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THE BIOLOGICAL STANDARDIZATION OF INSULIN.

1. THE MORTALITY AND GLUCOSE-PROTECTIVE TEST IN RATS AS
A METHOD FOR THE BIO-ASSAY OF INSULIN.

By CABL VOEGTLIN, Professor of Pharmacology, EpitH R. DUNN, Junior Bacteriologist, and J. W.
TroMPSON, Assistant Chemist, Division of Pharmacolegy, Hygienic Laboratory, United States Public
Health Service.

Introduction.

It is generally admitted that the accurate standardization of any
potent remedy such as insulin is of great importance (1) for the proper
adjustment of dosage in its clinical use and (2) for quantitative work
of a purely scientific character. The ideal standardization would,
of course, be a chemical one, based on the chemical isolation of the
active principle. All attempts in this direction have been unsuccess-
ful up to the present time, and for this reason use must be made of a
more empirical method, namely, the determination of the biological
effect of the drug in animals.

The rabbit tests.—Very soon after the discovery of insulin a very
fortunate observation by Banting, Best, Collip, Macleod, and Noble
(1922) paved the way for a feasible method of bio-assay. These
workers found that in rabbits having received a subcutaneous injec-
tion of insulin, the blood sugar soon begins to fall. If a sufficient
dose has been given, characteristic symptoms appear, which are
followed very often by the death of the animal, unless the insulin
effect is removed by the administration of glucose. The blood
sugar level at which the convulsions usually appear in fed animals
is about 0.045 per cent, whereas in starved animals it may be con-
siderably lower. The potency of insulin was therefore expressed in
terms of so-called rabbit units, one unit being the amount of insulin
which would lower the blood sugar of a normal rabbit weighing about
2 kilograms to the convulsive level (0.045 per cent) in four hours.
Practical experience in the clinic then led to the adoption of a clinical
unit (3 clinical units=1 rabbit unit), as it was found that the physio-
lozical units were too large for certain cases, thus making it necessary
to give fractional units. In the commercial production of insulin
in America and Canada the assay has been carried out by two rabbit
methods: namely, (1) by measuring the average fall of blood sugar
during five hours following the injection of insulin and (2) by noting
the incidence of convulsions in a series of animals injected with graded
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doses. We are informed that the first technique is used by the
Connaught Antitoxin Laboratories of the University of Toronto,
and the second one by the Eli Lilly Co.

Macleod and Orr (1924) recently have described the first technique
as follows: ‘“Normal blood is removed from the ear vein of ning
rabbits which have been starved for 24 hours and the blood sugar
determined. No rabbit is used whose normal blood sugar is below
0.100 per cent or above 0.125 per cent. Into one of the rabbits is
injected an amount expected to correspond to one physiological unit
or three clinical units. Into a second is injected an amount about
50 per cent greater. The other seven rabbits are injected with
amounts varying from slightly below one unit to slightly below one-
half unit. At intervals of 14, 3, and 5 hours after injection, blood
is again removed and the sugar determined. The results are then
calculated by means of the following formula:

“ Clinical units per cubic centimeter=% times % times 1.5,

where @ is the difference between the normal blood sugar and the
average of the blood sugars at 14, 3, and 5 hours after injection;
b the difference between the normal blood sugar and 0.045; ¢ the
number of cubic centimeters of insulin injected; and w the weight of
the rabbit in kilograms.

“The highest results which agree within 25 per cent of one another
are averaged to give the assay. If four out of the nine results agree
within the limits, the assay is reported. If not, the assay is repeated
next day on nine other rabbits, the amounts of insulin injected being
those which gave the high assays on the previous day. Sometxmes
a result is obtained which is much higher than the others. This is
not included in the average, and if not repeated during the second
or subsequent assays it is disregarded.”

The second method, i. e., the assay based on the incidence of
convulsions, is carried out as follows: Rabbits previously kept on a
standard diet and weighing about 2 kilograms are starved for 18
hours and injected subcutaneously with graded doses of insulin.
The smallest dose which produces convulsions within 24 to 3 hours
in the majority of the animals injected is considered a rabbit unit.
We are advised that in commercial practice 300 to 500 rabbits are
required to standardize a batch of unknown potency by this method.
The rabbits showing convulsions receive glucose as an antidote.
After a period of rest, the animals are used again for assay purposcs.

It is unfortunate that the pubhshed evidence on which the reli-
ability of these methods is based is rather meager as to details of
actual assays of different batches, and yet only by a presentation of
such information could a true estimate of the reliability of the methods

be reached.
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Perhaps the most detailed account of the use of the rabbit as a
test animal is that of Clough, Allen, and Root (1923), who conclude
that animals showing abnormally high or low blood sugar values
should be rejected for testing purposes, that not more than two
tests should be made upon the same rabbit during a week, and that
the dosage should be proportional to bodyweight and so regulated that
a fall of not more than 0.070 gram of blood sugar is produced. They
consider that the incidence of convulsions is an unreliable criterion
for calculating the potency, and point out a number of criticisms of
the rabbit test. In a preliminary report, Blatherwick, Long, Bell,
Maxwell, and Hill (1924) state .that the dose of insulin per kilo
body weight of rabbit which is required to produce convulsions varies
directly with the body weight and not as the square. They also find
that a low carbohydrate diet preceding the test lowers the resistance
to insulin, and convulsions are more easily produced in rabbits which
previously had one or more convulsions. For this reason, the animals
are prepared for testing purposes by the administration of a dose
producing convulsions some days before the animals are used for
assay.

