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FIGURE 36 
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FIGURE 40 
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60/550.401, filed Mar. 5, 2004, No. 60/561,102, filed Apr. 9, 
2004, No. 60/574,096, filed May 24, 2004, and No. 60/576, 
912, filed Jun. 4, 2004, and is a continuation-in-part of Inter 
national Application No. PCT/US04/06943, filed Mar. 5, 
2004, which claimed to benefit of U.S. Provisional Patent 
Application No. 60/535,091, filed Jan. 7, 2004, No. 60/540, 
462, filed Jan. 29, 2004 and No. 60/497,296 filed Aug. 22, 
2003, which is hereby incorporated by reference. 

FIELD OF THE INVENTION 

0002 This invention relates to the oral delivery of insulin 
in a therapeutically effective amount to the bloodstream as 
part of a therapeutic regimen for the treatment of diabetes. 
This invention also relates to oral administration of compo 
sitions of insulin and a delivery agent that facilitates insulin 
transport in a therapeutically effective amount to the blood 
stream for the treatment of diabetes. The present invention is 
also directed to therapies and protocols for administration of 
oral pharmaceutical dosage forms of insulin on a chronic 
basis to pre-diabetics, including those with impaired glucose 
tolerance and/or insulin resistance, to early stage diabetics, 
and to late stage diabetics. The present invention further 
relates to methods for reducing adverse effects and the inci 
dence of diseases that are associated with systemic hyperin 
Sulinemia and hyperglycemia, especially to the B-cells of the 
pancreas. 

BACKGROUND OF THE INVENTION 

0003 Proteins, peptides and other biological molecules 
(“biological macromolecules', namely biological polymers 
Such as proteins and polypeptides) are increasingly being use 
in many diverse areas of Science and technology. For 
example, proteins are employed as active agents in the fields 
of pharmaceuticals, vaccines and Veterinary products. Unfor 
tunately, the use of biological macromolecules as active 
agents in pharmaceutical compositions is often severely lim 
ited by the presence of natural barriers of passage to the 
location where the active agent is required. Such barriers 
include the skin, lipid bi-layers, mucosal membranes, severe 
pH conditions and digestive enzymes. 
0004. There are many obstacles to successful oral delivery 
of biological macromolecules. For example, biological mac 
romolecules are large and are amphipathic in nature. More 
importantly, the active conformation of many biological mac 
romolecules may be sensitive to a variety of environmental 
factors, such as temperature, oxidizing agents, pH, freezing, 
shaking and shear stress. In planning oral delivery systems 
comprising biological macromolecules as an active agent for 
drug development, these complex structural and stability fac 
tors must be considered. In addition, in general, for medical 
and therapeutic applications, where a biological macromol 
ecule is being administered to a patient and is expected to 
perform its physiologic action, delivery vehicles can be used 
to facilitate absorption through the gastro-intestinal tract. 
These delivery vehicles must be able to release active mol 
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ecules at a rate that is consistent with the needs of the par 
ticular patient or the disease process. 
0005 One specific biological macromolecule, the hor 
mone insulin, contributes to the normal regulation of blood 
glucose levels through its release by the pancreas, more spe 
cifically by the B-cells of a major type of pancreatic tissue (the 
islets of Langerhans), so that the glucose can be used as a 
Source of energy. Insulin secretion is a regulated process that, 
in normal Subjects, provides stable concentrations of glucose 
in blood during both fasting and feeding. In healthy humans, 
insulin is secreted from the pancreas into the portal vein, 
which carries the insulinto the liver. The liver utilizes and/or 
metabolizes a large portion of the insulin that it receives from 
the portal circulation. In very basic terms, the liverplays a key 
role in the metabolism of glucose as follows: in the presence 
of excess insulin, excess glucose, or both, the liver modulates 
the production of glucose released into the blood; and, in the 
absence of insulin or when the blood glucose concentration 
falls very low, the liver manufactures glucose from glycogen 
and releases it into the blood. The liver acts as a key blood 
glucose buffer mechanism by keeping blood glucose concen 
trations from rising too high or from falling too low. 
0006 Blood glucose concentration is the principal stimu 
lus to insulin secretion in healthy humans. The exact mecha 
nism by which insulin release from the pancreas is stimulated 
by increased glucose levels is not fully understood, but the 
entry of glucose into the B-cells of the pancreas is required. 
Glucose enters the pancreatic B-cells by facilitated transport 
and is then phosphorylated by glucokinase. Expression of 
glucokinase is primarily limited to cells and tissues involved 
in the regulation of glucose metabolism, such as the liver and 
the pancreatic B-cells. The capacity of Sugars to undergo 
phosphorylation and Subsequent glycolysis correlates closely 
with their ability to stimulate insulin release. It is noted that 
not all tissues are dependent on insulin for glucose uptake. For 
example, the brain, kidneys and red blood cells are insulin 
independent tissues, while the liver, adipose and muscle are 
insulin dependent tissues. 
0007 When evoked by the presence of glucose (e.g., after 
a solid meal is ingested) in a non-diabetic individual, insulin 
secretion is biphasic: shortly after ingesting food, the pan 
creas releases the stored insulin in a burst, called a first phase 
insulin response, and then approximately 15-20 minutes later 
outputs further insulin to control the glycemic level from the 
food. The first phase insulin response reachesapeak after 1 to 
2 minutes and is short-lived, whereas a second phase of secre 
tion has a delayed onset but alonger duration. Thus, secretion 
of insulin rises rapidly in normal human Subjects as the con 
centration of blood glucose rises above base levels (e.g., 100 
mg/100 ml of blood), and the turn-off of insulin secretion is 
also rapid, occurring within minutes after reduction in blood 
glucose concentrations back to the fasting level. 
0008. In healthy human subjects, insulin secretion is a 
tightly regulated process that maintains blood concentrations 
of glucose within an acceptable range regardless of whether 
or not the Subject has ingested a meal (i.e., fasting and fed 
states). Insulin facilitates (and increases the rate of) glucose 
transport through the membranes of many cells of the body, 
particularly skeletal muscle and adipose tissue. Insulin has 
three basic effects: the enhanced rate of glucose metabolism, 
the promotion of increased glycogen stores in muscle and 
adipose tissue, and decreased circulating blood glucose con 
centration. 
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0009 Diabetes Mellitus (“diabetes') is a disease state in 
which the pancreas does not release insulin at levels capable 
of controlling blood glucose and/or in which muscle, fat and 
liver cells respond poorly to normal insulin levels because of 
insulin resistance. Diabetes thus can result from a dual defect 
of insulin resistance and “burn out of the B-cells of the 
pancreas. Diabetes is classified into two types: Type 1 and 
Type 2. Approximately 5 to 10% of diagnosed cases of dia 
betes are attributed to Type 1, and approximately 90% to 95% 
are attributed to Type 2. 
0010 Type 1 diabetes is diabetes that is insulin dependent 
and usually first appears in young people. InType 1 diabetes, 
the islet cells of the pancreas stop producing insulin mainly 
due to autoimmune destruction, and the patient must self 
inject the missing hormone. For type 1 diabetics, insulin 
therapy is essential and is intended to replace the absent 
endogenous insulin with an exogenous insulin Supply. 
0011 Type 2 diabetes is commonly referred to as adult 
onset diabetes or non-insulin dependent diabetes and may be 
caused by a combination of insulin resistance (or decreased 
insulin sensitivity) and, in later stages, insufficient insulin 
secretion. This is the most common type of diabetes in the 
Western world. Close to 6% of the adult population of various 
countries around the world, including the United States, have 
Type 2 diabetes, and about 30% of these patients will need 
exogenous insulin at Some point during their lifespans due to 
secondary pancreatic exhaustion and the eventual cessation 
of insulin production. For type 2 diabetics, therapy has con 
sisted first of oral antidiabetic agents, which increase insulin 
sensitivity and/or insulin secretion, and only then insulin if 
and when, the oral agents fail. 
0012 Diabetes is the sixth leading cause of death in the 
United States and accounted for more than 193,000 deaths in 
1997. However, this figure is an underestimate because com 
plications resulting from diabetes are a major cause of mor 
bidity in the population. Diabetes is associated with consid 
erable morbidity and mortality in the form of cardiovascular 
disease, stroke, digestive diseases, infection, metabolic com 
plications, ophthalmic disorders, neuropathy, kidney disease 
and failure, peripheral vascular disease, ulcerations and 
amputations, oral complications, and depression. Thus, dia 
betes contributes to many deaths that are ultimately ascribed 
to other causes. 

0013 The main cause of mortality with Diabetes Mellitus 
is long term micro- and macro-vascular disease. Cardiovas 
cular disease is responsible for up to 80% of the deaths of type 
2 diabetic patients, and diabetics have a two- to four-fold 
increase in the risk of coronary artery disease, equal that of 
patients who have Survived a stroke or myocardial infarction. 
In other words, heart disease, high blood pressure, heart 
attacks and strokes occur two to four times more frequently in 
adult diabetics than inadult non-diabetics. This increased risk 
of coronary artery disease combined with an increase in 
hypertensive cardiomyopathy manifests itself in an increase 
in the risk of congestive heart failure. These vascular compli 
cations lead to neuropathies, retinopathies and peripheral vas 
cular disease. Diabetic retinopathy (lesions in the small blood 
vessels and capillaries Supplying the retina of the eye, i.e., the 
breakdown of the lining at the back of the eye) is the leading 
cause of blindness in adults aged 20 through 74 years, and 
diabetic kidney disease, e.g., nephropathy (lesions in the 
Small blood vessels and capillaries Supplying the kidney, 
which may lead to kidney disease, and the inability of the 
kidney to properly filter body toxins), accounts for 40% of all 

Jul. 24, 2008 

new cases of end-stage renal disease (kidney failure). Fur 
thermore, diabetes is also the leading cause for amputation of 
limbs in the United States. Diabetes causes special problems 
during pregnancy, and the rate of congenital malformations 
can be five times higher in the children of women with dia 
betes. 
0014 Poor glycemic control contributes to the high inci 
dence of these complications, and the beneficial effects of 
tight glycemic control on the chronic complications of dia 
betes are widely accepted in clinical practice. However, only 
recently has it been firmly established that elevated blood 
glucose levels are a direct cause of long-term complications 
of diabetes. The Diabetes Control and Complications Trial 
and the United Kingdom Prospective Diabetes Study both 
showed that control of blood glucose at levels as close to 
normal as possible prevents and retards development of dia 
betic retinopathy, nephropathy, neuropathy and microvascu 
lar disease. 
0015 Insulin resistance (or decreased insulin sensitivity) 

is also prevalent in the population, especially in overweight 
individuals, in those with risk of diabetes (i.e., pre-diabetic, 
wherein blood glucose levels are higher than normal but not 
yet high enough to be diagnosed as diabetes) and in individu 
als with type 2 diabetes who produce enough insulin but 
whose tissues have a diminished ability to adequately respond 
to the action of insulin. When the liver becomes insulin 
resistant, the mechanism by which insulin affects the liver to 
Suppress its glucose production breaks down, and the liver 
continues to produce glucose, even under hyperinsulinemic 
conditions (elevated plasma insulin levels). This lack of Sup 
pression can lead to a hyperglycemia (elevated blood glucose 
levels), even in a fasting state. 
0016. In order to compensate and to overcome the insulin 
resistance, the pancreatic B-cells initially increase their insu 
lin production Such that insulin resistant individuals often 
have high plasma insulin levels. This insulin is released into 
the portal vein and presented to the liver constantly or almost 
constantly. It is believed that the liver's constant exposure to 
high levels of insulin plays a role in increased insulin resis 
tance and impaired glucose tolerance. After a period of high 
demand placed on the pancreatic B-cells, the cells start to 
decompensate and exhaust, and insulin secretion, or insulin 
secretory capacity, is reduced at later stages of diabetes. It is 
estimated that, by the time an individual is diagnosed with 
type 2 diabetes, roughly 50% of the B-cells have already died 
due to increased demand for insulin production. 
0017. Insulin resistance plays an important role in the 
pathogenesis of hyperglycemia in type 2 diabetes, eventually 
inducing the development of diabetic complications. Further 
more, insulin resistance ostensibly plays a role in the patho 
genesis of macrovascular disease, cardiovascular diseases 
and microvascular disease. See, for example, Shinohara K. et 
al., Insulin Resistance as an Independent Predictor of Cardio 
vascular Mortality in Patients With End-Stage Renal Disease, 
J. Am. Soc. Nephrol. Vol. 13, No. 7, July 2002, pp. 1894 
1900. Research currently shows that insulin resistance 
reaches a maximum and then plateaus. Once the insulin resis 
tance plateaus, it is believed to not get appreciably worse, but 
can improve. 
0018 Diabetes or insulin resistance can be diagnosed in 
many ways, as is known to those in the art. For example, the 
initial diagnose may be made from a glucose tolerance test 
(GTT), where a patient is given a bolus of glucose, usually 
orally, and then the patient's blood glucose levels are mea 
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Sured at regular time intervals for approximately 2 hours, or as 
many as 6 hours in the case of an extended GTT. Another 
method of testing for diabetes or insulin resistance is a test of 
the patients fasting or postprandial glucose. Other tests. Such 
as Glycosolated Hemoglobin, often reported as Hemoglobin 
A, (HbA) can be used to assess blood glucose over 2-3 
months. 

0019. Several methods to assess insulin resistance are cur 
rently available, including the euglycemic-hyperinsulinemic 
clamp, fasting plasma insulin, homeostasis model assessment 
(HOMA) of insulin resistance (HOMA-IR), the fasting glu 
cose-to-insulin ratio method and quantitative insulin sensitiv 
ity check index (QUICKI). Except for the euglycemic-hyper 
insulinemic clamp method, the others are surrogate indices 
and are indirect methods of assessing insulin resistance. For 
example, the HOMA-IR is calculated from fasting plasma 
glucose (FPG) and fasting immunoreactive insulin (FIRI) 
with the formula HOMA-IR=FIRI in mu/1xEPG in mg/dl/ 
405. In addition, the reciprocal index of homeostasis model 
assessment (1/HOMA-IR) is also calculated. Similarly, 
QUICKI is derived from logarithmic-transformed FPG and 
insulin levels as calculated from FPG and FIRI levels with the 
formula QUICKI=1/(log FIRI in mu/l+log FPG in 
mg/dl). 
0020 Several oral hypoglycemic agents have been devel 
oped for specifically improving a patient's insulin resistance, 
Such as thiazolidinediones, which make the patient more sen 
sitive to insulin, and biguanides, which decrease the amount 
of glucose made by the liver, and these are currently available 
clinically for patients with diabetes and insulin resistance. In 
addition, Sulfonylureas stimulate the pancreas to make more 
insulin, alpha-glucosidase inhibitors slow the absorption of 
the starches eaten by an individual, meglitinides stimulate the 
pancreas to make more insulin, and D-phenylalanine deriva 
tives help the pancreas make more insulin quickly. Present 
treatment of insulin resistance involves sensible lifestyle 
changes, including weight loss to attain healthy body weight, 
30 minutes of accumulated moderate-intensity physical 
activity per day and diet control, including increased dietary 
fiber intake and regulation of blood sugar levels and of caloric 
intake. In addition, Metformin, which has been used Success 
fully for some time to treat diabetes because it increases 
insulin sensitivity, is also being studied as a treatment. 
0021. The aim of insulin treatment of diabetics is typically 
to administer enough insulin Such that the patient will have 
normal carbohydrate metabolism throughout the day. 
Because the pancreas of a diabetic individual does not secrete 
sufficient insulin throughout the day, in order to effectively 
control diabetes through insulin therapy, a long-lasting insu 
lin treatment, known as basal insulin, must be administered to 
provide the slow and steady release of insulin that is needed to 
control blood glucose concentrations and to keep cells Sup 
plied with energy when no food is being digested. Basal 
insulin is necessary to Suppress glucose production between 
meals and overnight, and preferably mimics the patient's 
normal pancreatic basal insulin secretion over a 24-hour 
period. Thus, a diabetic patient may administer a single dose 
of a long-acting insulin each day Subcutaneously, with an 
action lasting about 24 hours. 
0022. Furthermore, in order to effectively control diabetes 
through insulin therapy by dealing with post-prandial rises in 
glucose levels, a bolus, fast-acting treatment must also be 
administered. The bolus insulin, which has generally been 
administered Subcutaneously, provides a rise in plasma insu 
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lin levels at approximately 1 hour after administration, 
thereby limiting hyperglycemia after meals. Thus, these addi 
tional quantities of regular insulin, with a duration of action 
of e.g., 5-6 hours, may be subcutaneously administered at 
those times of the day when the patient's blood glucose level 
tends to rise too high, Such as at meal times. Alternative to 
administering basal insulin in combination with bolus insu 
lin, repeated and regular lower doses of bolus insulin may be 
administered in place of the long-acting basal insulin, and 
bolus insulin may be administered postprandially as needed. 
0023 The problem of providing bioavailable unmodified 
human insulin, in a useful form, to an ever-increasing popu 
lation of diabetics has occupied physicians and Scientists for 
almost 100 years. Many attempts have been made to solve 
some of the problems of stability and biological delivery of 
this peptide. Because insulin is a peptide drug (MW approx. 
6000 Da) that is not absorbed intact in the gastrointestinal 
tract, it ordinarily requires parenteral administration Such as 
by Subcutaneous injection. Thus, most diabetic patients self 
administer insulin by Subcutaneous injections, often multiple 
times per day. However, the limitations of multiple daily 
injections, such as pain, inconvenience, frequent blood glu 
cose monitoring, poor patient acceptability, compliance and 
the difficulty of matching postprandial insulin availability to 
postprandial glucose-control requirements, are some of the 
shortcomings of insulin therapy. 
0024 Currently, regular subcutaneously injected insulin is 
recommended to be dosed at 30 to 45 minutes prior to meal 
time. As a result, diabetic patients and other insulin users must 
engage in considerable planning of their meals and of their 
insulin administrations relative to their meals. Unfortunately, 
intervening events that may take place between administra 
tion of insulin and ingestion of the meal may affect the antici 
pated glucose excursion. Furthermore, there is also the poten 
tial for hypoglycemia if the administered insulin provides a 
therapeutic effect over too great a time, e.g., after the rise in 
glucose levels that occur as a result of ingestion of the meal 
has already been lowered. 
0025 Despite studies demonstrating the beneficial effects 
of tight glycemic control on chronic complications of diabe 
tes, clinicians do not often recommend aggressive insulin 
therapy, particularly in the early stages of the disease, and this 
is widely accepted in clinical practice. The unmet challenge 
of achieving tight glycemic control is due, in part, to the 
shortcomings of frequent blood glucose monitoring, the 
available Subcutaneous route of insulin administration and 
the fear of hypoglycemia. In addition to the practical limita 
tions of multiple daily injections discussed above, the short 
comings of the commonly available Subcutaneous route of 
insulin administration have resulted in the generally inad 
equate glycemic control believed to be associated with many 
of the chronic complications (comorbidities) associated with 
diabetes. Thus, while intensive insulin therapy may reduce 
many of the complications of diabetes, the treatment also 
increases the risk of hypoglycemia and often results in weight 
gain, as reported in Diabetes Care, Volume 24, pp. 1711-21 
(2001). 
0026. In addition, hyperinsulinemia (elevated blood con 
centrations of insulin) can also occur, Such as by the admin 
istration of insulin in a location (and manner) that is not 
consistent with the normal physiological route of delivery. 
Insulin circulates in blood as the free monomer, and its Vol 
ume of distribution approximates the volume of extracellular 
fluid. Under fasting conditions, the concentration of insulin in 
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portal blood is, e.g., about 2-4 ng/mL, whereas the systemic 
(peripheral) concentration of insulinis, e.g., about 0.5 ng/mL, 
in normal healthy humans, translating into, e.g., a 5:1 ratio. In 
human diabetics who receive insulin via Subcutaneous injec 
tion, the portal vein to periphery ratio is changed to about 
0.75:1. Thus, in such diabetic patients, the liver does not 
receive the necessary concentrations of insulin to adequately 
control blood glucose, while the peripheral circulation is 
Subjected to higher concentrations of insulin than are found in 
healthy subjects. Elevated systemic levels of insulin may lead 
to increased glucose uptake, glycogen synthesis, glycolysis, 
fatty acid synthesis, cortisol synthesis and triacylglycerol 
synthesis, leading to the expression of key genes that result in 
greater utilization of glucose. 
0027. One aspect of the physiological response to the pres 
ence of insulin is the stimulation of glucose transport into 
muscle and adipose tissue. It has been reported that hyperg 
lycemia and/or hyperinsulinemia is related to vascular dis 
eases associated with diabetes. Impairment to the vascular 
system is believed to be the reason behind conditions such as 
microvascular complications or diseases, such as retinopathy, 
neuropathy (impairment of the function of the autonomic 
nerves, leading to abnormalities in the function of the gas 
trointestinal tract and bladder and loss of feeling in lower 
extremities) and nephropathy, or macrovascular complica 
tions or diseases, such as cardiovascular disease, etc. 
0028. In the field of insulin delivery, where multiple 
repeated administrations are required on a daily basis 
throughout the patient’s life, it is desirable to create compo 
sitions of insulin that do not alter physiological clinical activ 
ity and that do not require injections. Oral delivery of insulin 
is a particularly desirable route of administration, for safety 
and convenience considerations, because it can minimize or 
eliminate the discomfort that often attends repeated hypoder 
mic injections. It has been a significant unmet goal in the art 
to imitate normal insulin levels in the portal and systemic 
circulation via oral administration of insulin. 
0029 Oral delivery of insulin may have advantages 
beyond convenience, acceptance and compliance issues. 
Insulin absorbed in the gastrointestinal tract is thought to 
mimic the physiologic route of insulin secreted by the pan 
creas because both are released into the portal vein and car 
ried directly to the liver before being delivered into the 
peripheral circulation. Absorption into the portal vein main 
tains a peripheral-portal insulingradient that regulates insulin 
secretion. In its first passage through the liver, roughly 60% of 
the insulin is retained and metabolized, thereby reducing the 
incidence of peripheral hyperinsulinemia, a factor linked to 
complications in diabetes. 
0030. However, insulin exemplifies the problems con 
fronted in the art in designing an effective oral drug delivery 
system for biological macromolecules. Insulin absorption in 
the gastrointestinal tract is prevented presumably by its 
molecular size and its susceptibility for enzymatic degrada 
tion. The physicochemical properties of insulin and its sus 
ceptibility to enzymatic digestion have precluded the design 
of a commercially viable oral or alternate delivery system. 
0031 Emisphere Technologies, Inc. has developed com 
positions of insulin that are orally administrable, e.g., 
absorbed from the gastrointestinal tract in adequate concen 
trations, such that the insulin is bioavailable and bioactive 
following oral administration and provide Sufficient absorp 
tion and pharmacokinetic/pharmacodynamic properties to 
provide the desired therapeutic effect, i.e., cause a reduction 
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of blood glucose, as disclosed in U.S. patent application Ser. 
Nos. 10/237,138, 60/346,746, 60/347,312, 60/368,617, 
60/374,979, 60/389,364, 60/438,195, 60/438,451, 60/578, 
967, 60/452,660, 60/488,465, 60/518,168, 60/535,091 and 
60/540.462, as well as in International Patent Application 
Publications Nos. WO 03/057170, WO 03/057650 and WO 
02/02509 and International Patent Application No. PCT/ 
US04/00273, all assigned to Emisphere Technologies, Inc., 
all of which are incorporated herein by reference. 
0032. The novel drug delivery technology of Emisphere 
Technologies, Inc. is based upon the design and synthesis of 
low molecular weight compounds called “delivery agents.” 
When formulated with insulin, the delivery agent, which is in 
a preferred embodiment sodium N-4-(4-chloro-2 hydroxy 
benzoyl)aminobutyrate (4-CNAB), enables the gastrointes 
tinal absorption of insulin. It is believed that the mechanism 
of this process is that 4-CNAB interacts with insulin non 
covalently, creating more favorable physical-chemical prop 
erties for absorption. Once across the gastrointestinal wall, 
insulin disassociates rapidly from 4-CNAB and reverts to its 
normal, pharmacologically active state. 4-CNAB is not 
intended to possess any inherent pharmacological activity 
and serves only to increase the oral bioavailability of insulin 
by facilitating the transport of insulin across the gastrointes 
tinal wall. The pharmacology of insulin is the desired thera 
peutic effect and is well characterized. 
0033. Insulin/4-CNAB capsules were evaluated by Emi 
sphere Technologies, Inc. in a nonclinical program that 
included pharmacological Screening, pharmacokinetic and 
metabolic profiles, and toxicity assessments in rats and mon 
keys. These studies in rats and monkeys showed that 4-CNAB 
is absorbed rapidly following oral administration and that, 
over the range tested, insulin absorption increased with 
increasing doses of 4-CNAB. Similarly, for a fixed oral dose 
of 4-CNAB, insulin absorption increased with increasing 
doses of insulin. Preclinical pharmacokinetic studies in rats 
and monkeys showed that both insulin and 4-CNAB were 
absorbed and eliminated rapidly following oral administra 
tion. Receptor binding screening assays revealed that 
4-CNAB possessed no inherent pharmacological activity and 
serves only to facilitate the oral bioavailability of insulin. 
0034. Toxicology studies were also conducted in rats and 
monkeys to assess the potential toxicity of 4-CNAB, alone or 
in combination with insulin. Based on the 14-day oral 
repeated dose toxicity studies, the NOAEL (No-Adverse 
Effect Level) was estimated to be 500 mg/kg in Sprague 
Dawley rats, and 400 mg/kg in rhesus monkeys. In the 90-day 
oral repeated dose toxicity studies, NOAELs of 250 mg/kg 
and 600 mg/kg were observed in rats and monkeys, respec 
tively. Four genotoxicity studies have also been conducted 
with 4-CNAB, with no positive findings. Developmental and 
reproductive toxicology studies have not yet been conducted. 
0035. Oral insulin/4-CNAB capsules were also evaluated 
by Emisphere Technologies, Inc. in clinical human studies for 
safety, pharmacokinetics, pharmacodynamics, and the effect 
of food on the absorption of insulin/4-CNAB. In these stud 
ies, 4-CNAB was shown to enhance the gastrointestinal 
absorption of insulin following oral administration in diabetic 
patients and healthy subjects. Oral administration of Insulin/ 
4-CNAB capsules resulted in rapid absorption (t-20-30 
minutes) of both insulin and 4-CNAB, and the insulin 
absorbed orally in combination with 4-CNAB was pharma 
cologically active, as demonstrated by a reduction of blood 
glucose in healthy and diabetic Subjects and by a blunting of 
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postprandial glucose excursion in diabetic patients. These 
studies suggest that oral administration of a formulation of 
insulin/4-CNAB is well-tolerated and reduces blood glucose 
concentrations in both healthy Subjects and diabetic patients. 
0036 Whereas traditional subcutaneous insulin dosing 
shifts the point of entry of insulin into the systemic circulation 
from the natural site (the portal vein), the oral dosing method 
developed by Emisphere Technologies, Inc. is thought to 
mimic natural physiology, namely, the ratio of concentration 
of insulin in the portal circulation to that in the systemic 
circulation approaches the normal physiological ratio, e.g., 
from about 2:1 to about 6:1. The effect of this route of dosing 
is two fold. First, by targeting the liver directly, a greater 
control of glucose may be achieved. Various studies have 
shown that intraportal delivery of insulin can yield a compa 
rable control of glucose at infusion rates lower than those 
required by peripheral administration. Because the orally 
administered insulin will undergo substantial (-50%) first 
pass metabolism prior to entering the systemic circulation, a 
lower plasma concentration and total exposure is achieved 
compared to an Subcutaneous equivalent dose. This may, in 
turn, alleviate any detrimental effects of insulin on non-target 
tissues. 

0037 Thus, the oral insulin formulations of Emisphere 
Technologies, Inc. provide an advantage over Subcutaneously 
administered insulin that is currently the state of the art, 
beyond the benefit of ease of administration, pain-free admin 
istration, and the potential for improved patient compliance. 
Because subcutaneously administered insulin is delivered 
peripheral to the GI tract and portal vein, and absorption of 
large biomolecules from the Subcutaneous space is generally 
more prolonged, the first-phase insulin response is not well 
replicated by Subcutaneous insulin administration. By admin 
istration of the oral insulin formulations of the present inven 
tion, the plasma levels of insulin that occur upon the first 
(acute) phase of insulin secretion by the pancreas can be 
simulated by rapid, direct absorption from the GI tract. 
0038. In normal physiology, first-phase insulin secretion 
takes place 5 to 20 minutes after the start of a meal, and this 
effect has a well-known impact on prandial glucose homeo 
stasis. The first phase of insulin secretion, while of short 
duration, has an important role in priming the liver to the 
metabolic events ahead (meal). The loss of first-phase insulin 
secretion is a characteristic feature of Type 2 diabetic patients 
in the early stages of the disease, and it is also observed in 
prediabetic states, namely individuals with impaired glucose 
tolerance. In the absence of first-phase insulin secretion, the 
stimulatory effect of glucagon on gluconeogenesis is not 
Suppressed and may contribute to the development of pran 
dial hyperglycemia. In the basal state as well as in the prandial 
phase, plasma glucose concentrations are correlated with 
hepatic glucose output. Therefore, restoration of first-phase 
insulin secretion at the time of meal ingestion should suppress 
prandial hepatic glucose output and Subsequently improve 
the blood glucose profile. 
0039. Several approaches have been undertaken to prove 

this hypothesis. However, the therapeutic regimens were 
either too dangerous for a long-term treatment (such as intra 
venous administration of regular human insulin) or pharma 
cologically unsuitable (fast-acting insulin analogues). In 
addition, restoration of first phase insulin response appears to 
be difficult in patients with a long-standing history of diabetes 
who have lost most or all of their endogenous insulin secre 
tion capacity. Furthermore, certain short acting insulin for 
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mulations, because of the speed with which the insulin pro 
vides a blood glucose lowering effect, may, between the time 
of administration of insulin and the time of ingestion of the 
meal, contribute to a lowering of blood glucose to a level that 
could range from Subclinical hypoglycemia to more undesir 
able effects. 
0040. The rapid onset and the short duration of action of 
oral Insulin/4-CNAB following single dose administration in 
humans suggests that oral Insulin/4-CNAB may be well 
Suited for Supplementation of first phase insulin secretion in 
subjects with type 2 diabetes. In a previous study, as set forth 
in International Patent Application No. PCT/US04/00273, 
patients with type 2 diabetes were administered a single doses 
of Insulin (300 U)/4-CNAB (400 mg) at or shortly before 
bedtime. Substantial decrease in insulin, C-peptide, and fast 
ing blood glucose levels were observed. Insulin sensitivity, as 
assessed with the HOMA-model, was also significantly 
improved. This suggests that even a short-term treatment with 
pre-prandial Insulin/4-CNAB may be able to improve insulin 
sensitivity and, thereby, metabolic control. 
0041. It is, therefore, desirable to provide a pharmaceuti 
cal compositions of insulin that can be administered closer to 
as meal than previously known and to provide a protocol for 
insulin treatment for patients with impaired glucose tolerance 
or with early stage or late stage diabetes, which treatment can 
be administered orally multiple times daily, Such as at or 
shortly prior to mealtime and/orator shortly prior to bedtime, 
has a short duration of action, and has positive and long 
lasting effects on the patient's glucose tolerance, glycemic 
control, insulin secretory capacity and insulin sensitivity, but 
does not increase the risk of hypoglycemia, hyperinsulinemia 
and weight gain that are normally associated with insulin 
therapy treatments. 

SUMMARY OF THE INVENTION 

0042. It is an object of the present invention to provide a 
therapeutic insulin treatment for patients with impaired glu 
cose tolerance or with early stage or late stage diabetes to 
provide therapeutic effects to the patient greater than or 
unseen in current parenteral insulin therapy. 
0043. It is another object of the present invention to pro 
Videa therapeutic insulin treatment for patients with impaired 
glucose tolerance or with early stage or late stage diabetes to 
provide positive therapeutic effects on the patient's glucose 
tolerance and glycemic control. 
0044. It is an object of the present invention to provide a 
therapeutic insulin treatment for patients with impaired glu 
cose tolerance or with early stage or late stage diabetes to 
provide long lasting therapeutic effects on the patient's glu 
cose tolerance and glycemic control. 
0045. It is another object of the present invention to pro 
Videa therapeutic insulin treatment for patients with impaired 
glucose tolerance or with early stage or late stage diabetes to 
improve the patient's endogenous capacity to handle Sugar 
load. 
0046. It is additionally an object of the present invention to 
provide a therapeutic insulin treatment for patients with 
impaired glucose tolerance or with early or late stage diabetes 
to provide for the patient an improved glucose profile, a 
decrease in glucose excursion or a decreased AUC of blood 
glucose, measured following a glucose load Such as a meal or 
oral glucose tolerance test. 
0047. It is a further object of the present invention to 
provide a therapeutic insulin treatment for patients with 
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impaired glucose tolerance or with early stage or late stage 
diabetes to provide for the patient a decreased fasting blood 
glucose concentration when compared with the patient's own 
baseline level prior to starting the treatment. 
0048. It is still another object of the present invention to 
provide a therapeutic insulin treatment for patients with 
impaired glucose tolerance or with early stage or late stage 
diabetes to provide for the patient a decreased serum fruc 
tosamine level. 

