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The question of whether or not the behavior of
the blood sugar in the normal organism after a
carbohydrate meal depends upon the secretion of
extra insulin is one which cannot be answered
conclusively until a method is made available for
measuring the amount of insulin in the blood
stream. There is, however, considerable indirect
evidence favoring the theory that normally the
ingestion of carbohydrate stimulates the secretion
of insulin by the pancreas (1).

In 1934 doubt was cast on the validity of this
theory by the work of Soskin, Allweiss, and
Cohn (2), who showed that in depancreatized
dogs receiving a constant intravenous injection of
glucose and insulin so adjusted as to maintain the
blood sugar normal and level, an added dose of
glucose gave a normal sugar tolerance curve pro-
vided the liver was intact. Extra insulin, there-
fore, was neither available nor required, and it
was concluded that the pancreas is not essential
to the production of a normal glucose tolerance
curve, though, on the basis of further evidence,
the liver was deemed necessary.

The first hint that these results, together with
their implications, might apply only in the rather
special conditions under which they were obtained
came from clinical investigations of diabetic pa-
tients treated with protamine insulin. It has been
the common experience of physicians that in se-
vere diabetes a daily dose of protamine insulin
which would render the blood sugar normal be-
fore breakfast or during the night would often
fail to prevent hyperglycemia after meals (3).
Such experiences constitute a parallel fairly close
to, but more physiologic than, the experiments
with intravenous insulin and glucose in depan-
creatized dogs. It is apparent in such cases that
the constant supply of insulin derived from the
subcutaneous depot of protamine insulin, although
it is able to take care of the endogenous carbo-

1 Presented in part before the American Physiological
Society, April, 1938, at Baltimore, Maryland.

hydrate metabolism, needs to be augmented at
meal time with extra insulin if the blood sugar
is to be kept within normal limits. On the other
hand, it is well known that in cases in which the
disease is relatively mild the blood sugar can be
controlled at all times with protamine insulin
alone.

Suggestive as the experiences with severe dia-
betics were, there remained the possibility that
the abnormal behavior of the blood sugar after
meals, especially after breakfast, might be owing
to the beginning exhaustion of the protamine
insulin given the previous morning or to the slow
action of the dose given on the morning in ques-
tion. It was decided, therefore, to obtain blood
sugar curves in such patients under more care-
fully controlled conditions.

Hospitalized patients with diabetes of varying
degrees of severity but well regulated with one
or the other type of insulin were given, in the
morning or evening of one day, a dose of pro-
tamine insulin which during the entire morning of
the following day, without food, was shown to
maintain the blood sugar at a constant normal
level. Several days later or earlier in each case,
and under identical circumstances, a similar ex-
periment was performed, this time giving the
breakfast allowed by the patient’s usual diet. De-
terminations of the blood sugar 2 were made be-
fore and at intervals after the meal. In addition,
comparable experiments were carried out in two
chronically depancreatized dogs and in one normal
dog. The blood sugar time curves and pertinent
clinical data are given in the accompanying
charts.

DESCRIPTION OF CHARTS

Severe diabetes

Patient E. V. (Figure 1). Thirty-five units of pro-
tamine insulin given at supper time on June 15, 1937,

2 Analyses were made on capillary blood by the method
of Miller and Van Slyke (4).

795



HENRY T. RICKETTS

796

doo INOHIIM ANV HIIM

INTILVJ OLEEVI(] V NI NIINSN] ININVIOEJ ¥ALLV STAYNY) AVONS @00Tg °Z "OI]

*Aqrep ‘I'd S€-0¢ 4 ¥ § Iuowambar renjuoay  undaq sem
uonenSIIUpPe JUIUSAD UM ¢ dun( [un Suniow AI9A3 ‘I'd 'R SC Suynsuf

"8u1paay swinpaq Suipnput ‘epT g ‘68 d ‘0T I ‘42t

"SI 42

3d swd g[-g ermsodf|r) ‘enuddL8odLy onewoidwise [BUOISEID( 25410
*3593 1S3y 910J3q SAep (] I0J 3JudwIMbOI uUINsul Ul 9seasoul J0 SwojdwAs ‘19A3%
ON ‘159 3SIJ 2I0J3q SJO3M OM] SISOI[ONUOUOWE SNONIJUI : SUOHDIYFUO0)

L 9 S 4 [

®

.

