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SEZIONE II
(Fisica, chimica, geologia, paleontologia e mineralogia)

Chimica biologica. —  Studies on urea synthesis : comparison 
between N H 3 produced in vitro and urea excreted^ . N ota di F r a n ­

c e s c o  C e d r a n g o l o , P a t r i z i a  G a l l e t t i  e A n t o n i o  F e d e r i c o , 

presen ta ta  (*#) dal Corrisp. F .  C e d r a n g o l o .

RIASSUNTO. — In queste ricerche che rappresentano la continuazione di altre prece­
denti, pure comunicate all’Accademia [7], si sono utilizzati ratti, divisi in 3 gruppi: 
A) controlli (a dieta normale): B) a dieta iperproteica per 24 h; C) a digiuno anche per 24 h. 
Per ogni ratto si è misurata l’ammoniaca prodotta in vitro e l’urea escreta. L’ammoniaca 
è stata dosata negli omogenati di fegato, rene, cervello tenuti a 370 per 60 minuti: gli 
organi erano prelevati dall’animale alla fine delle 24 h di esperimento. Durante questo stesso 
tempo l’urina era raccolta e utilizzata per il dosaggio dell’urea. I risultati hanno dimostrato: 
1) nei ratti a dieta iperproteica, quale che sia l’omogenato di organo sperimentato e il tempo, 
al quale viene effettuato il dosaggio, l’ammoniaca non supera mai il corrispondente valore 
riscontrato nel gruppo dei controlli come in quello dei ratti a digiuno; 2) i ratti a dieta 
iperproteica eliminano invece urea in quantità enormemente più grande rispetto agli altri 
due gruppi: si è calcolato infatti un aumento medio del 483% rispetto ai controlli e addi­
rittura del 570% rispetto ai ratti a digiuno. Il paragone tra il comportamento dell’NHs 
prodotta in vitro e quello dell’urea escreta, porta, pertanto, anche nel caso di queste ricerche, 
a ritenere poco probabile la via ureogenetica, che vorrebbe l’ammoniaca un intermediario 
obbligatorio.

I n t r o d u c t io n

In this L aboratory  several evidences have been collected suggesting the 
existence of an alternative urea pathw ay, aside from  the classical cycle of 
Krebs-Henseleit [1—6]. All perform ed experim ents are indicative for the 
absence of “ free ” am m onia as an interm ediate in the overall pathw ay 
th a t frojm the am ino-nitrogen of proteins leads to urea.

In order to substantiate this view, am m onia production in vitro from 
homogenates of several ra t tissues has been com pared to the urea excretion 
in the same animals. Three groups of rats have been employed for these

(*) This work was performed in the Institute of Biological Chemistry (1st Chair), 
Medical School, University of Naples and supported, in part, by Consiglio Nazionale delle 
Ricerche.

(**) Nella seduta del 12 febbraio 1972.
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experiments: (i) control anim als fed with norm al diet; (it) rats fed with high 
protein diet for 24 hrs; (Hi) animals fasted for the same period of time. 

Prelim inary results of this work have been previously reported [7].

Ch em ic a l s

T he chemicals employed were analytical-grade preparations obtained 
from  the usual commercial sources. Glass-distilled w ater was passed through 
ion exchange resin as Am berlite IR  120 (H + form) in order to avoid the 
presence of traces of am m onia. Urease (E.C. 3. 5. 1. 5.) purified from jack 
beans was obtained from  W orthington Biochemical Corporation. Nessler’s 
reagent was prepared following Vanselow’s directions [8]. S aturated  b o ra te - 
NaOH buffer, for am m onia microdiffusion, was prepared according to R ein­
hold and C hung [9].

M e th o d s

A m m onia was assayed by the Conway-Seligson [10-11] microdiffusion 
technique modified by Cedrangolo et al. [12]. The diffusion apparatus was 
modified to enclose the ro tator for the diffusion bottles in a tem perature 
controlled incubator. This device gives excellent recovery of am m onia by 
a careful control of tem perature (37°C) and of speed rotation (50 rpm ). The 
pH during microdiffusion was controlled at 11 i  0.2 to obtain complete 
recovery of free am m onia present in the tissue and to avoid form ation of 
artifactual am m onia from  unstable amides, proteins etc. [11—12]. U rea was 
determ ined by dosing am m onia formed after treatm ent of the samples 
w ith urease.

W istar male rats (M orini, Reggio Emilia, Italy), weighing about 250 
gr, were used in all experim ents. T hey were routinely m aintained on a diet 
ad libitum  until 24 hrs before use. A t this tim e the rats were divided in three 
groups and placed in individual m etabolic cages. One group was fed with 
norm al diet, the second was fasted and the th ird  one was fed ad libitum  
with high protein diet (raw cow meat). D uring this period of experim entation 
urine was collected under toluene. U rea was determ ined on 100 fjil aliquots 
of urine w ith nesslerization after treatm ent with urease. A fter 24 hrs of die­
ta ry  treatm ent, the anim als were killed by decapitation and liver, brain and 
kidney were rap id ly  removed and weighed. The organs were rinsed with 
cold buffer and im m ediately homogenized for 2 m inutes in phosphate buffer 
(KH2PO4-K2HPO4) 0.1 M at pH  7.4 (30%  v/v). T he whole procedure was 
perform ed in the cold room at 2°C . The hom ogenate was m ade in a glass 
Potter-jElvehjem  apparatus with teflon pestle at 1,000 rpm . 1 ml samples 
were transferred in 25 ml flasks and incubated at 370 C in a D ubnoff 
shaking-bath. A fter various times of incubation, am m onia was m easured 
by microdiffusion.
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R e su l t s  a n d  d is c u s s io n

In  Table I are reported the am ounts of NH3 present in livers, brains and 
kidneys of the three groups of animals. K idney appears the organ most 
rich in NH3 (per g  weight). This finding is in accordance with the known 
specific function of this organ, i.e. am m onia excretion.

