These results indicating that the methyl 
aspartates do not inhibit urea synthesis in the 
perfused liver are in accord with the experi- 
ments of Cedrangolo et al. (1). In their ex- 

periments rats were given intraperitoneal in- 
jections of a-methyl aspartate a t  8-hr inter- 
vals. No decrease in urea excretion over a 
f2-hr period was found, although in vitro 
urea synthesis by liver homogenates (and 
slices) prepared from these rats was strongly 
inhibited. I t  has been suggested that the fail- 
ure of rnethyl aspartates to inhibit in vivo 
urea synthesis is due to a failure of these 
compounds to penetrate the liver cell (9).  
The results reported here are not inconsistent 
with this interpretation. The failure of the 
methyl aspartates to inhibit urea synthesis 
may be a result of a failure to obtain suffi- 
ciently high intracellular concentrations of in- 
hibitors to affect urea synthesis. However, i t  
is clear that P-methyl aspartate does pene- 
trate the liver cell since it stimulates urea 
synthesis. 

Summary. DL-a-Methyl aspartic acid and 
DL-threo-p-methyl aspartic acid have been 
shown to inhibit, in vitro, both urea synthesis 
and the conversion of ~ c i t r u l l i n e - 6 - ~ ~ C  to 
I4C-urea. In  the presence of glutamine as 
nitrogenous substrate, the conversion of cit- 
rulline to urea is inhibited while urea syn- 
thesis is not inhibited by these methyl aspar- 
tates. No inhibition of urea biosynthesis or of 
conversion of ~-citrull ine-6-~~C to 14C-urea 
could be demonstrated in the isolated per- 
fused rat liver using these inhibitors. 
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