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It has been shown that the administration
of the antibiotic azaserine (o-diazoacetyl-
L-serine) to rats produces fatty liver and liver
cell necrosis as well (1, 2). The present
paper reports the effect of the administration
of azaserine on liver lipid composition, on
liver lipogenesis #n wvitro, on serum lipopro-
teins, and on liver content of biotin and ni-
cotinamide nucleotides. Furthermore, the
effects of azaserine on liver ATP content and
the effects of ATP or adenine administration
to azaserine-treated rats also were investi-
gated. In fact, it has been shown that a
variety of agents, i.e., ethionine, orotic acid,
ethanol, and CCly, which are able to produce
a fatty liver, leads to a rapid decrease in the
hepatic concentration of ATP, while the de-
velopment of these types of fatty liver is
prevented by administration of ATP or aden-
ine (3-8).

Materials and Methods. Azaserine (o-diaz-
oacetyl-L-serine) was a generous gift from
Dr. H. B. Wood, of National Institutes of
Health, Bethesda, Maryland and from Dr. J.
R. Dice of Parke, Davis and Co. Research
Laboratories, Ann Arbor, Michigan.

Adenine sulphate, adenosine-5’-triphosphate
(ATP) disodium, 3H,0, crystalline 99-100%,
a-ketoglutarate, NADPH, NADPH, 3 phos-
phoglycerate, glyceraldehyde 3-phosphate de-
hydrogenase, and phosphoglycerate kinase
were obtained from Sigma Chemical Co. St.
Louis, Mo. Sodium acetate-1-1*C (10.5 mCi/
mmole) was obtained from the Radiochemical
Centre, Amersham, Bucks. All other chemi-
cals used were of the highest purity available
commercially.

Female weanling albino rats of the Wistar
strain were fed ad libitum on a purified diet
composed of sucrose (59%), vitamin-free
casein (20%), autoclaved egg white (11%),
peanut oil (5%) and mineral and vitamin
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supplements. After 60 days the animals were
divided into 4 groups and fasted just before
the following treatments: one lot of rats
(group 1) was kept as control and injected
intraperitoneally with 0.9% NaCl; another
lot of animals (group 2) was injected in the
same way with azaserine (7.5 mg/100 g of
body wt) and the injection was repeated 24
hr later; the third lot of rats (group 3) was
treated with azaserine as above plus 300 mg
of ATP subcutaneously in three equal doses:
100 mg together with the first injection of
azaserine and the other two doses 8 and 16 hr
later; the final group of rats (group 4) was
treated with azaserine (see group 2) plus 120
mg of adenine sulfate, equimolecular to the
ATP, subcutaneously in three equal doses at
the same time intervals as ATP (see group
3).

Three hr after the last injection of azaser-
ine venous blood of the rats from all groups
was collected. Then, the rats were sacrificed
and the livers were removed for analysis.

Blood was allowed to clot at 37° for 30
min and serum was separated by centrifuga-
tion at 300 rpm for 15 min. Paper electro-
phoresis of serum proteins was carried out in
Veronal buffer, pH 8.6, and 7 0.1 at 7° for 12
hr. After the run, the strips were dried and
stained with Sudan black in 55° (v/v)
ethanol (9). The density curves of the spots
were obtained with a recording photoelectric
densitometer and the areas under the density
curves were calculated planimetrically.

Total liver lipids were extracted as previ-
ously described (6) and measured gravime-
trically; cholesterol was determined ac-
cording to the method of Sperry and Webb
(10) and phospholipids were determined by
assaying the phosphorus on total lipids (11).

For the ATP determination, the livers were
frozen in sitw with metal blocks previously
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TABLE I. Effect of Azaserine and of Azaserine
Plus ATP or Adenine on Serum Lipoproteins in

Rats.*
a- B
Group Treatment Lipoproteins Lipoproteins
1  Control 100 100
2 Azaserine 38 33
3 + ATP 32 24
4 -+ adenine 48 42

® The results, mean of six determinations on dif-
ferent animals, are expressed as percentage of con-
trols. All data were calculated from the areas under
the density eurves of lipoprotein spots (see text).

cooled to low temperature, homogenized with
4 vol of 1 N-HCIO, and centrifuged at 0°.
The supernatants were neutralized (pH 6.5)
with 0.5 N KOH and the KCIO, centrifuged
down. The ATP was then assayed on aliquots
of the clear supernatants with phosphogly-
cerate kinase according to the Adam method
(12).

