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ABSTRACT

Up to this moment, there are various oral anti-hypergly-
cemic (OAH) known, such as the insulin secretagogue group
of drugs, which in essence aims to increase insulin secretion
by B pancreatic cells, and the group of drugs that increases
tissue sensitivity 1o insulin. Administration of a single drug
Jrom one of these two groups will evenitually fail to achieve
. euglycemic control level. Instead, a combination of hvo kinds
of OAH with different mechanism of action has been proven
ro significantly achieve glycemic conirol compared 1o ad-
ministration of a single agent. In addition to reducing side
effects, administration of a combination of two kinds of OAH
can also postpone the need for insulin, which is generally
distiked hy patients. Sulphonilurea and metformin are among
the most common drugs 1o be combined, but other combina-
tions could also produce the same satisfacrory effect. Combi-
nation of sulphonilurea and troglituzone does not produce
expected englveemic effect. even though it can reduce the
HbAIc level.

Administraiion of 3 types of OAH is not advisable. since
generally, a combination of 2 kinds aof drugs at maximum
dose could no longer achieve glycemic control, even with
the addition of another OAH. In addition to more side effects
and higher cost, such treatment is not practical, and insulin
secretion by beta cells generally can no longer be increased.
Patients that fail to demansirate satisfactory resulis with a
combination of 2 types of OAHs are advised to be treated
with moderate-acting insulin ar night as an additional treas-
ment. with a dose titered to achieve englycemic control. Pa-
tienis receiving single treatment that could nor achieve
etglvcemic control may receive combined treatment before
reaching the maximum dose, since at maximum dose, there is
generally more side-effects.
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INTRODUCTION

Up to now, there are various oral-antihyperglycemic
drugs for the treatment of diabetes mellitus, aimed at
reducing the degree of hyperglycemia. However, the
benefits of the administration of a combination of these
drugs have rarely been discussed. OAH agents gener-
ally function to increase insulin secretion (insulin secre-
tagogue agents) or increase the sensitivily of peripheral
tissue towards insulin (non-secretagogue).'** Consid-
ering the difference in the mechanisms of action of these
drugs, it makes sense that the adiministration of a combi-
nation of the drugs should be able to preduce a greater
effect compared to the administration of a single drug.®
Management of type 2 diabetes mellitus includes dietary
regulation, physical exercise, counseling, OAH, and in-
sulin. Research shows that only 10% of patients suc-
ceed through dietary regulation. physical training. and
counseling. while only 0% require insulin. The remain-
ing 80% require OAH.’ In general. treatment with OAHs
is immediately initiated afier the diagnosis of diabetes
mellitus is established.® The use of sulphonilurea as a
single treatment still dominates the management of dia-
betes mellitus. However, research demonstrates that
administration of sulphonilurea produces a primary or
secondary failure rate of 5-10% every year. The mean
plasma glucose level will return to its initial point after 5
years of treatment, and it is not uncommon for patients
who have just been diagnosed with type 2 diabetes mel-
litus with a fasting plasma glucose level of over 200 mg%
to not reach the euglycemic control level with the ad-
ministration a single agent.® Insulin would thus be re-
quired to achieve the euglycemic control. Normally, prior
to the administration of insulin, treatment with another
type of OAH with a different mechanism of action is
administered in combination with the initial OAH.” Ev-
ery combination of2 OAH is expected to achicve a syn-
ergistic effect or improvement in reducing plasma glu-
cose, with minimum side effects and a better outcome.®
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The UK Prospective Diabetes Study (UKPDS) clearly
demonstrated the progress of disease in the 4209 study
subjects receiving intensive treatment with a single OAH.®
Administration of a single OAH in an obese patient with
type 2 diabetes mellitus usually starts with metformin,
while those with normal bodyweights or non-obese pa-
tients usually are started on sulphonilurea. Treatment
combinations for obese and non-obese type 2 diabetes
mellitus are principally the same, as long as the two drugs
have a different mechanism of action.

