CHAPTER 11

LITERATURES REVIEW

Human diabetes mellitus is a heterogeneous disorder. The most common types
encountered clinically are Type 1 (insulin-dependent) diabetes mellitus (IDDM) and
Type 2 (non-insulin-dependent) diabe e’ ellitus (NIDDM). The former is mainly

characterized by B-cell destmg; o profound deficiency of insulin

secretion meanwhile the | :
the hyperglycaemic sta r@tm insulin resistance and
impaired insulin secretion /

The short term 2

restoring glycaemia ; A Ther s oubt, however, that the most
difficult goal is to pr 2\ V Cro- ‘an | scular complications that
affect both Type 1 and beti€ patients (Marehetti and Navalesi, 1989: 101).
A. Glipizide
1. History :
During the }Brld War 'lij n, it om Montpelier treated typhoid
fever with a new splp :.:.:.:::..:.-,_:.t..: ,,,,, c, glypiotiiasd -7'-3 RP). He found that

many patients devel e

Loubatieres (1957), the treatment of diabetes
mellitus in t ﬁ ﬁ %9 mation of an NH,-
moiety on t u ﬁﬁhﬂ ﬂ.‘zﬁj ﬁr yclic nitrogen ring
enhanced the therapeutlc efficacy afid reduced toxigity. The sulphenylurea drugs are
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Navalesi, 1989: 102).

as extensively studied by

? ‘d some derivatives were used 1

A number of sulphonylureas are currently marketed in Thailand as oral
hypoglycaemic agents. These include the older drugs such as chlorpropamide as well
as ‘second generation’ agents namely glipizide, gliclazide, and glibenclamide

(glyburide).



2. Chemistry and Stability
2.1 Chemistry
Glipizide is a sulfonylurea antidiabetic agent (Figure 1). Glipizide occurs
as a whitish powder and is practically insoluble in water and in alcohol. The drug has

a pK, of 5.9 (Lunn, and Schmuff, 1997; Budavari, ed., 2001 and McEvoy, 2001).
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2.2 Stabili

3.1 Antidiabetic Effect
Sulfonylureas lower blood glucose in patients with type 2 diabetes by
directly stimulating the acute release of insulin from functioning beta cells of

pancreatic islet tissue by an unknown process that involves a sulfonylurea receptor on



the beta cell. Sulfonylureas inhibit the ATP-potassium channels on the beta cell
membrane and potassium efflux, which results in depolarization and calcium influx,
calcium-calmodulin binding, kinase activation, and release of insulin-containing
granules by exocytosis, and effect similar to that of glucose.

With chronic sulfonylurea treatment, insulin production is not increased
and may return to pretreatment values, but insulin efficacy continues and is thought to
involve extrapancreatic mechanisms to increase insulin sensitivity in target tissues,

such as liver, muscle, and fat as 1 in other cells, such as monocytes and

c l’
erythrocytes. This can rest y in hepatic glycogenolysis and

-

e e

gluconeogenesis (Jackson e 81 ; l\grch 1989; USP DI, 2003)

On a weight basisy*8lipizide is one of the.most potent of the sulfonylurea
antidiabetic agents; altholigh@n. 4ét \dosage relationship does not exist, a daily
glipizide dose of 5 mgg€o : tion to approximately the
same degree as daily do hropropamide or tolazamide
250 mg, glyburide 2.5~

3.2 Other Effects,

Glipizide produges a mHd_d ~effect by enhancement of renal free

water clearance. Like other sulf ,7 *7 de directly increases the secretion of

4. Pharmacokinetici. .
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Glipizide is rapidly and completely absorbed from the GI tract. First-pass
Wl a1 1T b N (100}
the dﬂ ﬁpo ﬁo ﬁ-ﬁo ,

