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Patients with diabetes who require more than
40 units of insulin per day are usually best con-
trolled by giving a large dose of protamine zinc
insulin and a smaller dose of regular (or crystal-
line) insulin, before breakfast, daily (1). Stand-
ard protamine zinc insulin does not have suffi-
cient rapid activity to control the hyperglycemia
occurring after meals in patients with severe dia-
betes. In such cases, attempts to eliminate glyco-
suria during the day by increasing the dose of
protamine zinc insulin tend to cause hypoglycemia
during the night. When the diabetes is mild, re-
quiring 40 units or less per day, the rise in the
blood sugar after food intake may not be great,
and a single dose of protamine zinc insulin daily
may permit good regulation. A night feeding at
9 or 10 p.m. helps to prevent nocturnal hypogly-
cemia. Among 154 patients satisfactorily regu-
lated during the period between January 1, 1940,
and July 1, 1942, we found that "combined ther-
apy," with separate daily injections of protamine
zinc insulin and regular insulin, was necessary in
57 cases (37 per cent). In the period of 21/2
years, the average dose given the 97 patients re-
quiring protamine zinc insulin alone was 24 units,
while the average total daily requirement of the
57 patients needing combined therapy was 57
units. Of the 54 patients requiring more than 40
units of insulin daily, 47 (87 per cent) required
combined therapy.

The primary objection to combined therapy is
that it is a compromise, still requiring multiple

1 These studies were reported at the annual meeting of
the Central Society for Clinical Research, Chicago, No-
vember 6, 1942, in a paper entitled: "Three-to-One" Modi-
fied Protamine Zinc Insulin; An Improvement Upon
Market Protamine Zinc Insulin.

2The non-standard forms of modified insulin used in
these investigations were supplied by Eli Lilly and Com-
pany.

injections, thus partly nullifying one of the chief
advantages of protamine zinc insulin. A second
objection is that it requires manipulation by the
patient of 2 very different forms of insulin and
increases the possibilities of error. Many investi-
gators have been aware of these objections and a
number of studies of various insulin modifications
have been reported.

Histone insulin, made by adding to insulin the
simple protein, histone, obtained from thymus
glands, was introduced by Hagedorn, Jensen,
Krarup, and Wodstrup (2). It was studied clini-
cally by Biasotti, Deulofeu, and Mendive (3), and
Gray, Bischoff, and Sansum (4). Barnes, Cuttle,
and Duncan (5) studied histone insulin to which
zinc had been added. They concluded that histone
zinc insulin gave a prolonged effect, but was more
prompt in onset of action than protamine zinc in-
sulin. Bailey and Marble (6) found that a single
adequate dose of histone zinc insulin before break-
fast kept the fasting blood sugars within approxi-
mately normal limits in the 4 patients studied.
Glycosuria was well controlled, and there was
very little rise in the blood sugar after breakfast,
but a considerable rise after lunch. They con-
cluded that "the action of histone zinc insulin re-
sembles closely that of turbid protamine zinc insu-
lin except for the initial action just described and
probably for a slightly less prolonged effect."

Clear (soluble or acid) protamine zinc insulin
has a pH of 3.3 to 3.5, at which the material is all
in solution. It also contains more protamine and
more zinc than turbid protamine zinc insulin.
Bailey and Marble (6), in a recent report of com-
parative studies in 4 patients, found that the fast-
ing blood sugars were quite high and that regula-
tion with clear protamine zinc insulin was difficult.
They found that with it a relatively large increase
in the blood sugar occurred between 7 and 11
a.m., with a fall between 11 a.m. and 2 p.m., and
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a great decrease between 2 and 5 p.m., requiring
a mid-afternoon lunch to prevent reactions.

Several investigators (6) have concluded that
the use of globin insulin required a mid-afternoon
lunch to prevent hypoglycemic reactions. This
would make it unsatisfactory for many patients.
An excellent review of the various types of modi-
fied insulin, with a table giving their descriptions,
was presented by Colwell, Izzo, and Stryker (7).