BLOOD GLUCOSE REGULATION AND THE PATHO-
GENESIS OF TYPE-2 DIABETES

Up to now, the pathogenesis of type 2 diabetes mel-
litus has not been fully discovered. It is still unclear which
step is responsible for the initiation of the whole pro-
cess. This is in contrary to type | diabetes mellitus, which
is mostly caused by auteimmune processes, while the
remaining few have no clear eticlogy.>’* Under normal
conditions, the body continues to maintain plasma glu-
cose level within normal limits. Three organs that play
the most important role in regulating plasma glucose level:
the B cell of the pancreas, which produces insulin to re-
duce blood glucose; the liver, which increases plasma
glucose through glycogenolysis and gluconeogenesis; and
muscles, that reduce plasma glucose by increasing glu-
cose uptake.’® During fasting, glucose requirement is
fulfilled by the liver, through a process known as the
liver glucose production (thus producing endogenous glu-
cose). After meals, blood glucose originates from ab-
sorbed foods (exogenous glucose). Following meals, most
plasma glucose will enter body tissues such as muscles,
liver, fat, while the remaining glucose enters non-insulin-
sensitive tissues such as the brain, intestines, and red
blood cells.'**< Insulin is the main factor in maintaining
bicod glucose level at approximately 70-120 mg/dl. In-
sulin acts to stimulate glucose intake at the peripherals,
particularly in the muscle cells. Insulin suppresses the
synthesis or release of glucose by the liver. In other words,
insulin suppresses gluconeogenesis and glycogenoly-
sis.™*¢ In type 2 diabetes mellitus, it is unclear whether
the initiating process is disturbed insulin secretion by
pancreatic B cells or reduced sensitivity of peripheral
tissues (insulin-resistance). However, in type 2 diabetes
mellitus with clear clinical findings, the two conditions
are found hand in hand.*¢
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CLASSIFICATION OF OAHs

During the last several years, several new types of
OAH have been found, such as acarbose. repaglinide.
nateglinide, and thiazolidinedione,* thus reducing the domi-
nation of sulphonilurea. According to its mechanism of
action, OAH can be classified into 4 groups:’

1. Drugs that inhibit carbohydrate absorption in the in-
testines: a-glucosidase inhibitors (acarbose)

2. Drugs that stimulate insulin secretion (insulin secre-
tagogues)

a. Sulphonilurea (glibenclamide, gluquidone.

gliclazide, glipizide, glimepiride)

b. Non-sulphonilurea (repaglinide. nateglinide,

meglitinide)
3. Drugs that inhibit glucose production in the liver

(metformin—glucophage, metformin HCI)