Criticisms of the rabbit tests. —The selection of the rabbit for the
bio-assay of insulin is undoubtedly advantageous in one respect, as
this species is very highly susceptible to insulin. However, it is very
difficult for different laboratories to obtain a stock of animals of the
same degree of sensitiveness (Macleod, 1924, Clough, Allen, and Root,
1923), as different breeds seem to show quantitative differences in
response to one and the same preparation. Then, again, the rabbit
is subject to a great variety of infections, such as coccidiosis, snuffles,
etc., which may have a marked influence on the response to insulin.
Coccidiosis, particularly, is a disturbing factor as the presence or
absence of this very common infection can only be ascertained by
necropsy.

The method based on the occurrence of convulsions requires a
very large number of animals (300 to 500), as different rabbits differ
considerably in their susceptibility to convulsions, if injected with a
threshold dose of insulin. The real cause of the convulsions, and the
mechanism responsible for their occurrence are still incompletely
understood (Macleod, 1924). We believe, however, that the con-
vulsive method yields fairly accurate results, provided that the test
is based on a very large number of animals.

The blood-sugar method assumes that the four sugar estimations
before a1 after injection of insulin yield a quantitative estimate of
the action of insulin on metabolism. This is far from the truth, as
this view could only be accepted on the basis of a complete understand-
ing of the action of insulin, and particularly the relation between the
various changes produced by insulin in the anabolic and catabolic
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phases of carbohydrate, protein, and fat metabolism,-on the-one hand,
and their effect:on tho blood-suga.r devel on the ether. ﬁu-t,hemlme
it ecours sometimes that the maximum fall of blood sugar is consader-
ably delayed; such abnormal results would, hewever, be elimmated
by the use of a considerable number .of amimals for each test. Atten-
tien is also called to the fact that the fall in bleed sugar is not dircetly
proportional to the dose .of insulin, but assumes = logarithmic rcla-
tion, at least in the case of the depancreatized dog (Allan, 1924).

Attempts to improve existing methods.—A preper appreciation of
these various -defects of the rabbit metheds has ded to attempts to
improve the existing metheds. Thus, Eadic and Macleod (1923)
studied the feasibility of using the antagenistic action of -epinephrine
on the hypeglycemic effect produced by insulin for purposes of assay
of the latter. Acecording to Macleod (1924) this methed had to be
abandoned. On theoretical grounds the use of -epinephrine would
introduce merely another variable facter, i. e., variation in the
response of different animals to epinephrine.

Ringer (1923) suggested the muse of phloridzinised .animals for
purposes of assay. As far as we can judge, this method has failed to
yleld accurate results, and it is also open to critieism -as introducing
another variable facter.

Theoretically, the most .aceurate assay should be obtained by the
determination of the glucose equivalent, i. e., the extra amount of
sugar metabolized in a completely depancreatized animal after the
injection of insulin. Complete removal of the pancreas would
gliminate one possible variable factor, namely, variations in the
liberation of insulin from the pancreas. Allan (1924) has recently
tested the feasibility of this idea, but his interesting results would
hardly permit a final conclusion. Moereover, work with completely
depancreatized dogs requires -considerable technical ability and it
would be difficult to keep such animals in exactly the same nutri-
tional state for considerable periods of time.

Attempts were made also to usc mice instead of rabbits. Mice are
rather sensitive to insulin. When kept at 28° C., Krogh (quoted by
Macleod, 1924) has feund that they develop characteristic symptoms;
whereas at a lower atmospheric temperature the resistance is con-
siderably greater. Krogh and Dale (personal communication) have
worked with mice, using ‘as a ccriterion -of the potency of insulin the
minimum dose which preduces characteristic symptoms in a certain
percentage of the anin.als. Fraser (1923) has also used mice and
has obtained emcouraging results, although his method has not yet
been acecepted by the Torento Insulin ‘Committee.

At a recent conference -on the biological standardization -of drugs
held in Edinburgh in July, 1928, amder the auspices -of the Health
Committee of the League of Nations -and attended by the senior
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author of the present report, the question of the bio-assay of insulin
was considered. Reports were made by Macleod and Krogh, and
after discussion the conference adopted the following resolution:

That the conference recommend that, for the present, one unit of insulin be
defined as one-third of the quantity which lowers the blood sugar to the convulsant
level of 0.045 per cent, in & normal rabbit ef approximately 2 kilogram body
weight which has been starved for a period of 24 hours prior to the injection.

The conference agreed that the present method should be improved
or substitutes discovered, and suggested that the dextrose equivalent
in the completely depancreatized dog may be more suitable. It was
also decided to accept the offer of Professor Dale for the preparation
and distribution of a dry, stable sample of insulin for use as a stand-
ard for comparison. This standard preparation should serve to
climinate variations due to seasonal and local variations in the
resistance of animals.

‘Experimental.