4.1.1 Time to Peak Plasma Concentration (tmax) and Peak Plasma
Concentration (Cpay)
Following oral administration of single 5 mg-dose of glipizide in

fasting and nonfasting individuals, the drug appears in plasma 15-30 minutes and



average peak plasma concentration of approximately 310-450 ng/mL usually are
attained within 1-3 hours. The hypoglycemic action of glipizide generally begins
within 15-30 minutes and is maximal within 1-2 hours (McEvoy, 2001). However,
many studies revealed that C,,, was approximately 450-500 ng/mL (ranged 260-1117
ng/mL) (Balant, 1981; Zmeili et al., 1995; Kobylinska et al., 2000) with tpay of 1 to 3
hours after administration of the same dose of glipizide tablet (Brogden et al., 1979;

Balant, 1981; Marchetti et al., 1989; Zmeili et al., 1995; Kobylinska, 2000).

4.1.2 Area Under ime Curve (AUC)
, Zmeili et al. (1995) reported
— o
that the AUCy,, was 21 .8 ng. , d 1261.3-4663.8 ng.hr/mL)
whereas Kobylinska e : Ound \ 024 was 1828.35-1934.86
ng.hr/mL and the AUC

4.1.3 Delaye
by 20-40 minutes but does not
affect peak plasma concentratl i-achic he extent of absorption of the drug
Therefore, gllledcjhould beltaken meal (McEvoy, 2001)
Neither is any informafion availz oflinterindividual variation
in absorption. It appe% that mc of food an be attributed to delayed

gastric emptying, as glipizide pre aratlons dissolve poorly in acid, but rapidly in
ptyi g f prep

Tgn:(;l)ated mtﬂ xlufEJj ?ﬂWﬁ w BQ’Tﬂﬁ' Wahlin-Boll et al,,
%ma:“ﬁ ap TN ety ket e

been shown to be reduced by 50% with plasma glucose concentrations over 198
mg/dL (11 mmole/L) (USP DI, 2003).




4.1.4 Double Peaks in Oral Concentration-time Profiles
A few reports indicate that biphasic peak plasma concentrations may
occur in some patients, suggesting that the drug may undergo enterohepatic
circulation (McEvoy, 2001). The double peak is not expected to affect the accuracy of
the measurements for the reason that comparison between the formulations is based

on the overall Cpax, tmax and AUC (Zmeili, 1995: 44, cited in Suttle et al., 1992).

4.2 Distribution

Distribution of glipi y tissues and fluids has not been

fully characterized.
Following IV ad e, highest concentrations of
the drug were attained ig oncentrations in the lungs

In human izide are distributed into
bile and into erythroc ng IV administration of the
drug, the volumes of d artment and at steady-state

£ ;HJ;-

fluid. According to HSPDI, il vnf{xme‘ is 0.14-0.16 L/kg. The

reported to be 11.5 to

25 L (Brogden et al., 7
At a concenti;atlon of 9-612 n mL glipizide is approximate 92-99%

N 1 4 151
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4.3 Elimination
After oral administration in healthy individuals or diabetic patients with

normal renal and hepatic function, the terminal elimination half-life of glipizide



averages 3-4.7 hours (ranged 2-7.3 hours) (McEvoy, 2001) and increases to 2 to 5
after long term treatment (Marchetti et al., 1989; Wahlin-Boll et al., 1986)
The elimination rate constant of glipizide in plasma was 0.2-0.25 hr’
(Zmeili et al., 1995; Kobyliska et al., 2000). Total plasma or serum clearance of
glipizide reportedly averages 21-38 mL/hour per kg. Plasma clearance has been
shown to be 2.4 to 3.0 L/h (McEvoy, 2001; Brogden et al., 1979).
Glipizide is almost completely metabolized, mainly in the liver. The drug
1. ring to 4-trans-hydroxyglipizide. The
' @as the 3-cis-hydroxy derivative, N-