4. Drugs that increase glucose uptake in peripheral tis-
sues (thiazolidinedione, metformin, and suiphonilurea)

If we analyze the mechanism of action of each group
of drugs, we will find that sulphonilurea particularly acts
by increasing insulin secretion on pancreatic {3 cells by
inhibiting and blocking ATP-dependent K channels, thus
reducing K efflux, causing potassium retention, and caus-
ing depolarization that opens Cat++ channels, causing an
increase in Ca++ influx, thus causing exocytosis of insu-
lin granules and increasing insulin secretion. In addition,
sulphonilurea may function to inhibit @ cells from se-
ereting glucagons, and stimulating & cells to increase se-
cretion of somatostatin, which is a glucagons inhibi-
tor.'**78 Glimepiride is a drug from the sulphonilurea
group that is known as a third generation sulphonilurea
for its advanced ability from its predecessors. In addi-
tion to increasing insulin secretion, it is also able to in-
crease glucose uptake in the peripheral tissues by in-
creasing GLUT 4 translocation to facilitate glucose en-
try to the cell. 1t also produces minimum hypoglycemic
effect and does not cause peripheral vasoconstriction.’
Drugs from the non-sulphonilurea group, such as
repaglinide and nateglinide, have separate receptor sites
from sulphonilureas, and do not directly stimulate insulin
exocytasis in increasing insulin secretion. This drug is
known as “Prandial Glucose Repgulators™, thus engen-
dering the “one meal” concept, and the “‘one dose™ and
“no meal no dose” concepts.'*'""* Repaglinide is a novel
OAH with a unique molecular structure, mechanism of
action, and excretion. Even though it does not belong in
the sulphonilurea group, it is classified into the insulin
secretagogue group due to its mechanism of action to
stimulate insulin secretion from the pancreatic 3 cell.
However, it has a short half-life, and most are not ex-
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creted by the kidneys, and is easily absorbed.'3'*3-16
Unlike sulphonilurea, metformin does not increase insu-
lin secretion at the pancreatic 3 cells, but instead works
particularly by inhibiting glucose production by the liver
by suppressing gluconeogenesis and glycogenolysis. In
addition, metformin works in peripheral tissues by in-
creasing glucose uptake and inhibiting glucose absorp-
tion in the intestines.'? Alpha-glucosidase inhibitors
(acarbose) reduce postprandial plasma glucose level by
delaying carbohydrate absorption in the intestines and
sparing insulin use." Thiazolidinedione, specifically
troglitazone, rosiglitazone, and pyoglitazone, are new
drugs introduced as “insulin sensitizers” that increase
insulin sensitivity of the liver as well as other organs, and
the skeletal muscles. '

TREATMENT COMBINATIONS

From the various OAH currently known, it is very
rational to combine two types of OAH with different
mechanisms of action to produce a better glycemic con-
trol effect compared with treatment with a single drug.>’
Sulphonilurea has been proven to require a larger dose
at use, and it is very possible that at one point the blood
glucose level can no longer be controlled at a maximum
dose (secondary failure). This is due to the inability of
beta cells to further increase insulin secretion. in addi-
tion, insulin resistance gradually increases.'? Initiaily,
OAHs are administered in combination only after a type

of QAH has been administered at a maximum dose with-

out being able to control plasma glucose level, thus re-
quiring an additional OAH with a different mechanism
of action from the initial OAH. Both sulphonilurea and
metformin gradually require increased dosage to achieve
euglycemic control level, thus increasing side effects."”
Like other drugs, OAHs achieve near maximum effect
with a dose half the maximum dose. If the drug is ad-
ministered at maximum dose, it will produce more side-
effects. Thus, before reaching maximum dose with a
single drug, we could add a second type of OAH to avoid
side effects. OAH treatment combination can be ad-
ministered earlier at a smaller dose based on disturbed
insulin secretion and disturbed insulin resistance. A study
by the American Diabetes Association {ADA) recom-
mends intensive OAH treatment in type-2 diabetes mel-
litus patients with an HbAic level of more than 8%, with
a glycemic control target of HbAlc < 7%.'¢

Several possible OAH treatment combinations are
as follows:*"?
1. Sulphonilurea and metformin
2. Sulphonilurea and a-glucosidase inhibitor (acarbose)
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Sulphonilurea and repaglinide/nateglinide
Sulphonilurea and thiazolidinedione
Metformin and repaglinide/nateglinide
Metformin and acarbose

Metformin-and thiazolidinedione
Nateglinide and thiazolidinedione

== 00 Oy LR W

Sulphonilurea and Metformin

Sulphonilurea and metformin work in synergism. The
combination is tolerable, and improves the glycemic con-
trol and lipid level in type 2 diabetes mellitus that cannot
be controlled through dietary regulation and
sulphonilurea.”¢ In the United States, the use of
sulphonilurea in type 2 diabetes mellitus is generally the
first choice OAH. However, it turned out that
sulphonilurea produces an initial failure rate of 30%, while
the remaining 70% is successful at the beginning of ireat-
ment, but is followed by an annual failure rate of 4-5%.
It turned out that combination with metformin can pro-
duce glucemic control effect, and is generaily safer due
to a difference in the mechanism of action. Metformin
reduces blood glucose by reducing liver glucose produc-
tion and increasing glucose uptake in peripheral tissues,
while sulphonilurea increases insulin secretion.** Lipid
levels drop as when metformin is administered as a single
drug.

