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ABSTRACT

In this study, insulin suppositories containing 50 U insulin incorporated with 50
mg of deoxycholic acid, sodium taurocholate, or both were placed in the rectum of
alloxan-induced hyperglycemic rabbits. A large decrease in plasma glucose concen-
trations was observed, and the relative hypoglycemias were calculated to be 38.0%,
34.9%, and 44.4%, respectively, compared with insulin subcutaneous (s.c.) injection
(40 U). Insulin suppositories containing 50 mg polycarbophil alone or mixed with
50 mg deoxycholic acid produced relative hypoglycemia of 43.1% and 42.2%, re-
spectively. The most pronounced effect was observed with the addition of polycar-
bophil to the suppository formulation containing a combination of deoxycholic acid
and sodium taurocholate, which produced a 56% relative hypoglycemia compared
with subcutaneous injection. These suppository formulations could be very promis-
ing alternatives to the current insulin injections, being roughly half as efficacious
as subcutaneous injection.
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INTRODUCTION

Peptides and protein drugs like insulin usually have a
large molecular size, show poor permeability across the
intestinal epithelium, are chemically unstable, and de-
grade rapidly in the gastrointestinal tract (GIT). These
unique properties have delayed the development of ap-
propriate nonparenteral dosage forms for peptides and
proteins as needle-free alternatives. The nonparenteral
routes (such as nasal, buccal, rectal, ocular, vaginal, and
even oral) have shown promise (1–3). In coordination
with enzyme inhibitors and/or absorption enhancers,
these drugs can be delivered into the blood circulation,
and sufficient bioavailability can be obtained.

The rectal route for delivery of peptide and protein
molecules offers several advantages over some of the
other common routes (4,5). Rectal absorption is indepen-
dent of gastrointestinal transit time, gastric emptying rate,
and presence of food. It is likely that the presence of de-
grading enzymes in the gut wall decreases from the jeju-
num to the colon and the rectum. One of the suggested
advantages of rectal administration is the possibility of
avoiding, to some extent, the hepatic first-pass metabo-
lism (6). In the case of insulin, rectal delivery may have
physiological advantages over parenteral administration
since the rectal anatomy allows some of the drug to be
absorbed into the portal circulation, thereby passing
through the liver and being utilized there. The mucus
membrane in the rectum is thicker and more vascular than
that in the colon, and its mobility is also greater (7,8).
Rectal drug absorption is primarily via simple diffusion
through lipid membrane, is consistent with the pH parti-
tion theory (9), and is influenced by several physiological
factors (5) and other factors related to the drug and dos-
age form, including drug solubility, pKa, surface proper-
ties, particle size, partition coefficient, and concen-
tration.

The rectal route has been used extensively for delivery
of insulin (10–12). All these studies suggest the use of
various surfactants that can enhance insulin absorption,
but the relative bioavailabiltiy in most of these cases was
rahter low. Other studies used, beside penetration en-
hancers, protease inhibitors to increase insulin bioavail-
ability (13).

Bile acids and salts are sorption promoters that appear
to increase significantly the rate of uptake and absorption
of high molecular weight polar drugs like insulin. They
enhance GIT transmembrane movements of endogenous
and exogenous lipids (14), as well as transmembrane or
paracellular movements of several polar molecules (15).
Bile salts may act by solubilization of insulin in mixed

bile salt micelles and by forming reverse micelles within
the nasal membrane (16). Bile acids and salts augmented
the protease inhibiting effects of aprotinin and soybean
trypsin, thus enhancing insulin absorption (17). When
used alone, they were less effective than the protease in-
hibitors in promoting oral insulin absorption.

The incorporation of a mucoadhesive in rectal formu-
lations can serve three different, but related, functions.
First, mucoadhesive attaches to mucin and/or epithelial
layer and localizes the rectal suppository in the rectum,
delaying its upward migration. Second, this localization
of the rectal formulation allows more intimate contact of
the drug with the absorbing epithelium and increases the
bioavailability of the medicament. Third, close contact
of the formulation with the mucosal layer promotes ac-
tion of adjuvants that are present in the formulation and
possibly reduces the amount of adjuvant needed for mod-
ification of tissue permeability. Thus, irritation of these
adjuvants to the mucosal layer may be reduced. Muco-
adhesives have been used for rectal delivery of drugs
(18–22).