(2-acetylaminoethylphen ' ea (DCDA), and at least 2

is metabolized principally at the

drug is metabolized to non-ac

within the first 6-24 are also excreted in feces
apparently almost co nly small amounts may be
excreted in feces as'un 0% of the 5-mg dose of

glipizide is excreted i uri , anged drug ‘an 1etabolites within 24-72 hours
and about 5-20% is excr, S _’ in Z ! ars. In urine excretion within 24
changed drug, about 20-60% as the 4-

trans-hydroxy metabolite, 10- 16@9 ydroxy metabolite, 1-2% as DCDA,

s-l‘_—.'—,'j

and the remainder @}jmldent:ﬁed metal

reased!in patients with renal or
' 1minaﬂn half-life of unchanged
gllpmde does not appear to | to be substantiallyt}lcreased in patients with impaired renal
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diabetes mellitus who have an onset of disease after 40 years of age, a duration of the

hepatic msufﬁcnenchHow v

disease less than 5-10 years before initiation of therapy, a body weight within 110-
160% of ideal, a fasting plasma glucose concentration of less than 180 mg/dL, and no

history of ketoacidosis and who require less than 40-50 units of insulin daily. Type 2
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diabetic patients who are very obese or who have fasting blood glucose concentrations
greater than 200 mg/dL may be less likely to respond to oral antidiabetic agents.
Combined therapy with insulin and oral antidiabetic agents may be useful in
some patients with type 2 diabetes mellitus whose blood glucose concentrations are
not adequately controlled with maximal dosages of the oral agent and for as a means

of providing increased flexibility with respect to timing of meals and amount of food

ingested (McEvoy, 2001).

There is no s1 1on shi

6. Plasma Concentration

plasma concentrations of

sulphonylureas and hypo emic effect. eirglations usually being found only

This supports the noti6n that an increase ylurea dose cannot compensate for

increased energy intakgi(Balant f', iet al., 1989; Haaber et al., 1993).

Initial oral administratio tablet is usually administered once a
day thirty minutes 5fore breakfas imum-reduction in postprandial
blood glucose concentiatis /7 5 to 5 mg every several

days as needed.

For mamtenance oral dose, the drug up to 40 mg ‘a day is administered thirty
minutes bef g or less but may be
divided whcﬂ:uﬁ lﬁlﬂﬂﬂ?“‘ﬂ n]:fllgﬁnto two doses a day
BLakuki e

Fnenay

recautlons to Consider
If patients are sensitive to one of the sulfonylureas or cross-sensitivity to other
sulfonamide- or thiazide-type medications, they may be sensitive to the other

sulfonylureas also (USPDI, 2003).
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9. Adverse Effects
9.1 Hypoglycemia
Hypoglycemia, defined as blood glucose of less than 60 mg/dL or
symptoms associated with hypoglycemia, may occur as a result of excessive glipizide
dosage. However, since the development of hypoglycemia is a function of many
factors, including diet, or exercise without adequate caloric supplementation, this
effect may occur in some patients receiving usual dosages of the drug (McEvoy,

2001). In addition, drugs with longe: ives, such as first-generation sulfonylurea

response, and occurs ycapenic syn most case.

The neuro ptonis. incle palpitations, anxiety and

minutes, and a declin;ﬁs

* PRHANENINEIDT e e

diarrhea, (ﬁd constipation are the’ most commén. adverse reactions to glipizide

convtick) b bfng ok 25 of i ikl ﬂced adverse

Gl effects appear to be dose related and may subside following a reduction in dosage

or administration of the drug in divided doses.
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Table 1 Signs and Symptoms of Hypoglycemia

Autonomic® Neuroglucopenic®
Weakness Headache
Sweating Hypothermia
Tachycardia Visual disturbances
Palpitations Mental dullness
Tremor Confusion
Nervousness | nnesia
Irritability
Tingling of moutf y
Hunger '

Nausea®
Vomiting® :
*Caused by increased activify ¢ omie; n “:\\

\

®Caused by decreased agfivity o ku-hg;j :

*

c it
U . : g
nusual ) ﬁ y
‘r ‘;—-F" !
9.3 Dermatologic Effects-and Hepai

If allergichskin reactions includi eryffiema, eczema, urticaria,

-~
- — — ]

sssociated jaundice occur,

g
o ARG 94 219 9 1)7) 3

Likeother sulfonylureas, weight gain and the syndrome of inappropriate
AT T A
glipizal. | :

10. Drug Interaction

maculonanular eruntio

and morbilliform orjjfia
the drug should be disﬁntinu d.