0049. It is yet another object of the present invention to 
provide a therapeutic insulin treatment for patients with 
impaired glucose tolerance or with early stage or late stage 
diabetes to improve the insulin utilization of the patient's 
body. 
0050. It is yet another object of the present invention to 
provide a therapeutic insulin treatment for patients with 
impaired glucose tolerance or with early stage or late stage 
diabetes to improve the insulin sensitivity of the patient's 
body. 
0051. It is still a further object of the present invention to 
provide a therapeutic insulin treatment for patients with 
impaired glucose tolerance or with early stage or late stage 
diabetes to improve the insulin secretion capacity of the 
patient's body. 
0052. It is yet a further object of the present invention to 
provide a therapeutic insulin treatment for patients with 
impaired glucose tolerance or with early stage or late stage 
diabetes without the negative side effects currently seen in 
parenteral insulin therapy. 
0053. It is another object of the present invention to pro 
vide atherapeutic insulin treatment for patients with impaired 
glucose tolerance or with early stage or late stage diabetes 
without inducing hypoglycemia. 
0054. It is a further object of the present invention to 
provide a therapeutic insulin treatment for patients with 
impaired glucose tolerance or with early stage or late stage 
diabetes without inducing hyperinsulinemia. 
0055. In yet another object of the present invention to 
provide a therapeutic insulin treatment for patients with 
impaired glucose tolerance or with early stage or late stage 
diabetes without the weight gain commonly associated with 
parenteral insulin therapy. 
0056. It is yet a further object of the present invention to 
provide a therapeutic insulin treatment for patients with 
impaired glucose tolerance or with early stage or late stage 
diabetes that reduces the need for frequent monitoring of 
blood sugar levels currently needed with current insulin 
therapy regimens. 
0057. It is another object of the present invention to pro 
vide atherapeutic insulin treatment for patients with impaired 
glucose tolerance or with diabetes from its earliest stages to 
its latest stages. 
0058. It is a further object of the present invention to 
provide a method of reversing impaired glucose tolerance or 
diabetes by administration of a therapeutic insulin treatment. 
0059. It is another object of the present invention to pro 
vide a therapeutic insulin treatment for patients who are fail 
ing dual or multiple therapy with Sulfonureas and insulin 
sensitizers. 

0060. It is an object of the present invention to provide 
pharmaceutical compositions for oral administration com 
prising insulin and a delivery agent that facilitates insulin 
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transport in a therapeutically effective amount to the blood 
stream, which compositions are therapeutically and quickly 
effective. 
0061. It is another object of the present invention to pro 
vide therapeutically effective pharmaceutical compositions 
comprising insulin and a delivery agent for oral administra 
tion to patients with impaired glucose tolerance or with early 
stage or late stage diabetes to provide longer lasting thera 
peutic effects on the patient's glucose tolerance and glycemic 
control without the risks of hypoglycemia, hyperinsulinemia 
and weight gain that are normally associated with insulin 
therapy treatments. 
0062. It is a further object of the present invention to 
provide compositions for oral administration of insulin and a 
delivery agent that facilitates insulin transport in a therapeu 
tically effective amount to the bloodstream for the treatment 
of diabetes, for the treatment of impaired glucose tolerance, 
for the purpose of achieving glucose homeostasis, for the 
treatment of early stage diabetes, for the treatment of late 
stage diabetes, and/or to serve as replacement therapy for type 
I diabetic patients to provide longer lasting effects on the 
patient's glucose tolerance and glycemic control without the 
risks of hypoglycemia, hyperinsulinemia and weight gain that 
are normally associated with insulin therapy treatments. 
0063. It is still a further object of the present invention to 
provide methods of treating mammals with impaired glucose 
tolerance, early stage diabetes or late stage diabetes, for 
achieving glucose homeostasis in mammals, for prophylacti 
cally sparing pancreatic f-cell function, for preventing f-cell 
death or dysfunction, for long term protection of a mammal 
from developing overt or insulin dependent diabetes, for 
delaying the onset of overt or insulin dependent diabetes in a 
mammal that has impaired glucose tolerance or early stage 
diabetes, and for reducing the incidence and/or severity of 
systemic hyperinsulinemia associated with chronic dosing of 
insulin or of one or more disease states associated with 
chronic dosing of insulin. 
0064. In accordance with these and other objects, the 
invention provides a method for treating a mammal with 
impaired glucose tolerance or with early or late stage diabe 
tes, and of achieving glucose homeostasis in mammals, com 
prising orally administering to a mammal a therapeutically 
effective dose of a pharmaceutical formulation comprising 
insulin Such that the mammal achieves improved glucose 
tolerance and glycemic control as compared with baseline 
levels prior to treatment. 
0065. The invention also provides a method for treating a 
mammal with impaired glucose tolerance or with early or late 
stage diabetes, comprising orally administering to a mammal 
a therapeutically effective dose of a pharmaceutical formula 
tion comprising insulin Such that the mammal achieves 
improved glucose tolerance and glycemic control as com 
pared with baseline levels prior to treatment without any 
statistically significant weight gain by the mammal over the 
treatment period. 
0066. The invention also provides a method for treating a 
mammal with impaired glucose tolerance or with early or late 
stage diabetes, comprising orally administering to a mammal 
a therapeutically effective dose of a pharmaceutical formula 
tion comprising insulin Such that the mammal achieves 
improved glucose tolerance and glycemic control as com 
pared with baseline levels prior to treatment without any 
statistically significant risk of hypoglycemia in the mammal 
over the treatment period. 
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0067. The invention also provides a method for treating a 
mammal with impaired glucose tolerance or with early or late 
stage diabetes, comprising orally administering to a mammal 
a therapeutically effective dose of a pharmaceutical formula 
tion comprising insulin Such that the mammal achieves 
improved glucose tolerance and glycemic control as com 
pared with baseline levels prior to treatment without any 
statistically significant risk of hyperinsulinemia in the mam 
mal over the treatment period. 
0068. In certain preferred embodiments, the improved 
glucose tolerance is demonstrated by better endogenous 
capacity of the mammal to handle Sugar load as measured by 
blood glucose concentration, following a Sugar load, that is 
reduced by a statistically significant amount as compared 
with baseline blood glucose concentration, following a glu 
cose load, prior to treatment. Preferably, the statistically sig 
nificant amount is a mean of about 10-20%, preferably about 
15%. 
0069. In certain preferred embodiments, the improved 
glucose tolerance is demonstrated by better endogenous 
capacity of the mammal to handle Sugar load as measured by 
an AUC of blood glucose excursion, following a glucose load, 
that is reduced by a statistically significant amount as com 
pared with AUC of blood glucose excursion, following a 
glucose load, prior to treatment. Preferably, the statistically 
significant amount is a mean of about 10-30%, preferably 
about 20%. 
0070. In certain preferred embodiments, the improved 
glycemic control is demonstrated by decreased fasting blood 
glucose levels as measured by fasting blood glucose concen 
tration that is reduced by a statistically significant amount as 
compared with baseline fasting blood glucose concentration 
prior to treatment. Preferably, the statistically significant 
amount is a mean of about 10-30%, preferably about 19%. 
0071. In certain preferred embodiments, the improved 
glycemic control is demonstrated by decreased serum fruc 
tosamine levels, as measured by serum fructosamine assay, 
that is reduced by a statistically significant amount as com 
pared with baseline serum fructosamine levels prior to treat 
ment. Preferably, the statistically significant amount is a 
mean of about 5-20%, preferably about 9%. 
0072. In certain preferred embodiments, the improved 
glycemic control is demonstrated by improved Hb A1c levels 
after treatment compared with baseline levels prior to treat 
ment. Preferably, the improved Hb A1c levels are measured 
by a statistically significant decline in HbA1c levels. More 
preferably, administration of the pharmaceutical formulation 
of the present invention can preferably be made to a mammal 
with impaired glucose tolerance or with early or late stage 
diabetes having an HbA level ranging from normal to 
elevated prior to treatment. In one embodiment, the mammal 
may have an HbA level preferably of less than about 8.0 
prior to treatment. 
0073. In certain further preferred embodiments, the 
improved glucose tolerance and glycemic control are 
achieved without the need for monitoring the mammals 
blood glucose concentrations or HbA levels over the treat 
ment period. 
0074. In certain preferred embodiments, the mammal 
achieves improved insulin utilization and insulin sensitivity 
after the treatment as compared with baseline levels prior to 
treatment. Preferably, the improved insulin utilization and 
insulin sensitivity are measured by a statistically significant 
decline in HOMA (Homeostasis Model Assessment). 
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0075. In certain preferred embodiments, the mammal 
achieves improved insulin secretion capacity after the treat 
ment as compared with baseline levels prior to treatment. 
Preferably, the improved insulin secretion capacity is mea 
sured by a statistically significant decline in Stumvoll first 
phase insulin secretion capacity index. 
0076. The invention is also directed in part to an oral solid 
dosage form comprising a dose of insulin that achieves a 
therapeutically effective reduction in blood glucose after oral 
administration to a human diabetic patient, and which main 
tains a physiological (portal/peripheral) gradient, and in cer 
tain embodiments provides a ratio of portal vein insulin con 
centration to peripheral blood insulin concentration from 
about 2.5:1 to about 6:1, and preferably from about 4:1 to 
about 5:1. 

0077. The invention is further directed in part to an oral 
dosage form comprising atherapeutically effective amount of 
insulin, said dosage form upon pre-prandial oral administra 
tion to diabetic patients causing the post prandial blood glu 
cose concentration in said patients to be reduced for the first 
hour after oral administration relative to a post-prandial blood 
glucose concentration without treatment or following Subcu 
taneous insulin administration or other standard treatment 
regimen. 
0078. The invention is further directed in part to an oral 
dosage form comprising atherapeutically effective amount of 
insulin, said oral dosage form upon pre-prandial oral admin 
istration provides a mean plasma glucose concentration 
which does not vary by more than about 40% (and more 
preferably not more than 30%) for the first hour after oral 
administration, relative to a mean baseline (fasted) plasma 
glucose concentration in said patients, where a meal is eaten 
by said patients within about one half hour of oral adminis 
tration of said dosage form. 
0079. In certain preferred embodiments, the administra 
tion of the oral insulin formulation of the present invention 
achieves a reduction in blood glucose concentration in human 
diabetic patients comparable to a subcutaneous insulin injec 
tion in those patients, while providing a lower (e.g., 20% or 
greater) total exposure of insulin to the peripheral blood cir 
culation under acute, Sub-acute and chronic conditions as 
compared to the peripheral blood insulin exposure achieved 
via Subcutaneous injection. 
0080. The present invention provides methods of treating 
mammals with impaired glucose tolerance, early stage dia 
betes and late stage diabetes; for achieving glucose homeo 
Stasis; for reducing the incidence and/or severity of systemic 
hyperinsulinemia associated with chronic dosing of insulin. It 
is believed that the present invention also provides methods 
for reducing the incidence and/or severity of one or more 
disease states associated with chronic dosing of insulin; for 
prophylactically sparing B-cell function or for preventing 
B-cell death or dysfunction, in a mammal which has impaired 
glucose tolerance or early stage diabetes mellitus; and for 
long-term protection from developing overt or insulin depen 
dent diabetes, or for delaying the onset of overt or insulin 
dependent diabetes, in a mammal which has impaired glucose 
tolerance or early stage diabetes. 
I0081. In a preferred embodiment of the invention, such 
methods comprise orally administering a therapeutically 
effective dose of a pharmaceutical formulation comprising 
insulin and a delivery agent that facilitates the absorption of 
the insulin from the gastrointestinal tract, to provide a thera 
peutically effective reduction in blood glucose and a plasma 
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insulin concentration, to provide a therapeutically effective 
reduction and/or control in blood glucose concentration and a 
plasma insulin concentration that is reduced relative to the 
plasma insulin concentration provided by a therapeutically 
equivalent dose of subcutaneously injected insulin. The deter 
mination of insulin concentration obtained in patients who 
have been administered subcutaneous insulin are well known 
to those skilled in the art. 
0082 In a preferred embodiment, administration of the 
pharmaceutical formulation takes place multiple times daily, 
preferably at bedtime and preprandially during the day time, 
e.g., preprandially for breakfast, lunch and dinner. More pref 
erably, administration of the pharmaceutical formulation is at 
or shortly prior to bedtime and concurrently with or shortly 
prior to ingestion of a meal, i.e., within about 15 minutes or 
less of ingestion of the meal. 
0083. In another preferred embodiment of the invention, 
the oral pharmaceutical formulation will be administered 
about once daily to about four times daily, preprandially 
and/or at bedtime, depending upon the extent of the patient's 
impaired glucose tolerance and need for exogenous glycemic 
control. If the patient has a need for fasting glycemic control, 
the oral pharmaceutical formulation will be administered 
only at or shortly prior to bedtime. If the patient has a need for 
post-prandial glycemic control, the oral pharmaceutical for 
mulation will be administered preprandially for all meals. If 
the patient has a need for comprehensive glycemic control, 
the oral pharmaceutical formulation will be administered 
preprandially for all meals and at or shortly prior to bedtime. 
0084 Preferably, the dosage form of the present invention 
will be administered for at least one day, more preferably on 
a chronic basis, and can be administered for the life of the 
patient. Most preferably, the dosage form of the present 
invention will be administered on a chronic basis, e.g., for at 
least about two weeks. 
I0085 Preferably, the therapeutic insulin treatment of the 
present invention will be administered to patients having 
Some form of impaired glucose tolerance. This can range 
from insulin resistance seen in pre-diabetics and early stage 
Type 2 diabetics to failure of insulin production by the pan 
creas seen in Type 1 diabetes and late stage Type 2 Diabetes. 
In certain embodiments, the resulting improved insulin utili 
Zation or insulin sensitivity of the patient's body is measured 
by HOMA (Homeostasis Model Assessment). In certain 
embodiments, the resulting improved insulin secretion capac 
ity of the patient's body is measured by Stumvoll first-phase 
insulin secretion capacity index. 
I0086. Further, the therapeutic insulin treatment of the 
present invention can be administered to a mammal with an 
HbAc ranging from normal to elevated levels. More particu 
larly, the treatment can be administered to anyone in the range 
of normal glycemic control to impaired glycemic control to 
late stage type 2 diabetes or type 1 diabetes. In certain 
embodiments, the resulting improved glycemic control in the 
patient's body is measured by a reduced serum fructosamine 
concentration. Preferably the average decline will be about 
8.8% after at least two weeks of treatment with the present 
invention. 
0087. In preferred embodiments of the oral dosage forms 
of the invention described above, the oral dosage form is 
Solid, and is preferably provided incorporated within a gelatin 
capsule or is contained in a tablet. 
0088. In certain preferred embodiments, the dose of 
unmodified insulin contained in one or more dosage forms is 
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from about 50 Units to about 600 Units (from about 2 to about 
23 mg), preferably from about 100 Units (3.8 mg) to about 
450 Units (15.3 mg) insulin, more preferably from about 200 
Units (7.66 mg) to about 350 Units (13.4 mg), and still more 
preferably about 300 Units (11.5 mg), based on the accepted 
conversion of factor of 26.11 Units per mg. 
I0089. In certain preferred embodiments of the invention, 
the dosage forms begin delivering insulin into the systemic 
circulation via the portal vein (via absorption through the 
mucosa of the gastrointestinal tract) to achieve peak levels 
within about 30 minutes or less. 
0090. In certain preferred embodiments, the dosage forms 
of the invention provide at for insulin at from about 5 
minutes to about 30 minutes, and more preferably at from 
about 10 minutes to about 25 minutes after oral administra 
tion to diabetic patients. In certain preferred embodiments of 
the invention, the dosage forms begin delivering insulin into 
the systemic circulation to produce a peak plasma insulin 
concentration at about 10 to about 20 minutes post oral 
administration and in further preferred embodiments, a peak 
plasma insulin concentration at about 10 minutes to about 15 
minutes post oral administration to patients who ingested the 
dosage at about 0 or about 10 minutes prior to ingestion of a 
meal. 

0091. The invention is also directed in part to an oral 
dosage form comprising a dose of unmodified insulin that 
achieves a therapeutically effective control of post prandial 
blood glucose after oral administration to human diabetic 
patients in tablet form at or shortly before mealtime, the oral 
Solid dosage form providing an insulin t at a time point 
from about 10 minutes to about 15 minutes after oral admin 
istration to said patients, at least about 30% of the blood 
glucose concentration reduction caused by said dose of insu 
lin occurring within about less than 1 hour after oral admin 
istration of said dosage form. In preferred embodiments of 
this invention, the oral dosage form is a tablet. 
0092. In certain preferred embodiments, the composition 
provides at for maximum control of glucose excursion at 
about 0.25 to about 1.5 hours, more preferably at about 0.75 
to about 1.25 hours, after oral administration. In certain pre 
ferred embodiments, the to for post-prandial glucose con 
trol occurs preferably at less than about 120 minutes, more 
preferably at less than about 80 minutes, and still more pref 
erably at about 45 minutes to about 60 minutes, after oral 
administration of the composition. 
0093. In certain preferred embodiments, the pharmaceuti 
cal composition contained in one or more dosage forms com 
prises from about 5 mg to about 800 mg of delivery agent, 
preferably about 20 mg to about 600 mg, more preferably 
from about 30 mg to about 400 mg, even more preferably 
from about 40 mg to about 200 mg, most preferably about 40 
mg, 80 mg or 160 mg. In certain embodiments, the composi 
tion provides a peak plasma delivery agent concentration 
C from about 3,000 to about 15,000 ng/mL, and at at 
about 10 minutes to about 35 minutes. More preferably, the 
composition provides a peak plasma delivery agent concen 
tration within about 15 minutes to about 35 minutes after oral 
administration and more preferably within about 20 minutes 
after oral administration to fed diabetic patients. 
0094 For purposes of the present invention, a preferred 
delivery agent is identified via chemical nomenclature as 
4-(4-chloro, 2-hydroxybenzoyl)aminobutanoic acid. In cer 
tain preferred embodiments, the delivery agent is a sodium 
salt, preferably monosodium salt. Alternatively, the same 
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compound is identified by the alternative nomenclature 
monosodium N-(4-chlorosalicyloyl)-4-aminobutyrate, or by 
the short name “4-CNAB’. 
0095. The following terms will be used throughout the 
application as defined below: 
0096 Patient—refers to any mammal in whom there is 
determined to be. 
0097 Diabetic patient refers to a mammal with a form of 
pre-diabetes or diabetes, either diagnosed or undiagnosed, 
and/or with a condition that would respond to an anti-diabetic 
and/or insulin treatment. 
0.098 Mammal includes but is not limited to rodents, 
aquatic mammals, domestic animals such as dogs and cats, 
farm animals such as sheep, pigs, cows and horses, and pref 
erably humans. 
0099 Diabetes or Diabetes Mellitus is deemed to 
encompass type 1 and type 2 diabetes mellitus, unless spe 
cifically specified otherwise. 
0100 Overt Diabetes is deemed to encompass type 1 
and type 2 diabetes mellitus that is insulin dependent. 
0101 Early stage diabetes—refers to a condition of 
impaired glycemic control, absent treatment, wherein the 
function of the islet cells of the pancreas still exist, although 
in an impaired State, also including impaired glucose toler 
ance (IGT) and impaired fasting blood glucose (IFG), e.g., the 
patient's endogenous insulin production is insufficient to pro 
vide a first phase insulin response following ingestion of a 
meal but is sufficient to provide a second phase insulin 
response following ingestion of a meal. 
0102 Late stage diabetes—refers to a condition of 
impaired glycemic control, absent treatment, wherein the 
islet cells of the pancreas are approaching or have reached 
total failure, e.g., the patient's endogenous insulin production 
is insufficient to provide a first or a second phase insulin 
response following ingestion of a meal. 
0103 Treatment when used herein with respect to dia 
betes is deemed to include prevention of diabetes, delay of the 
onset of diabetes, delay of worsening of diabetic conditions 
and delay of progression from an earlier stage of diabetes to a 
later stage of diabetes, unless specifically specified otherwise. 
0104 Delivery agent refers to carrier compounds or car 
rier molecules that are effective in the oral delivery of thera 
peutic agents, and may be used interchangeably with "car 
rier'. 
0105. Therapeutically effective amount of insulin refers 
to an amount of insulin included in the dosage forms of the 
invention which is sufficient to achieve a clinically relevant 
control of blood glucose concentrations in a human diabetic 
patient either in the fasting state or in the fed state effective, 
during the dosing interval. 
0106 Effective amount of delivery agent refers to an 
amount of the delivery agent that has been shown to deliver 
the drug following oral administration by measurement of 
pharmacokinetic and/or pharmacodynamic endpoints. 
0107 Organic solvents—refers to any solvent of non 
aqueous origin, including liquid polymers and mixtures 
thereof. Organic solvents suitable for the present invention 
include: acetone, methyl alcohol, methyl isobutyl ketone, 
chloroform, 1-propanol, isopropanol, 2-propanol, acetoni 
trile, 1-butanol, 2-butanol, ethyl alcohol, cyclohexane, diox 
ane, ethyl acetate, dimethylformamide, dichloroethane, hex 
ane, isooctane, methylene chloride, tert-butyl alcohol, 
toluene, carbon tetrachloride, or combinations thereof. 
0108 Peptide refers to a polypeptide of small to inter 
mediate molecular weight, usually 2 or more amino acid 
residues and frequently but not necessarily representing a 
fragment of a larger protein. 
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0109 Protein refers to a complex high polymer contain 
ing carbon, hydrogen, oxygen, nitrogen and usually Sulfur 
and composed of chains of amino acids connected by peptide 
linkages. Proteins in this application refer to glycoproteins, 
antibodies, non-enzyme proteins, enzymes, hormones and 
Sub-units of proteins, such as peptides. The molecular weight 
range for proteins includes peptides of 1000 Daltons to gly 
coproteins of 600 to 1000 kiloDaltons. 
0110 Reconstitution refers to dissolution of composi 
tions or compositions in an appropriate buffer or pharmaceu 
tical composition. 
0111 Unit-Dose Forms—refers to physically discrete 
units suitable for human and animal Subjects and packaged 
individually as is known in the art. It is contemplated for 
purposes of the present invention that dosage forms of the 
present invention comprising therapeutically effective 
amounts of insulin may include one or more unit doses (e.g., 
tablets, capsules, powders, semisolids (e.g. gelcaps or films), 
liquids for oral administration, ampoules or vials for injec 
tion, loaded syringes) to achieve the therapeutic effect. It is 
further contemplated for the purposes of the present invention 
that a preferred embodiment of the dosage form is an oral 
dosage form. 
0112 The term “multiple dose” means that the patient has 
received at least two doses of the drug composition in accor 
dance with the dosing interval for that composition. 
0113. The term “single dose” means that the patient has 
received a single dose of the drug composition or that the 
repeated single doses have been administered with washout 
periods in between. 
0114. Unless specifically designated as “single dose” or at 
'steady-state' the pharmacokinetic parameters disclosed and 
claimed herein encompass both single dose and multiple 
dose conditions. 
0115 Unmodified insulin refers to insulin prepared in 
any pharmaceutically acceptable manner or from any phar 
maceutically acceptable source which is not conjugated with 
an oligomer such as that described in U.S. Pat. No. 6,309.633 
and/or which not has been subjected to amphiphilic modifi 
cation such as that described in U.S. Pat. Nos. 5,359,030; 
5,438,040; and/or 5,681,811, which patents are hereby incor 
porated by reference in their entireties. 
0116. The phrase “equivalent therapeutically effective 
reduction” as used herein means that a maximal reduction of 
blood glucose concentration achieved by a first method of 
insulin administration (e.g. via oral administration of insulin 
in a patient(s)) is not more than 20%, and preferably not more 
than 10% and even more preferably not more than 5% differ 
ent from a maximal reduction of blood glucose concentration 
after administration by a second method (e.g., Subcutaneous 
injection) in the same patient(s) or a different patient requir 
ing the same reduction in blood glucose level. The phrase may 
also mean the dose required to approximate normoglycemia 
by any method of administration, normoglycemia being 
defined as variability from a subject's baseline blood glucose 
of not more than 20%, preferably 10%, more preferably 5%, 
in the fasted state. 

0117 The term “meal” as used herein means a standard, 
ADA and/or a mixed meal. 
0118. The term “mean', when preceding a pharmacoki 
netic value (e.g., meant), represents the arithmetic mean 
value of the pharmacokinetic value unless otherwise speci 
fied. 

0119 The term “mean baseline level as used herein 
means the measurement, calculation or level of a certain value 
that is used as a basis for comparison, which is the mean value 
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over a statistically significant number of subjects, e.g., across 
a single clinical study or a combination of more than one 
clinical study. 
I0120. The term “C” as used herein is the highest 
plasma concentration of the drug or delivery agent observed 
within the sampling interval. 
I0121 The term “t” as used herein is the time post-dose 
at which C is observed. 
0122 The term “AUC” as used herein means area under 
the plasma concentration-time curve, as calculated by the 
trapezoidal rule over the complete sample collection interval. 
(0123. The term “AUC” as used herein means the 
area under the plasma concentration-time curve using linear 
trapezoidal Summation from time Zero (dosing) to the time of 
the last quantifiable concentration post-dose. 
I0124) The term “AUCo., as used herein means the area 
under the plasma concentration-time curve using linear trap 
eZoidal Summation from time Zero (dosing) to time t post 
dose, where t is any quantifiable time point. 
I0125. The term “AUCo., as used herein means an esti 
mate of the area under the plasma concentration-time curve 
from time Zero (dosing) to infinity. 
0126 The term "CL/F as used herein means the apparent 

total body clearance calculated as Dose/AUCo., uncor 
rected for absolute bioavailability. 
0127. The term “V/F as used herein means the apparent 
volume of distribution calculated as (CL/F)/K. uncorrected 
for absolute bioavailability. 
I0128. The term “E” as used herein means the maximum 
observed effect (baseline subtracted) prior to intervention for 
hypoglycemia. 
I0129. The term “E” as used herein means the maxi 
mum observed effect (baseline subtracted). 
I0130 K is the terminal elimination rate constant calcu 
lated by linear regression of the terminal linear portion of the 
log concentration vs. time curve 
I0131 The term “t as used herein means the terminal 
half-life calculated as InC2)/K. 
(0132) The term “BMI as used herein means the body 
mass index, calculated as weight in kg divided by the squared 
height in m. 
0133. The term “Bioavailability” as used herein means the 
degree or ratio (%) to which a drug or agent is absorbed or 
otherwise available to the treatment site in the body relative to 
a parenteral route. This is calculated by the formula 

Dose SC 
Dose Oral 

A UC Oral 
A UCSC 

Relative Bioavailability(%) = x 100 

0134. The term "Biopotency” as used herein means the 
degree or ratio (%) to which a drug or agent is effective 
relative to a parenteral route. This is calculated by the formula 

Dose SC 
Dose Oral 

AUC Oral 
A six 100 Relative Biopotency (%) = 

0135. The term “nighttime” or “bedtime” as used herein 
means a time before the patient goes to sleep and is not limited 
to clock time or cycles of light and dark, and alternately refers 
to a time during a day or night of longest fast, a period without 
external glucose source. 
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0.136 For the purposes of the present specification, as used 
herein, the phrase administered “at nighttime” or “at or 
shortly before (prior to) bedtime” means administered less 
than about 3 hours, preferably less than about 2 hours and 
more preferably less than about 1 hour prior to a prolonged 
period of sleep, or relative physical and/or mental inactivity, 
and fast, e.g., overnight. Whereas overnight typically means 
from the late night (p.m.) hours to the early morning (a.m.) 
hours, it could mean any period of a sleep-wake cycle during 
which a person obtains his/her necessary period of sleep. For 
the purposes of the present specification, administration 
should also occur at least about one hour, preferably at least 
about 1.5 hours, more preferably at least about 2 hours and 
still more preferably at least about 2 to about 3 hours after the 
last meal of the day. 
0.137 For the purposes of the present specification, as used 
herein, the phrase administered “at mealtime' or “at or 
shortly before (prior to) ingestion of a meal” means admin 
istered within about 30 minutes prior to the meal. For the 
purposes of the present specification, the administration is 
preferably within about 25 minutes, more preferably within 
about 20 minutes, even more preferably within about 15 
minutes, still more preferably within about 10 minutes, fur 
ther more preferably within about 5 minutes of ingestion of 
the meal, and most preferably administered concurrently with 
ingestion of the meal (within about 0 minutes). 
0.138. As used herein and in the appended claims, the 
singular forms “a” “an and “the include plural referents 
unless the context clearly indicates otherwise. Thus, for 
example, reference to “a molecule' includes one or more of 
Such molecules, “a reagent' includes one or more of Such 
different reagents, reference to “an antibody' includes one or 
more of such different antibodies, and reference to “the 
method’ includes reference to equivalent steps and methods 
known to those of ordinary skill in the art that could be 
modified or substituted for the methods described herein. 
0.139. Unless defined otherwise, all technical and scien 

tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which the 
invention belongs. Although any methods, compositions, 
reagents, cells, similar or equivalent to those described herein 
can be used in the practice or testing of the invention, the 
preferred methods and materials are described herein. All 
publications mentioned herein are incorporated herein, 
including all figures, graphs, equations, illustrations, and 
drawings, to describe and disclose specific information for 
which the reference was cited in connection with. 
0140. The publications discussed above are provided 
solely for their disclosure before the filing date of the present 
application. Nothing herein is to be construed as an admission 
that the invention is not entitled to antedate such disclosure by 
virtue of prior invention. Throughout this description, the 
preferred embodiment and examples shown should be con 
sidered as exemplars, rather than as limitations on the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0141 FIG. 1 shows a plot of the arithmetic means of 
postprandial blood glucose excursions for all Subjects. 
0.142 FIG. 2 shows a plot of 4-CNAB plasma concentra 
tions (ng/mL) vs. time (arithmetic means). 
0.143 FIG. 3 shows a plot of the postprandial blood glu 
cose excursion (blood glucose concentration (SuperGL) (mg/ 
dl) vs. time) for Type 2 Diabetic subject no. 116 after oral or 
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subcutaneous administration of insulin or insulin/4-CNAB 
30 minutes prior to a standard meal (meal at time-O). 
014.4 FIG. 4 shows a plot of the postprandial blood glu 
cose excursion (blood glucose concentration (SuperGL) (mg/ 
dl) vs. time) for Type 2 Diabetic subject no. 117 after oral or 
subcutaneous administration of insulin or insulin/4-CNAB 
30 minutes prior to a standard meal (meal at time-O). 
0145 FIG.5 shows a plot of insulin plasma concentrations 
(pmol/l) vs. time (arithmetic means). 
0146 FIG. 6 shows a plot of C-peptide plasma concentra 
tions (nmol/l) vs. time (arithmetic means). 
0147 FIG. 7 shows a plot of insulin plasma concentration 
(pmol/l) vs. time for Type 2 Diabetic subject no. 116 after oral 
or subcutaneous administration of insulin or insulin/4-CNAB 
30 minutes prior to a standard meal (meal at time-O). 
0148 FIG. 8 shows a plot of insulin plasma concentration 
(pmol/l) vs. time for Type 2 Diabetic subject no. 117 after oral 
or subcutaneous administration of insulin or insulin/4-CNAB 
30 minutes prior to a standard meal (meal at time-O). 
014.9 FIG.9 is a bar graph showing the effect of nighttime 
dosing of insulin and 4-CNAB on blood glucose concentra 
tion. 
0150 FIG. 10 is a bar graph showing the effect of night 
time dosing of insulin and 4-CNAB on blood C-peptide con 
centration. 
0151 FIG. 11 is a bar graph showing the effect of night 
time dosing of insulin and 4-CNAB on blood insulin concen 
tration. 

0152 FIG. 12 is a plot of Preliminary Mean +/-SD 9% 
Change in Baseline Blood Glucose (SuperGL) Following 
Oral Administration of Insulin/4-CNAB Tablets to Fed of 
Fasted Type 2 Diabetic Patients. 
0153 FIG. 13 is a plot of Preliminary Mean +/-SD 9% 
Change in Blood Glucose (SuperGL) Following Oral Admin 
istration of Insulin/4-CNAB Tablets to Type 2 Diabetic 
Patients with a Standard Meal. 

0154 FIG. 14 is a plot of Preliminary Mean +/-SD 9% 
Change in Blood Glucose (SuperGL) Following Oral Admin 
istration of Insulin/4-CNAB Tablets to Type 2 Diabetic 
Patients with or without a Meal. 
(O155 FIGS. 15-22 are plots of Preliminary Percent 
Change in Blood (SuperGL) Glucose for Subjects 101-108, 
respectively. 
0156 FIG.23 is a plot of Preliminary Mean+/-SD Plasma 
Glucose Change (%) Following Oral Tablet Administration 
of Insulin/4-CNAB to Type 2 Diabetic Patients with or with 
out a Meal. 