The objective of the present work was to study the
effect of rectally administered insulin in the presence of
deoxycholic acid, sodium taurocholated, polycarbophil,
and their combinations on the plasma glucose levels of
overnight food-deproved hyperglycemic rabbits. The hy-
poglycemia of these formulations was calculated and
compared to that produced by subcutaneous (s.c.) injec-
tion of insulin suspension.

MATERIALS AND METHODS

Materials

Crystalline insulin 23 U/mg, deoxycholic acid, and
taurocholic acid sodium salt hydrate (sodium taurocho-
late) were purchased from Fluka Chemicals (AG, CH-
9470 Buchs, Switzerland). Alloxan monohydrate was ob-
tained from Winlab (Middlesex, UK). Polyethylene
glycol 4000 (PEG 4000) came from BDH Chemicals
Limited (Poole, England). Polycarbophil was kindly pro-
vided by Lee Laboratories (Petersburg, VA). Glucose
GOD-PAP came from Randox Laboratories Limited (An-
trim, UK).

Methods

Induction of Hyperglycemia

Male white rabbits of crossed strains of Chinchilla and
Branco, France, weighing 3.86 6 0.37 kg (X 6 SD), bred
in the Experimental Animal Care Center (College of



Relative Hypoglycemia of Rectal Insulin Suppositories 747

Pharmacy, King Saud University, Riyadh, Saudi Arabia),
were deprived of food overnight and rendered hypergly-
cemic with a single intravenous injection of 5% solution
of alloxan monohydrate in normal saline (60 mg/kg).
This study was approved by the College of Pharmacy,
King Saud University.

Preparation of Insulin Suppositories

PEG 4000 was selected as a base for the formulation
of insulin suppositories. Each suppository was formu-
lated to contain 50 U of insulin with 50 mg deoxycholic
acid, 50 mg sodium taurocholate, or 50 mg of each. Poly-
carbophil (50 mg) was added to insulin suppositories and
to those containing either deoxycholic acid or both deox-
ycholic acid and sodium taurocholate. The displacement
values of these additives were determined in PEG base.
The suppositories were prepared by the fusion method,
in which PEG base was melted at 70°C in a water bath.
Deoxycholic acid and/or sodium taurocholate were
added subsequently and triturated. Insulin was added and
triturated in the melted mass after it was allowed to cool.
Finally, polycarbophil was added (to certain formula-
tions), the molten mass was triturated, poured into a 1-g
mold, and cooled. The suppositories were kept at 4°C
until used on the next day.

Rectal Administration

Each cage-restrained hyperglycemic rabbit food de-
prived for 16 hr before the experiments received one sup-
pository containing 50 U of insulin with 50 mg deoxy-
cholic acid, 50 mg sodium taurocholate, or both. All
suppositories were with or without 50 mg of polycar-
bophil 30/40 mesh particles.

Subcutaneous Injection of Insulin

Each food-deprived, cage-restrained hyperglycemic
rabbit received a 2 ml (40 U/ml) subcutaneous injection
of insulin suspended in sterile normal saline (20 U/ml).

Blood Sampling

Blood samples (0.5 ml) were taken into heparinized
tubes before the experiments and every 1 hr after rectal
administration of the suppositories for 7 consecutive
hours by inserting an Abbocath-T cannula (20 G 3 14
inches, i.d. 0.8 3 32 mm; Abbott, Ireland) in the central
ear artery of the rabbits. The tubes were centrifuged im-
mediately at 4000 rpm for 5 min using a Beckman centri-
fuge (Model J-6B, Palo Alto, CA). The plasma was then

aspirated and stored at 220°C pending analysis at the
end of the sampling time.

Plasma Glucose Measurement

The plasma glucose levels were estimated using the
glucose-oxidase method (23). Plasma (10 µl) was added
to 1 ml glucose reagent (Glucose GOD-PAP, Randox
Laboratories Ltd.). After vortexing for 10 sec, the tubes
were incubated for 25 min at room temperature. The ab-
sorbances of the standard and plasma glucose samples
were measured within 60 min against the reagent blank
at 500 nm using a Spectronic 21D Spectrophotometer
(Milton Roy, Rochester, NY). The plasma glucose con-
centration was calculated as milligrams per deciliter.

