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free and conventitma1 mice may refleck no 
more than the normal variability of response 
in such small groups of animals. Neverthe- 
less, two facts from the present study sug- 
gest that the higher levels of spleen and liver 
interferon among germfree mice may be sig- 
nificanlt: (a) the tissue interferon levels were 
consistently higher among germfree mice 
whether tested at 2 hours or at 6 hours and 
whether tested in spleens or in livwrs, and 
(b) repetition of the test gave the same 
results: higher interferon lewh in the spleen 
extracts firom germfree mice. 

The enhanced interferon response among 
the germfree mice may !be due to higher 
storage levels of preformed interferon or of 
interferon precursors ( 14) bemuse of their 
comparatively “pristine” condiltion. If so, the 
germfree animal may represent the optimum 
tool for demonstrating the existence of such 
entitles . 

Summary. A study was made to determine 
the relative capacijty of germfree mice to 
respond to virus stimulation with interferon 
production in vivo. Germfree CFW mice 
responded to intravenously inoculated New- 
castle disease virus with a pattern of serum 
interferon production similar to that of con- 
ventional mice. Moreover, the baseline in- 
hibi tory activity of sera from uns timulated 
control germfree and conventional mice were 
the same. However, thiere was some indi- 
cation that the spleen and liver interferon 
responses of germifree mice may be higher 
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than those of conventional mice. It is sug- 
gested that such higher responses in g m -  
free mice might be due to higher storage 
levels of preformed interferon or of interferon 
precursors because of their mnparatimIy 
“pristine” mndiltion. 
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Magnesium Deficiency and Urea Cycle Enzymes in Rat Liver.” (32414) 
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Induction of magnesium deficiency in the 
rat has been observed to produce several 
metabolic abnormalities. Recently we have 
reported a generalized aminoaciduria in the 
presence of an increase in the activity of 
sodium-potassium activated kidney adenosine 
briphosphatase, and the suggestion wilrs made 

that the alteration in the w h a r y  amino acid 
pattern was the result of renal tubular dys- 
function rather than an “ovwflow of amino- 
aciduria”( 1). Since protein metabolism was 
altered in the deficient animals, it seemed 
appropriate to study the influence of mag- 
nesium deficiwncy on the urea cycle enzymes. 

*supported in part by USpm Grant NBO 3152. Thest! haw lben shown undergo 
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intake is quantitatively changd (2,3). The 
activity of the enzymes has been altered by 
adrenalectomy (4),  growth hormone adminis- 
tration( 5) ,  or treatment with ethionine( 6 ) ,  
carbon tetmchloride(7), or azo dyes(8). In  
all of these experimental designs, protein 
metabolism was affected either directly by 
stimulating catabolic or anabolic processes or 
indirectly by producing hormone imbalances 
with their concomitant alterations in general 
metabolic processes. 

Materials and methods. Albino female rats 
(Holtzman) of initial weight of 150-200 g 
were divided into control and deficient groups. 
The magnesium deficient diet (General Bio- 
chemicals, Chagrin Falls, Ohio) was home 
genized in water and each rat was given 7.5 
g of the diet twice daily by gavage feeding; 
one milliequivalent of magnesium acetate was 
added to each feeding in the control rats. 
The diet was analyzed for magnesium content 
by methods previously reported( 1) and with 
results as follows: conltrol diet 2.0165 mEq/ 
15 g ;  deficient diet 0.0165 mEq/l5 g. At 
the end of 30  days, the animals were sacri- 
ficed by exsanguimtion, and the livers were 

quickly removed, weighed and homogenized 
in the ratio of 1 g of liver to 9 ml of 0.1% 
cetyltrimethyl ammonium bromide using a 
Potter-Elvehjem glass homogenizer and a 
motor driven p t l e .  The homogenates were 
then centrifuged at 4000 X g for 15 minutes 
at S'C, and lthe clear supemate assayed for 
carbamyl phosphate synthetase, ornithine 
transarbamylase, arginmuccimte s p t h e -  
t a x ,  argininosuccinase and arginase by the 
method of Brown and Cohen( 9). The results 
of the enzyme assays are expressed as micro- 
moles of produut formed per hour per g of 
liver. 

Plasma magnesium determinations were 
done by the method of MacIntyre( lo) ,  and 
liver protein content was determined on the 
clear supernatant from the homogvnates by 
the biuret method using bovine albumin as 
a standard( 11). 