(O157 FIG.24 is a plot of Preliminary Mean+/-SD Plasma 
Glucose concentration Following Oral Administration of 
Insulin/4-CNAB Tablets to Type 2 Diabetic Patients with or 
without a Meal. 
0158 FIG.25 is a plot of Preliminary Mean +/-SD Blood 
(SuperGL) Glucose concentration Following Oral Adminis 
tration of Insulin/4-CNAB Tablets to type 2 diabetic patients 
with or without a Meal. 

0159 FIGS. 26-33 are plots of Preliminary Blood (Su 
perGL) Glucose concentrations for Subjects 101-108, respec 
tively. 
(0160 FIG. 34 is a plot of Mean +/-SD Serum Insulin 
Concentration Following a Single Oral Administration of 
Insulin/4-CNAB Tablets to Fasted or Fed Type 2 Diabetic 
Patients. 
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(0161 FIG. 35 is a plot of Mean +/-SD Serum Insulin 
Concentration Following a Single Oral Administration of 
Insulin/4-CNAB Tablets to Fasted or Fed Type 2 Diabetic 
Patients. 
0162 FIGS. 36-43 are plots of Serum Insulin Concentra 
tion Following a Single Oral Administration of Insulin/4- 
CNAB Tablets to Fasted Type 2 Diabetic Patients Subjects 
101-108, respectively. 
(0163 FIG. 44 is a plot of Mean +/-SD Plasma 4-CNAB 
Concentration Following a Single Oral Tablet Administration 
of Insulin/4-CNAB to Fedor Fasted Type 2 Diabetic Patients. 
(0164 FIG. 45 is a plot of Mean+/-SD Plasma C-Peptide 
Concentration Following a Single Oral Administration of 
Insulin/4-CNAB Tablets to Fed or Fasted Type 2 Diabetic 
Patients. 
0.165 FIG. 46 is a prior art graph showing mean change in 
plasma glucose concentration from baseline for administra 
tion of placebo, glipizide, nateglinide, and glipizide plus 
nateglinide. 
0166 FIG. 47 is a curve showing preliminary Mean (n=6 
or 7, SD) Blood (SuperGL) Glucose Following Oral Glucose 
Tolerance Test on Day 0 and Day 15 Following 14 Days of 
Daily QID Administration of 300 U Insulin/160 mg 4-CNAB 
OR 200 mg 4-CNAB alone. 
0.167 FIGS. 48A and 48B are curves showing preliminary 
Mean and Individual Fasting Blood Glucose Prior to Oral 
Glucose Tolerance Test at Screening and on Day 15 Follow 
ing 14 Days of Daily QID Administration of 300 U Insulin/ 
160 mg 4-CNAB to Type 2 Diabetic Subjects (48A) and 200 
mg 4-CNAB Alone to Type 2 Diabetic Subjects (48B). 
0168 FIGS. 49A and 49B are curves showing preliminary 
Mean and Individual Blood Glucose AUC0-240 min Follow 
ing Oral Glucose Tolerance Test At Screening and on Day 15 
Following 14 Days of Daily QID Administration of 300 U 
Insulin/160 mg 4-CNAB to Type 2 Diabetic Subjects (49A) 
and 200 mg 4-CNAB Alone to Type 2 Diabetic Subjects 
(49B). 
(0169 FIGS.50A and 50B are curves showing preliminary 
Mean and Individual Blood Glucose 2 Hours Following Oral 
Glucose Tolerance Test at Screening and on Day 15 Follow 
ing 14 Days of Daily QID Administration of 300 U Insulin/ 
160 mg 4-CNAB to Type 2 Diabetic Subjects (50A) and 200 
mg 4-CNAB Alone to Type 2 Diabetic Subjects (50B). 
(0170 FIG. 51 is a curve showing preliminary Mean (SD, 
n=6 or 7) Plasma Insulin Concentration Following OGTT at 
Baseline and on Day 15 Following 14 Days of Daily QIDOral 
Doses of 300 U Insulin/160 mg 4-CNAB OR 200 mg 
4-CNAB alone. 
(0171 FIGS. 52A and 52B are curves showing preliminary 
Mean and Individual Plasma Insulin AUCoa, Following 
Oral Glucose Tolerance Test At Screening and on Day 15 
Following 14 Days of Daily QID Administration of 300 U 
Insulin/160 mg 4-CNAB to Type 2 Diabetic Subjects (52A) 
and 200 mg 4-CNAB Alone to Type 2 Diabetic Subjects 
(52B). 
(0172 FIGS. 53A and 53Barebar graphs showing prelimi 
nary Mean and Fasting Blood Glucose and Plasma Insulin 
Prior to Oral Glucose Tolerance Test At Screening and on Day 
15 Following 14 Days of Daily QID Administration of 300 U 
Insulin/160 mg 4-CNAB to Type 2 Diabetic Subjects (53)and 
200 mg 4-CNAB Alone to Type 2 Diabetic Subjects (53B). 
0173 FIGS. 54A and 54B are bargraphs showing prelimi 
nary Mean Blood Glucose and Plasma Insulin 2 Hours Fol 
lowing Oral Glucose Tolerance Test at Screening and on Day 
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15 Following 14 Days of Daily QID Administration of 300 U 
Insulin/160 mg 4-CNAB to Type 2 Diabetic Subjects (54A) 
and 200 mg 4-CNAB Alone to Type 2 Diabetic Subjects 
(54B). 
(0174 FIG.55 is a curve showing preliminary Mean (N=6 
or 7, SD) Blood Glucose Concentration Following Daily 
Mealtime Doses of Oral 300 U Insulin/160 mg 4-CNABOR 
200 mg 4-CNAB Alone to Type 2 Diabetic Subjects. 
(0175 FIG. 56 is a curve showing preliminary Mean (N=6 
or 7, SD) Blood Glucose Concentration Following Daily 
Mealtime Doses of Oral 300 U Insulin/160 mg 4-CNABOR 
200 mg 4-CNAB Alone to Type 2 Diabetic Subjects. 
(0176 FIG. 57 is a curve showing preliminary Mean (N=6 
or 7, SD) Blood Glucose Concentration Following Daily 
Mealtime Doses of Oral 300 U Insulin/160 mg 4-CNABOR 
200 mg 4-CNAB Alone to Type 2 Diabetic Subjects. 
(0177 FIG. 58 is a curve showing preliminary Mean (n=6 
or 7, SD) Plasma Insulin Concentration on Days 0 (baseline), 
1 and 14 Following Daily QID Doses of Oral 300 U Insulin/ 
160 mg 4-CNABOR 200 mg 4-CNAB alone. 
(0178 FIGS.59A and 59B are curves showing preliminary 
Serum Fructosamine on Days 0 and 15 Following 14 Days of 
Daily QID Administration of 300 U Insulin/160 mg 4-CNAB 
to Type 2 Diabetic Subjects (59A) and 200 mg 4-CNAB alone 
(control) to Type 2 Diabetic Subjects (59B). 

DETAILED DESCRIPTION OF THE INVENTION 

0179 Because insulin entry into the bloodstream pro 
duces a decrease in blood glucose levels, oral absorption of 
insulin may be verified by observing the effect on a subject's 
blood glucose following oral administration of the composi 
tion. In a preferred embodiment of the invention, the oral 
dosage forms of the invention facilitate the oral delivery of 
insulin, and after insulin is absorbed into the bloodstream, the 
composition produces a maximal decrease in blood glucose 
in treated type 2 diabetic patients from about 5 to about 60 
minutes after oral administration. In another embodiment of 
the present invention, the pharmaceutical composition pro 
duces a maximal decrease in blood glucose in treated type 2 
diabetic patients from about 10 to about 50 minutes post oral 
administration. More particularly, the pharmaceutical com 
position produces a maximal decrease in blood glucose in 
treated type 2 diabetic patients within about 20 to about 40 
minutes after oral administration. 
0180. The magnitude of the decrease in blood glucose 
produced by insulin absorbed into the bloodstream following 
entry into the gastrointestinal tract varies with the dose of 
insulin. In certain embodiments of the invention, type 2 dia 
betic diabetic patients show a maximal decrease in blood 
glucose by at least 10% within one hour post oral adminis 
tration. In another embodiment, type 2 diabetic diabetic 
patients show a maximal decrease in blood glucose by at least 
20% within one hour post oral administration, alternatively, at 
least 30% within one hour post oral administration. 
0181 Normal levels of blood glucose vary throughout the 
day and in relation to the time since the last meal. One goal of 
the present invention is to provide oral compositions of insu 
lin that facilitate achieving close to normal levels of blood 
glucose throughout the 24-hour daily cycle. In a preferred 
embodiment of the invention, the pharmaceutical composi 
tion includes insulin or an insulin analog as the active agent 
and a delivery agent in an amount effective to achieve a 
fasting blood glucose concentration from about 90 to about 
115 mg/dl. In another preferred embodiment of the invention, 

Jul. 24, 2008 

the pharmaceutical composition includes insulin oran insulin 
analog as the active agent and a delivery agent in an amount 
effective to achieve a fasting blood glucose concentration 
from about 95 to about 110 mg/dl., more preferably, the sub 
ject manifests fasting blood glucose concentrations at about 
100 mg/dl. 
0182. In the time after a meal is consumed, blood glucose 
concentration rises in response to digestion and absorption 
into the bloodstream of carbohydrates derived from the food 
eaten. The present invention provides oral compositions of 
insulin that prevent or control very high levels of blood glu 
cose from being reached and/or Sustained. More particularly, 
the present invention provides compositions which facilitate 
achieving normal levels of blood glucose after a meal has 
been consumed, i.e., post-prandial. In a preferred embodi 
ment of the invention, the pharmaceutical composition 
includes insulin as the active agent and a delivery agent in an 
amount effective to achieve a post-prandial blood glucose 
concentration from about 130 to about 190 mg/dl. In another 
preferred embodiment of the invention, the pharmaceutical 
composition includes insulin oran insulin analog as the active 
agent and a delivery agent in an amount effective to achieve a 
post-prandial blood glucose concentration from about 150 to 
about 180 mg/dl., more preferably, the subject manifests fast 
ing blood glucose concentrations at less than about 175 
mg/dl. 
0183 The present invention provides pharmaceutical 
compositions for oral administration which includes insulin 
oran insulin analog as the active agent and a delivery agent in 
an amount effective to achieve pre-prandial (before a meal is 
consumed) blood glucose concentration from about 90 to 
about 125 mg/dl. In a preferred embodiment, the present 
invention provides pharmaceutical compositions for oral 
administration which includes insulin or an insulin analog as 
the active agent and a delivery agent in an amount effective to 
achieve pre-prandial blood glucose concentration from about 
100 to about 115 mg/dl. 
0.184 The present invention provides pharmaceutical 
compositions for oral administration which include insulinas 
the active agent and a delivery agent in an amount effective to 
achieve blood glucose concentrations within the normal 
range during the evening period from about 70 to about 120 
mg/dl. In a preferred embodiment, the present invention pro 
vides pharmaceutical compositions for oral administration 
which include insulin or an insulin analog as the active agent 
and a delivery agent in an amount effective to achieve blood 
glucose concentrations at about 4 hours after bed time from 
about 80 to about 120 mg/dl. 
0185. In general, the present invention provides a method 
of administering insulin and pharmaceutical compositions 
useful for administering insulin Such that the insulin is bio 
available and biopotent. The delivery agent enables insulin to 
be orally absorbable through the mucosa of the stomach and 
facilitates the absorption of insulin administered therewith 
(either in the same dosage form, or simultaneously there 
with), or sequentially (in either order, as long as both the 
delivery agent and insulin are administered within a time 
period which provides both in the same location, e.g., the 
stomach, at the same time). Following oral administration of 
the pharmaceutical compositions of the present invention, the 
delivery agent passes though the mucosal barriers of the gas 
trointestinal tract and is absorbed into the blood stream where 
it can be detected in the plasma and/or blood of subjects. The 
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level of delivery agent in the bloodstream as measured in the 
plasma and/or blood is dose-dependent. 
0186 By virtue of the present invention, the ratio of portal 
(unmodified) insulin concentration to systemic (unmodified) 
insulin concentration approaches in human diabetic patients 
approaches that which is obtained in normal healthy humans. 
The chronic administration of oral dosage forms of the 
present invention result in a higher portal insulin concentra 
tion and lower systemic insulin concentration over time than 
that obtained with an equi-effective dose of insulin adminis 
tered subcutaneously (i.e., which provide similar control of 
blood glucose levels). Transient peaks in insulin levels that 
may occur by virtue of the oral administration of insulin in 
accordance with the present invention is not believed to be 
associated with vascular diseases. 

0187. By virtue of the chronic administration of oral dos 
age forms of the present invention instead of equi-effective 
Subcutaneous doses of insulin, lower levels of hyperinsuline 
mia are obtained, e.g., systemic insulin concentrations are at 
least about 20% lower when compared to a comparably effec 
tive subcutaneous dose of insulin. Therefore, the present 
invention provides a method for reducing the incidence and/ 
or severity of systemic hyperinsulinemia associated with 
chronic dosing of insulin, and it is believed that the present 
invention also provides a method for reducing the incidence 
and/or severity of one or more disease states associated with 
chronic dosing of insulin. 
0188 By virtue of the chronic administration of oral dos 
age forms of the present invention, the patient achieves 
improved glucose tolerance and glycemic control as com 
pared with baseline levels prior to treatment, even without any 
statistically significant increase in weight, risk of hypoglyce 
mia or risk of hyperinsulinemia over the treatment period. 
Further, by virtue of the chronic administration of oral dosage 
forms of the present invention, the patient achieves improved 
insulin utilization, insulin sensitivity insulin secretion capac 
ity and HbAc levels as compared with baseline levels prior to 
treatment. 

0189 It is also believed that the chronic administration of 
oral dosage forms of the present invention to replace the 
endogenous insulin production in a mammal with impaired 
glucose tolerance or early stage diabetes mellitus will result 
in prophylactically sparing the function of the mammal’s 
B-cells or will prevent death or dysfunction of the mammal’s 
B-cells, and will thereby provide long-term protection to the 
mammal from developing overt or insulin dependent diabe 
tes, or will delay the onset of overt or insulin dependent 
diabetes in the mammal. 
0190. The preferred pharmaceutical compositions of the 
invention comprise a combination of insulin and a delivery 
agent in a Suitable pharmaceutical carrier or excipient as 
understood by practitioners in the art. The means of delivery 
of the pharmaceutical composition can be, for example, a 
capsule, compressed tablet, pill, Solution, freeze-dried, pow 
der ready for reconstitution or Suspension Suitable for admin 
istration to the subject. 
0191 Thus, in certain preferred embodiments of the 
present invention, the oral insulin formulations of the inven 
tion may be administered to a patient at meal time, and pref 
erably slightly before (e.g., about 10-30 minutes before) 
ingestion of a meal. Such that the peak plasma insulin con 
centrations are attained at or about the time of peak blood 
glucose concentrations resulting from the meal. As a further 
advantage in certain preferred embodiments, the administra 
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tion of a relatively short-acting insulin (e.g., Such as the 
insulin used to prepare the capsules administered in the clini 
cal studies reported in the appended examples) will further 
result in plasma insulin levels returning to baseline levels 
within about 4 hours (and preferably within about 3 hours or 
less) after oral administration of the insulin formulations of 
the present invention. 
0.192 As used herein, “insulin refers to insulin from a 
variety of Sources. Naturally occurring insulin and structur 
ally similar bioactive equivalents (insulin analogues includ 
ing short acting and analogues with protracted action) can be 
used. Insulin useful in the invention can be may be obtained 
by isolating it from natural Source. Such as different species of 
mammal. For example, animal insulin preparations extracted 
from bovine or porcine pancreas can be used. Insulin ana 
logues, fragments, mimetics or polyethylene glycol (PEG)- 
modified derivatives of these compounds, derivatives and 
bioequivalents thereof can also be used with the invention. 
0193 The insulin used in the present invention may be 
obtained by chemically synthesizing it using protein chemis 
try techniques such as peptide synthesis, or by using the 
techniques of molecular biology to produce recombinant 
insulin in bacteria or eukaryotic cells. The physical form of 
insulin may include crystalline and/or amorphous solid 
forms. In addition, dissolved insulin may be used. Other 
Suitable forms of insulin, including, but not limited to, Syn 
thetic forms of insulin, are described in U.S. Pat. Nos. 4,421, 
685, 5,474,978, and 5,534,488, the disclosure of each of 
which is hereby incorporated by reference in its entirety. 
0194 The most preferred insulin useful in the pharmaceu 
tical compositions and methods of the present invention is 
human recombinant insulin optionally having counter ions 
including Zinc, Sodium, calcium and ammonium or any com 
bination thereof. Human recombinant insulin can be prepared 
using genetic engineering techniques that are well known in 
the art. Recombinant insulin can be produced in bacteria or 
eukaryotic cells. Functional equivalents of human recombi 
nant insulin are also useful in the invention. Recombinant 
human insulin can be obtained from a variety of commercial 
Sources. For example, insulin (Zinc, human recombinant) can 
be purchased from Calbiochem (San Diego, Calif.). Alterna 
tively, human recombinant Zinc-Insulin Crystals: Proinsulin 
Derived (Recombinant DNA Origin) USP Quality can be 
obtained from Eli Lilly and Company (Indianapolis, Ind.). All 
Such forms of insulin, including insulin analogues (including 
but not limited to Insulin Lispro, Insulin Aspart, Insulin 
Glargine, and Insulin Detemir) are deemed for the purposes 
of this specification and the appended claims are considered 
to be encompassed by the term “insulin.” The present inven 
tion also provides compositions of recombinant human Zinc 
insulin and a delivery agent as a drug for oral administration 
of insulin in humans. 

0.195. In other preferred embodiments of the invention, the 
insulin is a modified insulin, such as that conjugated with an 
oligomer such as that described in U.S. Pat. No. 6,309.633 
and/or which not has been subjected to amphiphilic modifi 
cation such as that described in U.S. Pat. Nos. 5,359,030; 
5,438,040; and/or 5,681,811. The conjugated (modified) 
insulin may be incorporated into the oral formulations of the 
present invention in addition to or in the absence of any of the 
types of insulin described above, as well as with other insulin 
analogues. In Such embodiments, the oral formulations 
include the modified insulin either with or without a pharma 
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ceutically acceptable delivery agent that facilitates absorp 
tion of said insulin from the gastrointestinal tract. 
0196. The total amount of insulin to be used can be deter 
mined by those skilled in the art. It is preferable that the oral 
dosage form comprise a therapeutically effective amount of 
insulin, i.e., a pharmacologically or biologically effective 
amount, or an amount effective to accomplish the purpose of 
insulin. The dose of insulin administered should preferably be 
in Such an amount that, upon oral administration, it results in 
a measurable and statistically significant reduction in blood 
glucose levels in normal healthy human Subjects. 
0.197 However, the amount can be less than a pharmaco 
logically or biologically effective amount when the compo 
sition is used in a dosage unit form, such as a tablet, because 
the dosage unit form may contain a multiplicity of delivery 
agent/biologically or chemically active agent compositions 
or may contain a divided pharmacologically or biologically 
effective amount. The total effective amounts can then be 
administered in cumulative units containing, in total, phar 
macologically, biologically or chemically active amounts of 
biologically or pharmacologically active agent. 
0.198. It has been found that the use of the presently dis 
closed delivery agent provides extremely efficient delivery of 
insulin. Preferred insulin doses contained in one or more 
dosage forms, when dosed in combination with the delivery 
agents described herein, are about 50 to about 600 insulin 
Units USP (from about 2 to about 23 mg), preferably from 
about 100 Units (3.8 mg) to about 450 Units (15.3 mg), more 
preferably from about 200 Units (7.66 mg) to about 350 Units 
(13.4 mg), and still more preferably about 300 Units (11.5 
mg), based on the accepted conversion of factor of 26.11 
Units per mg. 
0199 Presently, different forms of typically subcutane 
ously-administered insulin preparations have been developed 
to provide different lengths of activity (activity profiles), 
often due to ingredients administered with insulin, ranging 
from short or rapid activity (e.g., Solutions of regular, crys 
talline Zinc insulin for injection; semilente insulin (prompt 
insulin Zinc suspension); intermediate activity (e.g., NPH 
(isophane insulin Suspension; lente (insulin Zinc suspension; 
lente is a mixture of crystallized (ultralente) and amorphous 
(semilente) insulins in an acetate buffer); and slow activity 
(ultralente, which is extended insulin Zinc suspension; prota 
mine Zinc). Short-acting insulin preparations that are com 
mercially available in the U.S. include regular insulin and 
rapid-acting insulins. Regular insulin has an onset of action of 
30-60 minutes, peak time of effect of 1.5 to 2 hours, and a 
duration of activity of 5 to 12 hours. Rapid acting insulins, 
Such as aspart (Humalog(R)/lispro (Novolog(R), have an onset 
of action of 10-30 minutes, peak time of effect of 30-60 
minutes, and a duration of activity of 3 to 5 hours. Interme 
diate-acting insulins, such as NPH (neutral protamine Hage 
dorn) and Lente insulins (insulin Zinc suspension), have an 
onset of action of 1-2 hours, peak time of effect of 4 to 8 hours, 
and a duration of activity of 10 to 20 hours. In the case of 
long-acting insulins, Ultralente insulin has an onset of action 
of 2-4 hrs, peak time of effect of 8-20hours, and a duration of 
activity of 16 to 24 hours, while Glargine insulin has an onset 
of action of 1 to 2 hours, a duration of action of 24 hours but 
no peak effect. 
0200. There are over 180 individual insulin preparations 
available world-wide. Approximately 25% of these are 
soluble insulin (unmodified form); about 35% are basal insu 
lins (mixed with NPH or Lente insulins, increased p, or 

Jul. 24, 2008 

isoelectric point (insulin glargine), or acylation (insulin 
detemir); these forms have reduced solubility, slow subcuta 
neous absorption and long duration of action relative to 
soluble insulins); about 2% are rapid-acting insulins (e.g., 
which are engineered by amino-acid change, and have 
reduced self-association and increased Subcutaneous absorp 
tion); and about 38% pre-mixed insulins (e.g., NPH/soluble/ 
rapid-acting insulins; these preparations have the benefit, 
e.g., of reduced number of daily injections). In many cases, 
regimens that use insulin in the management of diabetes 
combine long-acting and short-acting insulin. 
0201 It is contemplated that the oral insulin formulations 
of the present invention, which include insulin preferably 
together with a pharmaceutically acceptable delivery agent 
that facilitates absorption of said insulin from the gastrointes 
tinal tract, may be utilized in combination therapy to include 
an insulin that has rapid action, intermediate action, and/or 
slow action, as described above, in order to provide effective 
basal insulin levels in the diabetic patient. The rate of action 
of the insulin may be caused by virtue of its solubility, and/or 
by virtue of its half-life, etc. Thus, in alternative embodi 
ments, the oral formulations of the present invention may be 
designed to provide the intermediate activity which is found 
with, e.g., a Subcutaneously administered NPH insulin, or a 
slow action which is found with protamine Zinc insulin. In 
each case, the oral formulations of the invention, which pref 
erably include a pharmaceutically acceptable delivery agent 
which facilitates absorption of the insulin (as described 
herein) provide effective control of blood glucose levels, 
albeit for different time periods and with different plasma 
glucose time curves. 
0202 Intermediate-acting and long-acting insulin may be 
prepared using methodologies known to those skilled in the 
art to provide a continuous level of insulin, similar to the slow, 
steady (basal) secretion of insulin provided by the normal 
pancreas. For example, LantuSR, from Aventis Pharmaceuti 
cals Inc., is a recombinant human insulin analog that is a 
long-acting, parenteral blood-glucose-lowering agent whose 
longer duration of action (up to 24 hours) is directly related to 
its slower rate of absorption. Lantus(R) is administered subcu 
taneously once a day, preferably at bedtime, and is said to 
provide a continuous level of insulin, similar to the slow, 
steady (basal) secretion of insulin provided by the normal 
pancreas. The activity of Such a long-acting insulin results in 
a relatively constant concentration/time profile over 24 hours 
with no pronounced peak, thus allowing it to be administered 
once a day as a patient's basal insulin. Such long-acting 
insulin has a long-acting effect by virtue of its chemical 
composition, rather than by virtue of an addition to insulin 
when administered. 

0203. In a preferred embodiment, administration of the 
pharmaceutical formulation comprising long-acting insulin 
is once or twice a day. In a preferred embodiment, adminis 
tration of the dosage form providing short-acting insulin 
effect can be once, twice, three times, four times or more than 
four times daily, and can be at nighttime, in the morning 
and/or preprandially. In a more preferred embodiment, 
administration of the dosage form is preferably at nighttime 
or morning and three times preprandially, and more prefer 
ably is at nighttime and preprandially for breakfast, lunch and 
dinner. Preferably, the insulin formulations are administered 
to Such human patients on a chronic basis, e.g., for at least 
about 2 weeks. 
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0204. In other embodiments of the invention, the oral for 
mulations include an insulin conjugated with an oligomer 
such as that described in U.S. Pat. No. 6,309,633 and/or 
which not has been subjected to amphiphilic modification 
such as that described in U.S. Pat. Nos. 5,359,030; 5,438,040: 
and/or 5,681,811. The conjugated (modified) insulin may be 
incorporated into the oral formulations of the present inven 
tion in addition to or in the absence of any of the types of 
insulin described above, as well as with other insulin ana 
logues. In such embodiments, the oral formulations prefer 
ably include the modified insulin together with a pharmaceu 
tically acceptable delivery agent which facilitates absorption 
of said insulin from the gastrointestinal tract. 
0205 Oral administrable drugs currently available for 
management of type 2 diabetes fall into two general catego 
ries: those that increase insulin Supply (sulfonylureas, other 
secretagogues and insulin itself) and those that decrease insu 
lin resistance or improve its effectiveness (biguanides, thia 
Zolidinediones). See The Medical Letter, Volume 1, Issue 1, 
September 2002, Treatment Guidelines, Drugs for Diabetes. 
Oral Sulfonylurea secretagogues include the first and second 
generation insulin secretagogues which are believed to inter 
act with ATP-sensitive potassium channels in the beta cell 
membrane to increase secretion of insulin. The more com 
monly used second-generation agents (glyburide, glipizide, 
and glimepiride), which are more potent than the first-gen 
eration drugs (acetohexamide, chlorpropamide, tolbutamide, 
and tolaZamide), are similar to each other in efficacy, but 
differ in dosage and duration of action. 
0206 Typically, Such secretagogues are useful for increas 
ing insulin levels sufficiently to achieve desired basal insulin 
levels in patients with early stages of type II diabetes, who are 
still able to produce their own insulin. However, it is unlikely 
that such secretagogues would be useful for increasing insu 
lin levels sufficiently to achieve desired basal insulin levels in 
patients with later stages of type II diabetes, who have very 
little pancreatic function left and produce very little insulin 
endogenously. In Such patients, the basal insulin levels are 
achieved, e.g., via the use of subcutaneous injections of insu 
lin (such as a long-acting insulin, for example Lantus(R). 
0207. In certain embodiments of the present invention, the 
oral insulin formulations include one or more of the various 
types of secretagogues mentioned above in addition to a type 
of insulinas described above. For example, with respect to the 
first generation Sulfonylureas, tolbutamide (OrinaseR) has an 
onset of action of one (1) hour and a duration of action of 6-12 
hours, and is usually given in a dose of 1000 mg to 2000 mg 
in divided daily doses (maximum daily dose, 3000 mg/day). 
Tolazamide (Tolinase(R) has an onset of action of 4-6 hours 
and a duration of action of 10-14 hours, and is usually given 
in a dose of 250 mg to 500 mg either once or individed daily 
doses (1000 mg/day). Acetohexamide (Dymelor(R) has an 
onset of action of one (1) hour and a duration of action of 
10-14 hours, and is usually given in a dose of 500 mg to 750 
mg either once or individed daily doses (maximum daily dose 
1500 mg/day). Chlorpropamide (Diabinese(R) has an onset of 
action of one hour and a duration of action of 72 hours, and is 
usually given in a dose of 250 mg to 375 mg once a day 
(maximum daily dose, 750 mg/day). 
0208. With respect to the second generation sulfonylureas, 
glyburide (DiaBetaR); Micronase(R); Glynase(R) has an onset 
of action of 1.5 hours and a duration of action of 18-24 hours. 
It is usually given in a dose of 5 to 20 mg either once or in 
divided daily doses (maximum daily dose, 20 mg/day). Glip 
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izide (GlucotrolR) has an onset of action of one hour and a 
duration of action of 10-24 hours. It is usually given in a dose 
of 10 to 20 mg either once or in divided daily doses (maxi 
mum daily dose, 40 mg/day). Glimepiride (Amary1R) has an 
onset of action of 2 hours and a duration of action of 18-28 
hours. It is usually administered in a dose of 1 to 4 mg once a 
day (maximum daily dose, 8 mg/day). Lastly, gliclaZide 
(Diamicron(R) is usually administered in a dose of 40 to 80 
mg per day (maximum daily dose, 320 mg). 
0209 Oral non-sulfonylurea secretagogues, such as repa 
glinide and nateglinide, although structurally different from 
the sulfonylureas, also bind to ATP-sensitive potassium chan 
nels on beta-cells and increase insulin release. SeeThe Medi 
cal Letter, Volume 1, Issue 1, September 2002, Treatment 
Guidelines, Drugs for Diabetes. Both repaglinide and nateg 
linide are rapidly absorbed, resulting in plasma levels of 
insulin that peak within 30 to 60 minutes and return to base 
line before the next meal. These drugs must be taken before 
each meal; if a meal is missed, the drug should be omitted. 
Repaglinide and nateglinide are much more expensive than 
Sulfonylureas, but repaglinide may be a useful alternative to a 
Sulfonylurea in patients with renal impairment (because it is 
cleared primarily by hepatic metabolism) or in patients who 
eat sporadically. Hypoglycemia may be slightly less frequent 
with nateglinide and repaglinide than with Sulfonylureas, but 
data are limited. Nateglinide (Starlix(R) stimulates pancreatic 
insulin secretion within 20 minutes of oral administration. 
Following oral administration immediately prior to a meal, 
nateglinide is rapidly absorbed with a mean peak plasma drug 
concentration (C) generally occurring within one hour 
(t) after dosing. When nateglinide is dosed three times 
daily before meals, there is a rapid rise in plasma insulin, with 
peak levels approximately one (1) hour after dosing and a fall 
to baseline by four (4) hours after dosing. Nateglinide is 
usually administered in a dose of 60 to 120 mg three times 
daily before meals (maximum daily dose, 360 mg/day). When 
given with or after meals, the extent of nateglinide absorption 
(AUC) remains unaffected. However, there is a delay in the 
rate of absorption characterized by a decrease in Cmax and a 
delay in time to peak plasma concentration (t). Similarly, 
repaglinide (Prandinr) is rapidly and completely absorbed 
from the gastrointestinal tract following oral administration. 
After single and multiple oral doses in healthy Subjects or in 
patients, peak plasma drug levels (C) occur within 1 hour 
(t). Repaglinide is usually administered in a dose of 1 to 4 
mg three times a day before meals (maximum daily dose, 16 
mg/day). When repaglinide was given with food, the mean 
t was not changed, but the mean Cand AUC (area under 
the time/plasma concentration curve) were decreased 20% 
and 12.4%, respectively. 
0210. In addition, long-term administration of specific 
inhibitors of dipeptidyl peptidase IV (DP IV), so as to 
enhance circulating active potent insulin secretagogues glu 
cose-dependent insulinotropic polypeptide (GIP) and gluca 
gon-like peptide-1 (GLP-1) levels, has been shown to 
improve glucose tolerance and beta-cell glucose responsive 
ness and to reduce hyperinsulinemia in the Vancouver dia 
betic fatty (VDF) rat model of type 2 diabetes. Long-term 
treatment with dipeptidyl peptidase IV inhibitor improves 
hepatic and peripheral insulin sensitivity in the VDF Zucker 
rat: a euglycemic-hyperinsulinemic clamp study. Diabetes 
2002 September; 51(9):2677-2683. Pospisilik JA, Stafford S 
G, Demuth HU, McIntosh CH, Pederson RA. Upon release 
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into the circulation, GIP and GLP-1 are rapidly cleaved and 
inactivated by the enzyme DP IV. 
0211 With respect to anti-diabetic drugs currently avail 
able for management of type 2 diabetes that decrease insulin 
resistance or improve its effectiveness, biguanides, which 
decrease the amount of glucose made by the liver, and thia 
Zolidinediones, which make the patient more sensitive to 
insulin, are oral hypoglycemic agents that are currently used 
clinically for improving insulin resistance. Biguanides, such 
as Metformin (Glucophage(R) and Glucophage(R) XR by Bris 
tol-Myers Squibb Company of Princeton, N.J.), which is the 
only biguanide available for therapeutic use, decreases 
hepatic glucose production (gluconeogenesis), decreases 
intestinal absorption of glucose and improves insulin sensi 
tivity by increasing peripheral glucose uptake and utilization. 
There is no fixed dosage of Glucophage R for the manage 
ment of hyperglycemia, and dosage must be individualized 
based upon effectiveness and tolerance, while not exceeding 
the maximum recommended daily dose of 2550 mg in adults 
and 2000 mg in pediatric patients, once or individed doses. In 
general, clinically significant results are not seen at doses 
below 1500 mg per day. However, a lower recommended 
starting dose and gradually increased dosage is advised in 
order to minimize gastrointestinal symptoms. 
0212. Thiazolidinediones improve sensitivity to insulin in 
muscle and adipose tissue and inhibit hepatic gluconeogen 
esis, and thus depend on the presence of insulin for their 
action. The two currently approved thiazolidinedione com 
pounds are pioglitaZone (ActoSR) by Takeda Pharmaceuticals 
America, Inc. of Lincolnshire, Ill.) and rosiglitaZone (Avan 
dia(R) by GlaxoSmithKline of Research Triangle Park, N.C.). 
ActoSR) also improves hepatic sensitivity to insulin and 
improves dysfunctional glucose homeostasis. ActoSR) is first 
measurable in serum, following oral administration in the 
fasting state, within 30 minutes, with peak concentrations 
observed within2 hours. Food slightly delays the time to peak 
serum concentration to 3 to 4 hours but does not alter the 
extent of absorption. ActoSR) is usually given once daily with 
out regard to meals, and dosage must be individualized based 
upon HbA for a period of time adequate to evaluate changes 
in Hb A. Monotherapy dosage in patients not adequately 
controlled with diet and exercise may be initiated at 15 mg or 
30 mg and can be increased incrementally up to 45 mg (maxi 
mum dose 45 mg per day). Avandia(R) reaches peak plasma 
concentrations within about 1 hour after dosing, and admin 
istration with food results in no change in overall exposure 
(AUC) but results in a 28% decrease in maximum plasma 
concentrations and a delay of the time to reach peak plasma 
concentrations to about 1.75 hours after dosing. Dosage of 
Avandia(R) must be individualized, and Avandia(R) may be 
administered either at a starting dose of 4 mg as a single daily 
dose or divided and administered twice a day with or without 
food. For patients who respond inadequately, as determined 
by reduction in fasting blood glucose, the dose may be 
increased to 8 mg daily (maximum dose 8 mg per day). 
0213. In certain preferred embodiments of the invention, 
the oral formulations of the invention provide two forms of 
insulin having different activity rates in order to simulate the 
biphasic release of insulin in non-diabetic humans. For 
example, such oral formulations may include a rapid-acting 
form of insulin together with a slow acting form of insulin so 
as to provide a first peak of insulin which occurs rapidly and 
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is short-lived, followed by a second peak of insulin which 
occurs at a later time, but which preferably has a longer 
duration. 
0214. In further alternatively preferred embodiments of 
the invention, the oral formulations of the invention include a 
rapid-acting form of insulin together with a secretagogue that 
promotes the secretion of insulin from the beta-cells at a time 
and to an extent which mimics the second phase release of 
insulin in non-diabetic humans. 
0215. In alternatively preferred embodiments of the inven 
tion, the methods of insulin administration of the invention 
provide two separate forms of insulin having different activity 
rates in order for the regimen to simulate the biphasic release 
of insulin in non-diabetic humans. For example, the oral 
formulations may include a rapid-acting form of insulin so as 
to provide a first peak of insulin which occurs rapidly and is 
short-lived. Such fast-acting effect may be provided by the 
delivery agent that facilitates the absorption of insulin from 
the gastrointestinal tract. The slow acting form of insulin 
provides a second peak of insulin that occurs at a later time but 
that preferably has a longer duration. Such slower acting 
insulin may be provided by a separate dosage form, which 
may be administered orally or Subcutaneously. 
0216. In further embodiments of the present invention, the 
oral dosage forms described herein are orally administered as 
described herein in combination with an additional therapy to 
treat diabetes, impaired glucose tolerance, or to achieve glu 
cose homeostasis, said additional therapy comprising, for 
example, an additional drug such as a Sulfonylurea, a bigu 
anide (such as Metformin), an alpha-glucosidase, insulin 
delivered via a different pathway (e.g., parenteral insulin), 
and/or an insulin sensitizer Such as thiazolidinedione. 