Likewise, even though there is increased danger of
lactic acidosis, the condition is the same as if it was given
as a single drug.® In a randomized, double-blind, con-
trolled clinical trial on 632 patients with a fasting blood
glucase level of over 250 mg%, and a HbAic of 8.8%,
administration of glyburide (glibenclamide) and
metformin for 6 months produced improved fasting
plasma glucose level and HbA lc. However, the differ-
ence is more apparent if stated that treatment combina-
tion of glyburide and metformin was able to reduce
plasma glucose, HbAlc, and plasma lipid level two-
folds.'® Likewise, the UKPDS study on 591 patients with
poor control using single treatment demonstrated a re-
duction in fasting blood glucose of 30%, and 0.5% in
HbA ¢ after the addition of metformin, which is incred-
ibly significant compared to the results from administra-
tion of a single agent.*'* Combination of sulphonilurea
and metformin also demonstrated reduced hypoglyce-
mic symptoms, and did not increase bodyweight com-
pared to the administration of sulphonilurea alone. Com-
bination of sulphonilurea and metformin also reduced the
incidence of gastrointestinal symptoms usually common
in patients receiving metformin.®
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2. Sulphonylurea and alpha-glucosidase inhibitor
{acarbose)

Administration of acarbose in type-2 diabetes melli-
tus patients receiving sulphonilurea produces the addi-
tional effect in reducing plasma glucose level, particu-
tarly postprandial blood glucose, compared to adminis-
tration of sulphonilurea and metformin in combination.'s"?
Patients with secondary failure are recommended for
acarbose type OAH to delay insulin administration. It
has been demonstrated that insulin requirement is re-
duced after administration of acarbose in several pa-
tients.'® Even though acarbose or miglitol is not an “in-
sulin sensitizer™, it assists insulin action by directly de-
taying prandial glucose absorption and reducing the
amount of postprandial insulin requirement. Thus, com-
bination of sulphonilurea and acarbose improves fasting
and postprandial blood glucose.'®'® A multi-center,
double-blind, cross-over study demonstrated that a com-
bination of sulphonilurea and acarbose is more able to
reduce blood glucose and HbAlc compared to
sulphonilurea and placebo.?"

3. Sulphonylurea and Repaglinide/Nateglinide

A prospective, multi-center, 1-year, double-blind study
demonstrated that repaglinide is just as effective as
sulphonilurea in the management of type 2 diabetes mel-
litus. Even though repaglinide and sulphonilurea has the
same inechanism of action as insulin secretagogues, the
two drugs may be combined based on the fact that they
have separate receptor sites on the pancreatic beta cell,
and does not accelerate the cell by means of direct exo-
cytosis of insulin.” Thus, theoretically, repaglinide can be
combined with sulphonilurea, even though further inves-
tigation is required.’

4. Sulphonylurea and Thiazolidinedione
Combination of sulphonilurea and thiazolidinedione
acts synergistically to reach glycemic control in type 2
diabetes mellitus, and has been proven to be just as ef-
fective as combination of sulphonilurea and metformin.'?
In a double-blind clinical trial with placebo control, 552
patients with uncontrolled type-2 diabetes mellitus re-
ceiving 12 mg of daily glibenclamide were given an ad-
ditional 400 mg of troglitazone daily. The study demon-
strated a 15% reduction of fasting plasma glucose.™*
When compared, combination of sulphonilurea with
troglitazone, metformin, or acarbose are all able to pro-
duce a significant reduction of HbA ¢ compared to ad-
ministration of sulphoniiurea alone. However, it has been
demonstrated that combination of sulphonilurea and
metformin or acarbose produced a reduction of HbAlc
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to the target of HbA le 7%. On the other hand. combi-
nation of sulphonilurea and troglitazone was not able to
produce the expected euglycemic control target.'

