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The enzymatic conversion of 3-hydroxy-
anthranilic acid to quinolinic acid is important
from a nutritional standpoint, since it in-
volves intermediate reactions in the metabo-
lism of tryptophan to nicotinic acid. The
chemical reactions are unique in that a ben-
zenoid-type compound is transformed to a
pyridine-type compound. Iz wvive experi-
ments have shown that tryptophan can replace
nicotinic acid in the diets of a variety of ani-
mals (rat, chick, dog, pig, horse, man, etc.).
It has been shown that rat liver contains the
enzyme system that metabolizes 3-hydroxy-
anthranilic acid to quinolinic acid(1-4) and
that complete disappearance of 3-hydroxy-
anthranilate takes place when incubated with
rat kidney slices(5). Other studies(6) have
shown that an intermediate compound is
formed in the metabolism of 3-hydroxyan-
thranilic acid to quinolinic acid by acetone-
powder preparations or homogenates of rat
liver. In order to obtain further information
on the enzyme system in rat tissues, and for
tissues available in larger quantities than rat
liver, a study was made of the distribution of
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Co. for their cooperation in obtaining beef and pork
liver and kidney. Journal paper No. 43, American
Meat Institute Foundation.
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this enzyme system in various tissues of the
rat and in pork and beef liver and kidney.

Material and methods. The rat tissues to
be tested for the presence of enzyme were
obtained from adult albino rats by decapitat-
ing the animal, removing the tissues desired,
and using them immediately. The beef and
pork tissues were frozen within one-half hour
after removal from the animal and kept frozen
until used. Samples were homogenized as
described earlier(3) and diluted appropriately
with M/10 phosphate buffer, pH 7.0, centri-
fuged in a clinical centrifuge at 1700 rpm
(Cal. 193G) and the supernatant liquid used
as the enzyme source. The day an assay was
to be made 3-hydroxyanthranilic acid was
dissolved in phosphate buffer, diluted to 50
pg/ml and refrigerated prior to use. After
incubating the enzyme preparation and sub-
strate for 30 minutes at 37°C, the enzyme
was heat inactivated, the reaction mixture
filtered, and aliquots taken for assay. The
substrate was assayed fluorimetrically (3), and
the product, quinolinic acid, determined
microbiologically after decarboxylation to
nicotinic acid. Lactobacillus arabinosus 17-5
was used as the test organism. Suitable en-
zyme and substrate blanks were included in
each experiment. Rat liver was used as the
basis of comparison and the composite data
for the enzyme activity of rat, beef, and pork
liver are presented in Table I. Comparable
data for rat, beef, and pork kidney are shown
in Table II. Three or more samples of each
tissue with one or more levels of tissue were
used in these studies. Acetone-powder prep-
arations(3) were also made of rat and pork
liver and beef kidney. These preparations
showed the same activity as the homogenates
on a dry weight basis.

Results and discussion. Homogenates of
rat liver quantitatively converted 3-hydroxy-
anthranilic acid to quinolinic acid. From
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TABLE I. Effectiveness of Liver Homogenates in Converting 3-Hydroxyanthranilic Acid to
Quinolinic Aeid.*

Enzyme conc., Substrate Quinolinic

mg wet wt metabolized, acid found, %

Livert of tissue mieromoles micromoles conversion
Rat 10 .37 39 105
50 65 .59 91
Dork 10 .31 .33 106
50 .61 52 86
Beef 10 24 .20 81
50 Kib) .37 56

* .65 micromoles 3-hydroxyanthranilic acid, homogenate and buffer added to a total volume

of 10 ml, and incubated at 37° for 30 min.

t Dr. L. M. Henderson and associates (private communieation) have also observed that pork
and lamb liver are essentially equal in enzyme activity to rat liver in the metabolism of 3-

hydroxyanthranilate to quinolinic acid.