0217. In further embodiments of the invention, the oral 
dosage forms described herein reduce the likelihood of 
hypoglycemic events. Hypoglycemia usually results from a 
mismatch between insulin levels and degree of glycemia, e.g., 
when the administration of insulin and the ingestion of the 
meal are not timed Such that the insulin peak occurs at peak 
glycemia, and administration of insulin shortly before a meal 
is more practical for a patient and is also safer, because 
glucose is ingested soon thereafter. The risk of hypoglycemia 
is lowered mainly due to the portal-physiologic route of 
administration of oral insulin. One cannot hyperinsulinize the 
liver, because, even under hyperinsulinemic condition, the 
uptake of glucose by the liver will be unchanged. Unlike the 
peripheral tissue, the pancreas will not sequester additional 
glucose but rather will only cease producing endogenous 
insulin. Second, the brief peak of insulin that results from the 
oral composition described herein shows that, even if insulin 
were to reach high peripheral levels, the peak quickly drops 
precipitously. 
0218. In addition, further embodiments of the oral dosage 
forms described herein avoid the risk of hypoglycemic events 
that may occur in certain short acting insulin formulations, 
which may, between the time of administration of insulin and 
the time of ingestion of the meal, contribute to a lowering of 
blood glucose to a level that could range from undesirable to 
clinically hypoglycemic. In the oral dosage forms disclosed 
herein, dosing closer to a meal eliminated the dip in blood 
glucose levels, which was precarious by itself. The effect 
seems to have also translated to lowering of the Subsequent 
glucose excursion 
0219. In preferred embodiments of the dosage forms 
described herein, in the absence of a delivery agent, the dose 
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of insulin is not sufficiently absorbed when orally adminis 
tered to a human patient to provide a desirable therapeutic 
effect but said dose provides a desirable therapeutic effect 
when administered to said patient by another route of admin 
istration. Previous disclosures by Emisphere Technologies, 
Inc. solved the problem of oral absorption of insulin by pro 
viding delivery agents that facilitate transport of insulin 
through the gut wall and into the bloodstream where the 
insulin can perform its biological function. As a result, effec 
tive oral drug delivery methods are provided to increase the 
oral bioavailability and absorption of insulin, which is cur 
rently administered parenterally. 
0220. The invention is thus directed to an methods involv 
ing oral administration of a dosage form comprising insulin 
together with a pharmaceutically acceptable delivery agent 
that serves to render the insulin orally absorbable through the 
gastrointestinal mucosa, the delivery agent being present in 
an amount effective to facilitate the absorption of said insulin, 
such that a therapeutically effective amount of said dose of 
insulin is absorbed from the gastrointestinal tract of human 
diabetic patients. This allows the oral dosage form to be dosed 
much closed to a meal than was previously taught. 
0221. In preferred embodiments, the oral dosage forms of 
the present invention comprise a mixture of insulin and a 
delivery agent, e.g., monosodium N-(4-chlorosalicyloyl)-4- 
aminobutyrate (4-CNAB), a novel compound discovered by 
Emisphere Technologies, Inc., or separately containing insu 
lin and the delivery agent. 
0222. In other preferred embodiments, the delivery agents 
used in the invention have the following structure: 

OH O 

OH 
N ~ 

2 H O A 
wherein X is one or more of hydrogen, halogen, hydroxyl or 
C-C alkoxy, and R is substituted or unsubstituted C-C, 
alkylene, Substituted or unsubstituted C-C alkenylene. 
0223) In certain preferred embodiments, the delivery 
agents of the invention preferably have the following struc 
ture: 

OH O 

R OH 

r 
H O 

X 

wherein X is halogen, and R is substituted or unsubstituted 
C-C, alkylene, substituted or unsubstituted C-C, alk 
enylene. 
0224. In a preferred embodiment of the present invention, 
the pharmaceutical composition includes a delivery agent 
wherein X is chlorine and R is C. alkylene. In another pre 
ferred embodiment of the present invention, the pharmaceu 
tical composition includes the compound 4-(4-chloro, 2-hy 
droxybenzoyl)aminobutanoic acid as a delivery agent for the 
oral delivery of insulin, preferably the monosodium salt 
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thereof. In preferred embodiments, the oral dosage forms of 
the present invention comprise a mixture of insulin and a 
delivery agent, e.g., monosodium N-(4-chlorosalicyloyl)-4- 
aminobutyrate (4-CNAB), a novel compound discovered by 
Emisphere Technologies, Inc., or separately containing insu 
lin and the delivery agent. 
0225. The delivery agents may be in the form of the car 
boxylic acid or salts thereof. Suitable salts include, but are not 
limited to, organic and inorganic salts, for example alkali 
metal salts, such as Sodium, potassium and lithium; alkaline 
earth metal salts, such as magnesium, calcium or barium; 
ammonium salts; basic amino acids, such as lysine or argin 
ine; and organic amines, such as dimethylamine or pyridine. 
Preferably, the salts are sodium salts. The salts may be mono 
or multi-valent salts, such as monosodium salts and di-so 
dium salts. The salts may also be solvates, including ethanol 
Solvates, and hydrates. 
0226. Other suitable delivery agents that can be used in the 
present invention include those delivery agents described 
U.S. Pat. Nos. 5,650,386, 5,773,647, 5,776,888, 5,804,688, 
5,866,536, 5,876,710, 5,879,681, 5,939,381, 5,955,503, 
5,965,121, 5,989,539, 5,990,166, 6,001,347, 6,051,561, 
6,060,513, 6,090,958, 6,100,298, 5,766,633, 5,643,957, 
5,863,944, 6,071,510 and 6,358,504, the disclosure of each of 
which is incorporated herein by reference. Additional suit 
able delivery agents are also described in International Pub 
lications Nos. WOO1/341 14, WO 01/21073, WO 01/41985, 
WOO1/32130, WO 01/32596, WO 01/44.199, WO 01/51454, 
WO 01/25704, WO 01/25679, WO 00/50386, WO 02/02509, 
WO 00/47188, WO 00/07979, WO 00/06534, WO 98/25589, 
WO 02/19969, WO 00/598.63, WO95/28838, WO 02/19969, 
WO 02/20466, WO 02/069937 and WO 02/070438, the dis 
closure of each of which is incorporated herein by reference. 
0227 Salts of the delivery agent compounds of the present 
invention may be prepared by methods known in the art. For 
example, sodium salts may be prepared by dissolving the 
delivery agent compound in ethanol and adding aqueous 
Sodium hydroxide. 
0228. The compounds described herein may be derived 
from amino acids and can be readily prepared from amino 
acids by methods known by those with skill in the art based 
upon the present disclosure and the methods described in 
International Publications Nos. WO 96/30036, WO 
97/36480, WO 98/34632 and WO 00/07979, and in U.S. Pat. 
Nos. 5,643,957 and 5,650,386, the disclosure of each of 
which is incorporated herein by reference. For example, the 
compounds may be prepared by reacting the single amino 
acid with the appropriate acylating or amine-modifying 
agent, which reacts with a free amino moiety present in the 
amino acid to form amides. Protecting groups may be used to 
avoid unwanted side reactions as would be known to those 
skilled in the art. 
0229. The delivery agents may also be prepared by the 
methods of International Patent Publications Nos. WO 
02/02509 and WO 03/057170, the disclosure of each of which 
is incorporated herein by reference. 
0230. The delivery agents may also be prepared by alky 
lation of the appropriate salicylamide according to the meth 
ods of International Publication No. WO 00/46182, the dis 
closure of which is incorporated herein by reference. The 
salicylamide may be prepared from Salicylic acid via the ester 
by reaction with Sulfuric acid and ammonia. 
0231. In addition, polyamino acids and peptides compris 
ing one or more of these compounds may be used. An amino 
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acid is any carboxylic acid having at least one free amine 
group and includes naturally occurring and synthetic amino 
acids. Polyamino acids are either peptides (which are two or 
more amino acids joined by a peptide bond) or are two or 
more amino acids linked by a bond formed by other groups 
which can be linked by, e.g., an ester oran anhydride linkage. 
Peptides can vary in length from dipeptides with two amino 
acids to polypeptides with several hundred amino acids. 
0232. The delivery agent compound may be purified by 
recrystallization or by fractionation on one or more solid 
chromatographic Supports, alone or linked in tandem. Suit 
able recrystallization solvent systems include, but are not 
limited to, ethanol, water, heptane, ethyl acetate, acetonitrile, 
methanol and tetrahydrofuran and mixtures thereof. Fraction 
ation may be performed on a suitable chromatographic Sup 
port Such as alumina, using methanol/n-propanol mixtures as 
the mobile phase; reverse phase chromatography using trif 
luoroacetic acid/acetonitrile mixtures as the mobile phase; 
and ion exchange chromatography using water or an appro 
priate buffer as the mobile phase. When anion exchange chro 
matography is performed, preferably a 0-500 mM sodium 
chloride gradient is employed. 
0233. Following oral administration of the pharmaceutical 
compositions of the present invention, the delivery agent 
passes though the mucosal barriers of the GI tract and is 
absorbed into the blood stream where it can be detected in the 
plasma of Subjects. The delivery agent facilitates the absorp 
tion of the drug (active agent) administered therewith (either 
in the same dosage form, or simultaneously therewith), or 
sequentially (in either order, as long as both the delivery agent 
and the drug are administered within a time period which 
provides both in the same location, e.g., the stomach, at the 
same time). The mechanism by which 4-CNAB facilitates the 
gastrointestinal absorption of insulin has not yet been fully 
elucidated. The current working hypothesis is that 4-CNAB 
interacts with insulin non-covalently, creating more favorable 
physicochemical properties for absorption. This working 
hypothesis is provided for explanation purposes only and is 
not intended to limit the present invention or the appended 
claims in any way. 
0234. The amount of delivery agent in the present compo 
sition is a delivery effective amount and can be determined for 
any particular delivery agent/insulin combination by methods 
known to those skilled in the art. The amount of delivery agent 
necessary to adequately deliver the therapeutic amount of 
insulin into the blood stream of a subject needing the thera 
peutic effect of insulin may vary depending on one or more of 
the following; the chemical nature of insulin; the chemical 
structure of the particular delivery agent; the nature and 
extent of interaction between insulin and delivery agent; the 
nature of the unit dose, i.e., Solid, liquid, tablet, capsule or 
Suspension; the concentration of delivery agent in the GI 
tract; the feeding state of the subject; the diet of the subject; 
the health of the subject and the ratio of delivery agent to 
insulin. In certain preferred embodiments of the invention, 
the amount of the delivery agent preferred for the pharma 
ceutical composition and contained in one or more dosage 
forms is from about 1 mg to about 2,000 mg, more preferably 
from about 5 mg to about 800 mg, more preferably about 20 
mg to about 600 mg, even more preferably from about 30 mg 
to about 400 mg, still more preferably from about 40 mg to 
about 200 mg, most preferably about 40 mg, 80 mg or 160 mg. 
0235. The time it takes for the delivery agent to reach a 
peak in the bloodstream (t) may depend on many factors 
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Such as the following: the nature of the unit dose, i.e., Solid, 
liquid, tablet, capsule, Suspension; the concentration of deliv 
ery agent in the GI tract; the feeding state of the subject; the 
diet of the subject; the health of the subject and the ratio of 
delivery agent to the active agent. The delivery agents of the 
present invention are rapidly absorbed from the gastrointes 
tinal tract when orally administered in an immediate release 
dosage form, preferably in tablet form, and preferably pro 
vide a peak plasma delivery agent concentration within about 
5 minutes to about 40 minutes after oral administration, and 
preferably at about 10 minutes to about 35 minutes after oral 
administration. In a preferred embodiment of the invention, 
wherein the pharmaceutical composition includes the com 
pound 4-CNAB as the delivery agent for insulin, the compo 
sition provides a peak plasma delivery agent concentration 
within about 25 minutes to about 35 minutes after oral admin 
istration to fasting diabetic patients and within about 15 min 
utes to about 25 minutes after oral administration to fed 
diabetic patients. 
0236. In certain preferred embodiments of the invention, a 
peak plasma concentration (C) of the delivery agent 
achieved after oral administration is preferably from about 10 
to about 250,000 ng/ml, after oral administration, preferably 
from about 100 to about 125,000 ng/ml, and preferably the 
peak plasma concentration of the delivery agentis from about 
1,000 to about 50,000 ng/ml, after oral administration. More 
preferably, the peak plasma concentration of the delivery 
agents of the present invention is from about 3,000 to about 
15,000 ng/ml after oral administration. 
0237. In a preferred embodiment of the invention, wherein 
the pharmaceutical composition includes the compound 
4-CNAB as the delivery agent and insulin as the active agent, 
the composition provides a peak plasma 4-CNAB concentra 
tion within about 0.1 to about 3 hours after oral administra 
tion. In certain preferred embodiments where the pharmaceu 
tical composition includes the compound 4-CNAB as the 
delivery agent and insulinas the active agent, the peak plasma 
concentration of delivery agent attained is from about 8,000 
to about 37,000 ng/ml. 
0238 Since the amount of delivery agent required to 
deliver a particular active agent is variable and the amount of 
active agent required to produce a desired therapeutic effect is 
also a variable, the ratio of active agent to delivery agent may 
vary for different active agent/delivery agent combinations. 
In certain preferred embodiments of the invention where the 
oral pharmaceutical composition includes insulin as the 
active agent and the delivery agent is the compound 4-CNAB, 
the amount of the delivery agent included in the pharmaceu 
tical composition may be from about 20 mg to about 600 mg 
of said delivery agent. 
0239. The optimum ratio of insulin to delivery agent can 
vary depending on the delivery agent and the formulation. 
Optimizing the ratio of insulin to delivery agent is within the 
knowledge of one skilled in the art. In certain preferred 
embodiments of the invention, the pharmaceutical composi 
tion includes insulinas the active agent and the delivery agent 
is the monosodium salt of 4-CNAB, the ratio of insulin 
Units to delivery agent mg ranges from 10:1 Units/mg to 
1:10 Units/mg, preferably, the ratio of insulin Units to 
delivery agent mg ranges from 5:1 Units/mg to 0.5:1 
Units/mg. 
0240 Preferred insulin doses in a single administration are 
about 5 to about 1000 insulin units USP preferably from 
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about 50 to about 400, more preferably from about 150 to 
about 400, and still more preferably from about 150 to about 
300 units. 
0241 Absorption of insulin can be detected in subjects 
treated with the pharmaceutical compositions of the present 
invention by monitoring the plasma levels of insulin after 
treatment. The time it takes for an active agent to reach a peak 
in the bloodstream (t) may depend on many factors such as 
the following: the nature of the unit dose, i.e., Solid, liquid, 
tablet, capsule, Suspension; the concentration of active agent 
and delivery agent in the GI tract; the feeding state of the 
subject; the diet of the subject; the health of the subject and 
the ratio of active agent to the delivery agent. 
0242. In a preferred embodiment of the invention, wherein 
the pharmaceutical composition includes the compound 
4-CNAB as the delivery agent and insulin as the active agent, 
the composition provides a peak plasma insulin concentration 
from about 0.1 to about 1 hour after oral administration. In 
another embodiment, the composition provides a peak 
plasma insulin concentration from about 0.2 to about 0.6 
hours after oral administration. In a preferred embodiment, 
the composition provides a peak plasma insulin concentration 
from about 0.3 to about 0.4 hours after oral administration. In 
another embodiment, the composition provides a peak 
plasma insulin concentration within about 1 hour after oral 
administration. In certain preferred embodiments, the phar 
maceutical composition comprises insulin and the compound 
4-CNAB as a delivery agent to facilitate the oral delivery of 
insulin, and after insulin is absorbed into the bloodstream, the 
plasma insulin levels in treated patients peak at about 20 
minutes post oral administration with a second peak at about 
105 minutes. 
0243 The effect of absorption of insulin is manifested in 
human patients treated with the pharmaceutical compositions 
of the present invention by observing reductions in C-peptide 
concentration following oral treatment. For example, in one 
embodiment of the invention, the pharmaceutical composi 
tion comprises insulin and the compound 4-CNAB as a deliv 
ery agent to facilitate the oral delivery of insulin, and, after 
insulin is absorbed into the bloodstream, the composition 
produces a maximal decrease in C-peptide concentration in 
treated patients from about 80 and about 120 minutes post 
oral administration. More particularly, the composition pro 
duces a maximal decrease in C-peptide concentration in 
treated patients from about 90 and about 110 minutes post 
oral administration. 
0244. In previous patent applications, such as those enu 
merated above that have been incorporated herein by refer 
ence, Emisphere Technologies, Inc. disclosed structures of 
various delivery agents, comparisons of their effectiveness of 
absorption and effectiveness of delivery, the preparation of 
the preferred delivery agent 4-CNAB, its preparation for 
human studies, and data regarding previous non-clinical and 
clinical studies involving the delivery agent 4-CNAB. 
0245. The delivery agent may be used directly by mixing 
with the unmodified insulin prior to administration, either in 
dry powder form or wet granulated together. To this mixture, 
other pharmaceutically acceptable excipients may be added. 
The mixture may be then tableted or placed into gelatin cap 
Sules containing a unit dose of the active agent and the deliv 
ery agent. Alternatively, the delivery agent/insulin mixture 
may be prepared as an oral Solution or Suspension. The deliv 
ery agent and insulin do not need to be mixed together prior to 
administration, Such that, in certain embodiments, the unit 

Jul. 24, 2008 

dose of insulin (with or without other pharmaceutically 
acceptable excipients) is orally administered without the 
delivery agents of this invention, and the delivery agent is 
separately orally administered (with or without other phar 
maceutically acceptable excipients) before, after, or simulta 
neously with the insulin. 
0246. In certain preferred embodiments, the oral dosage 
forms of the present invention are solid. The insulin in dry 
powder form is stable, and in certain preferred embodiments 
is simply mixed in a desirable ratio with the delivery agent. 
The dry powder mixture may then be filled into gelatin cap 
Sules, with or without optional pharmaceutical excipients. 
Alternatively, the insulin in dry powder form may be mixed 
with the delivery agent together with optional pharmaceutical 
excipients, and the mixture may be tableted in accordance 
with standard tableting procedures known to those having 
ordinary skill in the art. 
0247 The dosage forms of the present invention may be 
produced by first dissolving insulin and the delivery agent 
into one solution or separate solutions. The solvent will pref 
erably be an aqueous solution, but organic solvents or aque 
ous organic solvent mixtures may be used when necessary to 
solubilize the delivery agent. If two solutions are used, the 
proportions of each necessary to provide the correct amount 
of either insulin or delivery agent are combined and the result 
ing Solution may be dried, by lyophilization or equivalent 
means. In one embodiment of the invention, the oral dosage 
form may be dried and rehydrated prior to oral administra 
tion. 
0248. The administration mixtures may be prepared, e.g., 
by mixing an aqueous solution of the delivery agent with an 
aqueous solution of insulinjust prior to administration. Alter 
natively, the delivery agent and insulin can be admixed during 
the manufacturing process. The solutions may optionally 
contain additives such as phosphate buffer salts, citric acid, 
acetic acid, gelatin, and gum acacia. 
0249. In preferred embodiments of the oral dosage forms 
of the invention described above, the oral dosage form is 
Solid, and is preferably provided incorporated within a gelatin 
capsule or is contained in a tablet. 
0250 Stabilizing additives may be incorporated into the 
delivery agent Solution. With Some drugs, the presence of 
such additives promotes the stability and dispersibility of the 
agent in solution. The stabilizing additives may be employed 
at a concentration ranging from about 0.1 and 5% (W/V), 
preferably about 0.5% (W/V). Suitable, but non-limiting, 
examples of stabilizing additives include gum acacia, gelatin, 
methyl cellulose, polyethylene glycol, carboxylic acids and 
salts thereof, and polylysine. The preferred stabilizing addi 
tives are gum acacia, gelatin and methyl cellulose. 
0251. The oral dosage forms of the present invention, con 
taining a mixture of the active agent, e.g., insulin and the 
delivery agent, e.g., 4-CNAB or separately containing the 
active agent and the delivery agent, may include additional 
materials known to those skilled in the art as pharmaceutical 
excipients. Any excipient or ingredient, including pharma 
ceutical ingredients or excipients. Such pharmaceutical 
excipients include, for example, the following: Acidifying 
agents (acetic acid, glacial acetic acid, citric acid, fumaric 
acid, hydrochloric acid, diluted hydrochloric acid, malic acid, 
nitric acid, phosphoric acid, diluted phosphoric acid, Sulfuric 
acid, tartaric acid); Aerosol propellants (butane, dichlorodif 
luoro-methane, dichlorotetrafluoroethane, isobutane, pro 
pane, trichloromonofluoromethane); Air displacements (car 
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bon dioxide, nitrogen); Alcohol denaturants (denatonium 
benzoate, methyl isobutyl ketone, Sucrose octacetate); Alka 
lizing agents (strong ammonia Solution, ammonium carbon 
ate, diethanolamine, diisopropanolamine, potassium hydrox 
ide, sodium bicarbonate, Sodium borate, Sodium carbonate, 
Sodium hydroxide, trolamine); Anticaking agents (see 
glidant); Antifoaming agents (dimethicone, simethicone); 
Antimicrobial preservatives (benzalkonium chloride, benza 
Ikonium chloride solution, benzelthonium chloride, benzoic 
acid, benzyl alcohol, butylparaben, cetylpyridinium chloride, 
chlorobutanol, chlorocresol, cresol, dehydroacetic acid, eth 
ylparaben, methylparaben, methylparaben Sodium, phenol, 
phenylethyl alcohol, phenylmercuric acetate, phenylmercu 
ric nitrate, potassium benzoate, potassium Sorbate, propylpa 
raben, propylparaben Sodium, Sodium benzoate, sodium 
dehydroacetate, sodium propionate, Sorbic acid, thimerosal, 
thymol); Antioxidants (ascorbic acid, acorbyl palmitate, 
butylated hydroxyanisole, butylated hydroxytoluene, hypo 
phosphorous acid, monothioglycerol, propyl gallate, sodium 
formaldehyde sulfoxylate, sodium metabisulfite, sodium 
thiosulfate, Sulfur dioxide, tocopherol, tocopherols excipi 
ent); Buffering agents (acetic acid, ammonium carbonate, 
ammonium phosphate, boric acid, citric acid, lactic acid, 
phosphoric acid, potassium citrate, potassium metaphos 
phate, potassium phosphate monobasic, sodium acetate, 
Sodium citrate, Sodium lactate solution, dibasic sodium phos 
phate, monobasic sodium phosphate); Capsule lubricants 
(see tablet and capsule lubricant); Chelating agents (edetate 
disodium, ethylenediaminetetraacetic acid and salts, edetic 
acid); Coating agents (sodium carboxymethyl-cellulose, cel 
lulose acetate, cellulose acetate phthalate, ethylcellulose, 
gelatin, pharmaceutical glaze, hydroxypropyl cellulose, 
hydroxypropyl methylcellulose, hydroxypropyl methylcellu 
losephthalate, methacrylic acid copolymer, methylcellulose, 
polyethylene glycol, polyvinyl acetate phthalate, shellac, 
Sucrose, titanium dioxide, carnauba wax, microcystalline 
wax, Zein); Colorants (caramel, red, yellow, black or blends, 
ferric oxide); Complexing agents (ethylenediaminetetraace 
tic acid and salts (EDTA), edetic acid, gentisic acid ethanol 
maide, oxyquinoline Sulfate); Desiccants (calcium chloride, 
calcium sulfate, silicon dioxide); Emulsifying and/or solubi 
lizing agents (acacia, cholesterol, diethanolamine (adjunct), 
glyceryl monostearate, lanolin alcohols, lecithin, mono- and 
di-glycerides, monoethanolamine (adjunct), oleic acid (ad 
junct), oleyl alcohol (Stabilizer), poloxamer, polyoxyethylene 
50 stearate, polyoxyl 35 caster oil, polyoxyl 40 hydrogenated 
castor oil, polyoxyl 10 oleyl ether, polyoxyl 20 cetostearyl 
ether, polyoxyl 40 stearate, polysorbate 20, polysorbate 40, 
polysorbate 60, polysorbate 80, propylene glycol diacetate, 
propylene glycol monoStearate, sodium lauryl Sulfate, 
Sodium Stearate, Sorbitan monolaurate, Soritan monooleate, 
Sorbitan monopalmitate, Sorbitan monostearate, Stearic acid, 
trolamine, emulsifying wax); Filtering aids (powdered cellu 
lose, purified siliceous earth); Flavors and perfumes (aneth 
ole, benzaldehyde, ethylvanillin, menthol, methyl salicylate, 
monosodium glutamate, orange flower oil, peppermint, pep 
permint oil, peppermint spirit, rose oil, stronger rose water, 
thymol, tolu balsam tincture, Vanilla, Vanilla tincture, Vanil 
lin); Glidants and/or anticaking agents (calcium silicate, 
magnesium silicate, colloidal silicon dioxide, talc); Humec 
tants (glycerin, hexylene glycol, propylene glycol, Sorbitol); 
Plasticizers (castor oil, diacetylated monoglycerides, diethyl 
phthalate, glycerin, mono- and di-acetylated monoglycer 
ides, polyethylene glycol, propylene glycol, triacetin, triethyl 
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citrate); Polymers (e.g., cellulose acetate, alkyl celloloses, 
hydroxyalkylcelloloses, acrylic polymers and copolymers); 
Solvents (acetone, alcohol, diluted alcohol, amylene hydrate, 
benzyl benzoate, butyl alcohol, carbon tetrachloride, chloro 
form, corn oil, cottonseed oil, ethyl acetate, glycerin, hexy 
lene glycol, isopropyl alcohol, methyl alcohol, methylene 
chloride, methyl isobutyl ketone, mineral oil, peanut oil, 
polyethylene glycol, propylene carbonate, propylene glycol, 
sesame oil, water for injection, Sterile water for injection, 
sterile water for irrigation, purified water); Sorbents (pow 
dered cellulose, charcoal, purified siliceous earth); Carbon 
dioxide sorbents (barium hydroxide lime, soda lime); Stiff 
ening agents (hydrogenated castor oil, cetostearyl alcohol, 
cetyl alcohol, cetyl esters wax, hard fat, paraffin, polyethyl 
ene excipient, Stearyl alcohol, emulsifying wax, white wax, 
yellow wax); Suspending and/or viscosity-increasing agents 
(acacia, agar, alginic acid, aluminum monostearate, bento 
nite, purified bentonite, magma bentonite, carbomer 934p, 
carboxymethylcel-lulose calcium, carboxymethylcellulose 
Sodium, carboxymethycellulose Sodium 12, carrageenan, 
microcrystalline and carboxymethylcellulose Sodium cellu 
lose, dextrin, gelatin, guar gum, hydroxyethyl cellulose, 
hydroxypropyl cellulose, hydroxypropyl methylcellulose, 
magnesium aluminum silicate, methylcellulose, pectin, poly 
ethylene oxide, polyvinyl alcohol, povidone, propylene gly 
colalginate, silicon dioxide, colloidal silicon dioxide, sodium 
alginate, tragacanth, Xanthan gum); Sweetening agents (as 
partame, dextrates, dextrose, excipient dextrose, fructose, 
mannitol, saccharin, calcium saccharin, sodium saccharin, 
Sorbitol, Solution Sorbitol. Sucrose, compressible Sugar, con 
fectioner's Sugar, syrup); Tablet binders (acacia, alginic acid, 
Sodium carboxymethylcellulose, microcrystalline cellulose, 
dextrin, ethylcellulose, gelatin, liquid glucose, guar gum, 
hydroxypropyl methylcellulose, methycellulose, polyethyl 
ene oxide, povidone, pregelatinized starch, syrup); Tablet 
and/or capsule diluents (calcium carbonate, dibasic calcium 
phosphate, tribasic calcium phosphate, calcium sulfate, 
microcrystalline cellulose, powdered cellulose, dextrates, 
dextrin, dextrose excipient, fructose, kaolin, lactose, manni 
tol, Sorbitol, starch, pregelatinized starch, Sucrose, compress 
ible Sugar, confectioner S Sugar); Tablet disintegrants (alg 
inic acid, microcrystalline cellulose, croScarmellose Sodium, 
corspoVidone, polacrilin potassium, Sodium starch glycolate, 
starch, pregelatinized starch); Tablet and/or capsule lubri 
cants (calcium Stearate, glyceryl behenate, magnesium Stear 
ate, light mineral oil, polyethylene glycol, Sodium Stearyl 
fumarate, Stearic acid, purified Stearic acid, talc, hydroge 
nated vegetable oil, Zinc Stearate); Tonicity agent (dextrose, 
glycerin, mannitol, potassium chloride, Sodium chloride); 
Vehicle: flavored and/or sweetened (aromatic elixir, com 
pound benzaldehyde elixir, iso-alcoholic elixir, peppermint 
water, Sorbitol Solution, syrup, tolu balsam syrup); Vehicle: 
oleaginous (almond oil, corn oil, cottonseed oil, ethyl oleate, 
isopropyl myristate, isopropyl palmitate, mineral oil, light 
mineral oil, myristyl alcohol, octyldodecanol, olive oil, pea 
nut oil, persic oil, seame oil, soybean oil, squalane); Vehicle: 
solid carrier (sugar spheres); Vehicle: sterile (bacteriostatic 
water for injection, bacteriostatic sodium chloride injection); 
Viscosity-increasing (see Suspending agent); Water repelling 
agent (cyclomethicone, dimethicone, simethicone); and Wet 
ting and/or solubilizing agent (benzalkonium chloride, ben 
Zethonium chloride, cetylpyridinium chloride, docusate 
Sodium, nonoxynol 9, nonoxynol 10, Octoxynol 9, poloX 
amer, polyoxyl 35 castor oil, polyoxyl 40, hydrogenated cas 
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tor oil, polyoxyl 50 stearate, polyoxyl 10 oleyl ether, polyoxyl 
20, cetostearyl ether, polyoxyl 40 stearate, polysorbate 20, 
polysorbate 40, polysorbate 60, polysorbate 80, sodium lau 
ryl Sulfate, Sorbitan monolaureate, Sorbitan monooleate, Sor 
bitan monopalmitate, Sorbitan monoStearate, tyloxapol). This 
list is not meant to be exclusive, but instead merely represen 
tative of the classes of excipients and the particular excipients 
which may be used in oral dosage forms of the present inven 
tion. 
0252. The stability of insulin has been well documented, 
and temperature, pH and moisture are some of the factors that 
affect the stability of insulin formulations. Likewise, the 
influence of pharmaceutical excipients on the stability of 
insulin has been well documented. The present specification 
discloses oral pharmaceutical formulations in tablet form that 
exhibit evidence of sufficient stability to warrant long term 
storage at room temperature, as demonstrated by a stability 
indicating High Performance Liquid Chromatography 
(HPLC) assay methodology. Some of the factors that are 
believed to contribute to insulin stability in this formulation 
a. 