Analysis of variance, standard error of 
the mean (S:E.M.), and paired Student's t 
test were pedormed according to Bailey( 12). 

Results and discussion. While the control 
animals gained weight and remaind quite 
normal throughmt the study, the deficient 

TABLE I. Summary of Data Collected when Liver Enzymes of Urea Cycle from Magnesium 
Deficient Rats Were Assayed. Results are expressed as units and are given as means 2 S.E.M. 
One unit is the amount of enzyme catalyzing the formation of one micromole of citrulline or 

urea/hour at 37' under the condition of the assay. P values greater than 0.1 are not given. 

Control group Magnesium deficient group p value 

No. of animals 5 5 
Final body weight (g) 232.0 -e 5.7 210.0 & 5.6 <.05 
Liver weight (g) 6.4 -+- 2 3  7.0 & .71 
mg protein/g liver 86.25-c 7.7 91.47+ 6.5 

Carbamyl phofsphate synthetase 
Plasma Mg++ 1.96% .09 .85& .ll <.06 

Units/g of liver 328.3 3- 85.0 285.8 2 46.0 
Units/tota.l liver 1824.0 & 130.0 2066.0 2 210.0 

Units/g of liver 9632.0 & 822.0 7290.0 2 422.0 <.05 
Ornithine transcarbamylase* 

Units/ total liver 61426.0 -1- 4550.0 49870.0 & 2060.0 <.05 
Argininosuccinate synthetase 

Units/g of Liver 117.2 ? 21.0 97.92k 11.8 
Units/total liver 722.0 123.0 78.0.0 2 69.0 

Argininosuccinase 
Units/g of liver 441.9 & 44.5 282.4 f 65.0 >.05 
Units/total liver 3532.0 2 715.0 2234.0 2 500.0 

Units/g of liver 13986.0 4 2250.0 15200.0 & 2460.0 
Units/total Liver 84299.0 &14&50.0 124760.0 k24800.0 

* 10 animals were used in  each of both the control and the deficient group. 

Arginase 
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rats developed the kbnuwn manifestations oif 
magnesium deficiency( 1). Final body weight 
ww significantly less in the deficient animals; 
however, the liver weight and the liver pro- 
tein loontent did not show any significant dif- 
ference. Both tended to be slightly increased 
in the deficient group. 

When $he specific activity of the enzymes 
assayed was expressed either as micromoles 
of product formed per hour per gram of liver 
or as micromoles of product per hour per total 
liver, only ornithine tramcarbamyl~ase showed 
a statistically significant change (decreased) 
in the deficient animals. While the activity 
of carbamyl phosphate synthetasle and argi- 
ninbsuminase was &creased in lthe same 
gro'up of rats, this difference was not statis- 
tically significant (Table I). 

Decreased activity of ornithine transcarb- 
amylase in rat liver has been previously re- 
ported in regenerating liver( 13) in some 
hepatma.s(14), and in rats fed the amino 
acid analog ethionine for a periold of 2 weeks 
(6) .  These 3 conditions have been associated 
with increased synthesis of nucleic acids, 
and in the former two, an increase in the 
activity of aspartate transarbamylase has 
also been described, suggesting that the de- 
creased activity of ornithine transarbamyl- 
ase o c c m d  in order to allow an increased 
incorporation of the carbamyl group into the 
pyrimidine precursors. I n  our experimental 
design and according to previously reported 
data( 1 ) , alterations related to protein me- 
tabolism in. the magnesium ddcient  rat were 
mainly represented by a generalized amino- 
aciduria and an increase in total urinary 
nitrogen excretion. 

The rea5on for the enzymatic changes db- 
served in our magnesium deficient rats is un- 
known, but considerations which are being in- 

vestiiptd include studies of the activity of 
the pathway leading to the synthesis of 
pyrimidines and the way in which magnesium 
deficiency may affect the enzyme kinetics- 

Summary. A statistically significant de- 
crease in ornithilne transcarbamylw in livers 
of magnesium deficient rats is reported. Since 
such an isolated enzymatic deficiency has 
usually been described in Gonlditilons where 
increased syinthesis of pyrilmidines is required 
and in view orf certain manifesbtions of pro- 
tein deficiency present in the expmimental 
animds, ithis enzymatic alteration suggests the 
ps ib i l i ty  of an increased incorporation of 
carbamyl phosphate into pyrimidiine pre- 
cursors in an \attempt to cornpenisate for a 
deranged protein anabolism. 
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