Metabolism of 3-hydroxyanthranilic acid and its
Coupling with Oxidoreductive Reaction of
Hemoglobin in Human Erythrocytes
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Fig. 1. Analysis of isoelectric-focusing patterns of
hemoglobins which were obtained during incuba-
tion of erythrocytes with 3-HAT.

(a) Time course of isoelectric-focusing patterns of
hemoglobins. (b) Fractional changes in oxy-
hemoglobin (oxyHb) during incubation of
erythrocytes with 3-HAT. The isoelectric-
focusing patterns were analysed by gel-scanning
at 630 nm, and the heme contents (%) of each of
the components [oxyhemoglobin, (a?* 8%), +
(a®* B**), and methemoglobin (metHb)] were
estimated. The results were plotted against
time. O, oxyhemoglobin; A, (a?* %), + (a**
£%**); @, methemoglobin.
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Fig.3. TLC of the samples obtained after incuba-

’ tion of erythrocytes [with oxy- (oxyHb) or
75 methemoglobin (metHb)] with 3-HAT.
After incubation of erythrocytes (which contain
ferrous or ferric hemoglobin inside) with 3-HAT,
6 O' the samples were removed after 90 (90’ RBC) and
/\ 120 min (120’ RBC). Then they were lysed, and
e

passed through a column of Sephadex G-25 (fine
grade). The orange-coloured portion of the
effluent was put on the silica gel, and TLC was
performed with authentic 3-HAT, cinnabarinic
acid (CBA), 3-hydroxykynurenine (3-HK),
anthranilic acid (AA) and kynurenine (Krn) for
comparison. The solvent was butanol/acetic
acid/water (4:1:1, by vol).
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>\ ( nm ) Fig.2. Time course of cinnabarinic acid forma-
tion during incubation of erythrocytes with 3-

HAT.
600 (a) Absorption spectra of the samples obtained by
the reaction of erythrocytes wiht 3-HAT. The
g o 500 erythrocytes were incubated with 3-HAT at 37°C
< g:’ for 2h. The samples were taken out at intervals
o = 400 for analysis. The hemolysates were passed
€ g 300 through a column (0.8 cm X 10 cm) of Sephadex
s 3 G-25 (fine grade). The orange-coloured portions
° E 200 of the effluent were collected and measured
.S E‘ spectrophotometrically between 440 and 500 nm.

(b) Production of cinnabarinic acid during the
incubation of erythrocytes with 3-HAT. The
amounts of cinnabarinic acid were calculated
60 120 from A shown in (a) (e ™=23% and were
Time {min) plotted against time.
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Fig.4. Rates of formation of cinnabarinic acid by
human erythrocytes under various conditions.
The erythrocytes [RBC; with oxy- (oxyHb) or
methemoglobin (metHb)] were incubated at 37°C
for 2 h with 3-HAT, after the addition of KCN or
NaN, or bubbling with CO. Then the rates of
formation of cinnabarinic acid were determined
by monitoring the changes in A,ss as described in
the legend to Fig. 2.
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Fig. 5. Absorption spectra of the samples obtained

by the reaction of oxyhemoglobin or methemo-
globin with 3-HAT.
After oxy- or methemoglobin was allowed to
react with 3-HAT at 25 C for 90 min, the reaction
mixture was passed through a column of
Sephadex G-25 (fine grade). The orange-colour-
ed portion of the effluent was collected and
measured spectrophotometrically between 440
and 500 nm.
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Table 1. Rates of oxy- and deoxyhemoglobin with 3-HAT under various conditions
Autoxidation rates Oxidation rates
of hemoglobin (—3-HAT) of hemoglobin (+3-HAT)
(#M/min) (#M/min)
—) Pyinositol . .
(+) Oxygen ) (,fnos% 0 0.044 0.52
(+) Psinositol 0.175 3.9
(—) Peinositol 0 0
—) Oxygen
(=) Owgen ) b inositol 0 0

The reaction mixture containd oxy- or deoxyhemoglobin (100x M in heme), 5004 M
3-HAT. The concentration of Pginositol use was 1mM. The values represent the
oxidation rates of oxy- (+oxygen) and deoxy hemoglobin (-oxygen) with 3-HAT in the
presence (+) or absence (—) of Pginositol. The oxidation rates were calculated by
dividing the OD change at 578nm/min with the difference in millimolar extinction of

oxy- and methemoglobin at 578 nm'.