The present paper presents our investigations
of histone zinc insulin, clear (soluble or acid)
protamine zinc insulin, and a new, more promising
modified protamine zinc insulin.

SELECTION OF A STANDARDMODIFIED PROTAMINE

ZINC INSULIN

In the 57 cases in our series requiring combined
therapy with separate daily injections of protamine
zinc insulin and regular insulin, the proportion of
protamine zinc insulin to regular insulin ranged
from 6: 1 to 1.2: 1, averaging 3: 1. Forty-five of
the 57 (79 per cent) required a proportion be-
tween 2: 1 and 4: 1, while 29 (51 per cent) re-
quired between 2.5: 1 and 3.5: 1. Joslin (8)
found that over 50 per cent of a recently analyzed
series of diabetic patients required combined ther-
apy, and that the average proportion needed was
3:1.

Because the studies here reported indicate that
histone zinc insulin and clear protamine zinc in-
sulin fail to give the desirable 3: 1 proportional
effect, it seemed desirable to prepare an insulin
with 75 per cent slow effect and 25 per cent rapid
effect, and to compare the control obtainable with
it with the regulation secured with other forms of
insulin therapy. Since the studies of Wauchope
(9) and of Ulrich (10) suggested that insulins
with intermediate activity can be made by mixing
protamine zinc insulin and regular insulin, we re-
turned to the study of mixtures. Wepreviously
had confirmed the observations of Bjuggren (11),
Masters (12), and others, that when protamine
zinc insulin and regular insulin are mixed in the
proportions commonly employed in the combined
method of therapy, all of the insulin is precipi-
tated by the excess of protamine present. We
therefore have not adopted the practice of Wilder
(13) and his associates of using mixtures vary-
ing with each patient.

Several preparations having approximately the
desired proportional effects were obtained by mix-
ing various amounts of protamine zinc insulin and
regular insulin. Standard protamine zinc insulin
contains an excess of about 40 per cent of prota-
mine. The amounts of soluble and of precipitated
insulin present after admixture, and therefore the
relative rapidity of action, depend upon the excess
of protamine present, the quantities of the 2 insu-
lins used, and the pH. The effects of the relative
proportions have been well presented by Peck
(14). A mixture of equal parts results in com-
bination of all of the excess protamine, and should
leave 60 per cent of the regular insulin (i.e., 30
per cent of the total units) in soluble form. How-
ever, when such a mixture was centrifuged, all of
the insulin was found to be precipitated. This re-
sulted from the fact that the pH of the mixture
was close to 5, the iso-electric point of insulin.
Minor alterations, either to the acid to to the alka-
line side of pH 5, resulted in uncertain amounts
of the regular insulin remaining in solution. If
equal parts of protamine zinc insulin and regular
insulin were mixed and the pH adjusted to 7.2,
this uncertainty was avoided, and the pH of the
insulin is approximately that of the body fluids.
Assay of this form of modified protamine zinc in-
sulin revealed that 75 per cent of the insulin was
precipitated, and 25 per cent was soluble.

This special modification was selected for fur-
ther study because it contains the desirable pro-
portion of 3 parts precipitated insulin to 1 part of
soluble insulin. For convenience and clarity in
the rest of this paper, it is referred to as "3: 1"
insulin.3 The characteristics of this insulin, com-
pared with the other modified insulins studied and
with standard insulins, are given in Table I.

METHODOF INVESTIGATION

Each patient studied remained in the hospital on the
metabolism ward for several weeks. A carefully weighed
diet was given, and the diet was not changed throughout
the study period. Likewise, no appreciable variation in

3 Our first preparations of this material were made in
our laboratory. Most of the studies here reported were
made with the same material supplied to us by the Lilly
Research Laboratories with the experimental label "Spe-
cial Protamine Zinc Insulin," lots T-1652 and T-1716.