0 021
:
091 ],
unoy yjunoy e UBATY (OHD Widg2) 2
“youn) [9ns() "4S8IHVIIQ ON L041-0 @ —ooz'®
6/9 undaqduiusas Aasad ‘1'd ngg 3
‘OHD uTd 6¢ IesRaIq 1enen 4243y LC-11-0 B vz
[oHD Wb butuieiuos ysesyeaaq 213y 1C-9-0 © ® ..ﬁ
OHD Ui 6] Puiuie4uod 4eesseauq 494V 2649 @
~"OHD W0 6C *45E449Rq 1INSN JB4Y “LC-C9 D ) _fm\o
]

‘'sow G] uoneImn(@ ‘N XS ‘6 98Y  °9I9A3G : LIS

"S486¥1 'ON “d ¥ Iuened

*Je3ns poo[q Jo d3uel [ewlIOU Y} JUISAI
-d21 saan3y Surpasodns pue SIY} Ul SedJe PIYdIey-ssoI)

@00,] 1NOHLIM ANV HIIM INIILVJ DILIGVIQ V NI
NITOSN] ANINVIOEJ ¥aldv STAYN) ¥VHAS a001g ‘T *51]

*Ajiep ‘1°d 'n 0 IudwWRAMbax
[emusAg ‘sAep 153} uo pue 31033q Isn{ 3dadxd LJrep sasop
Z 0} p Ul uAAI3 m (¢ O} G9 uNnsuUl JBMINY UIMSUJ
*8uzpaay dwnpaq Supnput ‘05T A ‘09 d ‘001 D 42
*SUOI}OBI UL[NSUl [BUOISEII
‘Aep yuiu J933e 'wid  uey} SS9 {Aep puodds Iajje ‘siy
pZ 1od Jedns ‘wd Z[ uey} SSI] PIUIBIUOD JULI[) [254M0)
*SISOpIoe
ou jng sIs03PY UM 7 dunf PINIWPY :Suouviduo)
‘Suruaas Surpadaad usAl8 'd B §¢ "OHD ‘w3 ¢¢
Surmrejuod IsejdedIq [ensn INJY  LE-81-9 Z dAmM)
*Buruaad 3urpad
-1d w3 ‘T'd ‘B ¢ °POOF ON 4E-91-9 T dAImD

¥ < 2 1 24 sanoy
| T T ]

~10¥

{ oz ®
! H
/ %]

~—091
Oy, \N\

@ lllllo!lll!ll I)\\\ I._ow*w
- B

‘sow ¢ uonem( °I¢ A3y
J X9G °219AdG :LJLIAAS  $6G9/T 'ON “A “H uened



CARBOHYDRATE TOLERANCE AFTER PROTAMINE INSULIN

Patient B. S., No. 155131, Severity : Moderate to Severe,
Age 65. Sex F. Duration, 7 yrs.
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%
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] | 1
Hours /6 } 2 3
Curve 1. 10-21-37. After usual breakfast, 24 gm.

CHO. 50 u. P.I given preceding morning, also this A.M.
Curve 2. 10-23-37. No food. 50 u. P.I. given pre-
ceding morning.
Complications: Hypertension, Arteriosclerosis.
Course: Sugar-free throughout. No hypoglycemia.
Diet: C 120, P 70, F 139 (including bedtime feeding).
Insulin: 50 u. P.I. given every morning 3 hr. before
breakfast except on morning of fast. Eventual require-
ment 45 u. P.I. daily.

F1c. 3. Broop SuGAR CURVES AFTER PROTAMINE INSULIN
IN A DiaBeTic PATIENT WITH AND WITHOUT Foop

kept the blood sugar normal during the entire morning
of June 16 when no breakfast was allowed (Curve 1).
The same dose of protamine insulin given at supper
on June 17 failed to prevent hyperglycemia after a
breakfast containing 33 grams of carbohydrate on June
18 (Curve 2).