About a year ago we began work on this subject with a view of
testing out the value of standardized rats for the bio-assay of insulin.
Extensive experience in this laboratory with the standardization of
arsenicals by means of albino rats suggested the possibility that this
species might serve equally well for the standardization of insulin.
For obvious reasons it would be easier to work with animals smaller
than the rabbit. Preliminary work dealt with the preparation of
insulin and the study of its action when injected by different routes
into rats kept as far as possible under standard conditions. In a
preliminary paper (Voegtlin and Dunn, 1923) it was pointed out that
rats treated with insulin develop gradually increasing weakness which
ultimately passes over into coma, the respiration becoming very
shallow. Profuse salivation is noted and a small proportion of the
animals develop convulsions, similar in nature to those observed in
rabbits. If the dose is sufficiently large, the rats die of respiratory
failure and autopsy reveals pulmonary edema and no other gross
changes. With sublethal doses the animals begin to recover in the
course of the first two hours and are often practically restored in
3,4, or 5 hours. The day following the injection, the animais appear
practically normal, though they may have had very severe symptoms.
Late deaths, such as have been described in rabbits treated with
insulin, have never occurred in rats, though we have used many
thousands of animals.

The preliminary tests showed that rats require a larger dose of
insulin per kilogram body weight for the production of symptoms
than do rabbits. The rat is, therefore, more resistant to insulin.

It is obvious that the animals used for standardization purposes
should be standardized as far as possible.
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Strain.—In order to eliminate difference in response due to differ-
ence in the strain of rats only one standard strain was used. This
was obtained from a rat breeder. The rats when received weigh
about 60 grams and are free from disease. The males are separated
from the females s0 a8s to eliminate pregnancy.

Diet.—In order to adjust the metabolism, the animals are put on g
standard diet of the following composition:

Graham flour__________________________________ 16 lbs
Milk powder_ _ _ __ _________ .- 10 lbs
Cornmeal o _____ 3 1bs
Cod liveroil . __________ ... 300¢. ¢
Sodium ehloride. - _ . ______ 150 gms
Calcium carbonate______________________________ 10 gms.

These ingredients are mixed thoroughly and enough water is added to
form a dough. Cakes of convenient size are then made and dricd
over metal screens at ordinary room temperature. The finished cakes
are fairly hard and economical in use. The increase in body weight
of young rats kept on these cakes and a liberal supply of fresh water
indicates that the diet insures a normal rate of growth and perfect
health. As soon as the snimals have reached 110-130 grams they
are ready for assay purposes. At about 3 o’clock in the afternoon
preceding a test a sufficient number of rats are put into wire screen -
cages and placed in an incubator room at 28°-30° C. for 18 hours.
This is done in order to eliminate the influence of variations of
atmospheric temperature on the susceptibility of rats to insulin
(Voegtlin and Dunn, 1923).

Incubator room.—The incubator room is constructed of white pine
or any other high-grade wood, with inside dimension 41.5 by 50 by 85
inches, giving about 100 cubic feet of air space. Five 14-inch wooden
shelves are placed at the side opposite a door with glass windows,
which allows an unobstructed view of the interior without unneces-
sary opening of the incubator. The heating units consist of eight
40-watt mazda electric light bulbs, set in parallel, four on either side
near the floor. These are inclosed in sheet metal boxes 6 by 11 by
19 inches to deaden the intensive illumination. The boxes have no
bottoms, and the tops have numerous 1-inch perforations to permit
free heat radiation. A de Khotinsky bimetallic thermo-regulator is set
into line from the lighting circuit, and adjusted to control the tem-
perature at about 29° C. An excess of lights is used in order that the
temperature may be quickly raised to the maximum after entering
the room for the purpose of examination of the animals. To insure
frec circulation of air in the incubator, a 3-inch opening is made in the
roof, and a series of 1-inch openings is cut in the bottom of the door.
A small electric fan is placed on the floor and directed upward so as
to give a free circulation of air. Loss of bumidity is overcome by
placing a large beaker of water on the top of one of the lamp boxcs.
A graphic thermo-recorder placed inside the incubator has indicated
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that this simple construction insures a satisfactory control of tem-
perature. An incubator of this size will easily accommodate twenty
to thirty cages containing five rats each or a total of 100 to 150
animals. The initial expense of construction and the cost of opera-
tion of the incubator are very small.

Method of injection.—While the rats are in the incubator room all
food and water are withdrawn. On the following morning the rats
are weighed and marked by the use of a skin stain. They are im-
mediately injected subcutaneously with insulin (concentration
adjusted so as not to exceed 1 c. c. per dose) and replaced at once in
the incubator. We have found that the subcutaneous, intraperi-
toneal, and intravenous administration of insulin produce the same
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symptoms in rats; the dose necessary to produce symptoms or death
varies, however, with the mode of injection (Chart I).

It will be scen that the subcutaneous injection produces the
greatest effect, the intravenous injection being slightly less effective,
and the intraperitoneal mode of administration being the least
effective.! o

We finally have adopted the subcutaneous method for the following
reasons: IFirst, this is the method used clinically; second, the presence
of any toxic impurities, such as albumoses, histamine, etc., would not
increase the toxicity of the preparation as much as when given
intravenously; and third, the subcutaneous injection insures a more
gradual absorption, slower rate of elimination and, therefore, more

1 The low effectiveness of the intraperitoneal injection may possibly bedue to the ability of the liver to
dispose of a large part of injected insulin in some unknown way, thus preventing access of the drugto the
general circulation.
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prolonged effect, than when the insulin is injected directly into the
circulation. Technically, subcutaneous injections also require much
less time than the intravenous injections, and the latter method does
not increase the accuracy of the results.

TaBLE 1.—Blood sugar of normal albino rais on standard diet starved 17 hours
previous to bleeding.