The designation "3: 1" should not be confused with
simple mixtures such as "Insulin and Protamine Zinc In-
sulin, 2 to 1 Mixture," etc.
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physical activity was permitted, so that as nearly as pos-
sible, the only factor altered from one study period to
the next was the character of the insulin. The patients'
ages ranged from 25 to 74 years, averaging about 50
years.

Each patient was as carefully regulated as possible on
one type of insulin. Frequent blood sugar determinations
were obtained, and careful quantitative urine sugar de-
terminations were done in 4 fractional periods: 7 a.m. to
11 a.m., 11 a.m. to 4 p.m., 4 p.m. to 9 p.m., and 9 p.m. to
7 a.m. Meals were given at 8 a.m., 12 noon and 5 p.m.
A night feeding at 9:30 p.m. to 10 p.m. was given in
practically all cases, as a rule containing 30 grams of
carbohydrate. The diets used were those thought to be
best for each individual patient, and therefore varied con-
siderably. The carbohydrate allowances ranged from 150
to 220 grams, fat from 30 to 170 grams, protein from 56
to 92 grams, according to the age, size, nutritional status,
and caloric requirements of each patient. The carbo-
hydrate distribution usually allowed 20 per cent in the
night feeding, while in the majority of cases, the remain-
ing 80 per cent was divided equally between the 3 main
meals. In certain cases, a somewhat larger proportion
was given at lunch and supper. The average patient, who
received 150 grams of carbohydrate daily, had it dis-
tributed as 40, 40, 40, and 30 grams, respectively, among
the 4 feedings.

When glycosuria had been practically eliminated and
blood sugars all fell within practically normal limits, all
conditions were kept constant, including diet, activity, and
insulin dose. If any complication such as fever, infec-
tion, change in activity, or mistake in diet arose, the data
were discarded. After at least 4 to 7 days of stable
blood sugar levels, 24-hour blood sugar curves were de-
termined. Blood for sugar determinations was taken at
7:30 a.m. (fasting), 10:30 a.m., 2:30 p.m., 7:30 p.m., 12
midnight, and again at 7:30 a.m. (fasting). The blood
sugars at 10:30 a.m., 2:30 p.m., 7:30 p.m. and at mid-
night each represent the level existing 2% hours after
the preceding meal. The constancy of these intervals
lends additional meaning to curves constructed from such

TABLE I

Charactcristics of insulins studied compared
with standard insudins

Composition per
Source 100 units

Insulin Of Charr- pHadded acter p
protein Added Zinc

protein

mgm. mgm.
"Three-to-one" Salmon Turbid 7.1 to 7.2 Approx. 0.1
srotamine zinc sperm 0.67
Histone zinc Thymus Turbid 7.0 3.2 0.2
Clear protamine Salmon Clear 3.3 to 3.5 3.8 0.31
zinc sperm
Globin (zinc) Beef Clear 3.7 3.75 0.31

blood
Turbid (market) Salmon Turbid 7.1 to 7.2 1.25 0.2
protamine zinc sperm
megular None Clear Approx. None 0.02

3.0
Crystalline None Clear 3.0 to 3.5 None >0.02 <0.04

Ao
SLtgsr

mg(OhOo
too.

100.

160.

140.

1W0.

100.

Tir-cT;!Q DAK RiEQ P14TQ Pl4 1t2PT14

FIG. 1. COMPARISONOF PROTAMINEZINC INSULIN
HISTONE INSULIN ON 18 PATIENTS

Composite 24-hour blood sugar curves.
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determinations. If the fasting blood sugar at the begin-
ning and the fasting blood sugar at the end of a 24-hour
curve were not within reasonable proximity, it was con-

cluded that the stabilization with that particular insulin
was not satisfactory, and such curves were not included.

After all criteria were satisfied, reasonable stability se-

cured, and a 24-hour curve obtained representing the type
of regulation obtainable with one type of insulin, an

equivalent dose of one of the other insulins was begun, all
other conditions being left unaltered. After a similar
period of stabilization, a 24-hour curve could be obtained
with a second type of insulin, and later with a third or
fourth type.