0253 reduced surface area exposure to atmospheric 
conditions (only the outside surface of the tablet is 
exposed, while the inner tablet core is not); 

0254 formulation of the tablet to provide an “insulin 
friendly local pH, perhaps in part due to the presence of 
dicalcium phosphate; and 

0255 low moisture content (anhydrous excipients were 
used whenever possible, and 4-CNAB is not hygro 
scopic (residual moisture content <0.5%) below 75% 
RH and has moisture content below 0.5% w/w). 

0256 There are several ways to assess the stability of 
insulin. One way is an HPLC stability-indicating assay: This 
method determines the amount of intact insulin molecules 
present in a sample, but does not determine whether these 
molecules are in a bioactive conformation, which is necessary 
in order to have an effective product. Other methods are 
measurement of related substances (impurities) by HPLC and 
assessing the bioactivity of the product, which could be an in 
Vivo assay or an in vitro predictor of in vivo performance. 
0257 Following administration, the insulin present in the 
dosage unit form is absorbed into the circulation. The circu 
lating levels of the insulin itself can be measured directly. 
Similarly, levels of 4-CNAB delivery agent in the blood can 
be measured. The bioavailability of the insulin is readily 
assessed by measuring a known pharmacological activity in 
blood, e.g., decreased blood glucose. Further physiologic 
effects of the insulin can be measured using tests, for 
example, measurement of plasma C-peptide concentration as 
a measure of endogenous insulin production. 
0258. In addition, a fructosamine assay can be performed 
to determine the measure of the diabetic patient's glycemic 
control over the previous period of two to three weeks. Fruc 
tosamine is formed by a non-enzymatic reaction between 
glucose and amino acid residues of proteins, and serum fruc 
tosamine levels are elevated in diabetic patients with elevated 
blood glucose concentration. Whereas blood glucose concen 
tration is a short-term indicator of diabetes control, fruc 
tosamine is a short- to medium-term indicator of diabetes 
control that correlates well with both fasting and mean blood 
glucose over a 2-week period. 
0259. In the present invention, the methods for treating a 
mammal with impaired glucose tolerance or with early or late 
stage diabetes comprise orally administering to the mammal 
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a pharmaceutical formulation that includes a therapeutically 
effective amount of insulin oran insulin analog and a delivery 
agent in an amount effective to facilitate the absorption of the 
insulin from the gastrointestinal tract. It is preferred that the 
administration be on a chronic basis, e.g., for at least two 
weeks, and be preprandially and at bedtime Such that, after 
two weeks of treatment, the mammal achieves improved glu 
cose tolerance and glycemic control, as well as improved 
insulin utilization, insulin sensitivity, insulin secretion capac 
ity and Hb Ac levels, as compared with baseline levels prior 
tO treatment. 

0260 Improved glucose tolerance can be demonstrated by 
better endogenous capacity of the mammal to handle Sugar 
load as measured by blood glucose concentration, following 
a Sugar load, that is reduced by a statistically significant 
amount as compared with baseline blood glucose concentra 
tion, following a glucose load, prior to treatment. Preferably, 
the statistically significant reduction in blood glucose con 
centration is a mean of about 10-20%, preferably about 15%. 
0261) Improved glucose tolerance and better endogenous 
capacity of the mammal to handle Sugar load can also be 
measured by an AUC of blood glucose excursion, following a 
glucose load, that is reduced by a statistically significant 
amount as compared with AUC of blood glucose excursion, 
following a glucose load, prior to treatment. Preferably, the 
statistically significant reduction in AUC of blood glucose 
excursion is a mean of about 10-30%, preferably about 20%. 
0262 Improved glycemic control can be demonstrated by 
decreased fasting blood glucose levels as measured by fasting 
blood glucose concentration that is reduced by a statistically 
significant amount as compared with baseline fasting blood 
glucose concentration prior to treatment. Preferably, the sta 
tistically significant reduction in fasting blood glucose con 
centration is a mean of about 10-30%, preferably about 19%. 
0263 Improved glycemic control can also be demon 
strated by decreased serum fructosamine concentrations, as 
measured by serum fructosamine assay, that is reduced by a 
statistically significant amount as compared with baseline 
serum fructosamine concentrations prior to treatment. Pref 
erably, the statistically significant reduction in serum fruc 
tosamine concentrations is a mean of about 5-20%, preferably 
about 9%. 
0264. Improved glycemic control can also be demon 
strated by improved Hb A1c levels after treatment compared 
with baseline levels prior to treatment. Preferably, the 
improved Hb A1c levels are measured by a statistically sig 
nificant decline in Hb A1c levels. When treating a mammal 
with impaired glucose tolerance or with early or late stage 
diabetes, administration of the pharmaceutical formulation of 
the present invention can preferably be made to a mammal 
having an HbA level ranging from normal to elevated prior 
to treatment. In one embodiment, the mammal may have an 
HbA level preferably of less than about 8.0 prior to treat 
ment. 

0265 Improved insulin utilization and insulin sensitivity 
of the patient’s body can be measured by a statistically sig 
nificant decline in HOMA (Homeostasis Model Assessment), 
and the improved insulin secretion capacity of the patient's 
body is measured by Stumvoll first-phase insulin secretion 
capacity index. 
0266. In preferred embodiments of the invention, by virtue 
of the chronic administration of oral dosage forms of the 
present invention, the patient achieves improved glucose tol 
erance and glycemic control as compared with baseline levels 
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prior to treatment even without any statistically significant 
increase in weight, any statistically significant increase in risk 
of hypoglycemia or any statistically significant increase in 
risk of hyperinsulinemia in the mammal over the treatment 
period, and without the need for monitoring the mammal’s 
blood glucose concentrations or HbAc levels. Further, by 
virtue of the chronic administration of oral dosage forms of 
the present invention, the patient achieves improved insulin 
utilization, insulin sensitivity insulin secretion capacity and 
HbAc levels as compared with baseline levels prior to treat 
ment. 

0267. It is preferred that the administration of the oral 
pharmaceutical formulation will be about once daily to about 
four or more times daily, preprandially and/or at bedtime. In 
one embodiment of the invention, administration of the phar 
maceutical formulation takes place once daily, either at bed 
time or preprandially for one meal during the day time, e.g., 
for breakfast, lunch or dinner. In another embodiment, admin 
istration of the pharmaceutical formulation takes place mul 
tiple times daily, preferably at bedtime and preprandially for 
one meal during the day time, e.g., for breakfast, lunch or 
dinner. In a further embodiment, administration of the phar 
maceutical formulation takes place multiple times daily, pref 
erably at bedtime and preprandially for more than one meal 
during the day time. Administration of the pharmaceutical 
formulation can also be is at or shortly prior to bedtime and 
concurrently with or shortly prior to ingestion of each meal, 
i.e., within about 15 minutes or less of ingestion of each meal. 
0268 Preferably, the insulin formulations are adminis 
tered to Such human patients on a chronic basis, e.g., for at 
least about two weeks. The dosage form of the present inven 
tion can be administered for at least one day, for one week, for 
two weeks, for longer periods, for alternating on-off time 
periods, or for the life of the patient. 
0269. It is believed that the frequency of administration of 
the oral pharmaceutical formulation, on a daily basis (i.e., 
how often during one day-night period) and on a chronic basis 
(i.e., for how many days), will depend upon the patient's 
position along a "diabetes continuum, i.e., the extent of the 
patient's impaired glucose tolerance, the patient's stage of 
diabetes and the patient's need for exogenous glycemic con 
trol. This continuum ranges from normal glycemic control, to 
simple impaired glucose tolerance and insulin resistance seen 
in pre-diabetics or early stage type 2 diabetics, to failure of 
insulin production by the pancreas seen in type 1 diabetics 
and late stage type 2 diabetics. This can also be measured by 
the patient's HbAc concentration, ranging from normal to 
elevated levels. 
0270. For example, if the patient has a need for fasting 
glycemic control, the oral pharmaceutical formulation should 
preferably be administered only at or shortly prior to bedtime. 
If the patient has some need for post-prandial glycemic con 
trol, the oral pharmaceutical formulation should preferably 
be administered preprandially for some meals. If the patient 
has a need for total post-prandial glycemic control, the oral 
pharmaceutical formulation should preferably be adminis 
tered preprandially for all meals. If the patient has a need for 
comprehensive glycemic control, the oral pharmaceutical 
formulation should preferably be administered preprandially 
for all meals and at or shortly prior to bedtime. 
0271 Similarly, it is also believed that depending upon the 
patient's position along the "diabetes continuum, the oral 
insulin formulations of the present invention may be utilized 
in combination therapy, and may also include an additional 
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treatment, either oral or Subcutaneously administered. Such as 
an anti-diabetic drug or insulin that has rapid action, interme 
diate action and/or slow action. It is believed that, in certain 
preferred embodiments of the present invention, the oral dos 
age forms described herein can be orally administered as 
described herein in combination with an additional yet sepa 
rate therapy to treat diabetes or impaired glucose tolerance or 
to achieve glucose homeostasis, such as an additional drug 
Such as Sulfonylurea, a biguanide, an alpha-glucosidase, insu 
lin delivered via a different pathway (e.g., parenteral insulin), 
an insulin sensitizer Such as thiazolidinedione, and/oran insu 
lin Secretagogue. 
0272. In alternatively preferred embodiments of the inven 
tion, the additional treatment may comprise a second form of 
insulin, so as to provide the patient with two separate forms of 
insulin having different activity rates in order for the regimen 
to simulate the biphasic release of insulin in non-diabetic 
humans. For example, the oral formulations may include a 
rapid-acting form of insulin so as to provide a first insulin 
peak that occurs rapidly and is short-lived, and the fast-acting 
effect may be provided by the delivery agent that facilitates 
the absorption of insulin from the gastrointestinal tract. The 
slow acting form of insulin provides a second insulin peak 
that occurs later but has a longer duration. Such slower acting 
insulin may be provided by the same oral formulation as the 
rapid-acting insulin or by a separate dosage form that may be 
administered orally or Subcutaneously. 
(0273. It is further believed that the particular combination 
therapy and its frequency of administration, on a daily basis 
and on a chronic basis, will depend upon the patient's position 
along the “diabetes continuum. For example, if the patient 
has a need for fasting glycemic control, the oral pharmaceu 
tical formulation should be administered only at or shortly 
prior to bedtime. If the patient has some need for post-pran 
dial glycemic control, the oral pharmaceutical formulation 
should be administered preprandially for meals. If the patient 
has a need for basal insulin, as in late stage type 2 diabetes or 
type 1 diabetes, the Supplemental slow-acting insulin or anti 
diabetic drug should be administered daily. If the patient has 
a need for comprehensive glycemic control, the oral pharma 
ceutical formulation should preferably be administered 
preprandially for all meals and at or shortly prior to bedtime 
in combination with the slow-acting insulin or anti-diabetic 
drug. 
0274. It is also believed that the invention provides a 
method of achieving glucose homeostasis in mammals, com 
prising orally administering to a mammal a pharmaceutical 
formulation comprising a therapeutically effective amount of 
insulin oran insulin analog and a delivery agent in an amount 
effective to facilitate the absorption of the insulin from the 
gastrointestinal tract. It is preferred that the administration be 
onachronic basis, e.g., for at least two weeks, and be prepran 
dially and at bedtime such that, after two weeks of treatment, 
the mammal achieves improved glucose tolerance and glyce 
mic control as compared with baseline levels prior to treat 
ment. 

0275. It is further believed that the chronic administration 
of the oral dosage forms of the present invention will reduce 
the incidence and/or severity of systemic hyperinsulinemia 
associated with chronic dosing of insulin or of one or more 
disease states associated with chronic dosing of insulin in a 
mammal that has impaired glucose tolerance or early stage 
diabetes. 
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0276. The chronic administration of oral dosage forms of 
the present invention result in a higher portal insulin concen 
tration and lower systemic insulin concentration over time 
than that obtained with an equi-effective dose of insulin 
administered Subcutaneously (i.e., which provide similar 
control of blood glucose levels). Transient peaks in insulin 
levels that may occur by virtue of the oral administration of 
insulin in accordance with the present invention are not 
believed to be associated with vascular diseases. By virtue of 
the chronic administration of oral dosage forms of the present 
invention instead of equi-effective subcutaneous doses of 
insulin, lower levels of hyperinsulinemia are obtained, e.g., 
systemic insulin concentrations are at least about 20% lower 
when compared to a comparably effective subcutaneous dose 
of insulin. 

0277. The present invention thus provides methods for 
reducing the incidence and/or severity of systemic hyperin 
Sulinemia associated with chronic dosing of insulin, and it is 
believed that the present invention also provides a method for 
reducing the incidence and/or severity of one or more disease 
states associated with chronic dosing of insulin. 
0278. Such methods also comprise orally administering a 
therapeutically effective dose of a pharmaceutical formula 
tion comprising insulin and a delivery agent that facilitates 
the absorption of the insulin from the gastrointestinal tract, to 
provide a therapeutically effective reduction and/or control in 
blood glucose concentration and a plasma insulin concentra 
tion that is reduced relative to the plasma insulin concentra 
tion provided by a therapeutically equivalent dose of Subcu 
taneously injected insulin. Such methods also achieve a 
reduction in blood glucose concentration in human diabetic 
patients comparable to a Subcutaneous insulin injection in 
those patients, while providing a lower (e.g., 20% or greater) 
total exposure of insulin to the peripheral blood circulation 
under acute, Sub-acute and chronic conditions as compared to 
the peripheral blood insulin exposure achieved via subcuta 
neous injection. The determinations of blood or insulin con 
centration obtained in patients who have been administered 
subcutaneous insulin are well known to those skilled in the 
art 

0279. It is still further believed that the chronic adminis 
tration of oral dosage forms of the present invention to replace 
the endogenous insulin production in a mammal with 
impaired glucose tolerance or early stage diabetes mellitus 
will result in prophylactically sparing the function of the 
mammal’s B-cells or will prevent death or dysfunction of the 
mammal’s B-cells, and will thereby provide long-term pro 
tection to the mammal from developing overt or insulin 
dependent diabetes, or will delay the onset of overt or insulin 
dependent diabetes in the mammal. The rationale for this 
belief is as follows. 

0280 A two year observational study with SC insulin 
therapy initiated early in type 2 diabetic patients, as reported 
in Kalfhaus Jand Berger M, Insulin Treatment With Prepran 
dial Injections of Regular Insulin in Middle-Aged Type 2 
Diabetic Patients: A Two Years Observational Study, Diabe 
tes Metab, Volume 26, pp. 197-201 (2000), showed that a 
Subcutaneous insulin treatment regimen is safe (with a very 
low incidence of hypoglycemia), and highly effective in 
terms of establishing long-term metabolic control by the pres 
ervation of B-cell function. Insulin/4-CNAB may have the 
potential to show similar or even better results, because, as an 
oral therapy, it will be much more easily accepted by patients. 
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0281. The clinical studies with oral insulin in type 2 dia 
betic patients reported previously by Emisphere Technolo 
gies, Inc. and herein demonstrated a hypoglycemic effect of 
short duration, probably indicating that the half-life of sys 
temic circulating insulin provided by oral administration is 
short to affect peripheral glucose disposal. It was hypoth 
esized that orally administered insulinas set forth herein may, 
however, due to its portal delivery, have a more profound 
effect on hepatic glucose production, which is responsible for 
the fasting blood glucose levels. 
0282. In a non-diabetic individual, during times of fasting, 
Such as during sleeping hours or between meals, the pancreas 
is able to store insulin for future use and is given a rest from 
secretion. In a diabetic or insulin resistant patients, the pan 
creas continues to secrete insulin without allowing a proper 
insulin store to be achieved. It is believed that one of the first 
defects of the pancreas in insulin resistance and type 2 dia 
betes is this defect in insulin storage. 
0283. In type 2 diabetics, blood glucose levels are often 
elevated after an overnight fast, presumably because of unre 
strained glucose production by the liver as a result of a com 
bination of insulin resistance and insufficient insulin secre 
tion, which is the hallmark of the diabetes disease. Elevated 
blood glucose levels can lead to a vicious cycle to perpetuate 
the severity of a diabetic's condition because, if blood glucose 
concentration is elevated for an extended period of time, a 
corresponding “wear and tear on the cells in the pancreas 
that secrete insulin to regulate blood glucose levels is pos 
sible. It is believed that hyperglycemia is toxic to the B-cells 
of the pancreas. Current literature shows that patients in the 
United States with type 2 diabetes are being diagnosed 8-10 
years after the diabetic process has begun. The current Ameri 
can Diabetes Association guideline for diagnosing diabetes is 
two consecutive fasting blood glucose levels above 110 
mg/dL. It is believed that, by the time of diagnosis, a diabetic 
patient has already lost function of about 50% of his islet 
cells. 

0284. In insulin resistant and early stage diabetic patients, 
the first phase insulin response is lost or impaired, depending 
on the stage of the disease. In addition, this lack of rest by the 
pancreas, especially the B-cells, can cause these cells to 
become dysfunctional or die from exhaustion. Thus, if a 
treatment were to spare insulin producing cell function, this 
“rest' to the cells may provide for long-term protection to 
develop overt diabetes. 
0285. In a study reported in International Patent Applica 
tion No. PCT/US04/00273 and also discussed below, it was 
shown that administration of exogenous insulin at nighttime 
had an effect on hepatic glucose production and hence FBG 
(free blood glucose), thereby presumably allowing the 
patients’ B-cells to rest and produce less insulinto achieve the 
same glycemic level. The Suggested clinical implication is 
that, if nighttime oral insulin treatment were to be given 
alone, it is likely to spare B-cell function. This significance is 
supported by several reported studies that have shown that, by 
intervening "aggressively with insulin at early stages of the 
disease (such as at the impaired glucose tolerance stage) by 
giving insulin even for a short time Such as two week duration, 
the resulting rest to the B-cells may provide long term pro 
tection from developing overt diabetes. It is thus believed that 
a boost of exogenous insulin at nighttime can also be useful 
through the progression of the diabetes from a healthy state, 
to a pre-diabetic state and finally to a diabetic state. 
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0286. It is believed that therapy can be initiated at an early 
stage to prophylactically spare B-cell function and aid in 
preventing B-cell death and the progression to overt diabetes. 
Many factors may be taken into account when therapy 
becomes necessary or desirable including, but not limited to: 
defects in GTT indicating signs of insulin resistance, reactive 
hypoglycemia, or early B-cell dysfunction, elevated fasting or 
postprandial blood glucose levels, family history for diabetes, 
obesity, HbA above approximately 6.5 or an elevation of 
HbA of more than about 10% over patient's past values, even 
if still within normal ranges. In accordance with the present 
invention, it is believed that a mammal at this early stage can 
be treated, prophylactically sparing B-cell function, aiding in 
preventing B-cell death and/or the progression to overt dia 
betes, by administering one time daily an effective dose of a 
pharmaceutical formulation, preferably an oral formulation, 
comprising insulin (as described herein) at nighttime, in the 
morning or preprandially, preferably at nighttime or in the 
morning. Preferably, the insulin formulation is administered 
to Such human patients on a chronic basis, e.g., for at least 
about two weeks. 

0287. It is believed that, as the diabetes progresses, the 
patient may no longer be able to control his blood glucose at 
breakfast, even with the once a day dose as described above. 
This progression can be diagnosed using any method known 
in the art including but not limited to noting: further defects in 
the GTT, elevated fasting or postprandial blood glucose lev 
els, HbA above approximately 6.5 or an elevation of HbA. 
of more than about 10% over patient’s past values, even if still 
within normal ranges, or no noticeable decrease in patients 
elevated HbA as described above despite treatment. In 
accordance with the present invention, it is believed that a 
mammal at this early stage of impaired glucose tolerance or 
early stage diabetes mellitus can be treated, prophylactically 
sparing remaining B-cell function, aiding in preventing B-cell 
death and/or the progression to overt diabetes and treating the 
current level of glycemic control dysfunction, by administer 
ing an effective dose of a pharmaceutical formulation, pref 
erably an oral formulation, twice daily comprising insulin (as 
described herein) at nighttime, in the morning and/or prepran 
dially, preferably at nighttime or morning and preprandially, 
more preferably at nighttime and preprandial for breakfast. 
Preferably, the insulin formulation is administered to such 
human patients on a chronic basis, e.g., for at least about two 
weeks. 

0288 Alternatively, it is believed that, even at this stage of 
impaired glucose tolerance or early stage diabetes, the patient 
can be treated, prophylactically sparing remaining B-cell 
function, aiding in preventing B-cell death and/or the progres 
sion to overt diabetes and treating the current level of glyce 
mic control dysfunction, by administering an effective dose 
of a pharmaceutical formulation, preferably an oral formula 
tion, three times daily comprising insulin (as described 
herein) preprandially or postprandially. This treatment 
regime can be carried through to later stages of the diabetes. 
Preferably, the insulin formulation is administered to such 
human patients on a chronic basis, e.g., for at least about two 
weeks. 

0289. It is believed that, as the diabetes progresses even 
further, the patient may no longer be able to control his blood 
glucose at lunch, even with the twice a day dose as described 
above. This progression can be diagnosed using any method 
known in the art including but not limited to noting: further 
defects in the GTT or defects in a lunchtime GTT, elevated 
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fasting or postprandial blood glucose levels, HbA above 
approximately 6.5 or an elevation of HbA of more than 
about 10% over patient's past values, even if still within 
normal ranges, or no noticeable decrease in patients elevated 
HbA as described above despite treatment. In accordance 
with the present invention, it is believed that a mammal at this 
stage of impaired glucose tolerance or diabetes mellitus can 
be treated, prophylactically sparing remaining B-cell func 
tion, aiding in preventing B-cell death and/or the progression 
to overt diabetes and treating the current level of glycemic 
control dysfunction, by administering an effective dose of a 
pharmaceutical formulation, preferably an oral formulation, 
three times daily comprising insulin (as described herein) at 
nighttime, in the morning and/or preprandially, preferably at 
nighttime or morning and twice preprandially, more prefer 
ably at nighttime and preprandial for breakfast and lunch. 
Preferably, the insulin formulation is administered to such 
human patients on a chronic basis, e.g., for at least about two 
weeks. 

0290. It is believed that, as the diabetes progresses yet 
further, the patient may no longer be able to control his blood 
glucose at dinner, even with the three times a day dose as 
described above. This progression can be diagnosed using 
any method known in the art including but not limited to 
noting: further defects in the GTT, or defects in a dinnertime 
GTT, elevated fasting or postprandial blood glucose levels, 
HbA, above 6.5 or an elevation of HbA. of more than about 
10% over patients past values, even if still within normal 
ranges, or no noticeable decrease in patients elevated Hb A. 
as described above, even with treatment. In accordance with 
the present invention, it is believed that a mammal at this stage 
of impaired glucose tolerance or diabetes mellitus can be 
treated, prophylactically sparing remaining B-cell function, 
and/or aiding in preventing B-cell death and treating the cur 
rent level of glycemic control dysfunction, by administering 
an effective dose of a pharmaceutical formulation, preferably 
an oral formulation four times daily comprising insulin (as 
described herein) at nighttime, in the morning and/or prepran 
dially, preferably at nighttime or morning and three times 
preprandially, more preferably at nighttime and preprandially 
for breakfast, lunch and dinner. Preferably, the insulin formu 
lation is administered to Such human patients on a chronic 
basis, e.g., for at least about two weeks. 
0291. It is believed that, as the diabetes progresses still 
further, the patient may no longer be able to control his blood 
glucose endogenously at all, even with the four time a day 
dose as described above. In accordance with the present 
invention, it is believed that a mammal at this stage of diabetes 
mellitus can be treated, prophylactically sparing any remain 
ing B-cell function, and/or aiding in preventing B-cell death 
and treating the current level of glycemic control dysfunction, 
by administering an effective dose of a pharmaceutical for 
mulation, preferably oral, comprising long-acting insulin; 
and an effective dose of a pharmaceutical formulation, pref 
erably an oral formulation, four times daily comprising insu 
lin (as described herein) at nighttime, in the morning and/or 
preprandially, preferably at nighttime or morning and three 
times preprandially, more preferably at nighttime and 
preprandially for breakfast, lunch and dinner. Preferably, the 
insulin formulations are administered to Such human patients 
on a chronic basis, e.g., for at least about two weeks. 
0292. It is believed that, if it is determined that the pan 
creas has ceased to function, in accordance with the present 
invention, a mammal at this stage of diabetes mellitus can be 
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treated by administering an effective dose of a pharmaceuti 
cal formulation, preferably oral, comprising long-acting insu 
lin; and an effective dose of a pharmaceutical formulation, 
preferably an oral formulation, three or four times daily com 
prising insulin (as described herein) at nighttime, in the morn 
ing and/or preprandially, preferably nighttime, or in the 
morning and three preprandially, preferably at nighttime and 
three times preprandially. If three times a day dosing is cho 
sen, it is believed that in addition to the long acting formula 
tion described above, an effective dose of a pharmaceutical 
formulation of should be dosed, preferably preprandially. 
Preferably, the insulin formulations are administered to such 
human patients on a chronic basis, e.g., for at least about two 
weeks. 

0293. In another embodiment of the invention, a con 
tinuum of development of diabetes is identified comprising a 
pre-diabetic stage, an early stage diabetes and late stage dia 
betes, and the invention comprises identifying a patient's 
stage along the continuum of development of diabetes. A 
preferred embodiment of the invention comprises a method 
for treating a patient in accordance with his/her stage of 
development of diabetes comprising: identifying a patient's 
stage along the continuum of development of diabetes, devis 
ing a course of treatment for that patient in accordance with 
his stage along the continuum of development of diabetes and 
administering the treatment to the patient. 
0294. In order that this invention may be better under 
stood, the following examples are set forth. These examples 
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0297 Fifteen male subjects between 35 and 70 years old, 
inclusive, with type 2 diabetes mellitus as defined by the 
American Diabetes Association (1998 Diabetes care, 21: 
S5-S19) for more than one year were chosen. Subjects 
included in the study had BMI<36 kg/m, had stable glycemic 
control (HbA-11%), were off all oral hypoglycemic agents 
24 hours prior to each study dosing day and off any investi 
gational drug for at least four (4) weeks prior to Visit 1, 
refrained from strenuous physical activity beginning 72 hrs 
prior to admission and through the duration of the study, and 
were confined to the clinical research unit as required by the 
protocol. Subjects maintained a constant body weight (+/-2 
kg). 
0298 All patients received the same oral and SC injection 
treatments in a randomized sequence. At visit 1, each patient 
was randomized to one of six possible treatment sequences 
(see Table 1). On four separate occasions, patients received 
one of the four possible treatments prior to a standardized 
breakfast: 300 U oral Insulin/400 mg 4-CNAB (2 capsules, 
each capsule containing 150U Insulin/200 mg 4-CNAB), 150 
U oral Insulin/200 mg 4-CNAB (one capsule), 12 USC 
short-acting insulin (Humalog(R), and no Supplemental insu 
lin (placebo). During the first three treatment periods, 300 U 
oral, 12 USC and placebo insulin were administered in ran 
dom order and under blinded conditions (double-dummy 
technique). During the fourth treatment period, the patients 
received 150 U oral insulin in an open fashion. The overall 
study design is illustrated in Table 1 below. 

TABLE 1. 

Overall Study Design 

Randomization 
Visit 1 Visit 2 Visit 3 Visit 4 Visit S Visit 6 Visit 7 Visit 8*) 

Screening Session 1 Session 2 Session 3 Final Screening Session 4 Final 
Visit Visit) 

300 U oral insulin or 12 USC or 150 U. 
placebo oral 

are for the purpose of illustration only and are not to be 0299 *) For all patients, Visits 7 and 8 were combined 
construed as limiting the scope of the invention in any man 

. 

EXAMPLE1 

Comparison Between Oral Insulin and SC Short Act 
ing Postprandial Blood Glucose Excursions 

0295) A randomized, 3-period crossover, double-blind, 
double-dummy Study was conducted in order to compare the 
effect (i.e., the postprandial pharmacokinetic and pharmaco 
dynamic profiles) of an oral insulin formulation with that of 
Subcutaneously administered short acting insulin on post 
prandial blood glucose excursions in type 2 diabetic Subjects 
without any antidiabetic medication. 
0296 Aprimary objective of this study was to compare the 
effect of an oral insulin formulation (300 U insulin combined 
with 400 mg 4-CNAB in 2 capsules, each capsule containing 
150 U insulin/200 mg 4-CNAB) with that of 12 U subcuta 
neous (SC) injected short acting insulin Humalog Rinjection 
100U/ml from Eli Lilly and Company on postprandial blood 
glucose excursions. The postprandial blood glucose excur 
sions were assessed after a standardized breakfast intake. 

(i.e., final examination was performed at Visit 7, immediately 
after finishing experimental procedures). 
0300. The SC insulin dose of 12 U was selected to fall 
within a range typical for type 2 diabetic patients. The oral 
dose of 300 U insulin (in combination with 400 mg 4-CNBA) 
had been shown to be effective in Example 5 above. The oral 
dose of 150U insulin (in combination with 200 mg 4-CNBA) 
was chosen to investigate whether or not an effect on hepatic 
glucose production could be achieved also by a lower insulin 
dose. 

0301 The time point of study drug administration (SC 
injection: 15 minutes prior to meal intake; oral administra 
tion: 30 minutes prior to meal intake) was selected in order to 
match the PK and PD properties of the administered insulin 
formulations with the postprandial rise of blood glucose. The 
wash-out period between the first three treatment sessions 
was 1-20 days. The duration of each session was approxi 
mately 8-9 hours, and all experiments were performed after 
an overnight fast of approx. 12 hours. 
0302 At Visit 1 (screening visit), the patients came to the 
clinical research unit in a fasted State (i.e., not having had any 
caloric intake for at least 12 hours). The patients’ physical 
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statistics, medical history and Social habits recorded, and a 
physical examination performed. Not more than 14 days later, 
at Visit 2, each patient was randomized to one of six treatment 
sequences shown in Table 2 below and received either one of 
the two active treatments (300 U oral Insulin/400 mg 
4-CNAB or 12U short-acting SC insulin) or no supplemental 
insulin (placebo). Thirty minutes after oral and fifteen min 
utes after SC drug administration, the patients ate a standard 
ized breakfast, and postprandial blood glucose concentra 
tions were monitored for six hours. Serial blood samples were 
also collected in regular intervals for measurement of plasma 
insulin, 4-CNAB, and C-peptide concentrations. The study 
patients were released from the institute at the end of the 
treatment session. 
0303 At Visits 3 and 4, the study patients returned to the 
clinical unit to receive the alternative treatments in conjunc 
tion with the test meal according to their treatment sequence. 
All experimental procedures and measurements were identi 
cal with those of the preceding treatment days. A final exami 
nation (Visit 5) was performed afterVisit 4, preferably imme 
diately after the experimental procedures were completed, 
but no longer than fourteen days after Visit 4. 
0304. The patients were invited to attend a fourth treat 
ment session (Visit 7) with a single oral administration of 150 
U Insulin/200 mg 4-CNAB thirty minutes prior to a test meal. 
All experimental procedures and measurements were the 
same as on the preceding treatment days. Patients attended a 
screening (Visit 6), no more than twenty days prior to the 
additional session, as well as a final examination (Visit 8). 
preferably immediately after the experimental procedures of 
Visit 7 were completed, but no longer than fourteen days 
thereafter. Visits 7 and 8 were generally combined (i.e., for all 
patients final examination was performed at Visit 7, immedi 
ately after completion of experimental procedures). 
0305 The patients were randomly assigned to one of the 
following treatment sequences: 

TABLE 2 

Treatments Administered 

Treatment Treatment Period 

Sequence 1 (Visit 2) 2 (Visit 3) 3 (Visit 4) 4 (Visit 7) 

1 300 U Oral 12 USC Placebo 1SOU Oral 
2 300 U Oral Placebo 12 USC 1SOU Oral 
3 12 USC 300 U Oral Placebo 1SOU Oral 
4 12 USC Placebo 3OOU Oral 1 SOU Oral 
5 Placebo 12 USC 3OOU Oral 1 SOU Oral 
6 Placebo 300 U Oral 12 USC 1SOU Oral 

0306 According to the double-dummy technique, each 
patient received on the first three treatment sessions (Visits 
2-4), in addition to his scheduled treatment administration 
(oral or SC), the alternative administration (SC or oral) as 
placebo preparation. On Sessions without Supplemental insu 
lin, both treatments (oral and SC) were placebo preparations. 
On the last treatment session (Visit 7), all patients received in 
an open fashion one oral dose of 150 U Insulin/200 mg 
4-CNAB. 