Blood T, s Blood

Rat No. Weight. | “ooar. Rat No. Welght | Suear.
Gms. Per cent. Gms. | Per cent.
1 124 0.113 || 44 us 0.108
14 106
122 .116
124 14
130 109
114 103
}?g 107
L1038
128 . 101
124 L108
124 103
114 107
122 109
118 103
122 L1
116 100
12 L1
112 .103
116 1
121 115
113 103
13 105
126 102
125 101
125 103
115 13
125 107
118 107
116 119
121 103
102 113
110 17
130 130
118 114
118 127
118 109
130 143
118 148
108 144
100 123
108 130
104 123

Average :weight=l 14 gms. All males.
Average per cent of blcod sugar=0.113.

Blood sugar as affected by starvation and insulin.—It was desirable
to determine the blood sugar in rats after the period of starvation
and also following the injection of insulin. The variation of the
blood sugar of starved rats, as affected by age, season, and sex will
be the subject of a separate report. Suffice it to say here that the
usual variations are observed in rats as are noted in rabbits. Table
1 gives the blood sugar values of standard male albino rats starved
for 17 hours previous to bleeding. The blood was obtained by
decapitation of the animal and collection of the blood in small glass
vials containing a film of dry potassium oxalate. Myers and Bailey’s
modification (1919) of the Lewis and Benedict method was used,
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employing 1 ¢. c. of blood. It will be seen from Table 1 that the
average percentage of blood sugar is 0.113 gram, with a minimum
of 0.100 gram and a maximum of 0.148 gram. This represents the
physiological variation under standard conditions. Table 2 shows
that 42 hours of starvation does not materially change the values
obtained with a period of starvation of 17 hours. Chart II shows
the frequency curve of the blood sugar values of rats. It will be
noted that the curve is much steeper than that obtained with rabbit
blood (Scott and Ford, 1923).
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TABLE 2.—Normal blood sugar of male rats starved 42 hours.

Blood Blood
Rat No. Weight. sugar. Rat No. Weight. sugar.
Grems. | Per cent. Grams. | Per cent.

1 - 104 0.111 108 .102
2. 120 110 118 111
3. 108 122 108 .112
4 110 112 104 .121
5. - 108 .111 112 122

TaBLE 3.—Blood sugar and symptoms of normal female rats after subcutaneous
injection of insulin.

INSULIN PREPARATION NO. 1.

Time
- A Blood
Rat No. after in- Symptoms.,
jection. | Susar. P
Minutes. | Per cent.
1 0.049
2 . 053
3. 141 . 051 Killed
5 16| om o
- . appearance
6. 121 .053 of
7. .052 convulsions.
8.. 17 .049
9. . 052
10 106 . 052
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TaBLE 3.—Blood sugar and symptoms of normal female rats after subculaneous
injection of insulin—Continued.

INSULIN PREPARATION NO. 2.

Time
Rat No. aj{;%o i:- ?uél‘;’rd Symptons.

. | Per cenr.
0.049

.048
Killed
. 085 on

T043 appe&ranee
054 .
N convulsions.

INSULIN PREPARATION NO.3.

25 .. . - 160 0.068 | Depression; slight paralysis.
. S 12) .059 | Paralysis; mild convulsions.
b1 180 .063 | Slight paralysis.

28 . 240 . 090 Do.

- N 60 .063 Do.

30 e 120 .054 Do.

In Table' 3 data are given which illustrate the drop of blood sugar
resulting from the injection of insulin, using the technique described
above. The animals were killed when symptoms of various degrees of
intensity appeared. It will be noted that the appearance of severe
symptoms (convulsions or coma) is associated with a marked fall of
blood sugar to about 0.050 from an average of 0.113 before injection.
Milder symptoms (depression and slight paralysis) are accompanied
by a smaller fall in blood sugar (rat 25, blood sugar 0.068). A num-
ber of blood sugar estimations of animals having recovered from the
convulsions or coma and made 24 or 48 hours after the injection with
insulin and continued withdrawal of food showed that the blood sugar
had returned to the normal starvation level (Table 4). This fact
indicates that sufficient glucose is mobilized from the glycogen stores
or formed from protein and fat to compensate for the previous loss of
blood sugar. In view of the fact that the figures for the glycogen
content of muscle and liver (given below) show that the glycogen
stores are very low before and after the administration of insulin to
starved rats, it is suggested that the return of the blood sugar to
normal 24 hours after administration of insulin is brought about to
a considerable extent by the formation of glusose from protein and
fat. This view is in harmony with some recent observations of
Osborne and Mendel (1924) which prove that sufficient glucose is
formed on a diet entirely lacking in carbohydrates to keep rats in
good health and permit normal growth.



1945 August 8, 1924

TasLe 4.—Blood sugar and sympioms of normal albino female rats 24 and 48
hours after injection of insulin.

INSULIN PREPARATION NO. 2

Rat No. 'f;;ggt’l’ﬁl“ glggg Symptoms an day of injoction.

Depression; paralysis; recovery.
Beginning p\raly sis; convulsions; recovery.

t ysis; convulsions; recovery.
Depression, paralysxs convulsions; recovery.
Depression; paralysis; recovery.
Depression; paralysis; convulsions; recovery.
Paralysis; convulsions; recovery.
Depression; paralysis; recovery.