Table 2. Rates of reduction of methemoglobin with 3-HAT under
aerobic and anaerobic conditions

Reduction rates of hemoglobin

(#M/min)
—) Psinositol 7
(+) Oxygen ) %nosfo L7
(4+) Ps-inositol 10.5
(—) Pginositol 0.52
—) Oxy
() Oxveen ) b inositol 2.2

The reaction mixture containd oxy- or deoxyhemoglobin (100 M in

heme),

500 M 3-HAT. The experiments were performed under

aerobic and anaerobic condition as described in legend to Table 1.
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Fig. 6. Effects of hemoglobin or 3-HAT concent-

rations on oxidation rates oxyhemoglobin with 3-
HAT.
The changes in absorbance at 630nm were
measured after the addition of 3-HAT to oxy-
hemoglobin solution. The reaction was per-
formed at 25°C in the dark. (a) Experiment with
various concentration of 3-HAT. The con-
centrations of oxyhemoglobin were 100 uM in
heme. (b) Experiments with various con-
centrations of oxyhemoglobin. The concentra-
tions of 3-HAT were 5002M.
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Fig. 7. Effects of superoxide dismutase and

catalase on the oxidation of oxyhemoglobin with
3-HAT.
The oxidation of oxyhemoglobin with 3-HAT in
the presence or absence of catalase or superoxide
dismutase (SOD) was measured spectro-
photometrically by the decrease in absorbance at
578 nm. The reaction mixture contained oxy-
hemoglobin (100 4M in heme) and 500 xM 3-
HAT. The control in the figure shows the
experiment with 3-HAT and without enzyme.
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Fig.8. Effects of superoxide dismutase and

catalase on the reduction of methemoglobin with
3-HAT.
The reduction of methemoglobin with 3-HAT in
the presence or absence of catalase or superoxide
dismutase was measured spectrophotometrically
by the increase in absorbance at 578 nm. The
reaction mixture contained methemoglobin (100
#M in heme) and 5004M 3-HAT. O, control;
0, (+) catalase; ®, (+) superoxide dismutase ;
A, (+) catalase plus superoxide dismutase.
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Fig.9. The process of cinnabarinic acid formation
from 3-HAT.
The scheme was derived from that of Subba
Rao & Vaidyanathan on the metabolism of 3-
HAT to cinnabarinic acid by catalase.
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hemoglobin.
The scheme shows the metabolis of 3-HAT in
relation to the mechanism of oxidation and
reduction of hemoglobin.
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Abstract

3-Hydroxyanthranilic acid (3-HAT), a metabolite of tryptophan, was rapidly metabolized by
human erythrocytes. The final product was determined to be cinnabarinic acid (CBA) by
spectrophotometry, paper chromatography and thin layer chromatography. On the other hand,
oxyhemoglobin in erythrocytes was oxidized to halfoxidized hemoglobin and methemoglobin by
3-HAT, and the oxidation rates were very high, as those of cinnabarinic acid formation, suggesting
that the metabolism of 3-HAT is coupled with the oxidoreductive reaction of intracellular
hemoglobin. This idea was further confirmed by the findings that 3-HAT was metabolized to
CBA by oxy- or methemoglobin and that oxy- and methemoglobins were oxidized and reduced by
3-HAT respectively. The oxidation of oxyhemoglobin with 3-HAT was much accelerated in the
presence of myo-inositol hexakisphosphate or superoxide dismutase, but was much suppressed in
the presence of catalase. Deoxyhemoglobin was not oxidized by 3-HAT. The reduction of
methemoglobin with 3-HAT proceeded both under aerobic and anaerobic conditions, though the
rate of reduction was much faster under an aerobic condition than an anaerobic condition. The
reduction of methemoglobin with 3-HAT was accelerated by myo-inositol hexakisphosphate, but
was partially suppressed by superoxide dismutase under an aerobic condition. On the basis of
these results, the paradoxical effects of 3-HAT is discussed in relation to the mechanism of
oxidation and reduction of hemoglobin. The significance of the metabolism of 3-HAT and the
oxidoreductive reaction of hemoglobin with 3-HAT may be associated with the pathological
conditions of increased tryptophan metabolites levels in the blood of diabetic or urinary bladder
cancer subjects.