Pharmacokinetic Calculations

The maximum reduction in plasma glucose concentra-
tion Cmax and the time to reach this Cmax (Tmax) were ob-
tained from the plasma glucose concentration-time
curves (% of initial) for each rabbit. The area under per-
centage glucose reduction-time profile AUC0 → 7 hr and the
area under the first moment curve AUMC0 → 7 hr were de-
termined using the linear trapezoidal rule (% glucose re-
duction). The mean residence time (MRT) for glucose
reduction was calculated using the following equation:
MRT 5 AUMC/AUC. The hypoglycemia of insulin
rectal formulations relative to that after subcutaneous
injection was determined by comparing their AUCs,
taking dose differences in consideration. All data are
given as mean 6 SE. There were at least 5 animals per
group.

Statistical Analysis

Plasma glucose levels (1–7 hr after rectal or subcuta-
neous administration) were compared in each group with
the respective initial values using repeated measures
analysis of variance (ANOVA) followed by a Bonferroni
multiple comparisons test. Differences between groups
in Cmax, Tmax, AUC, and MRT were carried out by one-
way ANOVA followed by a Tukey-Kramer multiple
comparisons test. Statistical calculations were performed
using the Graph Pad Instat Computer program (1990–
1993; Graph Pad Software, V2.04, San Diego, CA).

RESULTS AND DISCUSSION

In this study, the effect of the presence of deoxycholic
acid, sodium taurocholate, polycarbophil, and their com-
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binations in insulin suppositories on the plasma glucose
levels of hyperglycemic rabbits deprived of food over-
night was investigated. Deoxycholic acid and sodium
taurocholate were used in suppositories containing 50 U
of insulin as they serve two purposes: to inhibit the muco-
sal proteolytic activity (24) and to promote absorption of
insulin (25). The influence of the enhancers alone or in
combination on the insulin effect on plasma glucose
levels of hyperglycemic rabbits is shown in Table 1 and
Fig. 1A.

Insulin suppositories containing deoxycholic acid (50
mg) produced a significant (p , .01) reduction in plasma
glucose levels from initial fasting levels of 346 6 46.2
mg/dl to 224 6 42.2 mg/dl after 2 hr of rectal administra-
tion of the suppositories. This formulation produced a
Cmax (% maximum glucose concentration reduction) of
51%, a Tmax of 3 6 0.48 hr, and an AUC0 → 7 hr of
209 6 17.2 mg%hr, thus resulting in 38% relative hypo-
glycemia when compared to a subcutaneous injection of
insulin suspension (40 U), as shown in Table 2. Insulin
suppositories containing sodium taurocholate (50 mg) re-
sulted in a significant (p , .001) reduction in initial
plasma glucose levels by the first hour, indicating the en-
hanced effect of sodium taurocholate on insulin absorp-
tion, as shown in Table 1 and Fig. 1A. This rapid reduc-
tion in plasma glucose levels (39%) was increased to 49%

Table 1

Effect of Insulin (I) Given by Subcutaneous Injection (40 U) or Rectally in Suppository Form Containing 50 U Insulin
Incorporated with Deoxycholic Acid (D), Sodium Taurocholate (T), Polycarbophil (P), and Their Combinations

on Plasma Glucose Levels of Overnight Food-Deprived Alloxan-Induced Hyperglycemic Rabbits

Plasma Glucose Levels (mg% 6 SEM) (Number of Animals/Group)

I I1D I1T I1DT I1P I1DP I1DTP
Subcutaneous Suppository Suppository Suppository Suppository Suppository Suppository

Time (hr) (6) (5) (5) (5) (5) (5) (6)

0 259 6 42.9 346 6 46.2 219 6 22.9 390 6 18.8 330 6 34.3 278 6 39.0 407 6 32.8
1 155 6 52.4a 296 6 49.9 136 6 21.5c 336 6 35.5 270 6 44.4b 239 6 37.7 333 6 56.4
2 126 6 44.5c 224 6 42.2b 118 6 25.7c 183 6 45.7c 220 6 34.1c 187 6 34.1a 223 6 59.7c

3 88 6 39.7c 206 6 30.5b 127 6 24.2c 126 6 23.9c 195 6 28.5c 116 6 36.9c 180 6 50.3c

4 74 6 26.9c 190 6 26.0c 144 6 20.1c 225 6 35.6c 187 6 26.8c 136 6 28.5c 170 6 32.0c