RESULTS

Histone zinc insulin. When compared on 18
patients with protamine zinc insulin, histone zinc
insulin gave fairly good diabetic control, but was

less effective per unit given. The tendency to-
ward a more rapid initial action, which is so de-
sirable, and which was suggested in the 4 patients
of Bailey and Marble (6), was not evident in our

series. There was less prolonged activity as

shown by the higher fasting blood sugars. When
the 2 insulins were compared in the same pa-

tients, fasting blood sugars were lowest with pro-

tamine zinc insulin in 61 per cent of the tests, with
histone zinc insulin in only 9 per cent, while they
were equivalent (within 10 mgm. per cent) in 30
per cent of the tests. Composite curves (Figure
1) show the essential differences between the 2
insulins. On the average, fasting blood sugars

with histone zinc insulin were 10 mgm. per cent
higher, at 10:30 a.m. were 7 mgm. per cent higher,

PeotLrnine Zinc Insulin ond Histone Zinc
Insulin

18 ptients

Ito,-* *
-

Insulin Dose - Units
overa& - 23.8
minimum- 10.0
maximum- 45.0
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5tgpr Prolmine Zinc Insulin and Clear Prothmine
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FIG. 2. COMPARISONOF PROTAMINEZINC INSULIN AND

CLEAR PROTAMINEZINC INSULIN

Composite 24-hour blood sugar curves.

at 2:30 p.m. 3 mgm. per cent higher, at 7:30 p.m.
20 mgm.Iper cent higher, at 12 midnight 24 mgm.
per cent higher. Although the higher fasting and
mnidnight blood sugars might have been eliminated
by omnitting the night feedings, the tentdency to
rise at 7:30 p.m. could not be thus avoided, nor
could the failure to depress the 10:30 and 2:30
blood sugars be explained except by the lack of
the prompt acting quality we were seeking.

The general shapes of the curves obtained with
histone zinc insulin and with protamine zinc insu-
lin are similar, there being a considerable rise af-
ter breakfast, a fall after lunch, then a gradual fall
back toward the fasting level. If we had-used
slightly larger doses of histone zinc insulin rather
than equivalent doses, the effectiveness might have
approached that of market protamnine zinc insulin.
With equivalent doses, protamnine zinc insulin was
more effective per unit and gave better control
throughout the 24 hours, while histone zinc insu-
lin failed to exhibit the desired more prompt ac-
tion.

Clear protamine zinc insulin. When compared
on 11 patients with protamine zinc insulin, clear
protamine zinc insulin gave less satisfactory dia-
betic control. The clear insulin failed to depress
the 10:30 a.m. blood sugar, which is usually the
highest blood sugar during the day when prota-
mine zinc insulin is used. In most instances, the
2:30 p.m. blood sugar was definitely lower with
the clear insulin, as was the 7:30 p.m. sugar, while
the nidnight and fasting blood sugars were higher.

Seventeen of 22 fasting blood sugars (77 per cent)
were lowest with market protamine zinc insulin.
The shorter duration of activity is a desirable fea-
ture, at least to some extent, but the compara-
tive curves (Figure 2) show that with equivalent
doses, the clear insulin had too little sustained ef-
fect, at the same time exhibiting too little initial
activity. If we had used enough of the clear in-
sulin to obtain normal fasting blood sugars, we
should certainly have had to resort to a mid-
afternoon feeding, as have others (6), to prevent
hypoglycemic reactions. On the average, blood
sugars with clear protamine zinc insulin were 26
mgm. per cent higher fasting, 10 mgm. per cent
higher at 10:30 a.m., 9 mgm. per cent lower at
2:30 p.m., 7 mgm. per cent lower at 7:30 p.m.,
and 14 mgm. per cent higher at midnight.

