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1. The activity of the xanthurenic acid-insulin complex on the 
blood sugar levels of rabbits is about 50% of that of native insulin.

2. Formation of the complex also decreased the activities of insulin 

on the uptake of glucose by epididymal fat pads and by isolated 

diaphragms of rats.

A method for preparation of the xan
thurenic acid (XA)-insulin complex and some 
of its characteristics were described in a 

previous paper (1). In the present study 
the physiological activity of this complex is 
compared with that of native insulin.

MATERIALS AND METHODS

„V A-insulin Complex-The „VA-insulin complex was 

prepared as described previously (1).

Determination of Blood Sugar-Rabbits were injected 
subcutaneously and dogs were injected intravenously. 
The blood glucose levels of rabbits were determined by 
the HAGEDRON-JENSEN method (2) and those of dogs 
by the glucose oxidase [EC 1. 1. 3.4] method (3). The 
glucose oxidase method (4) was used for crossing-over 
experiments on rabbits.

Glucose Uptake by Epididymal Fat Pads of Rats-The 
method of modification by IKEDA (5) was used for 
the assay. Male Donryu rats, reared for five to six 
weeks on CE-2 laboratory chow at room temperature, 
were divided into groups. Non-fasted rats were sacri
ficed by a blow on the head or by decapitation, and 
the testicular epididymal fat pad was quickly cut out 
with scissors and soaked in the Krebs-Ringer bicar

bonate buffer (20°C). After 30 min of soaking, 5 to 
6 slices of about 40 mg wet weight were prepared 
from the distal end and put into a buffer containing 
1 mg of glucose per 1 ml of buffer.
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Determination of glucose uptake was performed 

as follows : the reaction mixture was composed of (a) 

about 40 mg of epididymal fat pad, (b) 1 mg of glucose 

in 1 ml of the Krebs-Ringer phosphate (pH 7.4) with 

0.2 mg of dihydrostreptomycin, and (c) the sample of 

insulin or the „VA-insulin complex. The reaction was 

carried out in the Baeyer bottle with a rubber stopper. 

The gas phase was replaced by 100% 02. The bottle 

was shaken in an incubator at 37°C. After 4 hr of 

shaking, 101€l of the reaction mixture was taken out 

and mixed with the reagents for the assay of glucose 

by the glucose oxidase method, and the tissues were 

weighed on a torsion balance. The uptake of glucose 

is expressed by mg of glucose/100mg of wet tissue/ 

4 hr. The uptake was calculated from those obtained 

with and without the sample.

Glucagon-free crystalline insulin was purchased 
from NOVO Co, Ltd. and was used as a standard. 
The insulin was stored in N/30 hydrochloric acid as 
a 1 unit/ml solution at -20°C and used within 30 
days.

Glucose Uptake by Isolated Rat Diaphragm-Thirty 

day old Donryu rats were fed for a week on CE-2 

laboratory chow. Rats weighing 80-100 g were used 

for this experiment. After 18 hr of starvation, rats
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were quickly sacrified by a blow on the head or by 
decapitation, and the whole diaphragm was carefully 
removed. The diaphragm was immediately cooled on 
ice and put into the Krebs-Ringer bicarbonate buffer 

(pH 7.4). The diaphragm was cut into halves with 
scissors and soaked in buffer for 30 min. During this 

period, the buffer was changed two or three times. The 
diaphragm was then transferred to a buffer containing 
the same concentration of glucose as the reaction 
medium. The diaphragm was removed, blotted lightly 
with a piece of filter paper, and transferred to the 
reaction bottle (10ml).

The reaction medium was composed of 1 ml of 
the Krebs-Ringer bicarbonate buffer containing 1 mg 
of glucose and 0.2 mg of dihydrostreptomycine. The 
incubation conditions and the method of determination 
of the glucose content were as described in the pre
vious section, except that the incubation period was 
90 min. The glucose uptake was calculated as the 
mean of at least four measurements, each on a different 
hemidiaphragm. The uptake of glucose is expressed 
by mg of glucose/g (wet weight) of tissue/90 min of 
incubation.

An aliquot of 10 pl of the reaction mixture was 

taken from the reaction medium and directly added 

to the reagents for the assay by the glucose oxidase 

method without previous deproteinization.

