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Studies on the Effect of Tolbutamide on Insulin Secretion. (27820) 

EVELYN ANDERSON* AND FRANCES E. WHERKY 
(With the technical assistance of Paul L. Koger) 

-Vational Insti f lrte of Arthritis and Metabolic Diseases, National Institute,$ 0.f Health, Piiblic 
Hpalth Service,  L I .  S .  Dept .  of H.E.W., Refhesda,  M d .  

The very extensive use of the sulfonylurea 
drugs, particularly tolbutamide and chlorpro- 
pamide in treatment of diabetes has prompted 
a great deal of research on the mode of action 
of these drugs ( 1-7), yet the physiologic 
mechanisms responsible for the hypoglycemic 
action are not understood. Levine (8)  ex- 
amined in detail the various hypotheses on 
the mode of action of these drugs and finally 
stated, “The many in vivo observations com- 
pel one to accept the conclusion that the hy- 
poglycemic sul fonamides somehow promote 
the release of additional insulin from the 
beta cells of the islets of Langerhans, a pheno- 
menon spoken of as beta cytotrophism.” The 
data presented here do not support this hy- 
pothesis. We have measured the insulin se- 
cretion rate in dogs given tolbutamide by in- 
travenous infusion and have found that it is 
not significantly different from the secretion 
rate in control dogs given a saline infusion. 
In  contrast to this, glucose infusion produces 
a secretion rate 5 to 10 times that of the sa- 
line treated controls. 

* Present address: Ames Research Center, Nat .  
Aeronautics and Space Admin., Moffet Field, Calif. 

Methods .  Adult female dogs were used for 
this study. Average body weight for the 
group was 30 lb, but body weights varied 
from 20 to 50 lb. The general state of nu- 
trition also varied to the same extent. Fifteen 
dogs were treated with sodium tolbutamide, 
1.0 g in 500 ml saline administered intrave- 
nously. Fourteen dogs, serving as controls, 
received 500 ml saline intravenously. A 
group of 8 dogs were infused with 500 ml of 
10% glucose in saline. 

Operative procedure. The animals were 
fasted for 24 hours before the experiment. 
They were anaesthetized with Nembutal and 
a mixture of O2 and 5% C 0 2  was adminis- 
tered by intra-tracheal tube throughout the 
entire procedure. The intravenous infusion 
of tolbutamide (or glucose or saline) was 
started a t  the beginning of the abdominal 
surgery so that the drug was present in the 
pancreas for about 30 minutes before collec- 
tion of pancreatic venous blood was started. 
Rate of infusion of the 500 ml volume was 
so regulated that the infusion was continued 
throughout the entire period of blood collec- 
tion. 
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During the abdominal operation, special 
care was taken to cauterize or ligate all blood 
vessels to minimize bleeding later in the ex- 
periment after heparin was administered. A 
cannula (polyethylene tubing 3 mm inner dia- 
meter) containing heparin solution (1000 ti/ 
ml) was inserted into the splenic vein, with 
the tip directed into the portal vein. All the 
tributary veins to the portal which carried 
blood from the stomach and intestines were 
ligated as far as possible so that the blood 
flowing from the cannula was only that which 
had passed through the pancreas. Immedi- 
ately before starting blood collection, heparin 
solution (3-4 ml) was injected through the 
cannula into the portal vein. After a minute 
or two, when the heparin was in the general 
circulation, the portal vein was tied off a t  its 
entrance into the liver. The hepatic artery 
was ligated also at  a point close to the liver, 
to exclude the liver from the general circula- 
tion and prevent any rise in the level of blood 
qlucose. Specimens of blood for glucose de- 
terminations were collected from the cannula 
every 15 minutes during the experiment. The 
operative procedure required about 30 min- 
utes. 

Blood was collected in 250-ml centrifuge 
bottles which were packed in chipped ice. 
Collection time was approximately 50 min- 
utes and about 500 ml blood was collected in 
each experiment. In the experiments in 
which glucose was given, more than 500 ml 
of blood was collected in the 50-minute pe- 
riod. 

Extraction of insulin. Immediately after 

defatted plasma was then extracted with etha- 
nol-NaC1 solutions and the separation of resi- 
due and extract accomplished by percolation 
or centrifugation. A modification of this pro- 
cedure was used during the second period of 
this study, from June 1960 to June 1961, 
in which the whole plasma rather than the 
lyophilized plasma was extracted, using the 
same concentrations of ethanol-NaC1. Sepa- 
ration of residue and supernatant was made 
by centrifugation. The supernatant fraction 
was lyophilized and extracted with 957% etha- 
nol to remove lipid material. The insulin 
was extracted from the fat-free residue with 
water. The data from the 2 sets of experi- 
ments have been presented separately. 