Patient R. B. (Figure 2). Curves 1, 2, and 3 were
obtained during a period in which the patient was re-
ceiving 35 units of protamine insulin every morning one-
half hour before breakfast. When this meal contained
39 grams (Curve 1) or 31 grams (Curve 3) of carbo-
hydrate the glycemic curve was distinctly diabetic, but
when only 19 grams of carbohydrate were given (Curve
2) the curve was normal. Curves 4 and 5 were ob-
tained after the time of administration of the protamine
insulin had been changed from morning to evening.
Although 35 units kept the blood sugar fairly constant
at an even subnormal level without food during the next
morning, the noon meal containing 25 grams of carbo-
hydrate resulted in an unduly prolonged elevation
(Curve §); and on another day, despite a hypoglycemic
start, the curve after the usual breakfast containing 39
grams of carbohydrate was abnormal (Curve 4).

Moderately severe to severe diabetes

Patient B. S. (Figure 3). With the patient receiving
50 units of protamine insulin every morning, including
the morning of the first test, a breakfast containing only
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Patient J. R, No. 176278. Severity: Mild, Sex M. Age
61. Duration 3 yrs.

260

T
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) el [

Hours 5 1 2 3
Curve 1. 7-29-37. After usual breakfast, 33 gm.

CHO. 15 u. P.I. given preceding morning.

Curve 2. 8-3-37. No food. 15 u. P.I. given preced-
ing morning.

Curve 3. 8-5-37. After 33 gm. glucose.
given preceding morning.

Complications and Course: Early June, 1937, treated
for amebiasis with emetine and yatren. July 6, 1937,
combined abdomino-perineal resection of rectum for carc.
Good recovery. No fever for 11 days before first test.
No glycosuria.

Diet: C 100, P 59, F 129,

Insulin: 15 u. protamine zinc insulin 1% hour before
breakfast every morning except on test days, when same
dose was given at conclusion of test. The test with glu-
cose was preceded by 20 u. given previous morning.
Eventual requirement 20 u. P.I. daily.

20 u. P.I

F16. 4. Broop SuGAR CURVES AFTER PROTAMINE INSULIN
IN A DiaBeTic PATIENT WITH AND WITHOUT Foop

24 grams of carbohydrate still resulted in a blood sugar
considerably above normal at the 2-hour period and
slightly above at 3 hours (Curve 1). It was through
an error that any insulin was given on this morning,
and this, coupled with the fact that it had been neces-
sary to reduce the carbohydrate of the breakfast from
40 grams to 24 grams in order to control glycosuria
with protamine insulin alone, may account for the curve’s
not being more “diabetic” than it is. Curve 2 demon-
strates the ability of 50 units of protamine insulin given
24 hours earlier to maintain the blood sugar at a normal
level without food.

Mild diabetes

Patient J. R. (Figure 4). All curves were obtained
during a period in which the patient was receiving an
injection of protamine insulin each morning before
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Patient F. M., No. 149886. Severity: Mild. Age 69.
Sex F. Duration 5 years.

]
Hours % 1 2 3

Curve 1. 7-20-37. After usual breakfast, 33 gm.
CHO. 10 u. P.I. given preceding morning.

Curve 2, 7-26-37. After usual breakfast, 33 gm.
CHO. No insulin for 4 days.

Complications: Nephrosclerosis, hypertension, general-
ized arteriosclerosis, diabetic and hypertensive retinitis.

Course: F.B.S. 1936 =211 mg.%. Sugar free
throughout. No hypoglycemia.

Diet: C 100, P 75, F 80.