5. Metformin and Repaglinide/Nateglinide

In a 3 month study, a combination of repaglinide and
metformin was able to reduce HbA ¢ from 8.3% to 6.9%
(p <0.002) and fasting blood glucose level from 10.2 to
8.0 mmol/l (p<0.001). While if the two drugs were ad-
ministered separately, they were not able to reduce fast-
ing blood glucose or HbA 1¢.'* Treatment combination
of repaglinide and metformin is three times more effec-
tive compared to single therapy, with less or reduced
side effects such as gastrointestinal disturbance and hy-
poglycemia.” A study by Horton et al demonstrated that
nateglinide is more effective when combined with
metformin, and the two complement each other in im-
proving glycemic control in type 2 diabetes. Nateglinide
reduces postprandial hyperglycemia. Treatment with
nateglinide alone produced a 0.5% reduction of HbAle.
Treatment with metformin alone produced a 0.8% re-
duction of HbA 1¢, while combination of nateglinide and
metformin produced an HbA 1 ¢ reduction of 1.4%. Thus,
it was demonstrated that a combination of the two drugs
were able to produce a significant reduction in HbAlc,
as well as increased body weight and minimum episode
of hypoglycemia.'' A study on 467 patients with type 2
diabetes mellitus who did not succeed with daily admin-
istration of > 1500 mg of metformin, it was demonstrated
that the addition of 60-120 mg of nateglinide daily for 24
weeks produced a significant reduction of fasting plasina
glucose and HbAlc®

6. Metformin and Acarbose

The addition of acarbose in patients with type 2 dia-
betes mellitus who did not demonstrate satisfactory re-
sults with metformin demonstrated more significant im-
provement to that in patients receiving sulphonilurea. A
52-week study demonstrated a reduction of HbAic
0.8%."** Acarbose has a different mechanism of ac-
tion with other OAHs in reducing plasma glucose." Data
from a double-blind one-year study with placebo control
demonstrated that a combination of metformin and
acarbose produced a significant reduction in postpran-
dial plasma glucose level .'®!"

7. Metformin and Thiazolidinedione

When metformin and thiazolidinedione are combined,
they complement each other, particularly in patients with
type 2 diabetes mellitus dominated by insulin resistance.
Metformin suppresses glucose production in the liver,
and thiazolidinediones, particularly troglitazone, has a
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receptor to increase glucose uptake in the muscles.”* A
study demonstrated a significant reduction in fasting
plasma glucose level as well as 2 hour postprandial glu-
cose level of 20% and 25% respectively, and an aver-
age reduction in HbAlc of 1.2% after six months ad-
ministration of this combination. compared to when each
drug was administered separately. It has also been con-
cluded that a combination of metformin and troglitazone
is most recommended for obese type-2 diabetes mellitus
patients, since the two drugs reduce the influence of in-
sulin resistance >

