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The effectiveness of insulin administration by rectal suppository was examined in normal and non-insu-
lin-dependent nonobese diabetic subjects. A 100-U insulin suppository (mean 1.8 U/kg) given to the
diabetic subjects caused four times as great a fall in plasma glucose compared with the normal subjects
given the same dose (mean 1.6 U/kg). The insulin response after suppository administration demon-
strated a significantly positive correlation (r = 0.83, P < 0.01) with the plasma glucose level before
administration. Diabetic subjects given a 100-U insulin suppository (mean 1.7 U/kg) 15 min after meals
three times daily showed a significant (P < 0.05) improvement in postprandial hyperglycemia accompa-
nied by a restoration of the normal circadian profile of plasma IRI and a reduction of urinary glucose
from 26 ± 5.9 to 2.0 ± 1 . 0 g/day. No untoward reactions were observed. These data strongly imply a
unique characteristic of the insulin suppository in spite of low bioavailability. DIABETES CARE 4.- 454-458,
JULY-AUGUST 1981.

Insulin molecules have been shown to cross intesti-
nal,1"3 respiratory,4'5 and oral mucosa6 in normal and
diabetic subjects. The insulin preparations for non-
parenteral application, however, have a low efficacy

compared with parenteral administration of insulin. We
have already reported in animal studies that rectal applica-
tion of insulin, by means of a suppository, is effective in
lowering the plasma glucose concentration with a dose as low
as 2 U/kg,7 without impairments in rectal mucosae or other
adverse reactions.8 In the light of the encouraging results ob-
tained in these studies, we decided to administer insulin by
rectal suppository to normal and diabetic subjects. The pre-
liminary studies reported here were undertaken to establish
the effectiveness of insulin suppositories in regulating the hy-
perglycemia of diabetes in man and to assess the feasibility of
its clinical application.

MATERIALS AN D METHODS

Preparation of insulin suppository. The insulin suppositories
were prepared according to the method previously de-
scribed.7'8 Briefly, an insulin suspension was made by mixing
porcine crystalline insulin (Nordisk Insulin Laboratorium
Co., Ltd., Denmark), with Witepsol H15 (Dynamit Nobel
Co., Ltd., West Germany), surfactant (polyoxyethylene-9-

lauryl ether, Nikko Chemicals Co., Ltd., Japan) as a suppos-
itory base, and 0.02 M HC1 solution. Then the insulin sus-
pension was solidified in a mold by cooling. The final con-
centration of insulin in a suppository was 50 U or 100 U/g
with 3% (w/w) of surfactant and 5% (w/w) HCl solution.

The effect of rectal administration of insulin suppository to nor-
mal and diabetic subjects in the fasting state. Six normal volun-
teers aged 25—30 yr and five insulin-dependent diabetic sub-
jects aged 44-60 yr took part in this study. The diabetic
subjects were classified as non-insulin-dependent according
to the results of a 50-g OGTT by the criteria of the Japan
Diabetic Society. Two diabetic subjects were taking sulfonyl-
urea initially, but stopped 1 day before the study. No subject
had a history of insulin injection. All subjects were within
15% of ideal body weight (Metropolitan Life Insurance
Company Table, 1959). None had clinical signs of auto-
nomic neuropathy.

After an overnight fast, the six normal subjects were given
a 50-U insulin suppository. At least 1 wk later, a 100-U sup-
pository was administered to four normal and five diabetic
subjects. The plastic cannula was inserted into an antecubi-
tal vein and blood samples were collected at 0, 15, 30, 45,
60, 90, 120, 150, and 180 min after administration of the
suppository for plasma glucose, insulin (IRI), and C-peptide
(CPR).
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The effect of insulin suppository on circadian glycemia and in-
sulin concentration in diabetic subjects. Four diabetic subjects
aged 37-50 yr, within 15% of ideal weight, were admitted to
the First Department of Medicine, Osaka University Hospi-
tal, or the Department of Medicine, Osaka Policemen's Hos-
pital, and informed consent to the following investigation
was obtained. After diet treatment was carried out for 1-2
wk, a 100-U insulin suppository was administered rectally 15
min after food intake three times daily for 1 day. Blood was
sampled at regular intervals as shown in Figure 3 for plasma
glucose, IRI, and CPR during the pretreatment control pe-
riod and during the period of rectal insulin administration.
Twenty-four-hour aliquots of urine were collected and daily
glucose loss was calculated. The caloric content of the diet
was 25-30 kcal/kg ideal body wt and was provided as three
equal meals at 0800, 1200, and 1700 h.

