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Summary

Diabetes mellitus, a syndrome consisting of interrelated metabolic, vascular, and
neuropathic components; and is defined as a group of metabolic diseases that
are characterized by hyperglycemia resulting from defects in insulin secretion,
insulin action, or both. Human type | diabetes mellitus (IDDM) is caused by an
absolute deficiency of insulin secretion resulted from T cell-mediated,
autoimmune destruction of pancreatic B-cells or by a primary defect in B-cell
function secondary to another (nonautoimmune) cause. In type Il diabetes
mellitus (NIDDM), the cause of the heterogeneous disease is a combination of
factors including insulin resistance at the level of the muscle and liver, and an
inadequate insulin secretory response.

Chapter 1 introduces about the local and global epidemic of diabetes, definition
and types of diabetes as well as classification of oral diabetic agents. It also
summarizes the need and rational for oral solid dosage forms as sustained drug
delivery systems, biological and physicochemical factors influencing the design
and performance of sustained release products, classification of
sustained/controlled dosage forms, why matrix tablets is choice of manufactures
as well as patients and finally aims and objectives of the study.

Glipizide, a representative of the second generation sulfonylureas and appears to
be the most effective insulin secretogogue both in first phase insulin secretion
and in sustained stimulatory response during long term administration. A
decrease in blood glucose concentration level occurs within 30 min of ingestion of
glipizide, providing peak plasma level concentrations within 1-3 h after a single
oral dose with an elimination half-life ranging from about 2 to 4 h. Nateglinide, a
D-phenylalanine derivative acts by binding to the sulphonylurea receptor to inhibit
Kate channels in pancreatic B-cells, which results in calcium influx and
subsequent insulin release. As plasma glucose rises, B-cell sensitivity to
nateglinide increases and insulin release amplifies. Following ingestion, it is
absorbed rapidly (within 30 min) with a maximum plasma concentration occurring
within one-half to two hours (tnax, 1.5 £ 1.1 h) and has very short half-life of 1-
1.25 h. Such a rapidly absorbed drugs having faster elimination rate with short
half-life make them suitable candidates to be formulated for the sustained
delivery.
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An active ‘substance cannot meet patient's needs without an appropriate
formulation. Formulation ‘development activity is not only restncted to new
chemxca! entities but also improvement of drug dehvery of existing drugs
Pharmaceutical dosage form development results in a dosage form that is
efficacious, patient friendly, stable and delivering the drug with minimal adverse
effects as closely as possible to the intended target. The pharmaceutical
companies are increasingly seeking innovative dosage forms for expanding
markets and indications, extending product life cycles and generating newer
fopportunities. Two broad reasons for .companies to look at new dosage form
development as a strategy for growth are: commercial'\compulsions and
technological advances. -

In recent years, controlled/sustained/modified release dosage forms have
increasingly gained popularity- over other conventional dosage forms in treating
- diseases as the therapeutic efficacy and safety of drugs, administered by
conventional methods, can be improved by more precise spatial and temporal
placement within the body: Moreover, they reduce the size and number of doses,
reduce total disease management cost, thereby providing economic merit to the
‘society and improve patient compliance. Most sustained release d‘rug delivery
systems developed are aimed at slowing the apparent absorption rate by -
reducing drug release rate from the dosage form. The basic rationale for
sustained drug deﬁvery is to alter the pharmacokinetics and pharmacodynamics
of pharmacologically active moieties byiusing novel approaches or by modifying
the molecular structure and/or physiological parameters inherent in a selected
~ route of administration. It is desirable that the duration of drug action become
“more a design property of a rate-controlled dosagé form, and less, or not at all, a
‘property of the drug molecule’s inherent kinetic properties. The oral route is by far
the most popular route of drug administration for both conventional and novel
- drug delivery systems. Compared to other oral dosage forms, tablets are the
‘manufacturer's dosage form of choice because of their relatively low cost of
manufacture, package, and shipment; increased stability and virtual tamper
resistance. Patients overwhelmingly prefer solid oral dosage. over other drug
forms due to s:mple easy, convement and safe self administration.