ITlethod of assay. The extracts of plasma 
were assayed for insulin by an in vivo method 
described previously (9),  but with one modi- 
fication, namely the use of hypophysecto- 
mized rats instead of alloxan diabetic hypo- 
physectomized rats as previously described. 
A log-dose response curve for insulin using 
this modification is shown in Fig. 1. This 
is a composite of the insulin standard curves 
from 28 routine assays carried out during the 
study. With this modification, the index of 
precision ( A )  is 0.22, which is better than the 

of 01.36 of the previous method. 
The plasma extracts were made up in sa- 

line or albumin-saline solutions so that each 
dose of 2 ml volume contained 100 mg of pro- 
tein material. The insulin standards were 
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the pancreatic venous blood was collected, it 
was centrifuged in the cold room and the 
plasma removed as quickly as possible. The 
plasma was shell-frozen at  once and then 

5 6o - I A v e ~ e ~ ~ . ~  

2 5o - 
2 40 - 

- 
one devised by Rates and has been described 2 
( 9 ) .  This consists of a series of extractions 5 
with ethanol-NaC1 solutions. During the first - -- 
period of this study, from N O ~ .  1958, to Oct. +a 

19 59, the procedure consisted of lyophiliza- 
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either lyophilized or stored in a freezer. z 
The method for extraction of insulin was 30 
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made in 5% albumin in saline. 
A summary of all experiments 

carried out over a 2-year period is given in 
Table I. Data on blood collections and yield 
of plasma extract are included, as well as in- 
sulin assays, to call attention to the many 
variables inherent in this type of physiologi- 
cal study. I t  was necessary to use dogs vary- 
ing in size and age, of mixed breeds and dif- 
fering in general state of nutrition. I t  is also 
important to remember that the technics of 
extraction of insulin from plasma and that of 
bioassay are certainly not as refined as one 
would like. 

The blood sugar level in the dogs receiving 
tolbutamide solution or saline only did not 
rise over 90 mg c/c at any time during the ex- 
periment, and often fell as low as 30 mg %. 
Tn the dogs receiving 107. glucose solution, 
blood sugar levels were considerably over 3 50 
mg F? throughout experiment. 

Since the method of extraction of insulin 
from plasma was changed after the first year 
of study, the data are given for the 2 periods 
separately (Table T) . 

In the first series of experiments in which 
the plasma was lyophilized before extraction, 
there were 10 control dogs which received sa- 
line only. The mean insulin level in the pan- 
creatic vein blood of these controls was 59 t 
11.1 pU/ml plasma. The insulin level in 
peripheral venous blood of 5 normal fasting 
dogs was 26 t 5 pU/ml plasma. Six dogs re- 
ceived tolbutamide, and the mean insulin level 
in pancreatic vein blood of this group was 89 
t 9.1 pU/ml plasma. The rate of insulin se- 
cretion for the saline treated group was 1.52 
t 0.27 pU/ml/minute and for the tolbuta- 
mide treated group 1.58 zt 0.12 pU/ml,/min- 
ute. 

In the second series of experiments where 
the insulin extractions were made on the 
whole plasma, there were only 4 saline treated 
dogs, and the yield of extract per ml plasma 
was low, but insulin content per mg extract 
was essentially the same as for the saline 
treated group of the first series. Insulin con- 
centration in the pancreatic venous blood for 
the group averaged 48 t 22 pU/ml plasma. 
There were 9 dogs treated with tolbutamide 
and average insulin concentration in this 

Results. 
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group was 75 -t- 16 p U / d  plasma. The mean 
rate of insulin secretion for the saline con- 
trols was 1.04 -I: 0.44 pU/ml/minute and for 
the tolbutamide treated 1.55 -t- 01.28 ,pU/mlJ 
minute. Combining the 2 sets of data in 
Table I, the insulin secretion rate for the sa- 
line treated animals is 1.3 7 pU/ml/minute 
and for the tolbutamide treated animals 1.56 
pU/minute. The average effect is an increase 
of 0.18 pU/ml/minute in the tolbutamide se- 
ries with 9570 confidence limits of -0.38 pU/ 
ml/minute to + 0.74 pU/ml/minute. The 
results thus fail to demonstrate a stimulating 
effect of the tolbutamide on insulin secretion, 
but cannot exclude effects as large as 0.74 
pU/mlJminute or about 50%. 

The infusion of glucose raised the insulin 
secretion rate considerably above the rate ob- 
tained with saline infusion, but degree of re- 
sponse was quite varied. In the first series 
insulin concentration in the pancreatic ven- 
ous blood was 288 t 59 pU/ml plasma; in 
the second series it was 515 t 28 pU/ml. In 
some cases, the level of insulin was more than 
10 times that found in fasting saline treated 
dogs. This difference in response from one 
dog to another might well be due to differ- 
ences in nutritional state of the dogs which 
varied from good to poor and to the range in 
age of the dogs, which was considerable. The 
average secretion rate of the 5 dogs in the 
first series was 4.14 t 0.92 pU/ml/minute, 
and in the second series of 3 dogs 12.3 rt 3.3 
pU/ml/minute. Combining the 2 series, av- 
erage secretion rate of the dogs treated with 
glucose was 7.21 ~fr 1.9 pU/ml/minute. 

Discussion. I t  is important to emphasize 
here that the secretion rates for insulin given 
in Table I are valid only for comparison 
within the 3 groups of dogs and do not give 
the physiological secretion rates, since the 
animals were bled in most cases to a state of 
circulatory failure in order to obtain sufficient 
amounts of blood. 