Biotin was assayed microbiologically with
L. arabinosus 17/5 on samples of liver homog-
enate autoclaved with 5 NV HsSO, at 121° for
1 hr (13). The oxidized and reduced forms of
nicotinamide nucleotides were determined
by the Lowry et al. (14) fluorimetric
procedures.

Liver lipogenesis was determined in vitro
on slices (500-600 mg) incubated at 37° for
1 hr with 5 ml of calcium-free Krebs—Ringer
phosphate medium (pH 7.4) containing 5
pmoles of o-ketoglutarate, and 0.5 pmole of
sodium acetate-1-14C,

After incubation total lipids were extracted
from the slices with 2:1 chloroform-meth-

anol (v/v) mixture. The extracts were
purified according to the Folch (15)
procedure and evaporated to dryness. The
residues were dissolved in light petroleum
(bp 40-60°) and then in chloroform. Ali-
quots were taken and radioactivity measured
in a windowless gas-flow counter.

The results are given as means == SE of
the mean. Fisher’s p values are given and are
considered significant if p is not greater than
0.05.

Results. The results of paper electrophore-
sis of serum lipoproteins are shown in Table
I. The data shows a marked decrease of « and
B-lipoprotein  in  azaserine-treated rats
(group 2). A remarkable decrease of serum
lipoproteins is also observed in azaserine-
treated rats and injected either with ATP
(group 3) or with adenine (group 4).

As shown in Table II, liver total lipid
content of azaserine-treated rats increases
over the control rats ($<.001), and the in-
crease was entirely due to neutral fats
(p<<.001). A higher content of neutral fats
was also observed in the rats treated with
azaserine and ATP (group 3) ($<.001) or
with azaserine and adenine (group 4)
(p<<.001). As well as the in vitro incorpora-
tion rate of acetate-*C into total lipids is
concerned, azaserine-treated rats (group 3)
show a decreased incorporation rate (p<.001)
and the injection either of ATP or adenine
seems not to affect this behavior to any ex-
tent (Table I).

Liver ATP content does not show any
modification after treatment with azaserine
(Table IIT) whereas it is significantly in-

TABLE II. Effect of Azaserine and of Azaserine plus ATP or Adenine on the Composition of Liver
Lipids and on the Incorporation of Acetate-**C into Liver Lipids of Rats.®

Liver lipids (mg/g of tissue) Incorporation
of acetate-4C
Group Treatment Cholesterol Phospholipids ~ Neutral fats Total lipids (epm/g of tissue)
1 Control 3.3 +0.11 31.5 1.0 30.2 + 2.5 64.9 + 1.4 6823 + 622
2 Azaserine 2.7+ 015 (NS) 27.3 + 1.1 (NS) 921 +88° 123.1+9.9° 3274 + 328°
3 +ATP 3.6+ 018 (NS) 285+ 2.6 (NS) 117.3 +5.2° 146.4 + 4.7° 2831 + 273°
4 + adenine 3.1+ 0.27 (NS) 32.6 + 2.3 (NS) 99.1 = 5.8° 1348 + 4.6° 1431 + 76°

* Bach value is given as the mean =+ SE of the mean of six determinations on different animals.
The significance of differences is designated as follows: NS, no significant difference (p >.05); ®p .01-

.001; °p <.001.
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TABLE III. Effect of Azaserine and of Azaserine
Plus ATP or Adenine on Hepatic Levels of ATP
in the Rat.®

Liver ATP
Group Treatment (myumoles/g of tissue)
1 Control 922 + 23
2 Azaserine 977 + 20 (NS)
3 + ATP 1270 =+ 36°
4 -+ adenine 1348 + 48?

* Each value is given as the mean =+ SE of the
mean of six determinations on different animals.
The significance of differences is designated as fol-
lows: NS, no significant difference (p >.05); *p

<.001.

creased in the azaserine-treated groups inject-
ed either with ATP or adenine (p<.001).

As shown in Table IV the administration of
azaserine decreases the liver biotin concen-
tration (p<C.01-.001) and the injection of
ATP or adenine does not modify this effect.
The liver concentration of nicotinamide nu-
cleotides, and in particular of the reduced
forms, decreases in azaserine-treated rats
($<.001), while the administration of ATP or
adenine to azaserine-treated animals leads to
a significant increase in both oxidized
(#<.01-.001) and reduced forms (p<<.001).