0307 Based on the six sequences shown above, the fol 
lowing treatments were administered during the study: 
0308 Sequence 1: 
(0309 Visit 2: Two insulin capsules 30 minutes, one SC 
placebo injection 15 minutes before meal. 
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0310 Visit 3: Two placebo capsules 30 minutes, one SC 
insulin injection 15 minutes before meal 

0311 Visit 4: Two placebo capsules 30 minutes, one SC 
placebo injection 15 minutes before meal 

0312 Visit 7: One insulin capsule 30 minutes before 
meal 

0313 Sequence 2: 
0314 Visit 2: Two insulin capsules 30 minutes, one SC 
placebo injection 15 minutes before meal. 

0315 Visit 3: Two placebo capsules 30 minutes, one SC 
placebo injection 15 minutes before meal 

0316 Visit 4: Two placebo capsules 30 minutes, one SC 
insulin injection 15 minutes before meal 

0317 Visit 7: One insulin capsule 30 minutes before 
meal 

0318 Sequence 3: 
0319 Visit 2: Two placebo capsules 30 minutes, one SC 
insulin injection 15 minutes before meal. 

0320 Visit 3: Two insulin capsules 30 minutes, one SC 
insulin injection 15 minutes before meal 

0321 Visit 4: Two placebo capsules 30 minutes, one SC 
placebo injection 15 minutes before meal 

0322 Visit 7: One insulin capsule 30 minutes before 
meal 

0323 Sequence 4: 
0324 Visit 2: Two placebo capsules 30 minutes, one SC 
insulin injection 15 minutes before meal. 

0325 Visit 3: Two placebo capsules 30 minutes, one SC 
placebo injection 15 minutes before meal 

0326 Visit 4: Two insulin capsules 30 minutes, one SC 
placebo injection 15 minutes before meal 

0327 Visit 7: One insulin capsule 30 minutes before 
meal 

0328 Sequence 5: 
0329 Visit 2: Two placebo capsules 30 minutes, one SC 
placebo injection 15 minutes before meal. 

0330 Visit 3: Two placebo capsules 30 minutes, one SC 
insulin injection 15 minutes before meal 

0331 Visit 4: Two insulin capsules 30 minutes, one SC 
placebo injection 15 minutes before meal 

0332 Visit 7: One insulin capsule 30 minutes before 
meal 

0333 Sequence 6: 
0334 Visit 2: Two placebo capsules 30 minutes, one SC 
placebo injection 15 minutes before meal. 

0335 Visit 3: Two insulin capsules 30 minutes, one SC 
placebo injection 15 minutes before meal 

0336 Visit 4: Two placebo capsules 30 minutes, one SC 
insulin injection 15 minutes before meal 

0337 Visit 7: One insulin capsule 30 minutes before 
meal 

0338. The 4-CNAB used for the capsules was manufac 
tured under GMP compliance. The Insulin used to prepare the 
capsules was Zinc-Insulin Crystals Human: Proinsulin 
Derived (Recombinant DNA Origin) USP Quality obtained 
from Eli Lilly and Company (Indianapolis, Ind.). The Insulin/ 
4-CNAB capsules contained 150 Insulin Units USP and 200 
mg 4-CNAB. The insulin/4-CNAB capsules were prepared 
by AAI Pharma Inc., Wilmington N.C. 
0339 Insulin/4-CNAB capsules were provided in HDPE 
bottles, each of which contained 40 capsules and a polyester 
coil. Each bottle had a heat-induction seal and a child-resis 
tant cap, and were stored frozen at or less than minus 10°C. 
On the day of dosing, the appropriate number of capsules was 



US 2008/0175907 A1 

removed from the freezer and brought to room temperature 
(between 15 and 30° C.) for about one hour. Capsules were 
used within four hours of dispensing, and unopened bottles 
were not left at room temperature for more than four hours. 
0340. The subjects ingested the meal thirty minutes after 
oral insulin administration. Blood glucose concentrations 
were monitored for six hours after glucose ingestion, and 
serial blood samples were collected in regular intervals for 
measurement of insulin concentration, 4-CNAB concentra 
tion, C-peptide, and blood glucose, providing information for 
pharmacokinetic and pharmacodynamic determinations. 
Blood glucose concentrations were determined immediately 
after sample collection and documented. All experiments 
were identical in their sample collections and monitoring 
period for all visits. The experimental procedure after the 
meal intake lasted for six hours (+1 hour baseline period for 
stabilization of blood glucose concentrations at the desired 
preprandial blood glucose level). 
0341 During each treatment session, blood samples were 
collected for determination of plasma concentrations of 
4-CNAB, insulin and C-peptide, and for blood glucose con 
centration. Sampling started 1 hour before intake of the test 
meal and continued until 6 hours thereafter. Blood samples 
were drawn via a venous cannula and collected related to the 
start of the test meal at time point 0. The timing of scheduled 
samples could be adjusted according to clinical needs or 
needs for pharmacokinetic data. The duration of each session 
was approximately 8-9 hours. All experiments were per 
formed after an overnight fast of approximately 12 hours. 
0342. The studies started in the morning. A 17-gauge 
PTFE catheter was inserted into an arm vein for blood sam 
pling for measurement of blood glucose, and for plasma 
insulin, 4-CNAB and C-peptide concentrations. The line was 
kept patent with 0.15-mol/L (0.9%) sterile saline. 
0343 At time-point -15, exogenous insulin was adminis 
tered by oral insulin administration or by Subcutaneous injec 
tion at two of the three experimental days. At time point 0. 
Subjects ingested a standardized breakfast at every study day 
(visits 2-4 and 7). The oral treatments (Insulin/4-CNAB cap 
Sules and placebo capsules) were administered 30 minutes, 
and the injections (short-acting insulin and placebo Solution) 
15 minutes, before start of meal intake. The pharmacody 
namic response elicited was studied by measurements of 
blood glucose concentrations in 5 minute intervals for another 
six hours, and no food intake was allowed during this period, 
although water was consumed as desired. 
0344 Blood samples for blood glucose determination 
(0.25 mL per sample) were taken at -1 min (baseline), 5 
minutes after start of meal intake and thereafter in 5 minute 
intervals until 120 minutes, 10 minute intervals until 240 
minutes, and 15 minute intervals until 360 minutes after start 
of meal intake (45 samples per session). Blood glucose con 
centrations were measured immediately after sample collec 
tion using an automated GOD method (Super GL Ambulance 
Glucose Analyzer, Ruhrtal Labortechnik, Delecke-Möhne 
see, Germany). 
(0345 Blood samples for determination of 4-CNAB 
plasma concentrations (2 mL in Sodium heparin tube) were 
drawn 10, 20, 30, 40, 60,90, 120, 240 and 360 minutes after 
start of meal intake (9 Samples per session). Blood samples 
for determination of insulin and C-peptide plasma concentra 
tions (5 mL in sodium heparin tube) were drawn at-60 and 
-30 minutes, at time 0 (start of meal intake), and after 10, 20, 
30, 40, 50, 60, 75,90, 105, 120, 150, 180,210, 240, 300, and 
360 minutes (19 samples per session). Plasma concentrations 
of insulin were determined by a GLP-validated microparticle 
enzyme immunoassay (MEIA). 

27 
Jul. 24, 2008 

0346. In case of a hypoglycemia (defined as blood glucose 
concentrations below 60 mg/dl), a blood glucose concentra 
tion of 60 mg/dl was maintained by means of a variable-rate 
intravenous infusion of 20% glucose. The glucose infusion 
rate was adopted, if necessary, in relation to the blood glucose 
concentrations measured to maintain this blood glucose level. 
In case of blood glucose values exceeding 350 mg/dl for more 
than 60 minutes, the experiments were aborted and the sub 
ject was treated with additional s.c. insulin to normalize his 
blood glucose concentrations. 
0347 Blood samples for the determination of plasma con 
centrations of insulin, 4-CNAB and C-peptide were collected 
at defined intervals, as discussed above. Plasma samples were 
stored at approximately -20°C. (4-CNAB at -70° C.) until 
determination by immunoassay is performed. After the end of 
the sampling period, the study Subjects were released from 
the clinic. 
0348 Inter-subject variability for selected pharmacody 
namic and pharmacokinetic parameters was assessed. Inci 
dence of postprandial hypoglycemia was assessed for each 
Subject and across the study population. 
0349 Blood glucose excursions (i.e., differences between 
pre-prandial and postprandial blood glucose concentrations) 
registered after the ingestion of the meal were used to evaluate 
pharmacodynamic parameters of the two insulin administra 
tion routes and compared with the same data obtained for the 
study day without any Supplemental insulin. From these mea 
Surements, the area under the glucose infusion rate versus 
time curve from 0-6 hours (and other time intervals), the 
maximal blood glucose excursion (C) and time to the 
maximal blood glucose excursion (t) were analyzed. 
0350 For pharmacodynamic assessment, the following 
parameters were calculated: Maximal blood glucose excur 
sion (BG), time to BG (t ), Area under the blood 
glucose excursion curve in defined time-intervals (AUC. 
0-1 h, AUCG o-2, AUCG o-3 AUCG o an AUCG o-sh), 
maximal absolute blood glucose concentrations (BGabs). 
time to BGabs (tRGabs). 
0351. For pharmacokinetic assessment the following 
parameters were calculated: Maximal plasma insulin concen 
trations (INS), time to INS (ts), Area under the 
glucose infusion rates in defined time-intervals (AUC, or, 
AUC so-2. AUC o-s, AUC, so-an. AUC. o.o.) and maxi 
mum reduction of C-peptide concentrations 
0352 Plasma insulin concentrations were subjected to 
appropriate pharmacokinetic analyses. Parameters deter 
mined include C. t. and the area under the plasma 
concentration versus time curve from the time of dosing until 
a return to the baseline measurement (AUC), wheret' is the 
time that the level of plasma insulin concentration returns to 
the baseline. In addition, other pharmacokinetic parameters, 
such as t, elimination rate constant () and partial AUC 
values, were calculated, if considered appropriate, for each 
individual subject enrolled within the study. 

Pharmacodynamics 

0353 As measurement of a pharmacodynamic effect of 
oral Insulin/4-CNAB capsules, the blood glucose excursions 
measured over 6 hours were considered, and the area under 
the blood glucose excursion vs. time curve in the first two 
hours after start of meal intake (AUC) was defined as 
primary pharmacodynamic endpoint. 
0354 From the blood samples taken, the individual blood 
glucose concentrations were determined, and Summary con 
centration vs. time tables were prepared and profiles were 
plotted, as set forth in Tables 3-20 below. 
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TABLE 3 

Patient Number 101 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 400 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA NA NA 
-105 NA NA NA 
-90 NA NA NA 
-75 NA NA NA 
-60 34 49 40 
-45 35 52 41 
-30 30 50 44 
-16 24 46 39 
-1 27 O 44 O 40 O 
5 26 -1 44 O 34 -6 

10 23 -4 41 -3 16 -24 
15 21 -6 42 -2 38 -2 

2O 27 O 48 4 36 -4 
25 29 2 58 14 45 5 

30 39 12 64 2O 66 26 
35 40 13 69 25 71 31 

40 50 23 79 35 83 43 

45 53 26 79 35 98 58 
50 63 36 84 40 95 55 
55 70 43 85 41 209 69 

60 78 51 86 42 2O6 66 
65 85 58 93 49 211 71 

70 204 77 93 49 222 82 
75 215 88 97 53 223 83 

8O 218 91 213 69 225 85 
85 221 94 210 66 224 84 

90 225 98 210 66 222 82 
95 225 98 204 60 229 89 

1OO 231 104 211 67 231 91 
105 231 104 209 65 214 74 

110 229 102 99 55 231 91 
115 226 99 2O2 58 223 83 

120 215 88 208 64 204 64 
130 2O7 8O 2O1 57 2O2 62 

140 211 84 82 38 92 52 
150 208 81 73 29 75 35 

160 88 61 64 2O 77 37 
170 76 49 53 9 65 25 

18O 69 42 41 -3 69 29 
190 57 30 26 -18 S4 14 

2OO 48 21 30 -14 62 22 
210 42 15 17 -27 55 15 

220 41 14 16 -28 60 2O 
230 41 14 14 -30 59 19 

240 34 7 05 -39 55 15 
255 32 5 O1 -43 35 -5 

270 31 4 95 -49 31 -9 
285 17 -10 91.7 -52.3 28 -12 

3OO 18 -9 86.1 -57.9 23 -17 
315 05 -22 83.6 -60.4 14 -26 

330 05 -22 83 -61 18 -22 
345 O1 -26 78.3 -65.7 13 -27 

360 99.9 -27.1 83.8 -60.2 10 -30 
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TABLE 4 

Patient Number 102 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 400 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA NA NA 
-105 NA NA NA 
-90 NA NA NA 
-75 NA NA NA 
-60 135 49 164 
-45 147 57 181 
-30 139 61 169 
-16 144 64 177 
-1 146 O 51 O 172 O 
5 157 11 57 6 177 5 

10 154 8 55 4 178 6 
15 152 6 58 7 18O 8 

2O 154 8 67 16 167 -5 
25 159 13 64 13 174 2 

30 175 29 60 9 184 12 
35 182 36 79 28 184 12 

40 191 45 84 33 199 27 

45 2O6 60 67 16 208 36 
50 2O2 56 77 26 217 45 
55 209 63 75 24 223 51 

60 217 71 68 17 234 62 
65 239 93 88 37 252 8O 

70 247 O1 88 37 239 67 
75 241 95 94 43 260 88 

8O 246 OO 94 43 279 107 
85 249 O3 213 62 271 99 

90 255 09 96 45 255 83 
95 253 O7 211 60 275 103 

1OO 261 15 97 46 2S6 84 
105 258 12 214 63 279 107 

110 276 30 209 58 264 92 
115 270 24 2O1 50 270 98 

120 275 29 98 47 270 98 
130 26S 19 99 48 281 109 

140 266 2O 90 39 295 123 
150 271 25 86 35 2S4 82 

160 252 O6 94 43 275 103 
170 2S4 O8 88 37 259 87 

18O 249 O3 84 33 251 79 
190 243 97 72 21 252 8O 

2OO 247 O1 71 2O 247 75 
210 243 97 8O 29 248 76 

220 244 98 70 19 227 55 
230 245 99 70 19 231 59 

240 233 87 63 12 226 S4 
255 225 79 62 11 222 50 

270 218 72 53 2 223 51 
285 219 73 58 7 212 40 

3OO 213 67 47 -4 212 40 
315 210 64 29 -22 205 33 

330 210 64 45 -6 196 24 
345 204 58 05 -46 199 27 

360 199 53 30 -21 204 32 
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TABLE 5 

Patient Number 103 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 400 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA NA NA NA 
-105 NA NA NA NA 
-90 NA NA NA NA 
-75 NA NA NA NA 
-60 62 172 77 170 
-45 44 177 75 167 
-30 46 174 79 16S 
-16 39 162 66 164 
-1 37 O 169 O 62 O 160 O 
5 35 -2 167 -2 66 4 159 -1 

10 35 -2 16S -4 59 -3 159 -1 
15 37 O 161 -8 64 2 160 O 

2O 50 13 166 -3 59 -3 167 7 
25 61 24 170 1 75 13 174 14 

30 8O 43 168 -1 79 17 188 28 
35 72 35 186 17 84 22 188 28 

40 87 50 198 29 88 26 2O2 42 

45 90 53 2O3 34 90 28 2O1 41 
50 216 79 2O3 34 94 32 209 49 
55 2O7 70 214 45 99 37 215 55 

60 218 81 219 50 2OO 38 214 S4 
65 223 86 224 55 2O1 39 2O3 43 

70 222 85 228 59 209 47 225 65 
75 216 79 205 36 205 43 226 66 

8O 229 92 229 60 204 42 214 S4 
85 228 91 233 64 96 34 217 57 

90 226 89 250 81 93 31 214 S4 
95 238 101 246 77 90 28 219 59 

1OO 227 90 244 75 89 27 209 49 
105 235 98 248 79 86 24 217 57 

110 233 96 231 62 79 17 216 56 
115 220 83 249 8O 72 10 222 62 

120 225 88 2S4 85 72 10 214 S4 
130 204 67 245 76 57 -5 217 57 

140 215 78 249 8O 56 -6 216 56 
150 215 78 246 77 46 -16 99 39 

160 222 85 248 79 51 -11 94 34 
170 220 83 257 88 47 -15 2OO 40 

18O 212 75 250 81 44 -18 99 39 
190 204 67 248 79 44 -18 92 32 

2OO 193 56 235 66 45 -17 88 28 
210 168 31 240 71 29 -33 87 27 

220 188 51 205 36 27 -35 88 28 
230 189 52 222 53 16 -46 81 21 

240 178 41 217 48 12 -50 85 25 
255 189 52 204 35 12 -50 75 15 

270 151 14 192 23 O8 -54 63 3 
285 142 5 181 12 O6 -56 57 -3 

3OO 135 -2 178 9 O1 -61 55 -5 
315 135 -2 170 1 O1 -61 48 -12 

330 122 -15 161 -8 99.8 -62.2 40 -20 
345 111 -26 164 -5 96.6 -65.4 36 -24 

360 104 -33 157 -12 92.8 -69.2 36 -24 
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TABLE 6 

Patient Number 104 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 400 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA NA NA NA 
-105 NA NA NA NA 
-90 NA NA NA NA 
-75 NA NA NA NA 
-60 64 66 149 184 
-45 64 37 135 18O 
-30 65 77 139 178 
-16 63 35 168 185 
-1 64 O 57 O 173 O 183 O 
5 61 -3 S4 -3 182 9 172 -11 

10 61 -3 51 -6 178 5 173 -10 
15 59 -5 18 -39 190 17 169 -14 

2O 64 O 50 -7 195 22 192 9 
25 63 -1 63 6 193 2O 2O2 19 

30 70 6 64 7 208 35 213 30 
35 77 13 71 14 208 35 214 31 

40 79 15 76 19 214 41 220 37 

45 85 21 84 27 218 45 224 41 
50 96 32 95 38 193 2O 235 52 
55 89 25 2O7 50 211 38 251 68 

60 2O3 39 224 67 213 40 229 46 
65 2O6 42 214 57 216 43 262 79 

70 211 47 228 71 213 40 267 84 
75 223 59 240 83 98 25 267 84 

8O 232 68 220 63 210 37 267 84 
85 220 56 238 81 2O7 34 263 8O 

90 212 48 248 91 98 25 271 88 
95 213 49 242 85 89 16 282 99 

1OO 218 S4 26S 108 91 18 284 101 
105 205 41 250 93 83 10 259 76 

110 2O7 43 253 96 94 21 276 93 
115 208 44 246 89 88 15 281 98 

120 2O7 43 244 87 88 15 2S6 73 
130 204 40 238 81 79 6 240 57 

140 209 45 250 93 85 12 228 45 
150 220 56 249 92 64 -9 239 56 

160 220 56 241 84 65 -8 252 69 
170 216 52 246 89 53 -20 251 68 

18O 220 56 218 61 45 -28 252 69 
190 225 61 228 71 52 -21 2S6 73 

2OO 228 64 213 56 62 -11 268 85 
210 224 60 2O3 46 60 -13 264 81 

220 230 66 217 60 55 -18 237 S4 
230 218 S4 218 61 51 -22 271 88 

240 226 62 211 S4 50 -23 252 69 
255 227 63 195 38 38 -35 234 51 

270 215 51 196 39 35 -38 227 44 
285 218 S4 176 19 28 -45 225 42 

3OO 213 49 175 18 31 -42 218 35 
315 2O6 42 171 14 32 -41 195 12 

330 2OO 36 160 3 29 -44 2O1 18 
345 188 24 159 2 33 -40 195 12 

360 172 8 1S6 -1 30 -43 184 1 
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TABLE 7 

Patient Number 105 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 400 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA NA NA NA 
-105 NA NA NA NA 
-90 NA NA NA NA 
-75 NA NA NA NA 
-60 31 14 11 125 
-45 11 O8 12 114 
-30 16 09 10 98.6 
-16 09 O6 05 84.2 
-1 99.1 O O7 O O6 O 93.1 O 
5 95.5 -3.6 05 -2 O2 -4 96.1 3 

10 96.8 -2.3 99.9 -7.1 99.7 -6.3 95.2 2.1 
15 O8 8.9 92.1 -14.9 O4 -2 92.8 -0.3 

2O 11 11.9 12 5 O7 1 99.6 6.5 
25 37 37.9 O7 O 2O 14 18 24.9 

30 49 49.9 18 11 19 13 2O 26.9 
35 57 57.9 2O 13 2O 14 19 25.9 

40 56 56.9 26 19 33 27 17 23.9 

45 76 76.9 19 12 30 24 O2 8.9 
50 78 78.9 36 29 33 27 44 SO.9 
55 84 84.9 19 12 26 2O 51 57.9 

60 86 86.9 33 26 37 31 60 66.9 
65 79 79.9 33 26 38 32 60 66.9 

70 82 82.9 57 50 40 34 47 53.9 
75 85 85.9 55 48 38 32 61 67.9 

8O 90 90.9 56 49 30 24 62 68.9 
85 78 78.9 67 60 41 35 47 53.9 

90 81 819 S4 47 34 28 61 67.9 
95 64 64.9 55 48 47 41 59 65.9 

1OO 62 62.9 56 49 46 40 61 67.9 
105 52 52.9 68 61 47 41 59 65.9 

110 39 39.9 68 61 39 33 65 71.9 
115 33 33.9 68 61 38 32 58 64.9 

120 2O 20.9 78 71 48 42 57 63.9 
130 12 12.9 71 64 32 26 56 62.9 

140 O6 6.9 59 52 37 31 59 65.9 
150 97.3 -1.8 53 46 35 29 58 64.9 

160 O2 2.9 46 39 17 11 43 49.9 
170 O1 1.9 47 40 19 13 45 51.9 

18O 09 9.9 43 36 O8 2 32 38.9 
190 16 16.9 38 31 93.7 -12.3 32 38.9 

2OO 13 13.9 27 2O 85.1 -20.9 27 33.9 
210 O8 8.9 32 25 77.6 -28.4 19 25.9 

220 09 9.9 32 25 70.3 -35.7 17 23.9 
230 O1 1.9 13 6 67.4 -38.6 09 15.9 

240 90.6 -8.5 10 3 62.5 -43.5 O2 8.9 
255 79.6 -19.5 23 16 64.5 -41.5 94.1 1 

270 75 -24.1 95.7 -11.3 68.3 -37.7 92.9 -0.2 
285 71.4 -27.7 81.1 -25.9 72.8 -33.2 82.3 -10.8 

3OO 70.9 -28.2 87.9 -19.1 66.9 -39.1 76.2 -16.9 
315 68 -31.1 85.4 -21.6 67.6 -38.4 74.1 -19 

330 68.7 -30.4 804 -26.6 66.9 -39.1 69.2 -23.9 
345 68.9 -30.2 74.5 -32.5 73.7 -32.3 69.9 -23.2 

360 69.1 -30 804 -26.6 72.5 -33.5 71 -22.1 
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TABLE 8 

Patient Number 106 

Treatment 

Oral 1 SOU Oral 300 U SC 12U 
Insulin/200 mg Insulin 400 mg Short-acting 
4-CNAB 4-CNAB insulin Placebo 

Time Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-60 65 O.82 42 O.71 24 O.S1 24 O.69 
-30 55 O.86 30 O.74 19 O.49 24 O.S8 

O 62 O.71 48 O.61 26 0.55 32 O.66 
10 46 0.75 48 O.66 38 O.61 39 O.68 
2O 38 O.76 27 O.S8 52 0.75 71 O.81 
30 82 O.88 33 0.57 69 O.76 90 O.93 
40 106 1.00 42 O.68 39 O.74 122 1.12 
50 123 1.33 55 O.74 63 0.77 136 1.32 
60 118 1.39 78 O.82 58 0.72 130 1.63 
75 94 1.44 53 O.77 BLO* 0.51% 155 1.76 
90 127 1.42 121 122 BLO* 0.43: 173 1.96 
105 123 1.90 62 1.OS BLQ O.34 166 2.30 
120 140 2.10 73 1.09 13 O.32 159 2.40 
150 155 2.30 88 1.36 17 O.35 97 1.91 
18O 121 2.50 146 1.58 26 O46 108 1.73 
210 84 1.98 135 2.10 12: O.44* 104 1.75 
240 112 2.00 137 2.20 31 O.SO 90 1.90 
3OO 87 1.68 51 1.30 BLO* 0.41: 22 O.84 
360 35 O.88 30 O.70 BLQ O.31 18 0.57 

TABLE 9 

Patient Number 107 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 200 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA NA NA NA 
-105 NA NA NA NA 
-90 NA NA NA NA 
-75 NA NA NA NA 
-60 45 40 47 39 
-45 45 36 S4 38 
-30 42 51 47 41 
-16 29 41 45 36 
-1 23 O 30 O 40 O 28 O 
5 2O -3 25 -5 41 1 31 3 
10 14 -9 40 10 39 -1 28 O 
15 14 -9 36 6 41 1 24 -4 
2O 19 -4 42 12 41 1 26 -2 
25 40 17 44 14 47 7 27 -1 
30 41 18 56 26 52 12 40 12 
35 51 28 62 32 59 19 42 14 
40 55 32 64 34 49 9 52 24 
45 63 40 64 34 S4 14 64 36 
50 66 43 72 42 58 18 65 37 
55 74 51 67 37 S4 14 70 42 
60 74 51 70 40 60 2O 71 43 
65 76 53 71 41 64 24 76 48 
70 86 63 72 42 68 28 73 45 
75 83 60 88 58 64 24 87 59 
8O 75 52 87 57 62 22 84 56 
85 81 58 75 45 69 29 84 56 
90 81 58 97 67 70 30 85 57 
95 79 56 89 59 66 26 85 57 
1OO 74 51 8O 50 69 29 84 56 
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Oral 150 U Insulin 
200 mg 4-CNAB 

TABLE 9-continued 

Patient Number 107 

Treatment 

Oral 300 U Insulin 
200 mg 4-CNAB 

34 

SC 12U 
Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

105 76 53 92 62 65 25 83 55 
110 75 52 87 57 65 25 8O 52 
115 75 52 83 53 67 27 83 55 
120 82 59 89 59 60 2O 85 57 
130 78 55 81 51 S4 14 86 58 
140 67 44 83 53 57 17 82 S4 
150 56 33 90 60 41 1 74 46 
160 52 29 82 52 33 -7 70 42 
170 48 25 73 43 30 -10 70 42 
18O 49 26 69 39 28 -12 70 42 
190 46 23 62 32 21 -19 70 42 
2OO 49 26 50 2O 2O -20 68 40 
210 46 23 37 7 15 -25 62 34 
220 41 18 27 -3 12 -28 55 27 
230 47 24 40 10 O7 -33 49 21 
240 40 17 26 -4 O2 -38 47 19 
255 39 16 13 -17 O1 -39 35 7 
270 38 15 15 -15 98.6 -41.4 2O -8 
285 36 13 O6 -24 97.9 -42.1 11 -17 
3OO 27 4 O2 -28 99.2 -40.8 O4 -24 
315 2O -3 97 -33 OO -40 98.3 -29.7 
330 117 -6 100 -30 98.8 -41.2 94.4 -33.6 
345 11 -12 99.5 -30.5 O1 -39 95.5 -32.5 
360 O8 -15 88.5 -41.5 95.8 -44.2 92.1 -35.9 

TABLE 10 

Patient Number 108 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 200 mg 4-CNAB Short-acting insulin Placebo 

Time 
(min) 

-120 
-105 
-90 
-75 
-60 
-45 
-30 
-16 

10 
15 
2O 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 

Blood Postprandial 
glucose 
(mg/dl) 

NA 
NA 
NA 
NA 
150 
146 
147 
154 
144 
142 
139 
142 
164 
170 
2OO 
205 
212 
213 
223 
215 
222 
231 
238 
238 

excursion 
(mg/dl) 

Blood Postprandial 
glucose 
(mg/dl) 

NA 
NA 
NA 
NA 
48 
48 
47 
51 
29 
22 
23 
18 
19 
13 
33 
37 
68 
79 
96 
89 

2OO 
97 
2O7 
214 

excursion 
(mg/dl) 

Blood Postprandial 
glucose 
(mg/dl) 

NA 
NA 
NA 
NA 
50 
S4 
51 
51 
47 
51 
48 
46 
48 
55 
66 
72 
77 
84 
84 
86 
94 
94 
209 
219 

excursion 
(mg/dl) 

Blood Postprandial 
glucose excursion 
(mg/dl) (mg/dl) 

NA 
NA 
NA 
NA 
162 
163 
1S6 
158 
150 
151 
152 
151 
158 
179 
2OO 
210 
227 
221 
219 
219 
238 
242 
239 
2S6 

50 
60 
77 
71 
69 
69 
88 
92 
89 

106 

Jul. 24, 2008 
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TABLE 10-continued 

Patient Number 108 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 200 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

8O 2S6 12 214 85 213 66 257 107 
85 262 18 222 93 220 73 244 94 
90 268 24 211 82 222 75 252 102 
95 277 33 208 79 228 81 2S6 106 
1OO 273 29 223 94 219 72 251 101 
105 28O 36 228 99 226 79 249 99 
110 281 37 220 91 222 75 246 96 
115 277 33 212 83 226 79 244 94 
120 270 26 214 85 231 84 241 91 
130 284 40 208 79 220 73 244 94 
140 294 50 213 84 227 8O 241 91 
150 298 S4 214 85 235 88 255 105 
160 252 O8 225 96 231 84 264 114 
170 293 49 227 98 233 86 257 107 
18O 286 42 214 85 224 77 252 102 
190 281 37 211 82 232 85 252 102 
2OO 288 44 213 84 234 87 255 105 
210 270 26 204 75 232 85 230 8O 
220 2S4 10 198 69 219 72 234 84 
230 244 OO 193 64 212 65 218 68 
240 236 92 184 55 2O2 55 208 58 
255 225 81 172 43 197 50 198 48 
270 212 68 171 42 158 11 195 45 
285 2O7 63 161 32 149 2 179 29 
3OO 189 45 153 24 141 -6 170 2O 
315 178 34 147 18 128 -19 159 9 
330 168 24 139 10 123 -24 152 2 
345 158 14 133 4 113 -34 142 -8 
360 140 -4 121 -8 103 -44 134 -16 

TABLE 11 

Patient Number 109 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 200 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA NA NA NA 
-105 NA NA NA NA 
-90 NA NA NA NA 
-75 NA NA NA NA 
-60 171 187 171 179 
-45 182 195 171 179 
-30 176 193 170 169 
-16 172 185 168 177 
-1 172 O 175 O 166 O 173 O 
5 170 -2 170 -5 170 4 171 -2 
10 171 -1 170 -5 166 O 171 -2 
15 174 2 171 -4 16S -1 171 -2 
2O 187 15 164 -11 179 13 177 4 
25 195 23 18O 5 188 22 186 13 
30 2O6 34 190 15 2O1 35 199 26 
35 210 38 193 18 209 43 2O2 29 
40 234 62 2O2 27 216 50 220 47 
45 237 65 211 36 208 42 221 48 
50 239 67 213 38 211 45 225 52 
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TABLE 1 1-continued 

Patient Number 109 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 200 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