8. Nateglinide and Thiazolidinedione

A multi-center study on 256 patients with type-2 dia-
betes mellitus for 33 weeks demonstrated that a combi-
nation of repaglinide and troglitazone significantly reduced
HbAlc from 8.9 to 7.9% after 14 weeks of treatment.
On the other hand, patients receiving troglitazone alone
demonstrated an increase from 8.6% to 8.7% instead."
Thus, it can be concluded that a combination of
repaglinide and troglitazone works in synergy, and is thus
more effective than administration of a single agent. No
hypoglycemia was found during the course of the
study.'"™ A double-blind randomized study was con-
ducted on 148 patients receiving placebo, 150 patients
receiving 120 mg of nateglinide before meals 3 times
daily, 151 patients receiving 600 mg of troglitazone, and
150 patients receiving combined treatment of nateglinide
and troglitazone. After 16 weeks of treatment, there was
a significant reduction in fasting blood glucose and HbA lc
in subjects receiving combined treatment compared to
those receiving placebo, as well as in the baseline value
of those receiving nateglinide or troglitazone. On the other
hand, treatment combination of nateglinide and
troglitazone significantly reduced fasting blood sugar and
HbAlc compared to administration of a single drug
(p<0.001).’* Raskin then studied 85 patients receiving
troglitazone, 83 patients receiving repaglinide, and 88
patients receiving treatment combination of troglitazone
and repaglinide for 22 weeks. The final results demon-
strated that the euglycemic control in patients receiving
repaglinide was better than those receiving troglitazone
alone, and those receiving combined treatment of
repaglinide and troglitazone demonstrated even better
euglycemic control compared to single administration.*
A combination of 3 or 4 types of OAHs with different
mechanisms of action, such as sulphonilurea, metformin,
and alpha glucosidase inhibitor (acarbose), and
thiazolidinedione theoretically could be used to avoid the
use of insulin in type 2 diabetes mellitus. However, this
is yet to be supported by data. In addition, the use of 3 or
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4 types of OAH costs, produces more side-effects, and
is generally impractical.”! Furthermore, beta cells would
no longer be able to increase insulin secretion.”

Monotherapy

¢

Low-dose
combined oral

'

High-dose
combined oral

b

Combined
Insulin oral

Figure 1. Algorithm of Treatment of Type 2 Diabetes Mellitus

The question is, when can we start administering
OAHs in combination? The FDA accepted algorithm of
treatment in patients with newly diagnosed type 2 diabe-
tes mellitus can be found in Scheme 1, where treatment
combination may be initiated at an HbAlc level of over
10%.

A combination of 2 QAHs at a low dose may be and
is usually initiated in the form of a combination of
sulphonilurea and metformin. As stated in Scheme 1, an
example of an initial treatment combination would be |
mg of glimepiride plus 1000 mg of metformin, which re-
duces HbAlc to 2%, specifically from 9% to 7%. In
patients with renal failure or congestive heart failure,
metformin may be replaced with thiazolidinedione as a
second choice. If it produces a hypoglycemic reaction,
the dose of one of the drugs should be reduced or its
administration terminated completely.'® Diabetic patients
with an HbA Ic of less than 10% should be sufficiently
treated with monotherapy, but nevertheless, treatment
combination may be administered if necessary before
reaching the maximum dose. [f a combination of 2 OAHs
is still ineffective, we may add the use of a third drug,
usually thiazolidinedione, or insulin. The addition of
thiazolidinediones delays the administration of insulin, but
its effect varies and is generally slower. In addition, liver
enzyme monitoring is required.'* Administration of insu-
lin is more reliable and more powerful. However, it is
generally not preferred by patients. The type of insulin
recommended is NPH, or moderate acting insulin, ad-
ministered at an initial dose of 10 units at night before
bed, and gradually increased until the fasting plasma glu-
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cose is under control.'® In the United States, sulphonilurea
is chosen as a formality, and the recognized drug is
glimepiride, even though other types of sulphonilurea are
Just as effective.

CONCLUSION

Treatment combination of two types of OAH with
different mechanisms of action has been proven to be
more significant in producing glycemic control compared
to single drug administration.

Combination of two kinds of OAH, in addition to
reducing side effects, can also delay the administration
of insulin, which is generally disliked by patients.
Sulphonilurea and metformin are the most common drugs
to be combined, but other combinations can also pro-
duce equally satisfactory results. Even though it is able
to reduce HbAlc, ombination of sulphonilurea and
troglitazone cannot produce the expected euglycemic
effect.

Patients who failed to reach the euglycemic control
level with a combination of 2 kinds of OAH are recom-
mended for treatment with moderate-acting insulin at
night as an additional treatment, with a dose titrated to
reach the euglycemic control level. Patients receiving a
single drug who did not reach the euglycemic control
level may be initiated on treatment combination before
reaching the maximum dose, since the maximum dose
produces more side effects.
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