Discussion. Administration of azaserine to
rats induces a fatty liver which is mainly
characterized by increased neutral fat, while
cholesterol and phospholipids show no signifi-
cant changes. In azaserine-treated rats the
incorporation rate of acetate-1*C into total
lipids is decreased, which shows that the de-
velopment of fatty liver is not secondary to

increased lipogenesis. The decreased rate of
lipid synthesis might be due to a decreased
concentration of biotin-dependent acetyl-CoA
carboxylase, as suggested by the lower liver
content of protein-bound biotin.

The injection of azaserine decreases also
the liver content of the reduced form of
nicotinamide nucleotides. Nevertheless, the
cellular depletion of nicotinamide nucleotides
cannot be related in all instances to the
decreased lipid synthesis, since in the animals
treated with both azaserine and ATP or
adenine, the liver levels of nicotinamide nu-
cleotides are normal and lipogenesis is still
reduced.

The administration of azaserine causes a
remarkable decrease in serum lipoprotein
concentrations. This might suggest that the
azaserine-induced fatty liver is determined
by an inhibited secretion of lipids by the
liver, as it has been shown in liver steatosis
induced by other compounds, i.e., orotic acid
[6, 7, ethionine (4, 16) and 4-aminopyrazolo-
pyrimidine (17, 18)].

The lack of liver phospholipid accumula-
tion, observed in all these experimental
steatosis as well as in azaserine-induced fatty
liver might be secondary to an alteration of
CTP-dependent phospholipid biosynthetic
process (6, 8).

As well as ethionine, CCl; and 4-aminopyr-
azolo-pyrimidine, induced fatty livers are
concerned, it is generally believed that the
decreased secretion of lipids by the liver is
secondary to an inhibited synthesis of the
protein moiety of lipoprotein, due to

TABLE IV. Effect of Azaserine and of Azaserine Plus ATP or Adenine on Hepatic Levels of
) Biotin and Nicotinamide Nuecleotides in Rats.”

Liver biotin

Liver nicotinamide nucleotides
(ug/g of tissue)

Group Treatment (mpug/g of tissue) Oxidized forms Reduced forms
1 Control 1820 + 95 231 +7 200 + 21
2 Azaserine 1340 + 33" 105 + 4° 53+ 1°
3 + ATP 1276 + 15° 139 = 5° ; 153 + 4°
4 + adenine 1308 + 18 205 + 9 (N8S) 127+ 7°

¢ Each value is given as the mean + SE of the mean of six determinations on different ani-

mals. The significance of differences is designated as follows:

(p >.05); *p.01-.001; °p <.001.

NS, no significant difference
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deranged ATP metabolism. However, in re-
gard to azaserine treatment, this mechanism
does not seem to be taken into consideration.
In fact, liver ATP content in azaserine-
treated rats is not changed, and the adminis-
tration of ATP or adenine is unable to pre-
vent the development of fatty liver in spite of
the increased ATP concentration. Therefore,
from the present results we cannot exclude
that azaserine alters protein and hence
lipoprotein synthesis by interfering with
RNA metabolism. In fact, there has been
shown a decreased microsomal and nuclear
RNA content in azaserine-treated cells, and a
higher wuracil incorporation into RNA to-
gether with an increased uracil pool (19).
The decreased content of RNA and the
presence of RNA molecules containing abnor-
mal bases may determine a decreased ability
in synthesizing specific apoproteins (20-24).

Summary. The effect of azaserine on liver
lipid composition, on lipogenesis in vitro in
liver slices and on serum lipoproteins, on
liver content of ATP, biotin, and nicotina-
mide nucleotides in the rat is reported. The
effect of ATP or adenine in azaserine-treated
rats is also presented. The neutral fats in the
liver of azaserine-treated rats significantly in-
creased, while the incorporation in vitro of
acetate-1*C into total lipids decreased. In the
same experimental conditions the liver con-
centration of biotin and nicotinamide nucleo-
tides fell. A marked decrease of the levels of

serum lipoprotein also was observed. The ad-

ministration of ATP or adenine to azaserine-
treated rats did not prevent either the de-
velopment of fatty liver, the decrease of liver
biotin and of serum lipoprotein, or the de-
crease of acetate-'*C incorporation into liver
lipids. On the contrary, the administration of
ATP or adenine partially reversed the azaser-
ine effects on the liver content of nicotina-
mide nucleotides and increased the liver con-
centration of ATP.
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