55 246 74 196 21 2OO 34 227 S4 
60 258 86 208 33 213 47 233 60 
65 255 83 199 24 220 S4 247 74 
70 2S6 84 221 46 223 57 249 76 
75 2S6 84 232 57 226 60 243 70 
8O 258 86 233 58 227 61 239 66 
85 266 94 241 66 226 60 226 53 
90 266 94 230 55 217 51 230 57 
95 273 101 245 70 220 S4 228 55 
1OO 275 103 252 77 218 52 236 63 
105 28O 108 2S6 81 2O6 40 233 60 
110 275 103 262 87 84 18 242 69 
115 264 92 249 74 89 23 235 62 
120 262 90 240 65 91 25 225 52 
130 250 78 247 72 95 29 228 55 
140 2S6 84 251 76 96 30 219 46 
150 253 81 267 92 95 29 213 40 
160 253 81 267 92 87 21 224 51 
170 244 72 268 93 88 22 211 38 
18O 257 85 26S 90 90 24 2O6 33 
190 267 95 262 87 71 5 195 22 
2OO 273 101 2S6 81 66 O 197 24 
210 285 113 239 64 73 7 189 16 
220 28O 108 245 70 48 -18 185 12 
230 268 96 234 59 53 -13 178 5 
240 255 83 232 57 48 -18 177 4 
255 246 74 211 36 35 -31 164 -9 
270 232 60 231 56 32 -34 154 -19 
285 224 52 222 47 31 -35 153 -20 
3OO 219 47 225 50 18 -48 146 -27 
315 214 42 222 47 17 -49 143 -30 
330 192 2O 212 37 11 -SS 137 -36 
345 189 17 211 36 11 -SS 127 -46 
360 181 9 210 35 O7 -59 119 -54 

TABLE 12 

Patient Number 110 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 200 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA NA NA NA 
-105 NA NA NA NA 
-90 NA NA NA NA 
-75 NA NA NA NA 
-60 142 142 151 141 
-45 141 138 148 141 
-30 143 141 117 143 
-16 136 140 144 141 
-1 131 O 121 O 141 O 139 O 
5 128 -3 84.8 -36.2 133 -8 135 -4 
10 135 4 8O -41 129 -12 134 -5 
15 138 7 68.8 -52.2 132 -9 144 5 
2O 144 13 79.2 -41.8 134 -7 150 11 
25 149 18 73.9 -47.1 145 4 162 23 
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TABLE 12-continued 

Patient Number 110 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 200 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

30 S4 23 75.8 -45.2 47 6 76 37 
35 49 18 73.9 -47.1 47 6 81 42 
40 58 27 8O -41 45 4 91 52 
45 56 25 87.3 -33.7 46 5 91 52 
50 68 37 88.4 -32.6 51 10 88 49 
55 62 31 93.5 -27.5 44 3 89 50 
60 64 33 13 -8 51 10 90 51 
65 56 25 10 -11 56 15 86 47 
70 60 29 2O -1 55 14 89 50 
75 69 38 30 9 56 15 94 55 
8O 65 34 35 14 61 2O 99 60 
85 70 39 42 21 64 23 99 60 
90 70 39 42 21 58 17 96 57 
95 76 45 39 18 56 15 97 58 
1OO 71 40 39 18 61 2O 91 52 
105 76 45 37 16 55 14 96 57 
110 85 S4 37 16 59 18 85 46 
115 72 41 42 21 36 -5 89 50 
120 8O 49 43 22 35 -6 97 58 
130 86 55 51 30 44 3 88 49 
140 86 55 38 17 19 -22 88 49 
150 91 60 44 23 16 -25 8O 41 
160 81 50 42 21 13 -28 70 31 
170 86 55 45 24 O2 -39 59 2O 
18O 83 52 46 25 O4 -37 58 19 
190 81 50 48 27 95.9 -45.1 60 21 
2OO 77 46 39 18 90.1 -50.9 58 19 
210 71 40 39 18 834 -57.6 53 14 
220 S4 23 34 13 83.8 -57.2 46 7 
230 30 -1 27 6 81.8 -59.2 42 3 
240 26 -5 26 5 82.4 -58.6 37 -2 
255 27 -4 11 -10 78.9 -62.1 33 -6 
270 22 -9 09 -12 78.8 -62.2 29 -10 
285 22 -9 O3 -18 80.9 -60.1 24 -15 
3OO 30 -1 99 -22 79 -62 2O -19 
315 24 -7 99 -22 79.9 -61.1 17 -22 
330 23 -8 97 -24 777 -633 15 -24 
345 13 -18 96 -25 79.7 -61.3 09 -30 
360 O4 -27 92.1 -28.9 804 -60.6 O4 -35 

TABLE 13 

Patient Number 111 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 200 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA NA NA NA 
-105 NA NA NA NA 
-90 NA NA NA NA 
-75 NA NA NA NA 
-60 109 110 134 129 
-45 117 113 132 127 
-30 118 112 142 127 
-16 122 120 141 126 
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TABLE 13-continued 

Patient Number 111 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 200 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-1 O6 O 09 O 38 O 18 O 
5 12 6 96.2 -12.8 38 O 27 9 
10 24 18 9 O.S -18.5 38 O 28 10 
15 O8 2 80.6 -28.4 35 -3 27 9 
2O O8 2 92.1 -16.9 38 O 36 18 
25 14 8 O6 -3 49 11 42 24 
30 19 13 10 1 47 9 44 26 
35 21 15 27 18 61 23 NA 
40 29 23 2O 11 65 27 60 42 
45 S4 48 44 35 74 36 65 47 
50 44 38 46 37 66 28 68 50 
55 47 41 34 25 81 43 83 65 
60 56 50 57 48 37 -1 83 65 
65 S4 48 61 52 55 17 76 58 
70 46 40 S4 45 65 27 83 65 
75 53 47 61 52 65 27 91 73 
8O 50 44 47 38 50 12 84 66 
85 60 S4 59 50 47 9 83 65 
90 52 46 42 33 35 -3 91 73 
95 53 47 60 51 19 -19 89 71 
1OO 53 47 46 37 42 4 94 76 
105 50 44 49 40 33 -5 95 77 
110 51 45 43 34 47 9 91 73 
115 60 S4 37 28 34 -4 88 70 
120 60 S4 46 37 77.6 -60.4 8O 62 
130 63 57 45 36 17 -21 76 58 
140 55 49 34 25 31 -7 67 49 
150 64 58 43 34 34 -4 83 65 
160 52 46 51 42 35 -3 76 58 
170 56 50 29 2O 45 7 65 47 
18O 49 43 18 9 52 14 83 65 
190 S4 48 53 44 47 9 S4 36 
2OO 47 41 48 39 45 7 S4 36 
210 39 33 48 39 52 14 61 43 
220 38 32 37 28 42 4 45 27 
230 33 27 50 41 19 -19 30 12 
240 42 36 52 43 44 6 31 13 
255 47 41 33 24 38 O 21 3 
270 33 27 22 13 18 -20 18 O 
285 34 28 24 15 12 -26 11 -7 
3OO 21 15 18 9 O8 -30 14 -4 
315 96.7 -9.3 2O 11 99.6 -38.4 O8 -10 
330 10 4 11 2 97.4 -40.6 O7 -11 
345 O7 1 O7 -2 95.1 -42.9 O6 -12 
360 05 -1 O8 -1 91.6 -46.4 05 -13 

TABLE 1.4 

Patient Number 112 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 200 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA NA NA NA 
-105 NA NA NA NA 
-90 NA NA NA NA 
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TABLE 14-continued 

Patient Number 112 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 

200 mg 4-CNAB 400 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-75 NA NA NA NA 
-60 108 112 2O 17 

-45 108 108 17 16 
-30 92.6 111 17 16 

-16 101 105 09 12 
-1 99.3 O 86.6 O O4 O 10 O 

5 96.7 -2.6 76.6 -10 O6 2 O7 -3 
10 96.7 -2.6 74.3 -12.3 O3 -1 O7 -3 

15 98.4 -0.9 60.1 -26.5 O1 -3 11 1 
2O 93.3 -6 81.1 -SS 98 -6 2O 10 

25 96 -3.3 84.6 -2 O1 -3 28 18 
30 O3 3.7 84.9 -1.7 09 5 32 22 

35 09 9.7 95 8.4 11 7 34 24 
40 O8 8.7 99.1 12.5 09 5 41 31 

45 18 18.7 O6 19.4 O7 3 38 28 
50 25 25.7 O1 14.4 12 8 37 27 

55 29 29.7 O7 20.4 OO -4 37 27 
60 37 37.7 O7 20.4 NA 44 34 

65 40 40.7 11 24.4 17 13 44 34 

70 43 43.7 16 29.4 O8 4 37 27 

75 46 46.7 2O 33.4 09 5 37 27 

8O 51 51.7 21 34.4 O2 -2 44 34 

85 47 47.7 2O 33.4 99.9 -4.1 37 27 

90 43 43.7 32 45.4 O4 O 36 26 

95 39 39.7 33 46.4 05 1 40 30 

1OO 43 43.7 29 42.4 12 8 41 31 

105 47 47.7 34 47.4 10 6 38 28 

110 48 48.7 27 40.4 05 1 43 33 

115 45 45.7 25 38.4 10 6 41 31 

120 41 41.7 38 514 O8 4 41 31 

130 39 39.7 30 43.4 99.2 -4.8 36 26 

140 34 34.7 21 34.4 96.2 -7.8 44 34 

150 24 24.7 19 32.4 OO -4 47 37 

160 91 -8.3 29 42.4 87.6 -16.4 43 33 

170 90.3 -9 29 42.4 92.9 -11.1 14 4 

18O 96.8 -2.5 43 56.4 83.5 -20.5 11 

190 96.6 -2.7 39 52.4 85.7 -18.3 13 3 

2OO 100 0.7 26 39.4 86.1 -17.9 24 14 

210 88.9 -10.4 O8 21.4 84.1 -19.9 19 9 

220 96.6 -2.7 11 24.4 87.7 -16.3 2O 10 

230 96.7 -2.6 18 31.4 96.1 -7.9 2O 10 

240 97.3 -2 21 34.4 101 -3 2O 10 

255 90.4 -8.9 15 28.4 104 O 10 O 

270 86.2 -13.1 09 22.4 102 -2 09 -1 

285 79.4 -19.9 11 24.4 102 -2 96.2 -13.8 

3OO 75.3 -24 05 18.4 97.9 -6.1 96.5 -135 

315 72.1 -27.2 05 18.4 93.6 -10.4 94.8 -15.2 

330 81.4 -17.9 O3 16.4 87.7 -16.3 91.8 -18.2 

345 83.7 -15.6 O1 14.4 84.1 -19.9 85.9 -24.1 

360 78.8 -20.5 95.6 9 82.6 -21.4 82.7 -27.3 
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TABLE 1.5 

Patient Number 113 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 400 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA NA NA NA 
-105 NA NA NA NA 
-90 NA NA NA NA 
-75 NA NA NA NA 
-6O 110 44 74 15 
-45 108 39 74 13 
-3O 103 36 71 O6 
-16 103 30 64 15 
-1 99.2 O 29 O 68 O 11 O 
5 98.8 -0.4 23 -6 68 O O2 -9 

10 98.8 -0.4 2O -9 68 O O7 -4 
15 96.1 -3.1 25 -4 53 -15 OO -11 

2O 97.5 -1.7 23 -6 64 -4 O4 -7 
25 O2 2.8 22 -7 68 O 13 2 

30 12 12.8 28 -1 74 6 O8 -3 
35 19 19.8 29 O 84 16 16 5 

40 28 28.8 44 15 84 16 23 12 

45 27 27.8 44 15 88 2O 31 2O 
50 38 38.8 56 27 79 11 32 21 
55 46 46.8 53 24 88 2O 29 18 

60 56 56.8 56 27 2O1 33 31 2O 
65 59 59.8 85 56 224 56 39 28 

70 66 66.8 83 S4 219 51 41 30 
75 68 68.8 87 58 228 60 36 25 

8O 65 65.8 97 68 236 68 48 37 
85 68 68.8 94 65 223 55 57 46 

90 63 63.8 95 66 231 63 67 56 
95 69 69.8 88 59 222 S4 68 57 

1OO 71 71.8 99 70 229 61 62 51 
105 70 70.8 2OO 71 229 61 87 76 

110 71 71.8 204 75 233 65 76 65 
115 74 74.8 212 83 238 70 77 66 

120 73 73.8 2O6 77 237 69 99 88 
130 76 76.8 215 86 232 64 90 79 

140 86 86.8 220 91 234 66 78 67 
150 95 95.8 219 90 241 73 98 87 

160 99 99.8 2O7 78 269 101 87 76 
170 204 O4.8 218 89 241 73 84 73 

18O 210 10.8 224 95 245 77 95 84 
190 223 23.8 221 92 236 68 78 67 

2OO 225 25.8 226 97 243 75 76 65 
21 O 220 20.8 227 98 224 56 64 53 

22O 216 16.8 241 112 220 52 8O 69 
230 219 19.8 222 93 213 45 76 65 

24O 211 11.8 224 95 210 42 84 73 
255 215 15.8 228 99 192 24 79 68 

27O 221 21.8 228 99 187 19 87 76 
28S 218 18.8 231 102 179 11 68 57 

3OO 218 18.8 218 89 174 6 65 S4 
31S 211 11.8 210 81 170 2 52 41 

330 209 O9.8 210 81 164 -4 70 59 
345 204 O4.8 2O1 72 167 -1 56 45 

360 198 98.8 2OO 71 154 -14 47 36 



US 2008/0175907 A1 Jul. 24, 2008 
41 

TABLE 16 

Patient Number 114 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 400 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA NA NA 
-105 NA NA NA 
-90 NA NA NA 
-75 NA NA NA 
-60 141 40 42 
-45 144 38 S4 
-30 138 40 56 
-16 133 38 57 
-1 94 O 32 O 35 O 
5 704 -23.6 31 -1 51 16 

10 65.9 -28.1 25 -7 43 8 
15 67.9 -26.1 26 -6 42 7 

2O 79.6 -14.4 36 4 57 22 
25 90.4 -3.6 41 9 72 37 

30 98.9 4.9 48 16 72 37 
35 10 16 55 23 S4 19 

40 25 31 57 25 205 70 

45 27 33 52 2O 2OO 65 
50 35 41 56 24 61 26 
55 44 50 49 17 204 69 

60 43 49 42 10 225 90 
65 62 68 56 24 2OO 65 

70 72 78 43 11 212 77 
75 89 95 40 8 224 89 

8O 99 105 38 6 223 88 
85 90 96 34 2 179 44 

90 94 100 30 -2 222 87 
95 86 92 26 -6 226 91 

1OO 86 92 23 -9 2O3 68 
105 77 83 15 -17 2O7 72 

110 77 83 12 -20 77 42 
115 78 84 14 -18 218 83 

120 85 91 O8 -24 225 90 
130 95 101 19 -13 204 69 

140 95 101 2O -12 85 50 
150 93 99 23 -9 94 59 

160 85 91 27 -5 67 32 
170 83 89 27 -5 95 60 

18O 76 82 11 -21 55 2O 
190 66 72 93 -39 59 24 

2OO 69 75 73 -59 50 15 
210 67 73 65.5 -66.5 59 24 

220 64 70 57.9 -74.1 61 26 
230 53 59 65.1 -66.9 42 7 

240 36 42 54.1 -77.9 36 1 
255 34 40 80.7 -51.3 31 -4 

270 27 33 67.7 -64.3 37 2 
285 17 23 65.9 -66.1 30 -5 

3OO 11 17 68.2 -638 28 -7 
315 12 18 70.5 -61.5 19 -16 

330 12 18 82 -50 19 -16 
345 O8 14 84 -48 15 -20 

360 11 17 87.1 -44.9 14 -21 
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TABLE 17 

Patient Number 115 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 400 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA NA NA 
-105 NA NA NA 
-90 NA NA NA 
-75 NA NA NA 
-60 36 75 176 
-45 36 70 176 
-30 35 66 174 
-16 36 69 170 
-1 26 O 68 O 174 O 
5 23 -3 65 -3 18O 6 

10 11 -15 61 -7 175 1 
15 05 -21 61 -7 179 5 

2O O4 -22 62 -6 169 -5 
25 O3 -23 62 -6 175 1 

30 14 -12 70 2 191 17 
35 22 -4 68 O 189 15 

40 35 9 2O3 35 219 45 

45 43 17 2O3 35 228 54 
50 47 21 93 25 235 61 
55 68 42 84 16 249 75 

60 72 46 94 26 231 57 
65 71 45 94 26 251 77 

70 73 47 99 31 274 OO 
75 83 57 98 30 284 10 

8O 96 70 2O3 35 275 O1 
85 84 58 204 36 286 12 

90 2O6 8O 212 44 286 12 
95 2OO 74 212 44 283 09 

1OO 204 78 210 42 281 O7 
105 213 87 214 46 287 13 

110 217 91 221 53 298 24 
115 210 84 230 62 291 17 

120 222 96 230 62 3OO 26 
130 218 92 222 S4 3O8 34 

140 217 91 214 46 3O2 28 
150 224 98 2O2 34 3O2 28 

160 239 113 183 15 3O2 28 
170 233 107 160 -8 281 O7 

18O 235 109 149 -19 276 O2 
190 239 113 122 -46 278 O4 

2OO 238 112 112 -56 271 97 
210 243 117 98.6 -69.4 270 96 

220 236 110 97.7 -70.3 268 94 
230 231 105 89.9 -78.1 260 86 

240 236 110 84.4 -83.6 253 79 
255 239 113 73.5 -94.5 2S4 8O 

270 234 108 64.2 -104 249 75 
285 224 98 68.5 -99.5 237 63 

3OO 217 91 73 -95 230 56 
315 208 82 78.9 -89.1 223 49 

330 2O6 8O 777 -90.3 218 44 
345 194 68 80.1 -87.9 216 42 

360 184 58 77.6 -90.4 196 22 



US 2008/0175907 A1 Jul. 24, 2008 
43 

TABLE 1.8 

Patient Number 116 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 400 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA NA NA NA 
-105 NA NA NA NA 
-90 NA NA NA NA 
-75 NA NA NA NA 
-6O 113 107 O6 17 
-45 117 104 15 15 
-3O 117 98.3 10 18 
-16 105 92.2 O2 17 
-1 112 O 72.2 O O8 O 11 O 
S 111 -1 57.4 -14.8 O7 -1 24 13 

1O 111 -1 44.7 -27.5 05 -3 05 -6 
1S 116 4 41.7 -30.5 05 -3 13 2 

2O 119 7 50.7 -21.5 O7 -1 31 2O 
25 137 25 61.8 -10.4 27 19 30 19 

30 160 48 79.4 7.2 31 23 NA 
3S 169 57 12 39.8 41 33 NA 

40 197 85 25 52.8 55 47 66 55 

45 216 04 36 63.8 56 48 65 54 
SO 219 O7 36 63.8 64 56 205 94 
55 220 O8 53 80.8 59 51 222 111 

6O 233 21 S4 81.8 92 84 2O6 95 
6S 248 36 63 90.8 81 73 212 101 

7O 242 30 57 84.8 79 71 205 94 
75 239 27 65 92.8 76 68 99 88 

8O 244 32 82 109.8 70 62 NA 
85 252 40 86 113.8 77 69 2O3 92 

90 260 48 86 113.8 65 57 2O3 92 
95 263 51 87 114.8 65 57 94 83 

1OO 244 32 88 115.8 63 55 2OO 89 
1OS 241 29 84 1118 75 67 84 73 

110 248 36 78 105.8 58 50 88 77 
11S 248 36 72 99.8 57 49 81 70 

120 235 23 77 104.8 62 S4 74 63 
130 219 O7 8O 107.8 50 42 72 61 

140 205 93 56 83.8 38 30 69 58 
150 175 63 34 618 27 19 57 46 

160 167 55 32 59.8 12 4 36 25 
17O 171 59 17 44.8 05 -3 38 27 

180 151 39 15 42.8 89.2 -18.8 30 19 
190 119 7 O8 35.8 73.3 -34.7 11 O 

2OO 104 -8 97.5 25.3 62.3 -45.7 93.8 -17.2 
210 91 -21 98.5 26.3 57.8 -50.2 85.7 -25.3 

220 94.2 -17.8 94.5 22.3 S3.6 -54.4 74 -37 
230 91.6 -20.4 83.8 11.6 73.2 -34.8 75.9 -35.1 

240 86.4 -25.6 78.7 6.5 77.8 -30.2 73.5 -37.5 
255 81 -31 80.3 8.1 73.1 -34.9 70.5 -40.5 

270 80.8 -31.2 75 2.8 72.9 -35.1 73.1 -37.9 
285 777 -34.3 78.7 6.5 69.3 -38.7 71.1 -39.9 

3OO 77.8 -34.2 79.4 7.2 75 -33 70.8 -40.2 
315 71.4 -40.6 76.2 4 777 -303 69.1 -41.9 

330 74.5 -37.5 76.2 4 77.1 -30.9 72.3 -38.7 
345 78.5 -33.5 75.8 3.6 75.8 -32.2 73.3 -37.7 

360 78.5 -33.5 76.8 4.6 85.6 -22.4 75.9 -35.1 
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TABLE 19 

Patient Number 117 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 400 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
Time glucose excursion glucose excursion glucose excursion glucose excursion 
(min) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA NA NA 
-105 NA NA NA 
-90 NA NA NA 
-75 NA NA NA 
-60 60 33 45 
-45 61 39 40 
-30 57 35 46 
-16 56 35 40 
-1 42 O 34 O 38 O 
5 39 -3 34 O 40 2 

10 25 -17 32 -2 41 3 
15 19 -23 30 -4 38 O 

2O 25 -17 36 2 41 3 
25 29 -13 47 13 60 22 

30 46 4 55 21 70 32 
35 57 15 65 31 79 41 

40 72 30 68 34 93 55 

45 82 40 66 32 91 53 
50 99 57 63 29 2O7 69 
55 2O3 61 75 41 213 75 

60 221 79 70 36 221 83 
65 215 73 84 50 220 82 

70 230 88 84 50 222 84 
75 222 8O 78 44 234 96 

8O 227 85 96 62 237 99 
85 227 85 91 57 238 OO 

90 216 74 81 47 250 12 
95 221 79 87 53 2S4 16 

1OO 228 86 79 45 258 2O 
105 229 87 84 50 267 29 

110 226 84 8O 46 269 31 
115 226 84 73 39 270 32 

120 230 88 65 31 269 31 
130 228 86 76 42 267 29 

140 231 89 76 42 270 32 
150 232 90 75 41 268 30 

160 223 81 55 21 255 17 
170 213 71 37 3 249 11 

18O 209 67 24 -10 255 17 
190 220 78 18 -16 259 21 

2OO 228 86 21 -13 263 25 
210 237 95 29 -5 260 22 

220 223 81 39 5 2S6 18 
230 214 72 37 3 249 11 

240 214 72 38 4 242 O4 
255 218 76 36 2 233 95 

270 225 83 33 -1 228 90 
285 217 75 24 -10 214 76 

3OO 211 69 23 -11 209 71 
315 194 52 19 -15 2O2 64 

330 191 49 09 -25 184 46 
345 187 45 23 -11 178 40 

360 169 27 18 -16 16S 27 
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TABLE 20 

Patient Number 118 

Treatment 

Oral 150 U Insulin Oral 300 U Insulin SC 12U 
200 mg 4-CNAB 400 mg 4-CNAB Short-acting insulin Placebo 

Blood Postprandial Blood Postprandial Blood Postprandial Blood Postprandial 
glucose excursion glucose excursion glucose excursion glucose excursion 

Time (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 

-120 NA 
-105 NA 
-90 NA 
-75 NA 
-60 175 
-45 181 
-30 181 
-16 184 
-1 190 O 
5 193 3 

10 191 1 
15 185 -5 

2O 184 -6 
25 185 -5 

30 190 O 
35 2O2 12 

40 2O1 11 

45 210 2O 
50 215 25 
55 227 37 

60 214 24 
65 228 38 

70 233 43 
75 239 49 

8O 218 28 
85 211 21 

90 224 34 
95 223 33 

1OO 233 43 
105 225 35 

110 226 36 
115 226 36 

120 225 35 
130 215 25 

140 212 22 
150 214 24 

160 214 24 
170 205 15 

18O 2O1 11 
190 92 2 

2OO 89 -1 
210 88 -2 

220 76 -14 
230 79 -11 

240 77 -13 
255 67 -23 

270 48 -42 
285 38 -52 

3OO 36 -54 
315 36 -54 

330 36 -54 
345 25 -65 

360 29 -61 
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Based upon individual blood glucose excursion 
data, the mean time data (with standard deviation) of the 
blood glucose excursions per treatment were calculated. 
Table 21 below presents the meantime profiles (with standard 
deviation) of the blood glucose excursions per treatment. 

TABLE 21 

Jul. 24, 2008 

0356 Based upon individual blood glucose excursion 
data, the mean time profiles (with standard deviation) of the 
blood glucose excursions per treatment were plotted. FIG. 1 
shows a plot of the arithmetic means of postprandial blood 
glucose excursions (mg/dL) vs. time for all Subjects. As indi 

Statistics on Blood Glucose Excursions (mg/dL) versus Time 

Treatment 

Oral 1 SOU Oral 300 U SC 12U 

Insulin 200 mg Insulin 400 mg Short-acting 
4-CNAB 4-CNAB insulin Placebo 

Time MEAN STD Mean STD Mean STD Mean STD 

-1 min O.OO O.OO O.OO O.OO O.OO O.OO O.OO O.OO 
5 min -1.88 2.85 -10.28 9.82 O.83 3.90 1.26 7.21 
10 min -0.94 6.82 - 14.32 1279 -2.02 4.12 -1.34 7.73 
15 min -0.90 6.60 -20.80 1585 -1.83 6.65 O.67 6.27 
20 min 5.17 9.34 -13.10 12.28 2.OO 7.99 6.36 8.95 
25 min 1445 13.65 -7.73 15.37 8.78 8.34 1598. 10.94 

30 min 25.78 1953 O.96 16.45 13.94 10.32 25.04 12.13 

35 min 30.03 19.59 9.6S 20.71 20.22 11.84 27.17 13.77 

40 min 38.7O 25.11 1944 22.26 25.61 14.29 42.09 16.75 

45 min 46.62. 28.06 27.22 23.02 25.39 14.72 44.27 15.74 

50 min 53.20 28.13 34.15 2S35 25.17 14.72 SO.21 17.62 

55 min 53.78 28.10 36.32 26.5S 25.23 18.21 59.15, 20.77 
60 min 61.53 29.36 45.12 25.43 28.61. 22.60 60.68. 20.18 

65 min 62.95 33.22 47.66 26.40 34.27 20.98 64.92 20:20 

70 min 65.28. 31.71 53.43 25.78 34.80 23.89 67.21 2148 

75 min 67.03 29.53 60.82 26.01 35.18 24.69 73.09 24.03 

80 min 71.62. 31.52 6358 28.07 34.76 27.55 72.98 23.59 

85 min 72.78 33.07 65.35 27.24 34.84 28.91 70.15 23.72 

90 min 72.45 35.93 66.43 27.65 31.73 28.64 74.27 23.37 

95 min 73.95 38.85 65.43 26.86 30.77 32.19 77.04 24.40 

100 min 72.03 33.65 68.82 31.37 31.89 29.45 73.86 24.91 

105 min 71.70 36.28 70.OS 28.56 3O43 34.39 74.98 24.90 

110 min 72.53 36.31 68.66 29.11 28.94 29.69 74.21 27.63 

115 min 69.95 34.89 66.82 25.86 27.78 30.69 7S.S1 26.02 

120 min 67.62 33.17 68.74 26.84 24.39 38.2O 73.09 27.51 

130 min 642O 33.66 69.66 26.29 23.58. 29.38 69.92 3OSO 

140 min 6412 36.90 67.OS 29.96 2113 29.04 65.21 34.OS 

150 min 61.81 39.39 69.82 27.52 1824 30.41 63.09 33.30 

160 min 52.45 36.58 69.89 26.44 14.70 33.22 60.04 35.19 

170 min 56.14 43.50 66.58. 29.68 8.18, 31.08 54.62. 33.10 

180 min 53.43 43.74 63.OS 29.07 2.46 32.61 52.51 34.37 

190 min 52.50 46.66 6S.S1 25.89 -5.92 35.08 47.62 36.83 

200 min 51.87 49.16 61.24 30.87 -7.98 38.93 47.20 38.33 

210 min 43.86 SO.96 56.55 34.19 -11. SO 40.57 42.43 37.39 

220 min 44.O2 46.33 54.32 35.95 - 16:28 38.64 38.04 37.33 

230 min 39.06 45.66 S1.03 30.63 -18.03 36.67 34.38 38.38 

240 min 35.81 43.81 47.56 33.31 -19.99 37.25 30.18 36.50 

255 min 34.03 4516 38.68 38.2O -2324 34.66 21.01 37.12 

270 min 25.78 44.25 37.74 39.SS -30.94 31.16 17.26 38.00 

285 min 22.66 44.50 32.02 39.22 -33.17 29.93 91S 34.35 

300 min 17.62 42.95 27.OO 37.62 -36. S1 27.14 S.46 33.57 

315 min 9.72 42.22 22.73 34.64 -3.884 23.55 -1.79 31.13 

330 min 6.SO 39.10 19.07 34.40 -40.OO 22.81 -3.87 30.70 

345 min 2.29 37.43 15.57 31.59 -42.37 22.24 -7.80 29.53 

360 min -3.60 36.03 10.6O 31.52 -42.68. 21.48 -1244. 26.69 
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cated in FIG. 1, mean blood glucose excursions of the differ 
ent treatments reach their maximabetween 1 and 2 hours after 
start of meal intake and then return towards baseline. The time 
to maximal glucose excursion (median) was 1.3 hours for SC 
12U short-acting insulin, 1.7 hours for placebo, 1.8 hours for 
oral 150 U Insulin/200 mg 4-CNAB, and 2.2 hours for oral 
300 U Insulin/400 mg 4-CNAB. 
0357 The lowest overall excursions were achieved with 
the 12 USC short-acting insulin injection. Compared to both 
oral insulin treatments and placebo, blood glucose excursions 
after SC injection are markedly lower during the period from 
45 to 360 minutes and, after crossing the baseline at about 180 
minutes, values become increasingly negative until 360 min 
utes after meal intake. 
0358. After oral 300 U Insulin/400 mg 4-CNAB, a sharp 
decline from baseline can be seen until -20.8 mg/dL at 15 
minutes, followed by a return to baseline at 30 minutes. Thus, 
during approximately the first hour, the dose of 300 U oral 
Insulin/400 mg 4-CNAB led to lower excursions even when 
compared to injection. Thereafter, rise and Subsequent 
decline of the curve follows the pattern seen for oral 150 U 
Insulin/200 mg 4-CNAB dosage and no treatment (placebo). 
No differences could be seen between 150 U oral Insulin/200 
mg 4-CNAB and no treatment (placebo). 
0359 Based on the profiles, the derived parameters, 
AUCo-1 AUCo-2, AUCo-s, AUCoat AUCo-6, and C, 
were calculated, as presented in Table 22 below. 

TABLE 22 

Treatment 

Oral 1 SOU Oral 300 U 

Insulin Insulin SC 12U 

200 mg 400 mg Short-acting 
4-CNAB 4-CNAB insulin 

Parameter Mean STD Mean STD Mean STD 

AUCo. (h * mg/dL) 24.5 15.2 6.9 15.0 13.1 8.5 
AUC (h * mg/dL) 94.3 46.3 69.8 38.0 44.9 32.8 
AUCo. (h * mg/dL) 154.1 74.1 138.2 60.4 61.4 57.5 
AUC (h * mg/dL) 200.1 105.9 195.2 81.4 50.0 83.6 
AUC (h * mg/dL) 233.9 164.3 250.8 140.6 -21.1 119.4 
Cas (mg/dL) 90.5 38.1 85.8 28.3 SO.7 25.8 

0360 This data indicates that AUC, is lowest following 
the 300U oral Insulin/400 mg 4-CNAB dosage. Up to 2 hours 
and 3 hours, the AUCs are still smaller than the AUCs of 150 
U oral Insulin/200 mg 4-CNAB and no treatment (placebo), 
but larger than the AUCs of 12 USC short-acting insulin. 
However, for 4 hours and 6 hours, no difference can be seen 
between the oral applications and no treatment. For 150 U 
oral Insulin/200 mg 4-CNAB, all AUCs are more or less equal 
to those obtained under no treatment. Mean maximum blood 
glucose excursions (C) after both oral insulin administra 
tions and after no treatment are similar and clearly higher than 
C, after the SC injection. 
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0361 FIGS. 3 and 4 show the blood glucose concentration 
vs. time curves for subjects 116 and 117, respectively. Subject 
116 was chosen because he was a Type II diabetic in an early 
stage of the disease, i.e., was able to produce his own insulin, 
and the glucose curve for subject 116 shown in FIG. 3 paral 
leled that of healthy (normal) non-diabetic humans. By con 
trast, Subject 117 was a type II diabetic in an advanced stage 
of the disease, i.e., having very little pancreatic function left 
and producing very little endogenous insulin. Accordingly, as 
shown in the glucose curve of FIG. 4 for subject 117, it took 
much longer to lower the glucose level for this subject back to 
a level found in healthy (normal) non-diabetic humans. 
0362 
When C and AUCs for 3 hours and more are considered, no 
statistically significant differences of the oral treatments 
compared to no treatment (placebo) could be established. On 
the other hand, both oral treatments differ significantly from 
SC insulin injection, with oral treatments leading to higher 
mean values. 
0363 With regard to the primary endpoint AUCo., a 
single oral dose of 300 U Insulin/400 mg 4-CNAB, adminis 
tered 30 minutes prior to a standardized test meal, caused a 
statistically significant reduction of postprandial blood glu 
cose excursions in comparison to no treatment (placebo). 