Data analyses. Plasma glucose and urinary glucose concen-
trations were measured by a glucose-oxidase method using an
autoanalyzer technique. Immunoreactive insulin concentra-
tion was measured by the method of Hales and Randle.9

Plasma CPR was measured by radioimmunoassay using a kit
purchased from Daichi Radioisotope Co., Ltd. (Japan). The
area of increase in plasma IRI was integrated for 180 min
after the rectal administration of the insulin suppository.
Statistical analyses were done using a Student's t test.

RESULTS

E ffect of rectal administration of insulin suppository to
normal and diabetic subject in fasting state. Figure 1
demonstrates the plasma glucose, IRI, and CPR re-
sponses following the rectal administration of the

50- and 100-U insulin suppositories to fasting normal and di-
abetic subjects. When the 50-U insulin suppository (0.7-
0.9 U/kg, mean 0.8 U/kg) was administered to normal sub-
jects, the plasma IRI rose significantly (P < 0.05) to a peak
of 30 ± 5.6 /xU/ml (mean ± SEM) at 30 min, followed by a
gradual decline to the baseline level. Plasma glucose fell by
10 mg/dl to the nadir level at 45 min and then increased to
the baseline level at 90 min. Plasma CPR showed a signifi-
cant (P < 0.05) nadir level of 0.6 ± 0.1 ng/ml at 90 min.
When the 100-U insulin suppository (1.5 — 1.7 U/kg, mean
1.6 U/kg) was applied to normal subjects, plasma IRI in-
creased significantly (P < 0.05) to the peak of 39 ± 9.7
/u,U/ml accompanied by a significant (P < 0.05) fall of glyce-
mia to a level of 77 ± 3.8 mg/dl at 45 min and a significant
reduction of plasma CPR to 0.8 ± 0.1 ng/ml at 60 min. The
plasma IRI with the 100-U insulin suppository was signifi-
cantly (P < 0.05) higher than that with the 50-U suppository
at 15 min. The integrated areas of increase in plasma IRI for
180 min were 637 ± 228 or 1236 ± 308/xU-min/mlatadose
of 50 or 100 U per person, respectively. The difference was not
significant (0.1 < P < 0.05). The coefficient of variation of
insulin response against the 50- or 100-U insulin suppository
was 68% or 43%, respectively.

When the 100-U insulin suppository (1.4-2.5 U/kg,
mean 1.8 U/kg) was given to diabetic subjects in a fasting

FJG. J. Mean (±SEM) plasma glucose, IRI, and CPR responses to rec-
tal administration of 50-U (dotted line) or 100-U insulin suppository
(solid line) to normal (left) and diabetic (right) subjects. • , Significant
(P < 0.05) difference between each value and the prestimulated value;
-sir, significant (P < 0.05) difference between 50- and lOO-U insulin ad-
ministrations; I , significant (P < 0.05) difference between insulin levels
of normal and diabetic subjects with 100-U insulin supposiurry.

state, the plasma IRI rose to 63.6 ± 14.6 //.U/ml at 45 min,
followed by a gradual decline to the prestimulated level by
180 min. The IRI level at 120 min was still significantly
(P < 0.05) higher than the initial level. The plasma glucose
gradually fell from 228 ±11 .4 mg/dl to 158 ± 27.2 mg/dl at
120 min. A significantly (P < 0.05) higher IRI concentra-
tion was observed at 45 min in diabetic subjects than that in
normal subjects with the same dose. Plasma CPR showed no
significant change after administration.

The integrated area of increase in plasma insulin was
4151 ± 1257 /xU-min/ml in the diabetic subjects. This was
3.4-fold as great as that in the normal subjects with 100 U,
but not significantly different (0.1 < P < 0.05). The inte-
grated area of increase in insulin was divided by a unit of in-
sulin administration (U/kg) to give a plasma insulin response
per unit of insulin administered rectally (kg-min/ml). Figure
2 demonstrates the plasma insulin responses thus calculated
and plasma glycemias before administration in all subjects.
Diabetic subjects with a higher glycemia showed a higher in-
sulin response. A significantly positive correlation (r =
0.827, P < 0.01) was observed between the insulin response
and the glycemic level.

Effect of rectal administration of insulin suppository on diurnal
profile of glucose and insulin in diabetic subjects. Figure 3 dem-
onstrates the diurnal excursion of plasma glucose, IRI, and
CPR in diabetic subjects when the 100-U insulin suppository
was administered rectally 15 min after each of the three
meals. Without administration of a suppository, glycemia
gradually increased from the fasting level of 191 ± 31.4
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mg/dl to a peak of 388 ± 57.2 mg/dl at 1800 h. Plasma insu-
lin showed a gradual increase to a significantly (P < 0.05)
higher level of 19.4 ± 4.1 fiU/ml at 1300 h, then slowly fell
to the fasting level. This was accompanied by a significant
(P < 0.05) rise in plasma CPR level. Urinary glucose loss for
24 h was 26 ± 5.9 g/day. When an insulin suppository was
administered, a sharp rise in plasma IRI was noted 60 min
after each meal. Each peak of IRI showed a similar value of
about 40 /uU/ml, significantly (P < 0.05) higher than IRI
levels without suppository except at 1000 h. Fasting glycemia
in the next morning was not significantly different from the
initial fasting glycemia. Plasma CPR showed no significant
difference whether or not the suppositories were given. Daily
urinary glucose loss decreased to a level of 2.0 ± 1.0 g/day.