RESULTS

Determination of the Blood Glucose Level-

Fig. I shows the blood glucose levels observed 

with native insulin and with the „VA-insulin 

complex. The results show that the sugar 

level decreasing activity of the complex is 

much less than that of insulin. The relative 

activity was calculated by the following 

equation (6) ;

Relative activity=

Fro. 1. Effects of native insulin and the com

plex on the blood sugar levels of rabbits.
Six rabbits weighing about 2 kg were used in 

each case. 18-21 ƒÊg of sample per kg of rabbit 

was injected. Blood glucose is expressed as mg 

of glucose per 100 ml of blood.

-•ü- Native insulin.

-•- „VA-insulin complex.

TABLE I

Crossing-over experiment on insulin activity.

Blood glucose was determined by the glucose oxidase method. Values in parenthesis indicate percent 

decrease of blood glucose. 15 ƒÊg of sample per kg was used in each case.
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where the blood sugar after injection is the 
mean value of the blood sugar levels measur
ed 60 min, 90 min, or 120 min after injection 
of the sample. When the activity of the 
control insulin was taken as 100, the activity 
of the complex was 49.

Stochastic analysis of the change with 
time in the data shown in Fig. 1 (7) showed 
that there is a difference between the acti
vities of native insulin and the complex.

Crossing-over Experiment-The results of a 
crossing-over experiment using two rabbits 
reared under the same conditins are sum
marized in Table I. The blood glucose level 
was measured by the glucose oxidase method 
(4). The results also show that the activity 
of the complex is less than that of native 
insulin.

FIG. 2. Effect of native insulin and the com

plex on the blood sugar levels of dogs.
The values for the complex were the mean 

values for two dogs.
-0- Native insulin.

-0- „VA-insulin complex,

Determination of Blood Glucose Levels in Dogs 

-Fig. 2 shows the results on the blood sugar 

levels of dogs. In this case 12.5ƒÊg of sample 

per kg was injected intravenously. The blood 

sugar level was determined by the glucose 

oxidase method (3). The data again show 

that the activity of the complex is less than 

that of native insulin.

Uptake of Glucose by Epididymal Fat Pads 

of Rats-Table II shows the effect of „VA on 

the uptake of glucose by epididymal fat pads 

of rats. These results show that „VA does not 

influence the uptake of glucose by epididymal 

fat pads of rats. Table III shows the effect 

of the complex on the uptake of glucose 

under the same conditions as for Table II.

TABLE II

Effect of „VA on the uptake of glucose by epididymal 

fat pads of rats.

Experimental details are given in " MATERIALS 
AND METHODS ". Glucose uptake ; glucose in mg/ 
100 mg of wet tissue/4 hr. Values in parenthesis 
indicate the numbers of experiment.

TABLE III

Effect of native insulin and the „VA-insulin complex 

on the uptake of glucose by epididymal 

fat pads of rats.

Conditions are as for Table II.
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TABLE ‡W

Effect of the„VA-insulin complex on the uptake

 of glucose by isolated rat diaphragm.

Details are given in "MATERIALS AND METH
ODS." The uptake of glucose is expressed by mg 

glucose/g (wet weight) of tissue/90 min. Values 
in parenthesis are the number of experiment.

The results show clearly that the complex 

has a less activity of accelerating the uptake 

of glucose than native insulin.

Glucose Uptake by Isolated Rat Diaphragm-

Table ‡W shows the effects of native insulin, 

the „VA-insulin complex and „VA on the 

uptake of glucose by isolated rat diaphragm. 

The data indicate that the complex and „VA 

decrease the uptake of glucose, in contrast to 

the case with epididymal fat pads of rats. 

The amount of „VA in the complex is so 

small (0.14ƒÊg in this case) that the effect of 

„VA liberated from the complex may be 

neglected.

DISCUSSION

The present results show that the hormon

al activity of the„VA-insulin complex is much 

less than that of native insulin. We may

suggest from these results that experimental 

diabetes in the presence of „VA may be in

duced by the following mechanism:

Tryptophan

This mechanism is based on the fact that 

„VA is a metabolite of tryptophan and the 

excretion of „VA increases on administration 

of a high fat and high protein diet. The 

present study may throw light on the problem 

of human diabetes.
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