TABLE II. Effcctiveness of Kidney Homogenates in Converting 3-Hydroxyanthranilie Acid to
Quinolinic Acid.*

Enzyme conc,, Substrate Quinolinic
mg wet wt metabolized, acid found, %
of tissue micromoles micromoles conversion
Rat 10 21 15 71
30 .63 13 20
100 63 .26 40
Beef 20 .35 24 67
100 .65 .25 38
Pork 20 37 .29 78
100 .64 .33 52

* See foofxi)te, Table I,

91% to 105% of the substrate metabolized by
rat liver homogenates and from 75% to 108%
of the substrate metabolized by pork liver
homogenates could be assayed as quinolinic
acid (molar basis). Certainly it can be said
that quinolinic acid is the primary product of
this enzyme system. While beef liver was
equally active in metabolizing 3-hydroxy-
anthranilic acid, all of the substrate metabo-
lized could not be assayed as quinolinic acid.
With the use of 10 mg of tissue about 80% of
the substrate metabolized could be accounted
for by quinolinic acid assay and with 50 mg
of tissue only about 55% was found.
Homogenates of rat, pork, and beef kidney
possessed equal activity per unit weight of
tissue for metabolizing 3-hydroxyanthranilate
(Table IT) although only about one-half that
observed for liver homogenates. When 10 or
20 mg of tissue were used, a large percentage
of the substrate utilized appeared as quino-
linic acid, but with 50 or 100 mg of tissue a
much smaller percentage conversion was
found. The micromoles converted to quino-

linic acid remained approximately the same
in either case. These results suggest that an-
other primary product of 3-hydroxyanthranilic
acid metabolism was formed. Since it is
known that an intermediate compound is in-
volved in the conversion of 3-hydroxyan-
thranilic acid to quinolinic acid(6), it seemed
possible that this intermediate had accumu-
lated at the end of the incubation period and
could account for the low conversion to quino-
linic acid. Kidney homogenates and beef liver
homogenates were tested spectrophotometri-
cally(6) for enzyme activity and evidence was
obtained that although the intermediate com-
pound was formed with these enzyme prep-
arations, it was also rapidly broken down as
shown by a reduction in the optical density
at 360 mp indicating that this intermediate
was not an end product of the reaction.
Possibilities to explain these findings in-
clude the further transformation of part of the
quinolinic acid after it is produced and the
metabolism of a portion of the substrate by
alternative pathways which may or may not
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include the intermediate. An experiment was
conducted with the addition of quinolinic acid
to beef liver and kidney homogenates and no
evidence for the metabolism of the added
quinolinic acid was observed.

Several other tissues of the rat were tested
and found not to metabolize 3-hydroxyan-
thranilic acid to quinolinic acid in measurable
amounts at the enzyme concentrations used
(10-100 mg wet weight of tissue). Muscle,
spleen, pancreas, brain and testis homogenates
all metabolized small but significant ameunts
of substrate, but in no case were detectable
amounts of quinolinic acid produced, and no
spectrophotometric evidence for the formation
of the intermediate compound was obtained.

Summary. A survey of various tissues of
the rat, and of beef and pork liver and kidney
was made for the presence of the enzyme sys-
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tem that converts 3-hydroxyanthranilic acid
to quinolinic acid. It was found that rat and
pork liver homogenates quantitatively convert
3-hydroxyanthranilic acid to quinolinic acid.
Beef liver also contains this enzyme system,
but not all of the substrate metabolized could
be accounted for as quinolinic acid. Rat, pork
and beef kidney likewise contain the enzyme
system but again not all of the 3-hydroxy-
anthranilic acid metabolized was found
by the quinolinic acid assay. Spleen, muscle,
brain, pancreas and testis of rats either do
not contain the enzyme system or contain it in
very small quantities. No evidence was ob-
tained to indicate that the intermediate com-
pound previously described had accumulated
to account for the lower production of quino-
linic acid by these preparations.
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Several investigators have offered evidence
that the kidneys may be a source of blood-
sugar(1-6). Cohn and Kolinsky(6) reported
evidence of glucose production by the kidneys,
finding the rate of disappearance of glucose
from the blood of hepatectomized and ne-
phrectomized dogs nearly double the rate
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found in dogs hepatectomized without ne-
phrectomy. In experiments here reported, (de-
signed for further study of this question),
evisceration was done, with and without ne-
phrectomy, to eliminate possible effects of in-
sulin production on the rate of disappearance
of sugar from the blood in hepatectomized
dogs.

Procedures. Ten mongrel male and female
dogs, previously fasted 3 days with water
allowed ad libitum, were eviscerated by the
method of Markowitz(7) under nembutal
anesthesia. Five dogs were bilaterally neph-
rectomized with the evisceration and in 5 the
kidneys were left intact. Samples of venous
blood were drawn for analysis immediately
following operation and at 15-minute intervals
during the next hour. Blood-sugar was de-

7. Markowitz, J., Textbook of Experimental Sur-
gery, William Wood and Company, Baltimore,
1937.