Numerous drugs have been reported to interact with sulphonylureas leading to

either potentiation or attenuation of the latter’s hypoglycemic action through
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pharmacokinetic and/or pharmacodynamic interactions (Marchetti and Nayaksi,
1989).

Potentiation of sulphonylurea action due to pharmacokinetic mechanisms may
be achieved by displacement from plasma protein binding sites, enzymatic inhibition
or enzymatic induction of hepatic metabolism or reduction of urinary excretion.

Pharmacodynamic interactions have been claimed to explain the potentiation of

sulphonylurea action by monoamine oxidase inhibitors (increased insulin secretion,

Glipizide oral ¢

B. Bioavailability a
1. History

the 1970s and was defined there "=-.‘ . Ho

Jr'. 2
regulations on bioavailability and nce was a landmark that led to
abbreviated new dl:l_s applicaﬁSn‘s ( n1992, the US Food and
Drug Administration {US FD? e on statistical procedures

for providing eviden'}- ﬂiavailability between the

generic drug product l?nd the innovator drug product that rep]aces the animal

e B I IR e
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bloequwalence Two formulations of the same drug or two drug products are said to
be bioequivalent in average bioavailability if the 90% confidence interval of the ratio
of means of the primary pharmacokinetic parameters such as AUC and Cp.x are

within the interval of 80 and 125% based on log-transformed data. It assumed that
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they will provide the same therapeutic effect or that they are therapeutically
equivalent (Chow and Liu, 2002).

Up to date, the idea of drug interchangeability usually classified as drug
prescribability and drug switchability have been described in recently published
guidance for industry: statistical approaches to establishing bioequivalence (US FDA,
2001). Drug prescribability is referred to as the physician’s choice for prescribing and

appropriate drug product for his or her new patients among an innovator drug product

and a number of its generic drug px .[On the other hand, drug swithchability is

related to the switch from an.inng %o a generic product within the
centration e edients has been titrated to a

steady, efficacious, and -

drug interchangeabil;'ﬁ

———

ess drug prescribability and
(PBE) and individual

bioequivalence (IBE) : w and Liu, 2002).
In 2000, the US"F general considerations of
bioavailability and $ioe e studiesgfor - Al inistered drug products,

salence study for modified-

The replicated crosso T 10t only allows estimates both of
. . -ll:_r;t"‘r ‘-_,r U
bioequivalence; I]?Eand PBE, but a e gccurate and assessment of

"'7 ‘D)

7
2. Bioavailability ¢
=9

L
Bioavailabil fi , x?l‘ fltﬁctive drug ingredient
or therapeutﬂum Eoﬁiﬁ:nﬁg product and becomes available at the
site of action. ¢ — : v
T BADIAUBIAN I AL e

of the total amount of unaltered drug that reaches the systemic circulation.