Insulin: 10 u. P.I. 1 hr. before breakfast each morn-
ing except first test day. All insulin stopped July 22

Fi1c. 5. Broop SuGAR CURVES AFTER PROTAMINE IN-
SULIN IN A DIABETIC PATIENT WITH AND WITHOUT
Foop

breakfast. No insulin, however, was given on any test
morning, the dose for that day being given just before
lunch and after the conclusion of the test. Curve 1
shows that 15 units of protamine insulin administered 24
hours earlier rendered the fasting blood sugar practically
normal but was inadequate to effect a normal response
after a breakfast containing 33 grams of carbohydrate.
It is to be noted, however, that this curve is not as
abnormal as the curves seen in the cases of severe dia-
betes (Figures 1 and 2) after a similar meal. That the
dose of 15 units was a little short of being optimum is
shown by the gradual rise of Curve 2, which was ob-
tained under identical conditions except that breakfast
was withheld. When the test meal consisted of glucose
(Curve 3) in an amount equal to the carbohydrate of
the patient’s usual breakfast (33 grams), the sugar toler-
ance curve was even more abnormal despite the larger
dose of protamine insulin (20 units) administered the
preceding morning.

 Patient F. M. (Figure 5). With the patient receiving
a daily injection of protamine insulin, her usual break-
fast, containing 33 grams of carbohydrate, resulted in
a practically normal blood sugar curve (Curve 1). The
mildness of her disease is shown by Curve 2, obtained
after a similar breakfast but 4 days after withdrawal of
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Dog A—Diabetic. Sex M. Wt. 7.5 kg. Depancreatized

12-8-37.

Hours %o L 2

First Experiment: 1-11-38. Wound healed and dog in
good condition,

Each blood sugar curve obtained in the morning after
a preceding evening dose of 5 u. P.I.

® No food.

® After usual breakfast, 25 gm. CHO.

Same.

@ After usual breakfast, 12 gm. CHO.

® Breakfast but no CHO.

Diet: Two daily feedings, 9 A.M. and 6 P.M,, each
consisting of : 150 gm, ground beef heart, 50 gm. raw
beef pancreas, 25 gm. cane sugar, 7 gm. cod liver oil,
*4 gm. NaCl

Insulin: 6 u. before each feeding.

Glycosuria: 0 to ++.

F16. 6. Broop SuGAr CURVES AFTER PROTAMINE IN-
SULIN IN A DEPANCREATIZED DOG WITH AND WITHOUT
Foop

Totally depancreatized dogs?®

Dog A (Figure 6). The first of these experiments
was performed over a month after complete pancrea-
tectomy when the dog was in good condition and the
wound well healed. The animal had maintained its
weight and exhibited a moderate glycosuria while re-
ceiving two daily feedings as indicated in the chart with
6 units of regular insulin before each feeding. This
schedule was adhered to throughout except on the test
days, which were never less than two days apart and
usually longer. The evening before each experiment 5
units of protamine insulin were given subcutaneously,
and no insulin was given on the morning of the test.
Curve 1 demonstrates that this dose held the blood sugar
normal or below during the entire morning without food.

all insulin. The fact that the patient was neverthel
diabetic is indicated by the fasting blood sugar of 211
mgm. per cent in 1936.

8 The author is indebted to Dr. Carter Goodpasture
for performing the pancreatectomies.
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Dog B—Diabetic. Sex M. Wt. 10.5 kg. Depancreatized
12-8-37.
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Dog X—Normal. Wt. 10.7 kg.

o ————————

NN

1 | |
Hours % 1 [3 3

Behavior of blood sugar curve of normal dog fed for
two days on diet identical with that for Dog B.

F1c. 8. BLoop SuGArR CUrvE IN A NorMAaL Doc
witH Foop

]
Hours )5 1 [3 3 4

First Experiment, 1-28-38: Wound practically healed
at this time, completely healed before next experiment.
Dog in good condition.

Curve @ No food. 3 u. R+6 u. P.I. given pre-
ceding evening,

Curve After usual breakfast, 25 gm. CHO. In-
sulin as above.

Curve ® No food. 3 u. R+4 u. P.I. given pre-
ceding evening.

Curve @ After usual breakfast, 25 gm. CHO. In-
sulin as above.

Diet: Two daily feedings, 9 A.M. and 6 P.M., each
consisting of : 200 gm. ground beef heart, 50 gm. raw
beef pancreas, 25 gm. cane sugar, 7 gm. cod liver oil, *= 4
gm. NaCl.

Insulin: 15 u. before each feeding.

