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The hypoglycemic action of a sulfonamide 
derivative. sulfonamido-isopropylthiadiazole, 
was first discovered by Janbon and coworkers 
in 1941 (1).  Loubatieres(2) suggested that 
this compound caused hypoglycemia by stim- 
ulating insulin secretion. A similar conclu- 
sion was reached by Chen and coworkers(3) 
who investigated the hypoglycemic action of 
sul f anilamido-cyclopropyl- thiazole. I t  is pos- 
sible that one mechanism by which the sulfon- 
amide produces hypoglycemia is by inhibiting 
the rate of degradation of insulin. as has been 
reported by Mrsky(4) and Williams( 5 )  to 
occur with certain other sulfonamides. Holt 
and coworkers ( 6) reported that sulfonamido- 
cyclopropyl t hiadiazole produces morphologic 
changes in the alpha cells of the pancreas in 
rabbits and they suggested that the compound 
caused hypoglycemia by inhibiting glucagon 
secretion. Franke and Fuchs( 7 ) ,  Bendfeldt 
and Otto ( 8) .  and -4chelis and Hardebeck (9) 
attributed the hypoglycemic action of butyl- 
aminobenzenesulionylurea to decreased pro- 
duction of glucagon. However, Tyberghein 
and Williams( 10) found that extracts of se- 
rum of rabbits treated with butyltolylsul- 
fonylurea (BTSU) , which also produces hy- 
poglycemia, had the same glycogenolytic 
stimulating activity in liver slices as extracts 
of serum of normal rabbits. Since there was 

good indication that this glycogenolytic effect 
was due to glucagon, these observations 
weaken the hypothesis of a decreased gluca- 
gon secretion. Therefore another mechanism 
was sought to explain the hypoglycemic effect 
of the sulfonamide preparations. An action 
on liver glycogen has been discussed by Miller 
and Dulin( 11) and by Loubatieres( 12). In 
the present study we investigated whether or 
not the hypoglycemic action of BTSUt could 
be related to an inhibition of glucose release 
by the liver and whether enzymes involved in 
glycogenolysis were affected by BTSU. 

i7lethods. Some studies were conducted 
with rats and others with rabbits. 

Rat Expcrinzmts. The effect of BTSU on 
blood sugar and liver glycogen was studied in 
Sprague-Dawley rats. each weighing approxi- 
mately 300 g. prepared in one of the 2 follow- 
ing ways: (a )  fasted for 24 hours, or (b) fed 
a standard amount of glucose for 24 hours. 
One group was fasted since it was believed 
that in this manner an inhibitory effect of 
BTSU on glycogenolysis might be more ap- 
parent, since normally the glycogen stores are 
considerably depleted after 24 hours. In all 
experiments with rats 80 mg of the sodium 
salt of BTSL, dissolved in 2 ml of water, was 
given every 12 hours by stomach tube. The 
first dose coincided with the beginning of the 

* This research was supported by funds granted 
by the Atomic Energy Commission, the U.S.P.H.S. 
a n d  the Upjohn Co.  

t We are indebted to Dr. C. J. O’Donovan of the 
Upjohn Co. for generous supplies of 1-3-butyl-p- 
tolylsulf onylurea (“Orinase”) . 



BUTYLTOLYLSULFONYLUREA AND LIVER GLYCOGENOLYSIS 323 

TABLE I. Effect of BTSU on Blood Glucose and Liver Glycogen in Rats. 

Blood glucose, Liver glycogen, 
No. of animals mg % mg/g tissue 

Treated Treated Treated 
Controls BTSU Controls BTSU Controls BTSU 

Fasted 24 hr 15 15 84 2 8.4* 49 -C 4.3* 1 -t 1.6* 16.3 -C 4.3' 
Fed glucose 8 8 106 r 8.2 68 -I 5.6 50.52  6 53.8 f 3.9 

* Stand. error of the mean. 

fasting period or of the glucose feeding. The 
animals were sacrificed between 2 and 3 hours 
after the third dose. Blood was drawn for 
glucose determination( 13) and the liver ex- 
cised for glycogen determination ( 14). In the 
group of rats fed only glucose, 500 mg was 
given every 12 hours by stomach tube with or 
without BTSU. 

The effect of BTSU on glucose-6-phospha- 
tase activity was studied in rat liver homo- 
genates. Liver homogenates were prepared 
from normal fasted rats and from fasted rats 
given three doses of BTSU, 80 mg each, by 
stomach tube, according to the method de- 
scribed earlier. Aliquots of the homogenates 
were incubated a t  28.9"C with .08 M glucose- 
6-phosphate in 0.1 M citrate buffer, pH 6.45 
( 15). The furmation of inorganic phosphate 
was measured at  the end of 30 minutes incu- 
bation ( 16). 