The general shapes of the curves obtained with
clear protamine zinc insulin and with market pro-
tamine zinc insulin are dissimilar, the clear insu-
lin allowing a rise after breakfast, as does turbid
protamine zinc insulin, but causing a steep fall in
the afternoon, and permitting a considerable rise
during the night, so that the mid-afternoon sugar
is lowest, rather than the fasting levels, as is true
with market protamine zinc insulin.

With equivalent doses, market protamine zinc
insulin gave better diabetic control than clear pro-
tamine zinc insulin, while the latter failed tQ ex-
hibit the prompt morning action desired. The
clear insulin caused too great an afternoon fall,
and its duration of activity was too short, per-
mitting fasting blood sugar levels higher than de-
sirable.

"Three-to-one" modified protamine zinc insulin.
This special insulin gave much better results than
any other modified insulin we have investigated.
We have divided this study into two parts: I.
Comparison of "3: 1" insulin with equal doses of
protamine zinc insulin. II. Comparison of "3: 1"
insulin with combined regular and protamine zinc
insulin regulation.

I. "Three-to-one" insulin when compared with
market protamine zinc insulin in 11 patients gave
better diabetic control, with a definite tendency to
give lower blood sugars at mid-morning, mid-
afternoon and early evening, slightly higher sugars
at midnight, and equal fasting blood sugars.
Thus, the desired objectives of lower blood sugars
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during the day, and avoidance of nocturnal hypo-
glycemia seem to be accomplished with this new
protamine zinc insulin modification. The indi-
vidual comparative blood sugar figures are given
in Table II.

The average blood sugar rise permitted after
breakfast by protamine zinc insulin was 78 mgm.
per cent, while with "3: 1" insulin it was only 50
mgm. per cent. At 2:30 p.m., the average blood
sugar after "3: 1" insulin was 16 mgm. per cent
lower, at 7:30 p.m. 4 mgm. per cent lower, at mid-
night 10 mgm. per cent higher, while the fasting
blood sugars gave almost exactly the same aver-

TABLE II

Comparative 24-hour blood sugar curves
Comparison of "3:1" insulin with equal

doses of protamine zinc insulin.

Blood sugar
Case
num- Insulin dose

ber 7:30 10:30 2:30 7*30 12 7:30
a.m. a.m. p.m. p.m. p.m. a.m.

*gm. per 100 cc.

1 PZI 35 157 230 196 217 164 137
"3:1" 35 129 197 148 223 137 132

2 PZI 15 80 175 214 213 150 105
"3:1" 15 107 112 166 220 186 107

3 PZI 30 79 180 208 209 211 100
"3:1" 30 91 181 164 194 175 123

4 PZI 35 95 159 121 105 81 83
"3:1" 35 142 155 138 209 132 111

5 PZI 35 150 230 178 225 157
"3:1" 35 136 155 143 160 175 119

6 PZI 30 153 220 210 164 209 159
"3:1" 30 155 143 96 144 85

7 PZI 15 99 159 145 162 190 122
"3:1" 15 122 168 151 148 148 128

8 PZI 15 99 159 145 162 190 122
"3:1" 15 119 122 136 114 140 120

9 PZI 25 137 235 214 237 223 100
"3:1" 25 123 157 197 132 182 109

10 PZI 25 66 99 137 130 86 60
"3:1" 25 74 103 135 191 141 94

11 PZI 15 105 205 215 176 197 135
"3:1" 15 117 224 220 189 117 144

Statistical analysis of these figures indicates that the
better results obtained with the "3:1" insulin are not due
to sampling error. At 10:30 a.m., for example, the time
of the most definite improvement in the 24-hour blood sugar
curves, the statistical probable significance of the differ-
ences is 0.978. According to Fisher's formula, a result of
0.95 or greater is statistically significant.
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FIG. 3. COMPAISONOF PROTAMINEZINC INSULIN AND

"3: 1" MODIFIEb PROTAMINEZINC INSULIN
Composite 24-hour blood sugar curves.

