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Shortly after the discovery of insulin, investi-
gators reported that intravenous administration
of this hormone leads to a transient hyperglycemia.
Kimball and Murlin (1) suggested that this re-
sponse was caused by the presence of a second
physiologically active substance which they named
glucagon. Some workers (2, 3), however, sug-
gested that this effect might be ascribed to insu-
lin, or possibly to an artifact created during the
manufacture of insulin (4). Considerable evi-
dence accumulated during the last decade favors
the view that the short initial hyperglycemia ob-
served following administration of insulin prepa-
rations, is due to the presence of small quanti-
ties of a second active substance, probably se-
creted by the a-cells of the pancreatic islets. The
successful isolation of the hyperglycemic principle
in highly purified and crystalline form (5) fur-
nished conclusive proof that the factor is indeed
an entity different from insulin. The amino acid
composition of the crystalline material differs sig-
nificantly from that of insulin (6). Available
evidence indicates that the two proteins also differ
in regard to their physico-chemical properties.
Hence, it appears unlikely that difficulties in
separating glucagon from insulin are due to simi-
lar chemical or physico-chemical properties as
concluded by Burger and Brandt (7). Although
most of the hyperglycemic principle is removed
from insulin in the course of its purification, small
amounts can be found in most purified prepara-
tions. Many of these have been described as
homogeneous on the basis of physico-chemical
evidence (8). However, more recent work,
based on counter current distribution (9), electro-
phoresis (10), and electrophoresis convection
( 11 ), have suggested the presence of some hetero-
geneity in crystalline insulin preparations. Small
amounts of glucagon might partly account for these
findings. Several authors have attempted to
estimate the glucagon content of various crystal-

line insulin preparations (10, 12-14). These esti-
mates, ranging from 1 to 10 per cent, have been
obtained by indirect or at best semi-quantitative
methods and must be regarded as tentative. The
uncertainty of these results prompted the present
quantitative study of the glucagon content of
crystalline insulin samples. For this purpose the
hyperglycemic activity of a number of different
insulin preparations was compared with that of
reference samples consisting of glucagon-free in-
sulin to which known amounts of crystalline glu-
cagon had been added. The results of these ex-
periments are described in this paper.

BIOLOGICAL ASSAY

The method for measuring the biological ac-
tivity of glucagon is based on the hyperglycemic
response in cats (15). This animal was selected
because of its high sensitivity and comparatively
constant response. Interference by the hypogly-
cemic action of insulin during the biological as-
say was prevented by incubating the samples with
cysteine. This procedure destroys insulin ac-
tivity but has no effect on the glucagon.

Starved cats (16 to 18 hours) weighing 2500 to 3000
grams were anesthetized by intraperitQneal injection of
70 to 80 mg. of Amytal SodiumO (Amobarbital Sodium,
Lilly) per Kg. After 30 minutes the femoral vein
was exposed in both legs. One vein was used for in-
jection of the test solution (administered in a volume
of 0.05 ml. per Kg.) and the other for blood sampling.
A control blood sample was collected before inj ection
of the test solution; additional samples were withdrawn
at five-minute intervals during 25 minutes. Blood sugar
was determined according to the method of Somogyi
(16).

Administration of increasing quantities of glucagon
produces a proportional elevation of the blood sugar
level until a maximum response is obtained. Larger
doses have no additional effect on the net elevation of
the blood sugar but cause a prolongation of the hyper-
glycemia. The maximum response in the cat, a blood
sugar increase of approximately 100 mg. per cent, is ob-
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FIG. 1. EFFECT OF INCREASING DOSESOF GLUCAGONON THE BLOODSUGARLEVEL AND THE

STANDARDRESPONSE
x X- Maximum rise in blood sugar caused by crystalline glucagon (first

injection).
--A- -A-- Maximum hyperglycemia caused by the standard injected 25 minutes

after administration of the crystalline glucagon.

tained by intravenous injection of 1 to 2 mcg. per Kg. of
crystalline glucagon.

Figure 1 shows the increase in blood sugar as a
function of the glucagon dose. Experience has
shown that greatest reproducibility is obtained in
the range below half maximum response. For
this reason the protein concentration of the test
dose was adjusted so that the blood sugar rise was
within the limits of 20 to 50 mg. per cent. Un-
der these conditions maximum hyperglycemia
occurs betweein 10 and 15 minutes following in-
jection.