5 69 6 16.1c 215 6 26.9b 182 6 17.8 262 6 30.6a 192 6 24.4c 149 6 30.6c 172 6 21.3c

6 57 6 9.5c 243 6 31.7a 197 6 16.8 291 6 29.1 205 6 27.2c 191 6 40.6a 206 6 25.3c

7 60 6 10.3c 267 6 35.9 204 6 17.4 321 6 23.6 220 6 31.4c 230 6 30.1 201 6 25.9c

Probablity compared with the respective initial value (0 hr) using repeated measures analysis of variance followed by Bonferroni multiple comparisons
test.
a p , .05.
b p , .01.
c p , .001.

by the second hour. The AUC0 → 7 hr was 192 6 19.6
mg%hr, which achieved 34.9% hypoglycemia relative to
subcutaneous insulin injection (40 U). The Cmax’s and the
relative hypoglycemia obtained with these formulations
were similar to those obtained by Ichikawa et al. (26) and
Aungst, Rogers, and Shefter (27).

The concomitant addition of deoxycholic acid and so-
dium taurocholate (50 mg each) in one formulation
caused insulin to produce a significant reduction
(p , .001) in initial plasma glucose levels by the second
hour. This actually carries the features of deoxycholic
acid, which caused insulin to produce a late significant
(p , .01) reduction in plasma glucose levels by the sec-
ond hour and the prolonged significant (p , .001) reduc-
tion produced in the presence of sodium taurocholate,
which lasts from the second to the fourth hour. The mix-
ture of the two enhancers indicated a synergistic action
on insulin effects in which the Cmax reached
(68.57% 6 6.14%) was insignificantly (p . .05) differ-
ent from the Cmax obtained after subcutaneous injection
(as shown in Table 2). The Tmax of 2.6 6 0.25 hr was
between that produced by the insulin formulation con-
taining deoxycholic acid (3 6 0.48 hr) and that produced
by the suppositories containing sodium taurocholate
(2.2 6 0.49 hr). The AUC0 → 7 hr obtained for this
formulation was 244 6 29.5 mg%hr, which resulted
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Figure 1. Effect of insulin (I) given rectally in a suppository
form containing (A) insulin (50 U) plus 50 mg of either deoxy-
cholic acid (I 1 D), sodium tauracholate (I 1 T), or their com-
binations (I 1 DT); (B) insulin subcutaneous injection (40 U,
I-40) or rectally in a suppository form containing insulin (50
U) plus 50 mg polycarbophil (I 1 P) with 50 mg deoxycholic
acid (I 1 DP) alone or with 50 mg sodium taurocholate
(I 1 DTP) on plasma glucose levels (% of initial 6 SEM) of
overnight food-deprived, alloxan-induced hyperglycemic rab-
bits.

in relative hypoglycemia of 44.4% compared with sub-
cutaneous injection (40 U).

These results show that deoxycholic acid and sodium
taurocholate are effeiceint absorption enhancers for insu-
lin form rectal suppositories, as shown by the hypoglyce-
mic effect of these rectal formulations.

Bile acids and salts have been shown to be effective
in promoting the absorption of insulin from the rat ileum

(28), improving its conjunctival penetration in albino rab-
bits (15) and its nasal absorption in rats (29). Bile salts
also enhanced the rectal permeability to insulin in albino
rabbits (30). The mechanisms for the enhancement of in-
sulin absorption from these routes show that the promot-
ing effect of bile acids and salts was attributed not only
to their direct effect on mucosa, but also to their inhibi-
tory effect on proteolytic enzymes (15,28–32).

Bile acids and salts appear to inhibit the proteolytic
activity by denaturing the enzyme and preventing the en-
zyme-substrate complex formed to undergo the necessary
conformational changes that align the catalytic site on the
protease with the susceptible bond of the substrate (33).

