
ical trial. Such trial, however, should be 	 hours before the initial blood sample was 
performed with caution since the sulfo- 
nylureas are noncompetitive rather than 
competitike inhibitors of insulinase. 
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Orinase, a New Oral 
Hypoglycemic Compound 

The necessity for the parenteral ad- 
ministration of insulin has stimulated the 
search for a drug that would be effec- 
tive by oral administration for the treat- 
ment of diabetes mellitus. Recent reports 
by Franke and Fuchs ( I ) ,  Achelis and 
Ilardebeck (2j and Bertram, Bendfeldt, 
and Otto ( 3 )  have indicated that l-bu- 
tyl-3-sulfanilylurea causes reduction of 
blood sugar after oral administration. A 
related synthetic compound, different in 
that a methyl group is substituted for the 
p-amino group, has also been shown to 
cause a hypoglycemic response after 
oral administration to rats, dogs, rabbits, 
and human beings ( 4 ) .  This con~pound, 
1-butyl-3-p-tolylsulfonylurea,is called 
Orinase ( 5 )  and is the subject of the 
present report. 

Intact male rats weighing approxi- 
mately 150 g were used for blood sugar 
and glycogen studies. These were ob-
tained from the Upjohn colony 
( Sprague-Dalvley ancestry). The ani-

Table 1. Comparison of orally adminis- 
tered Orinase and subcutaneous insulin on 
liver and muscle glycogen of intact fast- 
ing rats. 

No. Glycogen 

Treatment of ( % )
ani- ------------
mals Liver Muscle 

Controls 23 0.21 0.31 
Orinase, 270 mg/kg 22 0.51 0.28 
Controls 10 0.34 0.40 
Insulin, 6.7 units/kg 10 0.48 0.65 
Insulin, 13.4 units/kg 8 0.34 0.82 

I 
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Fig. 1. Effects of a single oral dose of 
Orinase (270 mg/kg) on fasting blood 
sugar levels in the rat. 

mals were fasted 24 hours prior to oral 
administration of the drug and were also 
without food during the experimental 
period. Rat blood sugars were deter-
mined at  intervals during a 15-hour 
period by the micro method of Shaffer 
and Williams ( 6 ) ,  using tail blood. 
Groups of control and treated rats (five 
to ten each) were sacrificed after each 
determination. Since preliminary experi- 
ments indicated that 270 mg/kg was the 
optimal dosage of Orinase for a 150-g 
rat, the treated animals were given this 
amount of drug suspended in 0.5 m2 
of a I-percent sodium carboxymethyl 
cellulose solution. Control rats were 
given the vehicle alone. Liver and mus- 
cle glycogen levels Tvere determined by 
the anthrone method as described by 
Seifter and Dayton ( 7 )  on tissues re-
moved 7 hours following the administra- 
tion of the drug. Results obtained from 
animals given crystalline insulin in 0.2 
ml of saline, injected subcutaneously, are 
shown for comparison. 

Blood sugars in dogs and rabbits were 
determined (8) by the method of Folin 
and JSU ( 9 ) .Both species were fasted 15 

--

taken, and after Orinase (or its sodium 
salt) was administered, they were con-
tinued without food during the entirc 
experimental period. In dogs, blood 
sugars were run on starving controls at 
each blood-sampling period so that 
changes in blood sugar due to starvation 
alone could be considered in evaluating 
the hypoglycemia induced. Plasma levels 
of Orinase were followed by a new pro- 
cedure based on the spectrophotometric 
measurement of the ultraviolet absorp-
tion of the drug after extraction from 
plasma (10). 

Orinase produced substantial decreases 
in fasting blood sugar levels when corn-
pared with control rats at % hour; this 
decrease was maintained for at least 6 
hours (Fig. 1 ) . ,4r 12 and 15 hours, the 
blood sugars were slightly higher than 
they were for the controls. It is of inter- 
est that a t  7 hours the liver glycogen was 
increased in the Orinase-treated animals 
(Table 1 ) , whereas the muscle glycogen 
was not changed f r o ~ n  the control value. 
In contrast, insulin produced a substan- 
tial increase in muscle glycogen with no 
consistent change in liver glycogen. These 
results suggest a difference in mechanism 
of action between Orinase and injected 
insulin. Further, it is important to recall 
that Synthalin, essentially a liver poison, 
produces a depression of liver glycogen 
( I 1) ,  indicating that Orinase acts via a 
different mechanism than Synthalin. 
From the data in Fig. 1 and Table 1, it 
is apparent that blood sugar ievelr de- 
creased while liver glycogen increased. 
This suggests that in the rat one of the 
primary sites of drug action is the liver. 
This hypothesis is being tested by admin- 
istering Orinase to he~atectomized and " 
eviscerated rats under various experi-
mental conditions. 

PLASMA LEVEL OF ORINASE , SODIUM 
BLOOD SUGAR DECREASE z 


0 	 X- - -+ PLASMA L E V E L  OF ORINASE , SODIUM 

T I M E  I N  HOURS 

Fig. 2. Relationship of blood sugar decrease to plasma concentration of Orinase (sodium 
salt) after a single oral dose to fasting dogs. Each point represents an average of values 
determined from three dogs at each dose level; six dogs were used in all. 
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In the dog, both Orinase and its so-
dium salt were studied. They were 
equally effective in maintaining a low-
ered blood sugar, but the water-soluble 
salt decreased the blood sugar more rap- 
idly. A single dose of 25 mg/kg of the 
sodium salt decreased and maintained 
the blood sugar of a normal starving dog 
at a level 25 to 30 percent below controls 
for at least 24 to 32 hours. When 100 
mg/kg was given, a decrease of about 
-10 percent was observed for at least 32 
hours (Fig. 2 ) .  Although 600 mg/kg 
produced a blood sugar depression no 
greater than 100 mg/kg, this dose caused 
dcath within 20 hours. 