No sensible variation is observable between the three groups of animals: 
i.e. the levels of am m onia present in the organs of rats fed w ith high protein 
diet are of the sam e order of m agnitude when compared w ith th a t of controls 
or anim als fasted. This first result is suggestive for an urea cycle w ithout 
the partecipation of “ free ” ammonia: otherwise an increase of am m onia 
content would be expected in the anim als treated with high protein diet. 
These considerations are particularly  valid for the liver, where all the enzy­
mes of the urea cycle are virtually  confined [13]. On the other hand several 
experim ents by Schim ke et al. [14-15] dem onstrated th a t the liver content 
of urea cycle enzymes is directly related to the daily consum ption of protein.

T a b l e  I.

Ammonia content of rat tissues.

O r g a n pmoles NHs/gr fresh tissue

A B C

Liver ......................................... 5.8 4- 7 7 7

B r a in .................... .... 4- 5 4.1 4 .9

Kidney . . . . . . . . . . 8. 1 7 •1 7 .2

A =  Controls (rats fed with normal diet).
B =  Rats fed with high protein diet for 24 hrs. 
C =  Rats fasted for 24 hrs.

A several times increase in all urea cycle enzymes was dem onstrated after 
raising dietary concentration of protein [14-15]. Therefore the lack of increase 
in liver am m onia content in anim als with increased protein intake can also 
be explained w ith an induction of the urea cycle enzymes. To investigate 
in an unam biguous way this problem, the am m onia form ation in vitro from 
the organs of the three groups of rats has been m easured. T he results are 
reported in figs. 1-3 and are corrected for NH3 present at O time.

Fig. I shows th a t in liver, at different incubation times, am m onia 
form ation in anim als with high protein intake does not exceed the am m onia 
produced in the other two groups of rats. On the contrary  a decreased
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Fig. I .  -  Ammonia production from rat liver homogenates.
Vertical bars indicate standard deviation.

production of NH3 is observable in this group of anim als if com pared to the 
others. The result concerning the increased am m onia production in fasted 
rats (see fig. 1) cannot be explained at present; an adequate interpretation 
requires further and different experim entation.

Fig. 2 . -Am m onia production from rat kidney homogenates.
Vertical bars indicate standard deviation. For the symbols see fig. i.
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It is also interesting to note the lack of linearity between am m onia 
form ation and incubation time. This result can be caused either by dénatu ­
ration of am m onia-form ing enzymes during the course of incubation or by 
the limited concentration of endogenous substrates. The same kind of results, 
with m inor differences, are obtained with kidney and brain (figs. 2-3).

Even by taking into consideration an induction of urea cycle enzymes 
in the rats fed w ith high protein diet, the data reported in figs. 1-3 are 
indicative for a m echanism  of urea synthesis w ithout involvem ent of “ free ” 
am m onia. In  fact the lack of addition of A T P and aspartate in the hom o­
genates and the v irtual absence of endogenous A T P in our experim ental

Fig. 3. -  Ammonia production from rat brain homogenates.
For the symbols see fig. i.

conditions prevents the activ ity  of carbam yl phosphate synthetase and argi- 
ninosuccinate synthetase. Therefore if am m onia was an obligatory interm e­
diate in the pathw ay of urea biosynthesis, it should be produced in larger 
am ounts in the homogenates from the rats fed with high protein diet.

In  T able II is com pared the urea excretion in vivo in the three groups 
of anim als with am m onia form ation in vitro in the same animals. The results 
differ slightly from previous data  obtained in this laboratory [7] since the 
present data  of am m onia form ation have been obtained after 1 hr of 
incubation, whereas previously [7] they were extrapolated from results 
after 10' incubation. M oreover the d ietary conditions are different. The 
results reported in T able II, either for N H 3 produced in vitro or for urea 
excreted, are expressed as NH3 form ed/kg body weight in 60 m inutes: for 
the calculations the weights of organs and the body weights of rats have 
been taken into account. From  Table II it clearly appears th a t there is no 
relation between the 6-tim es increase of urea excretion in anim als fed with 
high protein diet and the absence of a parallel increase of am m onia formation.
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T a b l e  IL
Comparison between urea excretion in vivo and ammonia formation  in vitro in rat.

A B C

NH3 formed from 3 organs/hr/kg body 
weight (pm oles)................................. 457 ±  18 406 ±  21 546 ±  25

Urea excreted expressed as NFL/hr/kg 
body weight (p m o les)..................... 3,141 ±  220 18,341 ±  1.418 2,736 ±  250

A =  Controls (rats fed with normal diet). 
B =  Rats fed with high protein diet.
C =  Rats fasted for 24 hr.

These results are suggestive for a m echanism  of urea synthesis w ithout 
the partecipation of “ free ” ammonia. This rem ark is valid either consider­
ing the classical form ulation of the urea cycle (Krebs-Henseleit), where am m o­
nia is the precursor of both nitrogens of urea, or taking into consideration 
the cycle as it is now generally accepted. In the latter form ulation, in fact, 
NH3 is the precursor of the first nitrogen of urea molecule, whereas the 
second one could originate either from “ free ” NH3 or from the am ino-nitro­
gen of amino acids through transport reactions.

O ur conclusions are in close agreem ent with data  previously obtained 
in this laboratory  [1-7] and with recent studies on congenital disorders of 
urea cycle enzymes [16-19]. In  fact in patients affected with citrullinemia, 
argininosuccinic aciduria, etc., in which some enzymes of urea cycle are 
absent, the plasm a level of urea is within the norm al limits.
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