Glycogen content of skeletal muscle and liver.—Information as regards
the glycogen content of the skeletal muscle and liver of rats before
and after injection of insulin is of interest in connection with the
action of the drug in this species. The method of Pfliger (see
Plimmer: Practical Organic and Bio-chemistry, p. 209) was used for
the determination of glycogen. The glycogen so obtained was
hydrolyzed in the usual manner and the resulting glucose titrated by
Bertrand’s method.

TaBLE 5.—Glycogen content of rormal male albino rats starved 17 hours in constant
temperature closet. Chloroformed.

Glyoogen.
Body Weight
Rat No. weight. | of liver.
Liver. | Muscle.
Grams. | Per cent. | Per cent.
4.20 0.027 0.072
5.00 . 009 .881
6. 50 .018 .126
5.15 .018 872
5.70 .018 .081
5.52 . 009 ~e81
5.55 .018 112
5.15 . 009 -090
5.80 . 009 . 090
4.82 .018 . 063
5.33 .018 )

TaBLE 6.—Glycogen content of normal albino rals starved 17 hours in consiant
temperature closet. Bled to death.

Glycogen.
Body Weight
Rat No. weight. Sex. of liver.
Liver. | Muscle.
Grams. | Per cent. | Per cent.
? 3.30 0.027 oo
oo 3.60 . 063 0. 045
& 8.45 .108 117
d 3.50 . 036 .045
& 3.65 .015 .126
d 3.45 .045 .126
a 3.40 . 045 .
Average.... 95 3.48 .053 . 092
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Tables 5 and 6 give the glycogen content of the liver and skeletq]
muscles of rats starved for 17 hours. It will be noted that the aver-
age percentage glycogen content of the liver is 0.018 if the animals
are killed by chloroform and 0.053 if the animals are bled to death.
The difference in these figures is due to the fact that death from
chioroform leaves a very large amount of blood in the liver (compare
liver weight of the two series), thus reducing the glycogen percentage
of the organ. The glycogen content of the skeletal muscle, on the
other hand, shows an average of 0.090 and 0.092 per cent, respec-
tively—practically no difference. This organ is not so vascular as
the liver and therefore differences in the method of killing the animal
do not have the same influence on the estimated glycogen as in the
case of the liver. Table 7 shows that insulin given in doses sufficient
to produce coma or convulsions is accompanied by a fall of 49 per
cent of liver glycogen and 60 per cent of muscle glycogen. Atten-
tion is called to the fact that all glycogen figures are very low, this
being due to the fairly long period of preliminary starvation.

TABLE 7.—Glycogen content of albino rats after injection of insulin; rats starved 17
hours in constant temperature closet before injection. Bled to death.

Glycogen (per cent).
Rat No. wlz?gﬂ‘ Sex. :rV ﬁi‘g‘:}t Symptoms.
Liver. | Muscle. .
""'1"30 0.036 0.027 | Slight paralysis;
oy 3 7 t paralysis, died.
e 4.20 . 036 027 Slxght paralysis; died.
I 4.60 . 036 .045 | Paralysis; died.
Jq 4.60 .027 Do.
ey 4.70 027 | Do.
S| im| el o g,
. . i 5 .
q 5.00 .036 o |E SIS
9 4.25 . 036 .027 Do.
b 530 o 0% | stignty ralysis; paralysis; di
3 . . ied.
Q 4.90 .018 .027 gal s ; died. vs
[} 4,90 .018 .036 Shght paralysxs, paralysis; died.
Average_____ 100 [.__... 4.51 .027 .036

Individual variation in susceptibility.—As in other animals, so also
in rats, there is a striking individual variation in the susceptibility
to the action of insulin. In spite of all possible precautions aiming at
the elimination of factors which might operate in this direction (dict,
atmospheric temperature, breed !), it is impossible to eliminate
individual variations in susceptibility. The criteria used were (1)
the absence or the intensity of symptoms in a series of standardized
rats, and (2) the mortality rate. Data illustrating the former will be
presented later. In Chart III a mortality curve is given, obtained
by noting the percentage of deaths occurring in a series of 440 rats
Wlth an average body weight of approximately 110 grams and in-

18ex seems to have no influence on the toxicity.
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jeobed with increasing doses of the same lot umber of insulin. The
percentage mortality en ench dose is plotbed as erdinates and the dese,
expressed in clinical units per kilo body weight, as abscissae. The
figures on the curve indicate the number of animals injected with
each dose. This curve is typical for a large number of other curves
obtained with other lots. It will be roted that no death occurs with
2 clinical units. Three units give a mortality of 4 per cent; and frem
there on the curve proceeds in regular fashion up to 16 units, which
shows a mortality of 95 per cent. Beyond this point the curve flat-
tens out and the results remain between 90 and 100 per cent. The
explanation of this curve is obviously as follows: The fatal thresh-
old dose lies between 2 and 3 units; below this no animals will die;
above this limit the more susceptible animals will die in increasing
numbers as the dese is increased. The flattening out of the curve
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above 1B units is due to the fact that there are always a few of the
animals (5 te 10 per cent) which are highly resistant to the action of
insulin. The results:of the toxic action of insulin are, therefore, not
unlike those obtained with arsphenamine.