Rabbits that were given 400 mg/kg of 
the sodium salt of Orinase responded 
T\ ith maximum blood sugar depression? 
similar to those obtained with 100 
mg/kg in dogs. The rate of recovery 
from hypoglycemia in these rabbits, how- 
rcer, was comparable to that in dogs 
that \+ere given only 5 to 15 mg/kg. The 
lethal dose for rabbits was approxi-
mately 3500 mg/kg and, as in dogs, death 
.i\as not the result of hypoglycemia. 

Detern~inations of the plasnia level of 
the drug in dogs that \$ere given oral 
doses at levels of 5, 15, 25, 100 and 600 
me/kg indicated that at the peak plasma 
levels, about 10 percent of the dose can 
be found in the plasma (Fig. 2 ) .  The 
times required to clear the plasma of 
the drug were about 24, 48, and 72 hours 
for doses of 5, 25, and 100 rng/kg, re-
apectively. 

Chronic toxicity studies in several spe- 
cies are now in progress (12) .  Weanling 
rats of both sexes have been fed the drug 
for 8 weeks at approximately 100, 200, 
and 400 mg/kg, and no significant 
eight changes were seen when com-

pared with controls. At 4 weeks, no 
change in the hemograms was apparent. 
but a moderate enlargement of the thy- 
roid gland was observed in all rats that 
r\ere given the higher doses. 

The mechanism of action of Orinase 
has not been resolved at the present time, 
hut it does affect the mechanisms in-
voI\ ed in the deposition of liver glycogen 
in the fasting rat. The effect of Orinase 
on pancreatic function and on the periph- 
eral action of endogenous insulin and 
plucagon is under study. 
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Insulin-Sparing Sulfonamides 

An orally administered sulfonamide 
has been found to lower the blood sugar 
in normal individuals and in patients with 
"mild" diabetes ( I ). Toxic effects have 
been minimal or absent. 

The present report ( 2 )  summarizes 
some observations of clinical interest in 
ten patients who have received one or 
both of two such sulfonamides ( 3 ) .  Six 
were "severe" diabetics, and four were 
"~nild" diabetics. Three of the former 
and one of the latter have been studied 
under precisely controlled conditions on 
the metabolic ward. 

Three of the five "severe" diabetics 
had very significant decrease in insulin 
requirement and/or lowering of blood or 
urine sugar on a constant dose of insulin. 
Two grams or more of sulfonamide per 
day were required to produce this effect. 
One "severe" diabetic on chemically con- 
stant intake had a significant increase in 
glycosuria during sulfonamide adminis- 
tration. The fifth "severe" diabetic had 
essentially no demonstrable effect. 

Three middle-aged obese diabetics had 
more than 50-percent reduction in in-
sulin requirement with sulfonamide ad- 
ministration of less than 2 g daily. One 
mild diabetic, maintained on chemically 
constant intake (without insulin), had a 
50-percent reduction in blood sugar level 
during the day on which she received a 
single dose of 3 g of sulfonamide. A very 
diabetic glucose-tolerance curve reverted 
to normal following a single dose of 6 g 
of sulfonamide in one "preclinical" dia-
betic. 

Twenty-four-hour iodine- 131 uptake 
by the thyroid was diminished to lcss 
than 5-percent during intensive sulfona- 
rnide administration in three severe dm- 
betics. With reduction in dosage, the 
uptake returned to a normal level. 

In the three "severe" diabetics who re- 
sponded favorably, a reciprocal relation- 
shin bet~veen blood free sulfonamide and 
blood sugar levels was noted. 

In  two "severe" juvenile diabetics, one 
of whom had profoundly favorable modi- 
fication of the diabetic state, and the 
other of .~vhom had a significant increase 

in glycosuria during sulfonamide admin- 
istration, all of the administered sulfona- 
mide could be accounted for in the 
urine. In the former, the greater portion 
of urinary sulfonamide was conjugated; 
in the latter, the greater portion was free. 

Decrease in circulating granulocytes 
was noted during the administration of 
very large dosages of sulfonamides. Mar- 
row findings were interpreted as showing 
maturation arrest (William Chew). The 
blood count returned to normal when 
medication was decreased or stopped. 

The foregoing observations confirm the 
results recently reported by German in- 
bestigators in patients with "benign" dia-
betes. In addition, the sulfonamides fa- 
vorably modify the diabetic state in some 
severe diabetics. Significant differences 
in free and conjugated sulfonamide ex- 
cretion, respectively, have been noted in 
severe diabetics who do and who do not 
respond favorably to sulfonamide. This 
suggests that differential metabolism of 
administered sulfonamide may be partly 
or completely responsible for the type of 
therapeutic response. 

Large dosage may result in toxic mani- 
festations. Reduction of dosage, thus far, 
has been associated with disappearance 
of such manifestations. 
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Black Pigment  Concentrat ing 

Fac tor  i n  the  Fiddler Crab 

The production of both a body-light- 

ening and body-darkening blood-borne 

factor by a crab has not been demon- 

strated although such antagonistic hor- 

mones are known in other crustaceans 

( I ) .All crabs that have been examined 

with the cxception of three species of the 

genus Sesarmn blanch fo l lo~ing  eyestalk 

removal ( 2 ) .  