age as with protamine zinc insulin. When com-

pared with equal doses of market protamine zinc
insulin in the 11 patients, fasting blood sugars

were slightly lower with "3: 1" insulin in 20 per

cent of the determinations, slightly higher in 41
per cent, equal (within 10 mgm. per cent) in 39
per cent. The blood sugars at 10:30 a.m. were

lower with "3: 1" insulin 6 times out of 11, equiva-
lent 4 times, slightly lower with protamine zinc
insulin once. At 2:30 p.m. likewise, "3: 1" insu-
lin gave the lowest blood sugars 6 times out of 11,
equivalent 4 times, while protamine zinc insulin
gave a slightly lower figure once. At 7:30 p.m.,

the "3: 1" insulin gave the lowest figures 6 times,
protamine zinc insulin 3 times, while they were

equivalent twice. At midnight, the "3: 1" insulin
gave the lowest figures 7 times, protamine zinc 3
times, while they were equivalent once. Examina-
tion of the composite curves (Figure 3) reveals
that there is great similarity between the actions
of the 2 insulins, except for the definite tendency
to greater depression of the blood sugar during
the day exhibited by the "3 to 1" protamine zinc
insulin modification.

II. Comparison of "3: 1" insulin with combined
protamine zinc and regular insulin therapy: 6 pa-

tients showed as good regulation, or better, with
"3: 1" insulin as with combined therapy. In each
of these 6 cases, the best possible regulation was

secured with a larger dose of protamine zinc in-
sulin and a smaller dose of regular insulin, and
then 24-hour blood sugar curves were obtained.

I,
I,
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Insulin Do5e - Unit5
tverae - 26.0
minimum - 15.0
maximum- 35.0
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Sugar Combined Protamine Zinc Insulin and
200p 'Regubr In5ulin, aLnd 5:1 InsulinMo. ~~~6 -ptients
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FIG. 4. COMPARISONOF "3: 1" PROTAMINEZINC IN-
SULIN WITH COMBINEDPROTAMINEZINC AND REGULAR
INsULIN THERAPY

Composite 24-hour blood sugar curves.

The same patients were then each controlled with
doses of "3:1" insulin, equal in amount to the
previous total daily insulin requirements. The
doses used in the 6 cases were 65 units of prota-
mine zinc insulin and 20 units of regular insulin in
1 instance, 60 and 10 units, respectively, in 3 in-
stances, and 25 and 10 units, respectively, in 2
instances. The ratios ranged from 6: 1 to 2.5: 1,
averaging 3.9: 1. The doses of "3: 1" insulin
used for comparison were therefore 85, 70, 70, 70,
35, and 35 units, respectively. With the "3: 1"
insulin, the diabetic control was even better than
that obtained by using, the best possible propor-

tions of protamine zinc and regular insulin in
separate injections (Figure 4). In the composite
24-hour curve, it is evident that the "3: 1" insulin
is more effective per unit, and that it prevents the
blood sugar rise after meals as successfully as the
separate injections of regular insulin. While ex-

hibiting the desirable rapid initial activity, it also
has an even better prolonged action than is ob-
tained in the combined therapy, as shown by the
lower fasting blood sugars, and the lower mid-
night sugar. With the "3: 1" insulin, there was

no tendency toward hypoglycemia late at night or

in the early morning hours, which certainly would
have occurred in these cases with comparably
large doses of protamine zinc insulin. The blood
sugar values for the comparative curves with
"3: 1" insulin are given in Table III.

DISCUSSION

Some workers (7, 10) have obtained encourag-
ing results with insulin-protamine zinc insulin
mixtures, without readjustment of the pH to that
of body tissues. If the resultant pH is near 5, the
iso-electric point of insulin, all of the insulin is in
precipitated form. Peck (14) has shown that
buffering to pH 7.2, of a mixture of 2 parts of
insulin with 1 part of protamine zinc insulin, re-
sults in 50 per cent of the insulin being present in
rapidly-acting form. It would seem possible that
the change to pH 7.2, occurring after subcutaneous
injection of unbuffered mixtures, might result in
the release of excess amounts of rapidly acting in-
sulin. Wehave observed blood sugar responses
suggesting this in a few patients treated with such
preparations.