Tables 1 and 2 and Fig. 1B also show the effect on the
plasma glucose level of alloxan-induced hyperglycemic
rabbits of incorporating the bioadhesive polycarbophil
(P) with insulin (I) alone (I 1 P), in the presence of deox-
ycholic acid (D) (I 1 DP), or in a mixture of deoxycholic
acid and sodium taurocholate (T) (I 1 DTP) (Table 1),
percentage of initial glucose level (Fig. 1B), and the phar-
macokinetic parameters produced as a result of rectal ad-
ministration of these formulations (Table 2). Insulin sup-
positories containing polycarbophil produced a rapid,
significant (p , .01) decrease in plasma glucose level
(19.4% glucose reduction) by the first hour, which in-
creased to 41.5% 6 12.20% and 42.0% 6 7.7% by the
third and fourth hours, respectively. This significant
(p , .001) reduction in plasma glucose levels was main-
tained for the duration of the experiment. This resulted
in late Tmax (4.2 6 0.2 hr), an MRT of 4.1 6 0.13 hr, an
AUC0 → 7 hr of 237 6 32.6 mg%hr, and relative hypoglyce-
mia of 43.1%. This effect of insulin on reducing the
plasma glucose levels of the hyperglycemic rabbits is due
to the ability of the multifunctional anionic charged mac-
romolecule polycarbophil to make close contact between
the rectal suppository and the site of absorption, which
has a direct influence on the permeability of mucosal epi-
thelium. It also exerts such effects as a locally high con-
centration within a confined area, thus reducing the lumi-
nal diffusion pathway of the insulin and has an effect on
inhibiting the proteolytic enzymes (34). Because of its
large molecular weight, polycarbophil itself is not ab-
sorbed and is not expected to exert any undesirable ef-
fects. It is also approved by the Food and Drug Adminis-
tration for use in humans as an antidiarrheal and laxative
product.

On incorporation of polycarbophil in a rectal supposi-
tory formulation containing deoxycholic acid, insulin
produced a delayed significant (p , .05) reduction in
plasma glucose levels. This reduction increased signifi-
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cantly (p , .001) for 3 hr (3–5 hr sampling time) before
it started to decrease by the sixth hour (Table 1 and Fig.
1B). The Cmax was 64.9% 6 6.09%, which was insignifi-
cantly (p . .05) different from that of subcutaneous in-
jection. The addition of polycarbophil increased the rela-
tive hypoglycemia from 38% to 42.2% (Table 2).

The effects of polycarbophil were much more pro-
nounced on its addition to insulin suppositories con-
taining a mixture of deoxycholic acid and sodium tauro-
cholate. Insulin produced a significant (p , .001)
reduction in plasma glucose levels by the second hour
and lasted for the experimental time (7 hr), as shown in
Table 1. It produced a Cmax of 67.94% 6 27%, which is
the same as that produced in the absence of polycar-
bophil. But, Tmax is prolonged from 2.6 6 0.25 hr to
4.8 6 0.84 hr, and the MRT is prolonged from
3.6 6 0.28 hr to 4.1 6 0.27 hr. The AUC0 → 7 hr increased
to 310 6 40.1 mg%hr, which is insignificantly different
(p . .05) from that produced after subcutaneous injec-
tion of 40 U insulin, thus producing 56.4% relative hypo-
glycemia (Table 2). These improvements may be due to
the effect of sodium taurocholate in increasing the mucus
secretion (35), which gives polycarbophil a better chance
for mucoadhesion. This mucoadhesion increases contact
time and permits localization, which are essential factors
when modification of tissue permeability is important for
delivery. Polycarbophil also inhibits the proteolytic en-
zymes in this area of localization. But, in the case of the
formulation containing deoxycholic acid (I 1 D), the ad-
dition of polycarbophil did not produce such pronounced
effects as the bile acid (36) affects the mucus viscosity
as a result of chelation of Ca21 and Mg21 ions necessary
to maintain the mucus layer structure (37). While the mu-
cus thinning effect of deoxycholic acid when given alone
may help absorption, it could hinder the mucoadhesion
of polycarbophil.

In conclusion, the presence of deoxycholic acid, so-
dium taurocholate, or both appears to enhance markedly
the relative hypoglycemia of insulin suppositories. In this
study, the greatest relative hypoglycemia was obtained
from the suppository formulation containing polycar-
bophil together with a mixture of deoxycholic acid and
sodium taurocholate. These results show that the use of
bioadhesives in the delivery of insulin, coupled with the
use of penetration enhancers and protease inhibitors, is
beginning to be realized as a way to improve insulin bio-
availability greatly; in this study, a relative bioavailabil-
ity of 56.4% was achieved relative to that of subcutane-
ous injection. So, rectal delivery may represent a
practical alternative to the parenteral route of insulin ad-
ministration.
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