During suppository administration, some subjects com-
plained of abdominal discomfort or a feeling of rectal ur-
gency. However, these complaints were not so severe as to
interrupt the experiments. No other untoward reactions
were observed and hypoglycemia did not occur.

DISCUSSION

During recent years, studies from our laboratory
have focused attention on the possibility that di-
abetes can be controlled by orally administered
insulin. With the intrajejunal administration of

water-in-oil-in-water insulin emulsions10 or micells,11 we
carried out the successful short-term treatment of alloxan-di-
abetic rats. However, it was also delineated that their bio-
availability still remained at a low level, around 4% that of
intramuscular insulin injection. We therefore turned to a
rectal administration of insulin by means of a suppository. A
preliminary report7 suggested an improvement of bioavaila-
bility and the possibility that rectal absorption of insulin was
increased in depancreatectomized dogs compared with nor-
mal dogs. The short-term treatment of alloxan-diabetic dogs
with the rectal administration of insulin suppositories for 6 -
9 days assessed a reasonable coefficient of variation of glyce-
mic response against suppository, as little as 13-15%,8 and
neither untoward reactions nor pathologic changes in rectal
mucosae were recognized. In the light of the encouraging re-
sults obtained in these studies, the effect of the administra-
tion of insulin suppository to man was examined in normal
and diabetic subjects.

The studies on the fasting normal subjects demonstrated
that a small dose of insulin per rectum, as little as 0.8 U/kg,
was significantly effective in raising the plasma IRI by 17
fj\J/m\ and lowering the plasma CPR from 1.4-0.6 ng/ml.
At a dose of 100 U, normal subjects showed a significant re-
duction of glycemia by 17 mg/dl at 45 min concomitant with
a significant change in plasma IRI and CPR levels. Diabetic
subjects who received the 100-U insulin suppository showed
an integrated insulin response three times as great as that of
normal subjects. A significant fall of glycemia by 36% of the
prestimulated level observed in diabetic subjects was thought
to be mainly due to the effect of insulin absorbed from the
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FIG. 2. The relationship between the insulin response after 100-U insulin
suppository administration and the glycemic level before administration. A
significantly positive relation was shown (r =0.827, P <0.0l). • , Di-
abetic patient; • , normal subject. The insulin response (kg'min/ml) was
calculated as the integrated area oflRl increase for 180 nm (/xU'min/ml)
divided by the insulin dose (U/kg).

rectum, because a spontaneous glycemic fall was observed to
be only 15% for 3 h in untreated diabetic subjects with a sim-
ilar glycemic level.12

The insulin response after rectal administration of insulin
was positively correlated with the prestimulated glycemic
level. This positive correlation was not indicated in the oral
insulin preparations1'2'10"12 nor in the other nonparenteral
insulin preparations.4"6 The decreased degradation rate of
insulin13 or the decreased clearance rate of insulin14'15 would
explain the greater insulin response in diabetic subjects.
However, because these changes in insulin kinetics were as
subtle as 5-30%, they could account in part for the phenom-
enon in which the insulin response was increased by 200% in
diabetic subjects. A second explanation is that the total
amount of insulin absorbed was increased in diabetic sub-
jects. The observations that the intestinal absorption was in-
creased in diabetic subjects16 and the intestinal transport of
sugers and amino acids was augmented in the diabetic rat17'18

were comparable to the increased insulin response observed
in diabetic subjects. Olsen and Rosenberg also indicated that
the augmented intestinal transport was reduced by insulin
treatment.17 Therefore, the positive correlation between the
glycemia level before suppository administration and the in-
sulin response thereafter might imply that the greater insulin
response in diabetic subjects is reduced according to a nor-
malization of the diabetic state. This characteristic of an in-
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FIG. 3. Diurnal plasma glucose, IRJ, and CPR excursions in diabetic
subjects with insulin suppository (solid lines) and without insulin supposi-
tory (dotted lines). Data were expressed as mean ± SEM. Insulin sup-
pository of 100 U was administered (*}) 15 min after each meal (/0v)
three times daily. The meal was given at 0800, 1200, and 1700 h. • ,
significant (P < 0.05) difference between each value and the fasting
value at 0800 h; ii, significant (P < 0.05) difference between the re-
sponses with and without insulin suppositories.

sulin suppository seems to be unique and useful for its possi-
ble clinical application because oral sulfonylureas exert a
similar or more intensive effect on normal subjects compared
with their effect on diabetic subjects. However, the possibil-
ity that the total amount of insulin absorbed is increased in
diabetic subjects remains to be established.