Mortality test or M. L. D.—If the mortality test is to be nsed as a
criterion of the potency of insulin preparations, the definition of the
minimum lethal dose is a matter of conventien. At one time we
considered the M. L. D. the dose which would kill 45 to 55 per cent
of the animals injected. This definitien has much in its favor; but
for reasons which will become apparent later on, we have decided to
consider the M. L. D. the smallest dose which will cause a mortality
of 90 to 100 per cent when standardized rats are injected subcutan-
cously with increasing dosés varying 100 per cent in strength, net
Iess than 10 animals being used for each dose. It is perfectly feasible
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to reach a fair estimation of the potency of insulin preparations by
means of the mortality test, especially if the testsis repeated and the
M. L. D. is obtained by means of a curve constructed in the manner
described above. Some of the results obtained by the application of
this technique to a fairly large number of commercial preparations
of insulin are given in Table 8. The commercial preparations were
obtained through the courtesy of the Connaught Antitoxin Labora-
tories of the University of Toronto and Eli Lilly & Co., Indianapolis,
Ind. These commercial lots were passed by the Insulin Committee
of the University of Toronto as complying with the standards set up
by this committee and the date of release of these preparations is
between October 15, 1923, and April 15, 1924. In addition to these
preparations a few lots were purchased in the open market. Each
lot was tested as soon as possible, the test being repeated in the case
‘of some lots several weeks or months later for the purpose of ascer-
taining the presence or absence of deterioration. The ampules were
kept in their original containers protected from light and excessive
fluctuations of atmospheric temperature. The commercial lots
contained tricresol as a preservative, and were diluted with sterile
physiological saline so as to obtain a 20 per cent solution. The pH of
this solution was determined by means of indicators and gave values
of 5.2 to 5.8 for brand B and 3.6 to 5.8 for brand A.

TABLE 8.—Mortality tests (percentage mortality) on commercial preparations.

- Dose in clinical units (as stated on label) per kilo body weight.
Lot No.
2 3 4 6 8 12 16 24 32 48

1 - 0 30 40 50
2. - 0 10 50
3. 0 0 30
4. 0 20 25
6. B (1} 10
6 PRI KD S, 0
7 20 -
- SRR IR MU *90 | ...
9. 25 --
10 e 0]... 15 45
11 0 20 55
12 0 17 46 67
) & 0 0 7 10 3
14 40

15 40 | ...
}173 ................... 0 0 13 3% 73
18- 10 e T 65
19 . 0 3 20 38 60

*M.L.D.

The data presented in Table 8 illustrate some of the findings of the
mortality test carried out on commercial preparations. Attention
is called to the fact that there are considerable variations in the M.
L. D. of insulin Nos. 1 to 9, the M. L. D. of the most potent prepara-
tion (No. 8) being 6 units per kilogram body weight, whereas 43



1949 August 8, 1924

units of No. 6 caused a mortality of only 60 per cent. Larger doses
of this preparatlon could not be given as the supply of this lot was
exhausted. It is impossible to decide whether this low value was
due to deterioration or whether the original standardization on rab-
bits had been faulty. Taken as a whole, the average M. L. D. of
these preparations falls quite close to 16 units. Lots 10 to 19,
representing another brand of insulin, show less variation, the aver-
age M. L. D., with the exception of lot 17, being either 12 or 16 units
per kilo. The supply of lot 17 was not sufficient to permit of carrying
out more tests, but it is quite likely that 16 units may represent the
actual M. L. D. of this lot.

In order to obtain further evidence as to the reliability of the
mortality test, certain lots of insulin were treated with adsorbing
agents (fuller’s earth, charcoal). The mortality test showed that
the potency was completely lost as a result of removal of the active
principle by the adsorbing agents. Treatment of insulin solution
with sodium hydroxide also revealed destruction of the active prin-
ciple as shown by the mertality test. These observations agree with
similar observations made by others where rabbits were used. The
outcome of these experiments, therefore, adds strength to the assump-
tion that the mortality test actually determines the potency of insulin.

As of further interest in this connection we present a few protocols
on the prompt relief of the symptoms produced by insulin in rats
following intravenous injections of small amounts of glucose. The
glucose was administered as soon as severe symptoms (convulsions
or coma) appeared.

Rat 1: Convulsions; 1 minute after 0.063 gm. glucose per kilo showed marked
improvement. This was followed by relapse, but the animal survived.

Rat 2: Convulsions; greatly improved 1 minute after 0.063 gm. glucose per
kilo, but died during following night.

Rat 3: Coma; walked about 1 minute after 0.063 gm. glucose, but died 35

minutes later.
Rat 4: Convulsions; walked about 134 minutes after 0.125 gm. glucose per

kilo. Survived.
Rat 5: Coma; walked about 1 minute after 0.125 gm. glucose per kilo. Had

relapse, but survived.
Rat 6: Convulsions; walked about 1 minute after 0.125 gm. glucose per

kilo. Had relapse, bu{ survived.
Rat 7: Coma; recovered 2 minutes after 0.125 gm. glucose per kilo. - Had

relapse; and died 84 minutes after glucose injection.

Rat. 8: Convulsions; walked about 30 seconds after ,0‘25 gm. glucose per
kilo. Had relapse, and died 56 minutes after glucose injection.