Rabbit Experiments. Studies were con- 
ducted in rabbits on the effect of BTSU given 
orally on the glycogenolysis of surviving liver 
slices. New Zealand white male rabbits, 
weighing approximately 2 kg were given 500 
mg of BTSU every 12  hours for 4 days except 
for the first and the last dose which were 1 g 
each. The animals were saorificed about 3 
hours after the last dose was given. Liver 
slices, weighing approximately 100 mg each, 
were cut promptly and put in 20 ml beakers 
containing 2 ml of buffer solution (1 volume 
0.1 N potassium phosphate buffer and 4 vd-  
umes 0.9% sodium chloride solution), pH 
7.5; the mixture was incubated at  37" for 45 
minutes. 

The data presented in Table I 
indicate that in fasted rats given BTSU the 
amount of liver glycogen is much greater than 
in fasted control rats. In rats fed only glu- 
cose for 24 hours the amount of glycogen in 
the liver was the same whether or not BTSU 

Results. 

TABLE 11. Effect of BTSU Treatment in Rab- 
bits on Spontaneous Glucose Output from Liver 

Slices." 

% decrease in spon- 
Spontaneous glucose output, taneous glucose output 

mg/100 mg liver tissue by BTSU treatment 
Controls Treated BTSU 

1.17t .97 t 
1.54 1.14 
1.17 .94 
1.33 1.02 
1.39 1.18 
1.51 1.18 
1.45 1.08 

18 
26 
19 
23 
16 
22 
21 

* 2 rabbits used in each experiment. 
t Mean value for 3 different slice preparations. 

was given. In  both the fasted and the glu- 
cose-fed rats there was considerable hypogly- 
cemia in the BTSU-treated groups. The con- 
version of glycogen to glucose is probably im- 
paired since there presumably was relatively 
little synthesis of glycogen in these animals. 
The finding that the glycogen content of the 
glucose-fed rats is the same with or without 
BTSU treatment, indicates that the conver- 
sion of glucose to glycogen is not significantly 
impaired by BTSU feeding. Data indicating 
that BTSU decreases liver glycogenolysis in 
vitro, also, are presented in Table 11. The 
glucose output from liver slices of rabbilts 
treated with RTSU was less than that from 
liver slices of control rabbits. I t  is of interest 
to note that this effect was obtained only if 
the BTSU was given to the animals before 
sacrifice. The addition of BTSU to the incu- 
bation medium in vitro did not significantly 
decrease the glucose output 5rom liver slices 
of normal rabbits. 

If BTSU blocked any step in glycogen syn- 
thesis one would expect a decrease in glycogen 
content in BTSU-treated, glucose-fed rats. 
This was not found. That there was not an 
increase in the liver glycogen in these rats as 
compared to those fed glucose only (despilte 
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TA4RI,E 111. Efftct of BTSV Treatiiicnt on G l u -  
cose-(i-pliospli~itase Activity of Rat Liver Itoiiiog- 

e11a tcs. 

the hypoglycemia existing) may be explained 
by the fact that the amount of glucose given 
was sufficiently large to the make breakdown 
of liver glycogen of minor importance as com- 
pared to synthesis of liver glycogen. In this 
connection, it may be noted that the amount 
of glycogen in the glucose-fed rats was larger 
than in rats fed ad lib. (50.5 -C 6 compared 
to 35.3 ~t 3 mg per g ) .  The results described 
above are consistent with the hypothesis that 
BTSV-hypoglycemia is the result of a re- 
duced rate of liberation of free glucose from 
liver glycogen. Since no obvious impairment 
of glycogen deposition was found, it seems 
reasonable to suppose that the irreversible 
step in glucose liberation is involved, i.e., the 
reaction glucose-6-phosphate + glucose + 
phosphate. 

To determine whether the glucose-6-phos- 
phatase activilty of BTSC-treated rats was 
reduced, compared to controls, the activity of 
liver homogenates in liberating inorganic 
phosphate from glucose-6-phosphate was 
measured. Table TI1 contains data indicat- 
ing a significant depression of the activity 
of this enzyme. Similar observations have 
been made by others(l7). One mode of 
action of BTSU appears, therefore, to be a 
decrease in the activity of glucose-6-phospha- 
tase, resulting in a decreased release of glu- 
cose by the liver. I t  is possible that this ef- 
fect' of BTSU is the result of a stimulation of 
insulin secretion or of decreased insulin degra- 
dation, caused by the drug. However, this 

Summary. 1. In fasted rats butyltolylsul- 
fonylurea ( BTSU) produces hypoglycemia 
and decreased liver glycogenolysis. 2. In 
rats fed glucose only, BTSC' also produces 
hypoglycemia but the amount of liver glyco- 
gen is comparable to that of untreated glu- 
cose-fed rats. 3.  After treatment of rabbits 
with BTSC for four days, the spontaneous 
glucose output from liver slices was less than 
from liver slices of control animals. 4. The 
formation of inorganic phosphate by liver 
homogenate in the presence of glucose-6- 
phosphate is less in the BTSU-treated rats 
than in control rats? indicating that the glu- 
cose-6-phosphatase activity is less in the 
BTSC-treated rats than in control rats. 6. 
These observations tend to indicate that 
BTSC produces hypoglycemia at  least par- 
tially by decreasing glucose-6-phosphatase ac- 
tivity in the liver. 
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