The test results can be summarized as follows: 

Placebo 

Mean STD 

2S3 9.1 

97.8 28.5 

16O2 54.0 

2O2.1 84.9 

214.2 143.7 

88.3 27.7 

However, the effect was significantly lower than after SC 
injection of 12 U short-acting insulin. The effect of 150U oral 
Insulin/200 mg 4-CNAB was not significantly different from 
no treatment (placebo). 

Pharmacokinetics 

0364. From the blood samples taken, the individual 
plasma concentrations of 4-CNAB, insulin and C-peptide 
were also determined, and Summary concentration vs. time 
tables were prepared and profiles were plotted, as set forth in 
Tables 23-40 for insulin and C-peptide concentrations below. 
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TABLE 23 

Patient Number 101 

Treatment 

Oral 1 SOU Oral 300 U SC 12U 

Insulin Insulin Short-acting 

200 mg 4-CNAB 400 mg 4-CNAB insulin Placebo 

Time Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-60 63 0.73 134 0.97 72 O.85 

-30 78 O.80 66 O.76 95 O.90 

O 277 O.76 112 O.90 74 O.81 

10 334 O.81 111 O.98 105 O.98 

2O 159 O.85 140 1.13 136 1.15 

30 222 1.19 28O 1.58 229 1.53 

40 2O2 1.17 339 1.66 281 1.71 

50 222 1.27 281 1.73 322 1.96 

60 311 1.70 270 1.66 338 2.20 

75 311 1.9S 349 1.98 352 2.30 

90 339 2.10 384 2.20 430 2.50 

105 386 240 397 2.30 349 2.50 

120 433 2.70 5O1 2.60 441 2.90 

150 452 2.90 395 2.70 299 2.60 

18O 285 2.60 252 2.30 192 2.30 

210 220 2.20 186 1.88 273 2.60 

240 16S 2.10 93 1.32 175 2.20 

3OO 95 1.42 68 O.93 98 1.51 

360 102 1.14 43 O.71 67 O.86 

TABLE 24 

Patient Number 102 

Treatment 

Oral 1 SOU Oral 300 U SC 12U 
Insulin Insulin Short-acting 

200 mg 4-CNAB 200 mg 4-CNAB insulin Placebo 

Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
Time (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-60 44 O.78 30 0.55 51 O.71 
-30 35 O.69 23 O.SO 47 O.76 

O 52 O.68 48 O.S9 45 O.69 
10 68 0.72 60 O.62 67 O.76 
2O S4 O.70 50 O.60 66 0.75 
30 113 O.93 41 O.85 128 O.93 
40 169 1.16 212 122 153 1.13 
50 250 1.47 163 1.14 264 1.47 
60 2S6 1...SO 153 1.15 282 1.61 
75 336 2.00 3OO 1.71 322 1.88 
90 362 2.20 128 1.53 556 2.70 
105 343 240 267 1.73 602 2.80 
120 344 2.50 209 1.72 763 3.20 
150 213 2.30 162 1.61 488 3.10 
18O 142 1.83 139 1.52 416 3.00 
210 135 2.10 219 1.70 281 2.70 
240 95 1.49 108 1.38 213 2.20 
3OO 83 1.28 70 1.01 140 1.61 
360 83 1.24 56 O.88 86 1.35 
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TABLE 25 

Patient Number 103 

Treatment 

Oral 1 SOU Oral 300 U SC 12U 

Insulin Insulin Short-acting 

200 mg 4-CNAB 400 mg 4-CNAB insulin Placebo 

Time Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-6O 70 O.88 35 1.11 77 1.01 58 1.01 

-3O 70 O.83 79 1.09 65 1.00 25 0.97 

O 68 O.85 95 0.97 61 O.94 78 1.00 

10 82 O.90 73 1.13 84 1.OS 8O 1.16 

2O 101 O.99 84 1.17 81 1.07 120 1.26 

3O 132 1.12 147 1.41 150 1.25 152 1.44 

40 174 1.38 178 1.46 191 1.41 73: 1.59 

SO 253 1.69 18O 1.63 208 1.52 196 1.77 

60 275 1.74 237 1.84 249 1.68 271 1.87 

75 350 240 305 1.99 291 1.94 274 2.20 

90 483 2.80 271 2.30 343 2.10 278 2.50 

105 530 3.60 173 240 301 2.20 96* 2.50 

120 558 3.90 227 2.70 318 2.20 32O 2.70 

15O 596 4.30 260 2.70 211 2.10 292 2.80 

18O 469 4.8O 288 2.90 148 1.82 2S6 3.00 

210 410 4.40 164 3.00 1OO 1.55 224 2.90 

240 304 3.90 126 2.10 68 1.33 122 2.40 

3OO 167 2.50 119 1.90 74 1.12 93 1.74 

36O 93* 2.10 122 1.88 61 1.00 44: 1.43 

TABLE 26 

Patient Number 104 

Treatment 

Oral 1 SOU Oral 300 U SC 12U 
Insulin Insulin Short-acting 

200 mg 4-CNAB 200 mg 4-CNAB insulin Placebo 

Time Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-60 22 O48 BLQ O.S2 27 0.55 23 O.S2 
-30 23 O.S1 15 O.47 BLQ BLQ 14 O.47 

O 62 O.S9 47 OSO 25 O.S3 31 O.60 
10 95 O.83 35 O.S3 24 O.S4 53 0.73 
2O 130 1.14 61 O.77 84 O.78 1OO O.94 
30 94 O.99 56 0.72 71 O.76 73 O.92 
40 50: O.9S BLQ BLQ 112 O.83 89 1.OS 
50 108 1.11 64 O.82 124 O.98 14 1.23 
60 141 1.34 65 1.04 114 O.94 98 1.37 
75 135 1.39 113 1.23 82 O.90 22 1.65 
90 115 1.36 129 1.18 51 O.91 117 1.67 
105 83 1.45 142 1.75 85 1.07 117 1.70 
120 107 1.54 162 2.00 82 O.94 98 18O 
150 117 1.57 158 2.30 S4 O.83 74 1.46 
18O 116 1.58 118 2.00 32 0.75 44 1.43 
210 94 1.53 89 1.96 42 O.71 64 1.64 
240 122 1.63 77 1.76 27 O.61 56 1.38 
3OO 48 1.41 35 1.19 14 O.47 40 1.01 
360 43 1.01 28 O.91 19 O.43 23 O.78 
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TABLE 27 

Patient Number 105 

Treatment 

Oral 1 SOU Oral 300 U SC 12U 

Insulin Insulin Short-acting 

200 mg 4-CNAB 400 mg 4-CNAB insulin Placebo 

Time Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-60 44 O.9S 36 0.79 23 0.72 23 O.76 

-30 40 1.04 39 O.85 19 0.72 23 0.73 

O 38 1.01 76 O.82 25 O.70 22 O.71 

10 48 1.03 114 O.83 40 O.76 42 O.83 

2O 53 1.03 61 0.79 38 0.75 43 0.77 

30 146 1.65 98 1.01 106 1.10 100 1.12 

40 16S 1.78 95 1.19 120 1.10 135 1.30 

50 193 1.83 97 1.OS 122 1.11 144 1.18 

60 49* 2.60: 111 122 119 124 148 1.43 

75 360 3.20 149 1.57 159 1.62 239 2.00 

90 245: 3.70 148 1.68 170 1.75 283 2.30 

105 498 3.80 233 2.00 197 2.20 289 2.50 

120 430 4.30 232 2.10 193 1.81 321 2.60 

150 188 3.00 286 240 2O7 2.30 260 2.80 

18O 244 3.10 281 2.50 135 1.99 213 2.60 

210 121 3.20 229 2.50 40 1.28 134* 2.40 

240 103 1.90 169 240 18 O.83 84 1.97 

3OO 28 1.26 48 1.29 14 O.74 32 1.11 

360 25 O.91 34 O.92 BLQ O.S8 25 O.86 

TABLE 28 

Patient Number 106 

Treatment 

Oral 1 SOU Oral 300 U SC 12U 
Insulin Insulin Short-acting 

200 mg 4-CNAB 200 mg 4-CNAB insulin Placebo 

Time Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-60 65 O.82 42 O.71 24 O.S1 24 O.69 
-30 55 O.86 30 O.74 19 O.49 24 O.S8 

O 62 O.71 48 O.61 26 0.55 32 O.66 
10 46 0.75 48 O.66 38 O.61 39 O.68 
2O 38 O.76 27 O.S8 52 0.75 71 O.81 
30 82 O.88 33 0.57 69 O.76 90 O.93 
40 106 1.00 42 O.68 39 O.74 122 1.12 
50 123 1.33 55 O.74 63 0.77 136 1.32 
60 118 1.39 78 O.82 58 0.72 130 1.63 
75 94 1.44 53 O.77 BLO* 0.51% 155 1.76 
90 127 1.42 121 122 BLO* 0.43: 173 1.96 
105 123 1.90 62 1.OS BLQ O.34 166 2.30 
120 140 2.10 73 1.09 13 O.32 159 2.40 
150 155 2.30 88 1.36 17 O.35 97 1.91 
18O 121 2.50 146 1.58 26 O46 108 1.73 
210 84 1.98 135 2.10 12: O.44* 104 1.75 
240 112 2.00 137 2.20 31 O.SO 90 1.90 
3OO 87 1.68 51 1.30 BLO* 0.41: 22 O.84 
360 35 O.88 30 O.70 BLQ O.31 18 0.57 
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TABLE 29 

Patient Number 107 

Treatment 

Oral 1 SOU Oral 300 U SC 12U 

Insulin Insulin Short-acting 

200 mg 4-CNAB 400 mg 4-CNAB insulin Placebo 

Time Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-60 42 O.76 43 0.73 38 O.70 36 O.74 

-30 43 O.77 43 O.74 46 0.77 40 0.75 

O 134 O.85 98 O.94 52 O.81 53 O.84 

10 86 O.84 163 1.30 103 1.08 83 1.01 

2O 145 1.28 143 1.35 135 122 70 O.92 

30 153 1.37 221 1.55 220 1.46 138 1.26 

40 163 1.37 217 1.58 184 1.48 258 1.48 

50 214 1.63 190 160 184 1.49 235 1.49 

60 245 1.9S 210 186 219 1.66 2O3 1.78 

75 306 2.30 263 2.10 330 2.10 326 2.10 

90 306 2.50 268 2.20 260 2.10 455 2.50 

105 251 240 261 2.20 273 2.20 346 2.50 

120 275 2.70 269 2.50 253 2.10 386 2.80 

150 229 2.50 40: 2.30% 159 2.00 28O 2.60 

18O 172 2.30 148 2.00 111 1.67 237 2.50 

210 87 1.97 114 1.75 86 1.54 16S 2.40 

240 98 18O 156 1.96 59 1.28 121 2.00 

3OO 56 1.30 65 1.OS 33 O.96 55 1.29 

360 50 1.15 50 O.92 28 O.76 38 O.86 

TABLE 30 

Patient Number 108 

Treatment 

Oral 1 SOU Oral 300 U SC 12U 
Insulin Insulin Short-acting 

200 mg 4-CNAB 200 mg 4-CNAB insulin Placebo 

Time Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-60 158 1.62 71 O.88 92 1.00 134 1.12 
-30 128 1.43 BLQ* 0.83% 90 O.87 91 1.06 

O 313 1.43 330 0.72 143 120 120 120 
10 247 1.58 155 O.82 138 1.21 130 1.28 
2O 364 2.20 144 O.98 242 1.49 419 2.20 
30 379 2.2O 137 1.03 192 1.58 616 2.60 
40 438 2:40 224 1.38 332 1.71 533 2.30 
50 467 2.60 297 1.81 337 1.83 458 2.90 
60 559 2.80 260 1.79 369 2.00 489 3.20 
75 573 3.20 141 18O 403 2.10 518 3.SO 
90 515 3.7O 254 2.00 473 2.40 441 2.60 
105 657 3.80 66* 2.00 414 2.50 388 3.30 
120 S86 3.90 209 2.00 389 2.40 386 3.60 
150 853 5.30 235 2.10 268 2.60 463 2.60 
18O 569 4.90 241 3.00 281 2.40 364 3.30 
210 S4O 3.10 341 3.10 352 2.50 240 3.00 
240 481 3.70 204 2.20 225 2.20 290 3.40 
3OO 391 2.90 141 1.82 116 1.73 196 2.20 
360 229 2.00 126 1.70 95 1.07 109 1.77 
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TABLE 31 

Patient Number 109 

Treatment 

Oral 1 SOU Oral 300 U SC 12U 

Insulin Insulin Short-acting 

200 mg 4-CNAB 400 mg 4-CNAB insulin Placebo 

Time Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-6O 82 O.89 64 1.18 69 1.18 36 O.66 

-3O 82 0.97 59 1.38 38 O.86 36 O.63 

O 83 O.9S 273 1.19 63 1.17 63 0.77 

10 478 0.96: 114 1.04 81 1.36 61 O.76 

2O 149 1.27 74 O.83 101 1.34 141 1.01 

3O 595 2.30 3O2 1.43 460 2.60 222 1.45 

40 388 2.00 303 2.10 436 3.40 362 1.88 

SO 482 2.30 26S 1.94 276 2.70 416 2.00 

60 406 2.20 174 1.69 418 2.70 379 2.10 

75 415 2.20 225 2.20 457 3.80 569 2.50 

90 S11 2.60 329 2.50 499 4.10 416 2.30 

105 582 3.30 475 2.70 352 3.30 635 3.00 

120 470 3.00 4.08 2.70 26S 2.60 594 3.00 

15O 565 3.40 375 2.50 494 4.70 S1.4 3.30 

18O 435 3.10 321 240 240 3.80 333 2.60 

210 447 3.40 196 3.20 140 2.50 183 2.40 

24O 271 2.70 2O3 2.70 92 2.10 122 1.93 

300 204 2.30 137 2.20 57 1.81 62 1.37 

36O 98 1.54 93 1.87 39 1.01 76 1.32 

TABLE 32 

Patient Number 110 

Treatment 

Oral 1 SOU Oral 300 U SC 12U 
Insulin Insulin Short-acting 

200 mg 4-CNAB 200 mg 4-CNAB insulin Placebo 

Time Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-60 52 O.62 24 0.44 36 O.SO 37 0.57 
-30 40 0.55 24 O43 39 O.S4 27 0.55 

O 51 O60 1803 O.S2 50 O.61 32 O.S6 
10 219 1.21 890 O.64 67 0.67 153 O.94 
2O 227 1.24 351 O.78 271 1.26 348 1.57 
30 270 1.27 197 0.73 275 122 473 2.00 
40 242 1.42 189 0.79 275 1.28 511 2.20 
50 348 1.81 184 O.87 348 1.58 445 2.20 
60 359 1.86 171 O.99 471 1.74 356 2.10 
75 477 2.30 153 1.08 455 1.89 383 2.20 
90 411 240 161 1.20 427 2.10 422 2.60 
105 396 240 112 1.14 461 2.10 329 2.60 
120 375 240 223 1.61 252 1.72 492 3.00 
150 437 2.80 16S 1.67 248 1.75 233 2.40 
18O 444 2.90 152 1.47 76 1.27 174 2.20 
210 342 2.60 139 1.56 51 O.81 142 2.00 
240 179 1.97 59 1.16 42 O.63 96 1.63 
3OO 149 1.57 35 O.63 27 O.47 44 1.00 
360 51 O.96 24 O.S1 22 0.37 33 O.62 
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TABLE 33 

Patient Number 111 

Treatment 

Oral 1 SOU Oral 300 U 

Insulin Insulin 

Time 

(min) (pmol/l) 

-60 

-30 

O 

10 

2O 

30 

40 

50 

60 

75 

90 

105 

120 

150 

18O 

210 

240 

3OO 

360 

Time 
(min) (pmol/l) 

-60 
-30 

O 
10 
2O 
30 
40 
50 
60 
75 
90 
105 
120 
150 
18O 
210 
240 
3OO 
360 

200 mg 4-CNAB 

Insulin C-Peptide 
(nmol/l) 

78 1.29 

83 1.19 

67 1.07 

62 1.02 

83 1.10 

242 1.84 

330 2.10 

257 1.91 

309 2.20 

312 240 

281 2.30 

266 240 

356 2.70 

407 340 

325 3.60 

275 3.20 

352 3.90 

191 3.00 

93 1.92 

Oral 1 SOU 
Insulin 

200 mg 4-CNAB 

Insulin 

74 
66 
63 
71 
68 
76 
219 
239: 
293 
383 
372 
407 
484 
470 
4O2 
327 
279 
91 
62 

C-Peptide 
(nmol/l) 

O.88 
O.90 
O.89 
O.89 
O.90 
O.94 
1.49 
1.81% 
1.99 
2.30 
2.60 
2.80 
3.60 
4.OO 
3.70 
2.90 
3.10 
1.96 
1.26 

400 mg 4-CNAB 
Short-acting 

insulin 

Insulin C-Peptide Insulin C-Peptide 
(pmol/l) (nmol/l) (pmol/l) (nmol/l) 

68 1.11 131 1.53 

71 1.11 108 1.38 

373 1.02 142 1.27 

127 0.97 105 1.38 

85 O.89 BLQ BLQ 
221 1.43 215 1.77 

292 18O 305 1.94 

351 2.00 383 2.10 

329 1.93 482 2.50 

407 2.50 507 2.70 

550 2.80 384 2.30 

398 2.80 409 2.40 

4.08 2.90 296 186 

380 3.20 221 2.00 

384 2.80 291 2.30 

303 2.90 529 2.30 

210 2.20 197 1.9S 

73 1.42 40 1.04 

63 1.19 44 O.81 

TABLE 34 

Patient Number 112 

Treatment 

Oral 300 U SC 12U 
Insulin Short-acting 

200 mg 4-CNAB insulin 

Insulin C-Peptide Insulin C-Peptide 
(pmol/l) (nmol/l) (pmol/l) 

42 0.67 37: 0.64: 
47 O.70 40 O.64 

241 O.61 49 O.62 
13: 0.54: 57 0.67 
38 0.55 40 O.63 
82 O.69 149 O.91 

106 O.82 216 1.OS 
100 O.85 216 122 
85 O.87 200 1.25 
83 O.9S 2O1 1.33 
96 1.21 188 1.49 
87 140 189 148 

103 1.57 176 1.47 
142 1.9S 156 1.56 
212 2.50 103 1.27 
126 2.50 62 O.99 
189 2.90 72 O.96 
101 1.94 56 O.94 
S4 1.33 25 O.63 

53 

Placebo 

Insulin C-Peptide 
(pmol/l) (nmol/l) 

87 

51 

43 

46 

51 

137 

129 

234 

131 

296 

332 

409 

361 

324 

455 

244 

148 

85 

64 

Insulin 

79 
S4 
52 
44 
149 
246 
270 
281 
304 
272 
260 
298 
3O8:8 
417: 
370 
335 
362 
132 
41 

1.12 

O.99 

O.78 

O.80 

O.85 

1.17 

1.25 

1.66 

1.9S 

2.40 

2.60 

3.00 

3.00 

3.70 

4.40 

3.00 

2.30 

1.46 

1.06 

Placebo 

C-Peptide 
(nmol/l) (pmol/l) (nmol/l) 

O.74 
O.64 
O.69 
0.67 
O.87 
122 
1.52 
1.34 
1.71 
1.74 
1.87 
2.OO 
2.40: 
3.30% 
3.00 
3.10 
3.30 
2.20 
1.15 
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Placebo 

Insulin C-Peptide 
(pmol/l) (nmol/l) 

63 

37 

58 

55 

63 

99 

131 

146 

163 

158 

2OO 

230 

241 

400 

218 

141 

161 

113 

83 

1.18 

1.12 

1.08 

1.16 

1.16 

1.29 

1.48 

1.64 

1.68 

1.82 

2.20 

2.40 

2.60 

2.80 

3.40 

3.10 

3.10 

3.00 

2.70 

Placebo 

C-Peptide 
(nmol/l) (pmol/l) (nmol/l) 

TABLE 35 

Patient Number 113 

Treatment 

Oral 1 SOU Oral 300 U SC 12U 

Insulin Insulin Short-acting 

200 mg 4-CNAB 400 mg 4-CNAB insulin 

Time Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-60 89 1.68 56 1.20 8O 1.66 

-30 79 1.60 60 1.15 72 1.63 

O 8O 1.46 166 1.19 82 1.72 

10 89 1.59 62 1.21 98 1.74 

2O 95 1.62 72 1.21 97 1.72 

30 26 1.77 75 1.17 135 1.87 

40 89 1.93 179 140 2O1 2.10 

50 57 2.00 168 1.62 187 2.10 

60 223 2.30 230 1.72 216 2.30 

75 236 2.50 197 1.9S 221 2.50 

90 99 240 246 2.20 232 2.60 

105 2O2 2.60 241 2.30 91 2.60 

120 87 2.60 241 2.50 245 2.80 

150 97 2.80 221 2.70 226 3.10 

18O 28O 3.20 226 3.00 179 3.20 

210 252 3.60 222 3.20 184 3.10 

240 93 3.60 169 3.70 123 2.40 

3OO 232 4.10 163 3.60 106 2.20 

360 96 3.80 148 2.70 88 2.00 

TABLE 36 

Patient Number 114 

Treatment 

Oral 1 SOU Oral 300 U SC 12U 
Insulin Insulin Short-acting 

200 mg 4-CNAB 200 mg 4-CNAB insulin 

Time Insulin C-Peptide Insulin C-Peptide Insulin 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) 

-60 19 O.S1 2O 0.55 
-30 BLQ O.49 16 O.S8 

O BLQ BLQ 21 O.S4 
10 63 O.39 35 O.70 
2O 56 O.47 95 O.85 
30 71 O.S9 148 1.09 
40 99 O.76 222 1.24 
50 117 O.88 240 1.69 
60 115 1.09 257 1.72 
75 152 1.43 250 1.88 
90 113 1.70 191 1.82 
105 107 1.63 126 1.66 
120 181 2.20 125 1.70 
150 154 2.20 105 1.56 
18O 119 2.10 70 140 
210 71 1.89 23 O.80 
240 45 1.44 BLQ O.S1 
3OO 23 O.84 BLQ O.30 
360 15 0.64: BLQ O.25 

153 
28 
103 
125 
121 
128 
121 
154 
218 

BLQ* 
246 
172 
209 
224 
48* 
48 
26 
17 
BLQ* 

O.S3 
O.61 
O.S9 
122 
1.37 
1.42 
1.54 
1.52 
2.20 
2.10% 
2.40 
2.50 
2.60 
2.80 
2.40: 
1.94 
1.35 
O.83 
0.62: 
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TABLE 37 

Patient Number 115 

Treatment 

Oral 1 SOU Oral 300 U 
Insulin Insulin SC 12U 

200 mg 400 mg Short-acting 
4-CNAB 4-CNAB insulin Placebo 

Time Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-60 31 O.66 47 0.72 42 0.67 

-30 31 O.67 27 0.75 38 O.74 

O 199 O.70 41 0.75 37 0.75 

10 71 O.67 24 O.83 45 O.80 

2O 47 O.65 140 O.76 43 O.71 

30 62 O.81 113 O.93 81 O.87 

40 66 O.86 470 1.02 102 1.17 

50 61 O.84 75 1.01 95 1.20 

60 58 O.87 164 1.11 82 1.19 

75 67 0.97 159 1.15 97 1.43 

90 67 1.07 266 1.35 107 1.81 

105 65 1.03 89 1.49 101 1.83 

120 77 1.17 112 1.59 89 1.74 

150 69 1.32 84 1.64 86 2.20 

18O 87 1.51 82 1.34 103 2.40 
210 87 1.56 64 1.51 108 2.50 

240 99 1.83 76 1.24 82 1.82 

3OO 65 1.62 24 O.74 52 1.52 

360 68 1.58 45 O.S6 36: 142* 

TABLE 38 

Patient Number 116 

Treatment 

Oral 1 SOU Oral 300 U 
Insulin Insulin SC 12U 
200 mg 400 mg Short-acting 
4-CNAB 4-CNAB insulin Placebo 

Time Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-60 36 O.66 30 O49 41 0.55 31 O.48 
-30 39 O.65 27 O49 34 O.S8 27 O.48 

O 45 O.68 538 O.34 30 O.S3 26 O46 
10 S4 O.62 66 O.26 46 O.64 19 0.52% 
2O 45 O.67 52 O.31 88 O.69 BLQ BLQ 
30 122 O.93 96 O.S2 161 1.OS BLQ BLQ 
40 2O6 1.26 115 O.70 245 1.52 129 O.94 
50 249 1.76 137 O.86 271 1.68 247 140 
60 310 2.00 161 1.21 342 2.10 287 1.78 
75 473 2.90 219 1.55 366 2.30 358 2.80 
90 602 3.70 2O6 1.86 388 2.80 410 2.80 
105 643 4.6O 270 2.30 418 2.70 403 4.2O 
120 746 4.2O 291 2.70 409 2.80 423 5.50 
150 632 4.30 357 3.10 343 2.80 441 4.10 
18O 386 3.SO 162 2.50 122 1.74 315 3.20 
210 140 2.20 111 1.61 42 0.97 70 1.89 
240 76 1.51 39 O.90 50 O.89 42 1.26 
3OO 46 0.97 37 0.72 24 O.S6 38 O.81 
360 36 0.72 25 O.S1 23 O41 34 O.62 
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TABLE 39 

Patient Number 117 

Treatment 

Oral 1 SOU Oral 300 U 
Insulin Insulin SC 12U 

200 mg 400 mg Short-acting 
4-CNAB 4-CNAB insulin Placebo 

Time Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-60 41 O.81 37 O.90 46 1.19 

-30 45 O.90 30 O.89 8O 1.17 
O 559 0.79 45 O.90 45 1.06 

10 188 O.81 65 O.86 61 1.14 
2O 81 O.85 67 O.80 56 1.10 

30 85 O.91 97 1.03 O4 1.29 
40 101 0.97 127 1.15 OO 1.30 

50 74 O.99 134 1.01 O7 1.43 
60 113 1.17 112 1.34 27 1.48 

75 102 1.27 131 1.38 17 1.51 
90 94 1.46 161 1.30 86 1.91 

105 93 1.67 112 1.47 42 2.10 

120 88 1.73 71 1.39 34 2.20 

150 101 1.96 106 1.55 65 2.60 

18O 74 1.73 48 1.01 55 2.60 

210 112 2.10 44 0.97 73 2.40 

240 90 2.10 55 O.92 55 2.20 

3OO 106 2.20 41 0.97 24 1.99 

360 59 1.70 46 O.92 73 1.61 

TABLE 40 

Patient Number 118 

Treatment 

Oral 1 SOU Oral 300 U 
Insulin Insulin SC 12U 
200 mg 400 mg Short-acting 
4-CNAB 4-CNAB insulin Placebo 

Time Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide Insulin C-Peptide 
(min) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) (pmol/l) (nmol/l) 

-60 23 O.S3 
-30 29 O.47 

O 32: 0.58% 
10 41 O.64 
2O 45 O.65 
30 40 0.77 
40 BLO* 0.82* 
50 67 O.90 
60 72 O.82 
75 66 O.96 
90 65 O.94 
105 52 O.96 
120 43 O.92 
150 68 O.92 
18O 64 0.75 
210 56 O.82 
240 57 O.66 
3OO 46 O.S9 
360 46 0.55 

*denotes samples that were hemolyzed 
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0365 Table 41 below presents the mean time data (with 
standard deviation) of the plasma 4-CNAB concentrations for 
the two treatments involving 4-CNAB. 

TABLE 41 

Statistics on 4-CNAB Concentration (ng/mL) vs. Time 

Treatment 

Oral 1 SOU Oral 300 U 
Insulin/200 mg Insulin 400 mg 
4-CNAB 4-CNAB 

Time Mean STD Mean STD 

10 min SO31.01 1979.06 1100S.11 4611.76 
20 min 3449.44 1612.48 7216.69 1858.48 
30 min 2S28.54 986.25 5077.03 1401.94 
40 min 1587.28 561.28 3576.83 1001.72 
60 min 1198.71 858.55 2310.03 787.86 
90 min 60481 395.73 1389.54 4O6.35 
120 min 348.73 178.14 963.92 273.23 
240 min 126.13 50.55 385.42 169.62 
360 min 11186 44.91 281.18 151.58 

0366 FIG. 2 shows profiles of 4-CNAB plasma concen 
trations (ng/mL) vs. time (arithmetic means) for the two treat 
ments involving 4-CNAB. As seen in FIG.2, plasma 4-CNAB 
concentrations show a rapid decline within the first two hours 
after start of meal intake. After 2 hours, concentrations are 
less than 10% of the levels seen after 10 minutes. The results 
indicate that markedly higher concentrations might have been 
reached in the time between intake of the Insulin/4-CNAB 
capsules and the first measurement 10 minutes after start of 
meal intake. Concentrations after intake of 400 mg 4-CNAB 
are approximately twice as high as after intake of 200 mg. 
0367 Table 42 below presents the mean time data (with 
standard deviation) of the plasma insulin concentrations per 
treatment. 

TABLE 42 

Statistics on Insulin Concentration (pmol/L) vs. Time Profiles 

Jul. 24, 2008 

0368 FIG. 5 shows profiles of insulin plasma concentra 
tions (pmol/l) vs. time (arithmetic means). As shown in FIG. 
5 and in Table Babove, highest meaninsulin plasma concen 
trations are reached after the 150U oral dose, followed by 300 
Uoral, placebo, and 12 USC injection. The curve of oral 300 
U Insulin/400 mg 4-CNAB shows two maxima, the first at 0 
min and the second at 120 min. The peak at 0 minis due to one 
particular patient who contributed with a value of 1803 
pmol/L the most to this marked shift of meaninsulin concen 
tration. Almost all patients showed a more or less marked 
isolated increase of insulin concentrations at time 0 but not to 
Such an extent as that patient. In addition, the rise of insulin 
concentrations under placebo is explained by the patients 
endogenous insulin production, induced by the meal intake. 
0369 FIGS. 7 and 8 show the insulin plasma concentra 
tion vs. time curves for subjects 116 and 117, respectively. For 
subject 116, who was an early stage Type II diabetic who 
produced his own insulin, the insulin plasma concentration 
vs. time curve shown in FIG. 7 mimicked that of healthy 
(normal) non-diabetic humans, i.e., it had the same biphasic 
secretion time curve shape, although the insulin peaks 
occurred slightly earlier than normal. For subject 117, who 
was an advanced stage Type II diabetic who produced very 
little endogenous insulin, the insulin plasma concentration vs. 
time curve shown in FIG. 8 shows levels of insulin after the 
initial peak that are lower that those for normal, non-diabetic 
humans and shows that no second peak of plasma insulin 
concentration occurred. This is an indication that this subject 
would also need to be administered basal long lasting insulin 
in order to maintain normal insulin plasma concentration and 
blood glucose levels. 
0370 Table 43 below presents the mean time data (with 
standard deviation) of the plasma C-peptide concentrations 
per treatment. 

Treatment 

Oral 1 SOU Oral 300 U 
Insulin Insulin SC 12U 
200 mg 400 mg Short-acting 
4-CNAB 4-CNAB insulin Placebo 

Time Mean STD Mean STD Mean STD Mean STD 

-60 min 67.67 35.07 44.25 17.21 53.67 35.86 58.53 37.49 
-30 min 62.33 28.59 41.09 17.39 44.76 26.55 43.35 24.18 

O min 88.83 74.69 389.58 476.10 58.17 38.02 53.76 27.05 
10 min 95.50 66.76 153.46 227.65 67.61 33.18 71.06 36.99 
20 min 124.83 92.52 94.69 84.76 103.88 66.49 124.81 107.93 
30 min 201.42 152.72 126.00 82.6S 162.33 102.91 188.50 150.82 
40 min 222.50 112.69 161.08 85.98 236.82 113.90 205.82 143.56 
SO in 257. SO 120.42 158.69 96.27 204.39 97.98 229.06 126.39 
60 min 273.92 136.46 157.62 82.77 238.06 131.97 235.65 114.90 
7S min 342.83 139.45 167.31 96.64 278.06 134.82 2.78.63 147.21 
90 min 347.25 160.66 202.62. 131.93 271.18 139.21 312.47 132.36 
105 min 386.SO 199.81 183.OO 135.58 249.OO 141.18 298.35 161.63 
120 min 392.83 192.71. 210.23 113.84 219.56 133.35 336.76 179.17 
1SO in 403.83 230.87 1911S 116.15 195.78 124.OO 297.47 141.51 
180 min 330.2S 145.58 183.85 90.79 133.28 83.95 235.35 125.05 
210 in 259.92 156.54 157.38 84.46 124.OO 133.24 17229 83.22 
240 min 214.17 124.78 129.00 63.79 81.94 S6.3S 137.94 86.82 
300 min 140.83 104.91 79.38 46.06 SO.63 30.36 79.OO 49.57 
360 min 84.25 6S.O3 60.23 40.69 45.33 22.59 S3.13 26.81 




