These results plainly indicate that very small amounts of glucose
promptly remove the hypoglycemic symptoms. The symptoms are
therefore entirely due to a deficiency of glucose.
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Glucose protective test.—It might be argued, however, that the
results obtained by means of the mortality test are complicated by
the presence in the preparation of toxic substances (histamine,
albumoses, peptones), and that at least part of the toxic action
is due to these impurities. Moreover, the mortality test might
be criticized as using an end point far removed from the usual
conditions prevailing in clinical cases, with exception of cases of
diabetic coma. In order to meet this criticism we developed tho
so-called glucose protective test. This test is based on the well-
established fact that glucose is a physiological antidote for insulin.
If it were possible to express the potency of a given preparation in
terms of the amount of glucose (glucose equivalent) required to
protect rats injected with a M. L. D., the figures so obtained would
be of great value. The procedure as finally adopted is as follows:
A series of 50 rats is injected subcutaneously, as described, with the
M. L. D. of insulin. Ten rats are kept as controls, the other 40
animals receive, in groups of 10 each, immediately after the insulin
injection, a 20 or 40 per cent solution of pure glucose in water by
stomach tube in the following doses:

10rats, 1 M. L. D. insulin Controls.

10rats, 1 M. L. D. insulin +5 grams per kilo glucose
‘10rats, 1 M. L. D. insulin. : + 6 grams per kilo glucose.
10rats, 1 M. L. D. insulin +8 grams per kilo glucose.
10rats, 1 M. L. D. insulin +10 grams per kilo glucose,

The rat receiving the glucose solution is held by an assistant, and
a so-called Zebra French catheter of size 7 is easily introduced into
the stomach. The catheter is connected with a graduated syringe,
both catheter and syringe having been filled with the glucose solution
before insertion of the catheter into the stomach. The calculated
amount of solution is then mtrodu_ced the catheter is withdrawn,
and the animal is placed in the incubator room. With a httle
practice this operation is done very easily and requires no more
time than any other injection.

The results obtained with-the glucose protective test have been
very gratifying. Table 9 shows the variations in the results which
may be expected. The data in this table were obtained by repeating
the test on one large standard lot of insulin obtained through the
courtesy of Eli Lilly & Co. The results indicate plainly that the
test is quite accurate. With one exception the variation did not
exceed 20 per cent, i. e., the protective dose of glucose was between
8 and 10 grams per kilo body weight.
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TaBLE 9.—Glucose protective test of standard insulin.
Dese of insulin=16 clinical units per mogmwd(‘!:ium given as 40 per cent solution. Number of animals

th each dose=10.
Time l:)f
Date of test. Glucose..| Mortal | ater in- Symptoms.
jection
(average).
Gms. per
kilo. Per cent. | Minutes.
March 11 0 171 10 severe.
5 40 268+ | 6 severe, 4 mild.
6 30 259 Do.
8 20 268 5 severe, 5 mild.
10 [ PO 7 mild, 3 absent.
March 13 0 100 196 10 severe.
5 40 269 G severe, 4 mild.
6 20 158 6 severe, 3 mild, 1 absent.
8 10 146 3 severe, 3 mild, 4 absent.
10 (| PO, 2 mild, 8 absent.
March 14 0 100 155 10 severe.
5 40 264 7 severe, 3 mild.
6 30 296+ | 4 severe, 6 mild.
8 (1 1N R, 1 severe, 4 mild, 5 absent.
10 (131 PR 2 mild, 8 absent.
March 15. 0 100 150 10 severe.
5 (1 3 1 severe, 3 mild, 6 absent.
6 (1 JN 1 mild, 9 absent.
8 0 10 absent.
10 (1 J) PSR Do.
March 18 . e 0 90 203 10 severe.
5 10 364 8 severe, 1 mild, 1 absent.
6 20 3174 | 6 severe, 3 mild 1 absent.
8] 0| 3 severe, 4 mud, 3 absent.
10 (1 2 P, 10 absent.
March 19 0 100 171 10 severe.
5 20 216 6 severe, 3 mild, 1 absent.
6 10 201 7 severe, 2 mlld 1 absent.
8 0 1 severe, 2 mild, 7 absent.
10 (1 2 PO 4 mild, 6 absent.
March 20 0 100 150 10 severe.
5 50 284 8 severe, 2 mild.
6 30 47 7 severe, 3 mild.
8 10 289 3 severe, 5 mild, 2 absent,
10 (1] 5 mild, 5 absent.
March 21 0 80 159 10 severe.
5 288 2 severe, 6 mild, 2 absent.
6 30 239 5 severe, 5 mlld
8 10 307 4 severe, 1 mild, 5 absent.
10 {1 PO 1 mild, 9 absent.
March 22. 0 160 10 severe.
5, 333 7 severe, 2 mild, 1 absent.
6 20 309+ | 8 severe, 2 mlld
8 10 269 2 severe, 2 mild, 6 absent.
10 {1 ) PO, 3 mild, 7 absent.
March 25, oo 0 80 186 10 severe.
51 258 6 severe, 4 mild.
6 30 286 4 severe, 3 mild, 2 absent.
8 10 339 2 severe, 3 mlld 4 absent.
10 {1 PO 1 severe, 9 absent.

The test has been applied to a fairly large number of commercial
lots. The results are given in Table X. It will be seen that, on the
whole, the glucose equivalent of commercial preparations does not
show very great variations. The exceptional values thay partly be
due to inaccurate standardization by means of the rabbit method or
to deterioration.