An approximately flat glycemic excursion was shown
throughout 24 h in four diabetic subjects fed regular meals,
when the insulin suppository was applied three times daily
after each meal. The postprandial rise in glycemia observed
with diet treatment was lessened after breakfast and signifi-
cantly reverted to a reduction after lunch and supper with
additional insulin suppositories. Plasma IRI showed a peak of
around 40 /xU/ml at 1 h after each meal followed by a gradual
decrease to a slightly higher level than the fasting level be-
fore meals. The pattern and magnitude of the diurnal insulin
excursion thus obtained was similar to that in normal sub-
jects.19"21 Plasma CPR showed no significant changes be-
tween the experiments with and without insulin supposi-
tories. The daily urinary glucose loss reduced to a negligible
level of 2.0 ± 10 g/day. These data clearly demonstrated
that the attenuation of the glycemic rise after meals with a
marked reduction of the urinary glucose loss was mainly due

to insulin absorbed from the rectum in spite of the residual
endogenous insulin secretion.

Rectal insulin administered after meals was not effective
in reducing fasting hyperglycemia significantly. This is con-
sistent with the glycemic control of insulin-dependent dia-
betic subjects with s.c. bolus injection of crystalline zinc in-
sulin four times daily in which fasting hyperglycemia above
200 mg/dl was observed after the bedtime s.c. injection, in
spite of the restoration of normal glycemic excursion during
the day.22 They also showed that the constant s.c. crystalline
insulin infusion or s.c. Lente insulin injection combined
with s.c. crystalline bolus insulin injection could normalize
fasting glycemia. These data suggested that a long-acting in-
sulin suppository might improve fasting hyperglycemia in di-
abetic subjects, since the present insulin suppository is as
short-acting as an intramuscular injection.23

Rectal administration of insulin is a more physiologic
route for applying insulin to diabetic subjects than the con-
ventional parenteral administration because some portion of
insulin absorbed enters into the portal vein directly. We
showed that the insulin level in the portal vein was three
times as large as the peripheral insulin level after rectal ad-
ministration of insulin in normal subjects (data not shown).
These data allow us to estimate by means of an insulin dy-
namic model24 that about 30% of insulin absorbed from the
rectum is assigned directly to the portal vein. The lymphatics
as a possible route of disposal of rectally absorbed insulin also
remains to be clarified quantitatively. Although it is known
that liver degradates about 50% of insulin delivered,25 the
increment of portal insulin concentration is shown to inten-
sify the magnitude of the net hepatic glucose uptake induced
by portal glucose infusion.26 An open-loop portal insulin de-
livery study applied to the pancreatectomized unrestrained
dogs fed regular meals27 demonstrated less hyperinsulinemia
than that observed in a peripheral infusion study.28 These
data indicate the importance of portal insulin delivery in
normalizing both glycemia and insulinemia postprandially.
The insulin suppository also attenuated the postprandial gly-
cemic rise in diabetic subjects, and the peripheral insuline-
mia was similar to that in normal subjects after meal. These
observations presented a possibility that insulin suppository
could control the postprandial glycemia in a more physio-
logic manner than conventional insulin therapy, because the
substantial amount of insulin absorbed from the rectum
enters directly into the portal vein.

After rectal administration of a suppository, a few subjects
complained of abdominal discomfort for a while. Even
though no other adverse effects were noted in these acute
studies, the possibility that bacteria might be absorbed
through surfactant-treated rectal mucosa should be clarified
before long-term clinical applications. We have already
shown that no pathologic changes were demonstrated in the
rectal specimens of alloxan-diabetic dogs controlled with in-
sulin suppositories for 6-9 days.8 However, these data were
not sufficiently encouraging to proceed with the long-term
treatment by insulin suppository. Additional studies to im-
prove the efficacy and dependability of delivery and confir-

DIABETES CARE, VOL. 4 NO. 4, JULY-AUGUST 1981 457

D
ow

nloaded from
 http://diabetesjournals.org/care/article-pdf/4/4/454/547378/4-4-454.pdf by guest on 24 April 2024



INSULIN SUPPOSITORY ON NORMAL AND DIABETIC SUBJECTS/Y. YAMASAKI AND ASSOCIATES

mation of safety with long-term use would be required before
consideration for clinical use.
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