The standard deviations of column 3 in Table
II show that the net blood sugar increase, caused
by a given dose of glucagon, varies within rela-
tively wide limits. A typical example of the vari-
ation in sensitivity that may be expected is given
in Table I.

Information about the sensitivity of each par-
ticular animal is gained by injecting a standard
preparation of known potency immediately fol-
lowing the first 25-minute interval. Since the
hyperglycemic peak again occurs between 10 and
15 minutes following injection, the second half
of the test need not be extended beyond 15 min-

utes. Column 2 in Table I shows that the blood
sugar rise caused by the standard varies approxi-
mately in proportion to the rise obtained by the
sample injected initially. This makes it possible
largely to eliminate the variable due to sensitivity

TABLE I

Variation of blood sugar in cats in response to a
given dose of glucagon

Cat
No.

l
2
3
4
5
6
7
8
9

10
1
12
13

Maximum rise in blood sugar in
mg. per 100 ml.

First injection Second injection*
0.05 mcg. 0.05 ml.

cryst. glucagon of standard
per Kg. per Kg.

9.1 36.2
22.6 66.7
11.3 49.8
20.3 55.3
22.6 75.7
28.3 44.6
24.3 50.3
18.6 49.7
11.8 45.8
10.2 23.2
11.8 43.5

4.5 17.3
30.0 79.6

* The standard is injected immediately after withdrawal
of the 25-minute blood sample. It is equivalent to 0.2
mcg. crystalline glucagon per Kg.
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TABLE II

Response ratio to glucagon in cats as a function of increasing dosage

Rise in blood sugar (mg./100 ml.)

First injection Second injection
Test dose Standard*

19.1 10.22t 49.6 17.2t
32.0 10.2 45.4 12.0
44.5 15.5 30.0 :1 8.9
55.0 i 20.6 26.0 + 10.1
71.0 4 19.9 24.0 9.6

155 22.3 0
100 4 13.5 0

Response ratio

0.38 0.040t
0.72 i 0.065
1.53 0.131
2.13 A 0.131
2.95 4 0.228

Indeterminate
Indeterminate

* Glucagon equivalent to 0.2 mcg./Kg. of crystalline preparation.
t Standard deviation.
I Standard error of the mean.

differences of the individual animals. Instead of
using the net blood sugar rise as a measure for
activity, it is advantageous to use the quotient,
obtained by dividing the net maximum increase

following injection of the sample by the net maxi-
mum rise caused by the standard preparation
during the second test period. This quotient or

response ratio improves the accuracy of the test
considerably. It can be seen from column 4 in
Table II that the standard error of the mean does
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not exceed 10 per cent for any of the samples in-
vestigated. The effect of an appropriate con-

stant dose of the standard preparation depends to
some degree on the magnitude of the hypergly-
cemia produced by the first injection. The broken
curve in Figure 1 clearly illustrates the inverse
relationship between sample and standard re-

sponse. The latter decreases to zero as the re-

sponse to the first injection reaches its maximum
following a dose of 1 to 2 mcg. of crystalline

MCGCRYST. GLUCAGONPER O.O5ML

FIG. 2. DOSAGERESPONSERATIO CURVE
The standard preparation used was equivalent to a solution containing 4 mcg. of

crystalline glucagon per ml.

Cryst.
glucagon

in first
injection

(mcg./Kg.)
0.05
0.10
0.20
0.30
0.40
5.0

15.0

Number
of

observa-
tions

14
12
12
13
21
4
8
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glucagon per Kg. The numerical values of the
quotients, as well as their fiducial limits increase
rapidly in the region of maximum hyperglycemia.
This region, therefore, is not suitable for meas-

urements of activity. As pointed out earlier, the
first response should be limited to 20 to 50 mg.
per cent. The dosage-response ratio curve in this
range is a linear function as is shown in Figure 2.
The slope of the straight line is a function of the
potency of the standard preparation. The stand-
ard used in these experiments was equivalent to a

solution of 4 mcg. of crystalline glucagon per ml.

EXPERIMENTALPROCEDURE

A number of crystalline insulin preparations have
been tested for their content of hyperglycemic factor.