Glycosuria: 0 to

F16. 7. BrLoop Sucar CuRvEs AFTER ProTAMINE IN-
SULIN IN A DEPANCREATIZED D0G WITH AND WITHOUT
Foop

Curves 2 and 3, obtained after the animal’s usual break-
fast containing 25 grams of cane sugar, and Curve 4,
preceded by a breakfast containing only 12 grams of
sugar are all definitely diabetic. The facts that the same
amount of sugar in the diet gave different types of
curves on different days, and that 12 grams of sugar
resulted in greater hyperglycemia than 25 grams, are
probably to be explained by differences in absorption.
The slight though prolonged rise of Curve 5 illustrates
the improved control of the blood sugar by protamine
insulin when the source of the dietary carbohydrate is
protein instead of preformed carbohydrate.

Five weeks after the last experiment this dog died
suddenly in convulsions. Fatty infiltration of the liver
was slight in three out of four histological sections but

was marked in two small areas in the last. No pancre-

atic tissue was found.

Dog B (Figure 7). The experimental procedure was
essentially the same as that for Dog A. Curves 1 and 2
show the blood sugar response without and with food
respectively after the animal had been given 3 units of
regular insulin and 6 units of protamine insulin the
evening before each experiment. Since this dose led to
hypoglycemia, the observations were repeated using 4
instead of 6 units of protamine insulin (Curves 3 and 4).
Both curves obtained after food are clearly diabetic even
though Curve 2 starts at a subnormal level.

Normal dog

Dog X (Figure 8). Dog X was fed for two days
on a diet identical with that used for Dog B. The blood
sugar curve obtained after breakfast on the third morning
gives no evidence that such a feeding is more than a
normal animal of similar weight could be expected to
handle adequately.

COMMENT

It is apparent that in severely diabetic patients
and totally diabetic (depancreatized) dogs a dose
of protamine insulin capable of maintaining a
normoglycemic plateau without food is not ade-
quate to control the blood sugar after a moderate
carbohydrate meal. In other words, postprandial
hyperglycemia in severe diabetes is not prevented
without extra insulin. On the other hand, under
similar conditions, the milder the diabetes the
more nearly normal is the blood sugar curve.
This suggests that the pancreas of the mild dia-
betic is better able to supply extra insulin at the
time it is needed and, further, that the pancreas
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of the normal individual is completely able to do
s0.

These concepts are in harmony with the theory
that, in health, the secretion of insulin is regu-
lated, either directly or through the mediation of
the nervous system, by the height of the blood
sugar. This theory has definite experimental
support. Houssay, Lewis, and Foglia (5) dem-
onstrated that the blood sugar of a normal dog is
not altered if as many as three extra pancreases
are grafted into its meck, indicating that the
secretion of each is depressed and regulated ac-
cording to the level of the blood sugar. LaBarre
(6), Zunz and LaBarre (7), London and Kotsch-
neff (8), Barbas and Schulutko (9), and others
have shown that hyperglycemia induced in one
animal stimulates the formation of a substance,
presumably insulin, obtained from the pancreatico-
duodenal vein which, when injected into another
animal, lowers the blood sugar of the recipient.
Zunz and LaBarre have also shown that hypogly-
cemia produced in an animal by insulin (10), in-
hibits the secretion of insulin by that animal.

It may be contended that the arguments pre-
sented in this paper that normally there is a pan-
creatic incretory response to hyperglycemia are
based on the hypothesis that diabetes is purely or
largely pancreatic in origin and that this theory,
in view of the role now known to be played by
the anterior pituitary, is no longer tenable. It
must be pointed out that, whatever the patho-
genesis of diabetes, it always exists as a relative
insulin deficiency, for the disturbed metabolism
which characterizes it can be restored to normal
by insulin.

The conclusion that additional insulin is re-
quired to bring about a normal return of the blood
sugar after a meal is at variance with that reached
by Soskin, Allweiss, and Cohn (2) in their work
with depancreatized dogs. The difference in ex-
perimental results is probably to be explained by
differences in experimental procedure. It should
be pointed out that what an animal can be made
to do under artificial conditions and what it actu-
ally does as a matter of everyday existence are
not necessarily the same thing. The experiments
of Soskin and his coworkers may fall in the
former category. It is possible that the constant
injection of glucose and insulin given in order to

HENRY T.