Relative (apparent) availability is the availability of the drug from a drug
product (A) as compared to a recognized standard (B).
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Relative availability = [AUC] A
[AUC]s

The absolute availability of drug is the systemic availability of a drug after
extravascular administration (eg, oral, rectal, transdermal, subcutaneous) compared to
IV dosing. After oral administration of a drug, F (which is fraction of the dose to be

absorbed) may vary from a value of 0 (no drug absorption) to 1 (complete drug

Dose v

d to measure product quality
bioavailability and to esiébligh /bi & ',  ;\H \.‘ nding order of preference,
these include pharma€okigétig) pharmacodynamic, clinical observations, and in vitro
studies (US FDA, 200 \\ \

Plasma drug con tion methods the most direct and objective way to
determine systemic drug b ay ﬁ,_;-'.-'* ; 7 rate description of plasma drug
concentration-time profile of drug -Subsiance can be obtained using validated drug
assay and this proviﬁ mcthods were used only if

this quantitative o ‘ siifficient accuracy and/ or

reproducibility. Exce@ona y dics mﬁ\od was used to assess

bloavallablllty when ther .f are correlation bi, een the in vitro drug dissolution rate

B2 "’ﬂ"‘ﬁ”ﬂ“’ﬁ"ﬁ’ﬁm‘ﬁ KN
immmmummma ¢)

For bioavailability and bioequivalence studies, the crossover design is
viewed favorably by the FDA because of the following advantages (Bolton, 1997:
384-425):

1. Each subject serves as his or her own control. It allows a within subject

comparison between formulations.
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2. It removes the intersubject variability from the comparison between
formulations.

3. With a proper randomization of subjects to the sequence of formulation
administrations, it provides the best unbiased estimates for the differences (or ratios)
between formulations.

4. In practice, a crossover design, which can remove the intersubject

variability from the comparison of average bioavailability between formulations, is

ce if the number of formations to be

/ d Liu, 2000).

32RepllcateDesn i« -w lval ce St

often considered to be the design,, ¢

compared is small, say no mo

In 2000 FDA _Guid ', ailability-and Bioequivalence Studies for

Orally Administered Drug iderations, it states five potential

advantages to what they tg oligate . signs (Smith, 2003: 83-120). These are

1. Allow ¢émp3 { within sw : . n\ es for the test and reference
product.

2. Indicate whgthe i ,.: h gher or lower within-subject
variability in the BA measugés whe; pared to the reference product.

3. Suggest whether a7 y—fon ulation (S*F) interaction may be
present. ;{ﬂ{w VA L

-

4. Provide

performance, and

I
5. Reduce Qe number of subjccts needed in the BE study.

U ANENINEIN T e
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mentlor?s only the following two replicate designs, neither of which has been

previously mentioned in this entry such as the three-period design and the four-period
design (Shargel et al., 2005). If the higher-order crossover design has more than two
sequences, it may increase the chance of errors occurring in the randomization

schedules (Chow and Liu, 2000).
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Moreover, the replicated design study must be considerate about very
time-consuming to complete the study, increasing the number of dropouts and the
effect on the data due to possible changes in the subjects’ physiological status over
this longer time period (Chow and Shao, 2002: 108-109).

For the attractive design, many studies reported that high variability drug
were study based on replicated crossover design such as two sequence dual design

(Sechaud et al, 2002), four-period design with two sequences (Yacobi et al., 2000 and

Joukhadar et al., 2003) and four- eri j ,7}“ with four sequences (Meyer et al.,

2000).

4.2 Analysis of Va
A statistical differe_ pharmacokinetic parameters obtained
'.i" :; —
from two or more;ﬁug products is ¢ ically significant if there is a

4.3 Confidence {nt&rvals in Bioequivalence Studies

L
Pﬁrﬁ mlﬁ, EjlW?g“(ﬁ!ﬂrﬂﬁstimates are used to
ivalence of genetic drug ucts.

establish bioe pro

betw:aq formulat Iiaﬁs ni;] fi lation) o roduct with
respect to the rate and extent of absorption. The primary hypothesis may be whether

the difference in average bioavailability between a test and reference product in

within +20% of the reference mean which arbitrary by appears to have been chosen
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to satisfy clinical considerations. The confidence limits must lie between 0.8 and 1.25
based on the difference of the back-transformed averages of the log transformed AUC
and Cnax results (Bolton, 1997; Chow and Liu, 2000; Shargel et al, 2005).
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