Insulin made by mixing equal parts of prota-
mine zinc insulin and regular insulin with buffer
added to adjust the pH to 7.2, provides a prepara-
tion containing 3 parts of precipitated insulin to 1
part of soluble insulin. This "3:1" insulin is
stable, and since its pH is that of the body fluids,
there is no variable factor resulting from pH
change after injection. When small doses were

TABLE III

Comparative 24-hour blood sugar curves
Comparison of "3:1" insulin with separate injections of

protamine zinc insulin and regular insulin.

Blood sugar
Case
num- Insulin dose

ber 7:30 10:30 2:30 7:30 12 7:30
a.m. a.m. p.m. p.m. p.m. a.m.

mgm. per 100 cc.
12 PZI 65+Reg. 20 159 181 197 218 220 115

3:1 85 123 99 107 149 165 153

13 PZI 60+Reg. 10 81 117 156 194 261 140
3:1 70 61 145 135 134 179 116

14 PZI 25+Reg. 10 128 167 95 144 119 109
3:1 35 142 155 138 209 132 111

15 PZI 25+Reg. 10 157 148 155 148 112 135
3:1 35 131 117 87 159 155 127

16 PZI 60+Reg. 10 257 263 219 240 213 246
3:1 70 213 204 155 175 135 191

17 PZI 60+Reg. 10 141 84 118 102 176 112
3:1 70 166 138 123 164 136 131

Statistical analysis of these fiures indicates that "3:1"
insulin gave better results than 'combined therapy." At
10:30 a.m. and 2:30 p.m., the statistical probable signifi-
cance of the differences favoring "3:1" insulin is 0.959.
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used, the effects differed little from those obtained
with standard protamine zinc insulin. This fea-
ture is desirable, since too much initial activity in
mild diabetes will cause hypoglycemia. A morn-
ing injection of 20 units, for example, gave ap-
proximately 15 units of slow effect and only 5
units of rapid effect. When larger doses such as
60 units daily were required, there were 45 units
of slow effect and 15 units of rapid insulin ac-
tivity, as demanded by the severity of the diabetes,
and the greater tendency to postprandial hyper-
glycemia.

SUMMARYAND CONCLUSIONS

1. Comparative studies on 17 diabetic patients
with a new modification of protamine zinc insulin
gave better results than those obtained with the
usual forms of insulin therapy. A single injec-
tion daily took the place of standard protamine
zinc insulin in regulating patients with mild dia-
betes. One injection was also sufficient to con-
trol more severe diabetes, previously requiring
separate injections daily of protamine zinc insulin
and regular insulin.

2. Comparative studies on 18 patients with
histone zinc insulin revealed poorer diabetic con-
trol than that obtained with standard protamine
zinc insulin. The desirable more rapid initial ac-
tion was lacking, and there was less prolonged
effect.

3. Comparative studies on 11 patients with
clear (acid or soluble) protamine zinc insulin
gave less satisfactory control than that secured
with standard protamine zinc insulin. Clear pro-
tamine zinc insulin had too little sustained effect
and showed insufficient rapid activity.

4. A new insulin modification containing 3
parts of precipitated insulin to 1 part of soluble
insulin provided better control in the patients
studied than that obtained with other modifica-
tions or combinations of insulin. It is made by
mixing equal parts of protamine zinc insulin and
regular insulin with buffer added to adjust the
pH to 7.2.

5. Multiple forms of insulin are not necessary,
and their use should be discouraged. Two forms
of insulin should be sufficient: (1) a modified pro-
tamine zinc insulin such as that described in these
studies, used for controlling uncomplicated dia-

betes; (2) regular (or crystalline) insulin, to be
employed whenever emergency therapy is neces-
sary.
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