RICKETTS

maintain the blood sugar at a normal level for an
hour before the administration of the test dose
might so accelerate the metabolism of carbohy-
drate that the addition of more glucose would pro-
duce only a moderate disturbance of the equi-
librium.

Evidence for such a supposition is to be found
in the tests performed in the case of Patient
M. S. (Figure 9). In this case of moderately se-
vere diabetes, as in other similar cases described
above, a diabetic glucose tolerance curve was ob-
tained after the fasting blood sugar had been
brought to normal by protamine insulin given the
preceding evening (Curve 1). Five days later,
after a similar dose of protamine insulin given
the previous evening, the patient received a con-
tinuous intravenous injection of glucose and in-
sulin in such proportion as might be expected to
maintain the blood sugar normal and level. At
the third hour an oral glucose tolerance test was
performed, the intravenous injection being con-
tinued to the end of the experiment. The re-
sulting blood sugar curve (Curve 2) is essentially
normal in shape, though, owing to a slight excess
of insulin over glucose in the intravenous fluid, it
begins and ends at subnormal levels. While this
experiment does not determine whether the nor-

Patient M.3. No186043 Severity:Moderate Ade37, SexM, Duration ITmo

- COMPLICATIONS : NONE.
COURSE 1 Sujar-frée
DIET ¢ C100, P6O, ¥Fieo,

"INSULING 30-8-10

) 1 1 ] 1 1
SAM. B 1 3 3 4 5

F16. 9. Grucose ToreraNCE CurvEs IN A DiaBETIC
Susyect (1) AFTER PrOTAMINE INSULIN AND (2) Dur-
iNG CoNTINUOUS INTRAVENOUS INJECTION OF GLUCOSE
AND INSULIN

Arrows indicate administration of 33 grams of glucose
by mouth.

Curve 1. 25 units of protamine insulin and 5 units of
regular insulin given before supper the previous evening.

Curve 2. Protamine and regular insulin given the pre-
vious evening as before. At 8 a.m. a continuous intra-
venous infusion was begun, delivering 0.2 gram of glu-
cose and 0.1 unit of regular insulin in 1.0 cc. of fluid
per kilogram per hour. The injection was maintained
throughout the experiment.
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mality of the second tolerance curve is caused
by the effect of preliminary glucose and insulin
or possibly by the effect of extra insulin alone, it
demonstrates that the shape of the curve in a
diabetic subject can be altered toward the normal
by this technic. It is maintained that the use of
protamine insulin alone in such experiments per-
mits a closer approximation to the normal meta-
bolic status and that the results so obtained,
therefore, have greater physiological significance.

The studies here reported do not in any way
detract from the importance of the concept, em-
phasized by Soskin, that the homeostatic mech-
anism of the liver plays a large part in the regu-
lation of the blood sugar. They indicate, how-
ever, that, normally, the proper functioning of
this mechanism, when it is presented with the
added burden of ingested carbohydrate, depends
upon the availability of extra insulin.

SUMMARY AND CONCLUSIONS

1. It is shown that in severe diabetes, with the
fasting blood sugar brought to normal by pro-
tamine insulin, postprandial hyperglycemia is not
controlled without extra insulin.

2. Under similar conditions the blood sugar
curves of mild diabetics approach the normal.

3. These facts do not support the contention
that the liver operates to reduce hyperglycemia
without the aid of extra insulin. They do offer
new evidence in favor of certain old theories,
namely :

(a) That normally the ingestion of carbohy-
drate stimulates the secretion of insulin by the
pancreas.

(b) That the pancreas of the severe diabetic
responds poorly to such a stimulus.

(¢) That the pancreas of the mild diabetic re-
tains enough of its incretory function to react
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when so stimulated by secreting an additional,
though still not optimum, amount of insulin.

(d) That the blood sugar curve of the normal
individual may be regarded as the result of a com-
pletely adequate pancreatic response.
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