The figures in the column headed ‘‘Number of rat units found”
were obtained as follows: 1 rat unit required 8 grams of glucose per
kilo to protect against 1 M. L. D. of insulin, Lot A 2; therefore Lot
A1 which required only 5 grams of glucose to protect against 1

1616°—241——2
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M. L. D. contains less than 1 rat unit, i. e., 8 : 5=1 :z or 0.625 ryt
units. The figures in the last column, ‘‘Number of clinical units s
calculated from rat test,”” were obtained as follows: One rat unit is
arbitrarily set as equivalent to 16 clinical units. Lot A 2 containg
16 clinical units per c. c. as tested by the rat method. The label,
however, states that it contains 12 clinical units per ¢. ¢. Lot A |
tested by the rat method contains 0.625 rat units per c. c.; therefore
1 rat unit : 0.625 rat units=16 clinical units : z clinical units, or
=10 clinical units.

A comparison of the figures presented in the last two columns
indicates that insulin brand A shows a maximum difference in potency,
as tested by the two methods, of 54 per cent (Lot A 3 being 54 per
cent weaker when tested by the rabbit method than when tested by
the rat method).

Brand B shows a maximum difference of 60 per cent (Lot B2
being 60 per cent stronger when tested by the rabbit method than
when tested by the rat method). Lot B 3 and B 4 gave the same
values with both methods.

TaBLE 10.—Summary of glueose protective test. Commercial preparations.
(St;mdBard)technique used. Atleast 10 rats were run on each dose, and 130 rais
onlot B 8.

Number of clinical
units.
rasuli preparat Posst Mortaity| S | o™
nsulin preparation. nsulin of tective units As As caleu-
per kilo. | control. | “35c6" | found. | stated | lated
on from rat
label. test.
Qms. per
e.c Per cend. |  kilo,
Al_.__ 1.6 90 5 0. 625 16 10
A2.._. - 1.2 100 8 1.00 12 16
A3... 1.2 90 13 1625 12 26
Ad____ 24 90 10 1.25 24 20
A5 .. L6 100 10 1.25 16 20
Bl __. L6 90 6 0.75 16 12
B2.._. L6 90 5 0. 625 16 10
B3... 1.6 98 8 1.00 16 16
B4_... 16 100 8 1.00 16 16
Bb5.... 1.6 100 10 1.25 16 20
BG. 2.4 95 10 1.25 24 20
B7._. 1.6 100 12 1.50 16 14
BS. 16 95 10 .25 16 20

Standardization of an insulin preparation of unknown strength.—
The first step’ in the standardization of an insulin preparation of un-
known strength by the rat method is to determine the range of the
M. L. D.

Three rats are injected subcutaneously with each of a series of
five doses of 100 per cent variation ranging from 1 c. c. to 16 c. c
per kilo of body weight. Taking the dose next below that which
kills two out of three rats, a series of three doses with 100 per cent
variation is run, using 10 rats on each dose.- The dose that kills
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90 to 100 per cent of the rats is the M. L. D. and is used in the
glucose protective test with 5, 6, 8, and 10 grams of glucose per kilo
of body weight, respectively, per os. This test requires 50 rats—
10 receiving the M. L. D. without glucose as a control.

The complete standardization of the insulin preparation requires
95 rats—15 on the first test, 30 on the second, and 50 on the third.

Detertoration.—We have obtained definite indication of deteriora-
tion of a large batch of insulin kept under the following conditions:
This batch (500 c. c.) was received from the manufacturer February
1, 1924, in a brown glass bottle fitted with rubber stopper. Each
cubic centimeter was supposed to contain 20 clinical units. A por-
tion of the contents was removed for another experiment and the
bottle was kept in a cold room at 3° C. Beginning March 5, the
preparation was used for standardization purposes. Before removing
the desired portions needed for the several tests, the bottle was
shaken. The sample was taken by means of a pipette which had
been cleaned and dried with alcohol and ether. The bottle was
returned immediately to the cold room. .

During March and April numerous tests gave practically 100 per
cent mortality (95 per cent on 160 rats) with 16 clinical units per
kilogram body weight. On May 7 the mortality was 70 per cent on
16 units. On May 8, 9, and 10 glucose protective tests were run
using 32 units, giving 100 per cent mortality in the controls. On
May 12 the mortality test gave 50 per cent with 16 units. In order
to determine whether the drop in mortality was due to decrease in
toxicity of the drug or to an increased seasonal resistance of the
rats, a number of other lots of insulin of which the M. L. D. had
been determined previously were retested, with the following nega-

tive results:

Prepara- | Clinical | M. L. D.
tion. units. | mortality.| Date

Per kilo. | Per cent.
16 ) l% Apr. 23

May 13

100 May 15

2 s 16 100 Apr. 2
100, Apr. 3

- 100 May 14
| S 16 100 Apr. 24
90 ay 14

4 ... 24 100 Feb. 18
100 May 15

Although the standard lot contains 0.4 per cent tricresol as a
preservative, the deterioration noted might possibly be attributed
to bacterial growth. The sterility of the diluted preparation was
tested on nutrient agar plates. Incubation of the latter for 24 and
48 hours showed sterility. In view of the above data it may be
concluded that a considerable deterioration of the potency of the
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standard insulin solution had taken place, which is evidently not
due to bacterial growth, but must be due to some other cause.

The Connaught Antitoxin Laboratories advise the storage of in-
sulin at ordinary room temperature. A toxicity test in our labora-
tory using one of their lots gave identical results with two portions,
one of which had been st