Preparation of samples

Six mg. of crystalline Zn-insulin were dissolved in
approximately 2 ml. of dilute acid and the pH was ad-
justed to 7.5 with 0.2 per cent sodium hydroxide. The
volume was brought to 10 ml. after addition of 3.5 ml.
of a one per cent cysteine solution of pH 7.5. The mix-
ture was incubated for 16 hours at 18 to 23° C. This
incubation period is sufficient to destroy most of the
insulin activity.

The response ratios were determined as described
above, injecting 0.05 ml. of incubated mixture per

Kg. cat body weight. The protein concentration of the
samples was adjusted so that the usual dose adminis-
tered yielded a response ratio close to 0.8 or 1.6. These
were the ratios obtained with similarly treated glucagon-
free insulin preparations to which 0.3 and 0.6 per cent
by weight of crystalline glucagon had been added. The
glucagon-free insulin used for these experiments was a

special preparation, lot No. 208-158B-238, having a po-
tency of 24.4 ,u per mg. It was essentially free of glu-
cagon, since administration of 33 to 600 mcg. per Kg.
body weight did not cause any rise in blood sugar.

RESULTS AND DISCUSSION

The analytical data for the different prepara-

tions are summarized in Table III. The dose of
crystalline glucagon administered by injecting the
glucagon-containing reference samples was 0.1
and 0.2 mcg. per Kg. cat body weight, respectively.
The response ratios of these samples are, within
the limit of error, identical with the ones obtained
by administering identical amounts of crystalline
glucagon alone. It appears therefore that the
other components of the incubation mixture have
no effect on the glucagon activity. Hence, use

was made of the dosage response ratio curve to
compute the glucagon content of samples. Re-
sponse ratios ranging from 0.7 to 1.7 yield the
most reproducible portion of the curve. For this
reason only assays with ratios within this range

have been considered. The results summarized in
Table III indicate that a number of samples of
crystalline Zn-insulin have a glucagon content of
approximately 0.3 to 0.5 per cent. It seems un-

likely that this small quantity can be detected by
most physico-chemical methods. Therefore, the
presence of glucagon does not offer an adequate
explanation for the heterogeneities reported in
insulin preparations.

In a recent paper, Root, Ellis, and Staub (17)
have presented evidence that addition of glucagon

ILE III

Determination of glucagon content of crystalline insulin samples

mcg. Number
Protein per of Mean response Fiducial limits %Glucagon in

Preparation Kg. cat animals ratio P < 0.05 preparation

Glucagon-free insulin
+ 0.3% glucagon 30 19 0.797 i 0.055* 0.685-0.909 0.3

Glucagon-free insulin
+ 0.6% glucagon 30 14 1.65 4t 0.109 1.416-1.884 0.6

Cryst. Zn insulin
A 30 14 0.741 i 0.056 0.620-0.862 0.33 4± O.lOt
B 30 15 0.775 ±t 0.079 0.607-0.943 0.35 ± 0.11
C 30 18 0.902 4 0.066 0.764-1.04 0.41 0.11
D 30 18 1.02 4 0.078 0.887-1.153 0.46 i 0.13
E 30 18 0.88 i 0.071 0.731-1.029 0.40 4 0.11

ML535664 30 14 1.15 i± 0.11 0.914-1.386 0.52 i 0.15

* Standard error of the mean.
t Obtained from the propagation of error formula for a quotient of two random variables (E. B. Wilson, An Intro-

duction to Scientific Research, McGraw Hill, 1952).
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to insulin in quantities up to 50 or 100 per cent by
weight were without effect on the assay of insulin
by either the mouse or the rabbit methods. Be-
cause of the short duration of the hyperglycemia
caused by glucagon, its effect has disappeared be-
fore the insulin hypoglycemia was well estab-
lished. Root (18) has found that administra-
tion of large amounts of highly purified glucagon
over long periods to rats and rabbits does not
cause any pathological changes. Furthermore, no
permanent nor lasting alteration of the blood sugar
level was observed. On the basis of these experi-
ments it appears that glucagon has no significant
influence on the hypoglycemic activity of insulin.
Similarly there is no evidence that glucagon elicits
undesirable side effects.

SUMMARY

The hyperglycemic factor content of some crys-
talline insulin samples has been determined on a
quantitative basis. The crystalline Zn-insulin
preparations contained 0.3 to 0.5 per cent of the
factor. The effect of glucagon in insulin prepara-
tions is discussed.
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