Our findings do not support the beta cyto- 
trophic hypothesis, but they do confirm the 
findings of several investigators who have 
measured the activity in the blood of humans 
following tolbutamide administration. Using 
an in vitro rat diaphragm bioassay, Renold 
et aE.( 10) measured the insulin-like activity 

in peripheral plasma of 4 normal individuals 
before and after a rapid intravenous infusion 
of tolbutamide ( 3  7.5 mg/kg) . Although 
blood glucose decreased about SO%, in no in- 
stance did the insulin-like activity of the 
plasma increase. Following the same technic 
for assay of insulin, neither Weaver et aE. ( 11 ) , 
nor Seltzer and Smith(l2) was able to detect 
changes in insulin-like activity in the sera of 
diabetic patients 140 minutes after tolbuta- 
mide given orally (3 g total dose). On the 
other hand, Vallance-Owen, Joplin, and 
Fraser (13), also using the rat diaphragm as- 
say technic, and with comparable doses of 
tolbutamide orally, found significant increases 
in plasma insulin activity both in normal in- 
dividuals and in those diabetics who were 
clinically responsive to tolbutamide. The 
non-responsive diabetics showed no increases 
in plasma insulin activity. In every case the 
fall in blood sugar correlated well with the 
rise in insulin activity. Yalow et aL(14) 
have confirmed these findings using their 
technic of immuno-bioassay for insulin. With 
another in vitro technic for the assay of in- 
sulin, the rat adipose tissue method, Pfeiffer 
et al. ( 15) reported very striking increases fol- 
lowing tolbutamide administration, levels of 
insulin-like activity rising to 4000 mU per 
ml of serum in normal subjects, and in tol- 
butamide-responsive diabetics ; they found 
no increase in juvenile diabetics after tol- 
butamide. It is very difficult to reconcile 
these findings of marked increase in insulin 
secretion in human beings with our failure 
to detect a significant change in insulin se- 
cretion rate after tolbutamide in dogs. 

Rate of insulin secretion has 
been studied in dogs fasted for 24 hours and 
given an intravenous injection of 1 g sodium 
tolbutamide in 500 ml saline. Insulin was 
extracted from pancreatic venous blood and 
assayed by an in vivo bioassay method. The 
mean rate of insulin secretion for the 14 con- 
trol dogs receiving only saline was 1.37 pU/ 
ml/minute, and for the 15 dogs receiving tol- 
butamide was 1.56 pUJml/minute. T'he re- 
sults thus fail to demonstrate a stimulating 
effect of tolbutamide on insulin secretion. 
Administration of glucose, on the other hand, 
increased the insulin secretion rate in 8 dogs 

Summary. 
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as much as 5 to 10 tinies that of the saline 
treated dogs. 

We are grateful to Dr. Robert W. Bates, Nat. Inst. 
Health, for his assistance in preparation of some of 
the insulin extracts. We wish to thank Dr. William 
E. Dulin, Upjohn Co., Kalamazoo, Mich., for a 
generous supply of tolbutamide; and to thank Mr. 
Jerome Cornfield, S a t .  Inst. Health, for help in 
statistical analysis of the data. 
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Dystrophic Mouse Muscle.* (27821) 

G. L. MAYERS AND h’. EPSTEIK (Introduced by H. L. Hodes) 
Department of Pediatrics, The New York Hospital, Cornell Medical Center, A’ew York C i t y  

The purpose of this study was to compare 
the two major metabolic pathways operating 
in the skeletal muscles of littermate normal 
and dystrophic mice in the hope of elucidat- 
ing the underlying chemical defect in this 
hereditary myopathy. The affected ex- 
tremity muscles in mice show histologic 
changes similar to those in human muscular 
dystrophy ( 1 ) . 

In  both human and mouse muscular dys- 
trophy there is abnormal distribution of such 
glycolytic enzymes as serum aldolase (2,3,4, 
5 ) ,  phosphohexoisomerase (3,4), lactic dehy- 
drogenase (3,5), muscle aldolase (2,3,6), and 
phosphorylase (2 ) .  This information sug- 
gested a primary defect in glycolysis and 

*This research was supported by grants from 
Nat. Foundation for Neuromuscular Disease, Inc., 
and Nat. Inst. for Neurolog. Dis. and Blindness, 
N.I.H. 

prompted evaluation of the complete cycle. 
Canal ( 7 )  injected fructose into the blood 
stream of patients with muscular dystrophy 
and found abnormal retention of lactic and 
pyruvic acids. This observation fortified the 
possibility of a deficiency either in glyco- 
genolysis in muscle or glycogenesis in the 
liver. I t  could also reflect a disturbance a t  
or below the acetyl Co A level, resulting in 
a failure to oxidize pyruvic acid to carbon 
dioxide and water in the citric acid cycle. A 
failure in the cycle below the acetyl Co A 
level could conceivably drive the reaction in 
the direction of excess fat synthesis. Exces- 
sive fat is deposited in the muscles of both 
human beings and animals afflicted with 
muscular dystrophy. 

Our experiments indicate that both the gly- 
colytic cycle and the citric acid cycle, as com- 