In addition, hydrophilic monolithic swellable matrix systems are among the most
widely used means for sustained drug delivery in solid oral dosage forms, as they
are more forgiving of variations in ingredients, production method and relatively
easy to formulate with existing, conventional equipments, and processing
methods. Moreover, it results in more uniform release profiles with a high
resistance to dose dumping. Matrix systems can be conveniently prepared by
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s using simple polymer fabncatxon techniques rnvolvmg a physrcal blendrng of the
active agent with a polymer matrix, followed by direct compression into a tablet

form. Ultrmately, matrix systems are economic to the manufacturers as well as to

~ the patients a!so ' ‘ '

Hence, the reSearch work was aimed to 'design and evaluate the sustained -

release oral dosage . forms (matnx tablet) of glipizide and nateg!rnrde by direct

compression method..

Second chapter gives and idea about the 'differerrt polymers and excipients, their
physical and. chemical properties, functional ‘abilities, : pharmaceutical
applications, mechanism by yvhich they. can sustain the active drug release from
the matrix system. Different polymers and co-excipients included in the studyy
- were spray-dried lactose, ; partially pregelatinized starch (Starch 1500),
microcrystalline cellulose (f'Ayicel),r ‘hydroxypropyl methylcellulose (HPMC),
sodium alginates (Protonal)i carrageenans (Gelcarin), carbopols, guar gum,
xanthan gum, ethyl cellu!ose,;polymethacry!ates (Eudragits) etc.

The third chapter thmerates the literature survey carried out before and during
the course of the prqect work The detailed information regarding the types and

grades ‘of the - polymers excrplents chemical and reagents, instruments and .

softwares used in the formulatron development analytlcal method development
and in vivo study have been included in chapter 4 entitled expenmental work.
Chapter 5 surhmarizes the results of the’ drug-excrplent interaction studies,
characterization of physical mlxture and prepared matrix tablets, development-
~ optimization and validation ofli analytical methods in full detail. Whereas chapter 6
and 7 discuss the drug relee{se profiles of all experimental batches, influence of -
matrix composition and role ;;of co-excipients in the formulation, mechanism of
“drug release kinetics }etc. for glipizide and nateglinide matrices, respectively.
Analytical ‘meghods for the‘:_ estimation” of glipizide and nateglinide - the
spectroscopic (for routine.analysis and in vitro dissolution study) and HPLC (for
estimation of drug from bro!ogrcal samples of in vivo study) were developed and
- optimized. They were also validated in accordance with the ICH gurdelrnes
Spectroscoprcally, glipizide (at 276 nm) and nateglinide (at 210 nm) were
~ quantified in phosphate buffer pH 6.8 over an analytical range of 1-50 pg/ml with
regressron coefficients of 0. 9997 and 0.9991, respectrvely For quantrﬂcatron by
HPLC method, glipizide (at 225 nm) and nateghmde (at 203 nm) were separated
using acetonitrile : phosphate buffer. pH 3 (70:30 v/v) as a mobile phase on Cqg
reversed phase column at ﬂow rate of 1 ml/min. The retentro_n t;me for glipizide,

-
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‘g.!iclazide (internal standard for both the drugs), and nateglinide and were 3.5,
4.7, and 5.7 respectively. The methods for both the drugs were found to be linear
within 10-2500 ng/ml with extraction efficiency of more than 97% from the plasma :
‘samples. The LoD and LoQ for glrpmde were found to be 2.64 and 8.8 ng/ml
~ whereas those for nateglrnrde were 2.91and 9.7 ng/ml, respectively. The method

was found to be accurate (98-101%) and precise (RSD < 2%) for both the drugs
~and successfully applied for the quantification of drugs: from rabbit plasma
samples during in vivo study. -

" Drug-excipient interaction studies were carried out to check the compatibility of
the matrix components using differential scanning calorimetry (DSC). The results
of the DSC study indicated the suitability of both the drugs with different
combination of excipients used in different formulations without any signs of
interactions. The physical mixtures of the matrix components were evaluated for
their suitability for direct compression by calculating the Carr's index (1., in the

range of 5-18%), ‘Hausner ratro (R, , below 1.25), and angle of repose (&,

between 20-42°) for each batch Unrformrty of the mixing was assessed by
conductmg content uniformity test (95-105%) on the samples of the powder ,
mixture before tabletting by direct compression. Prepared hydrophilic matrices
containing different combination of polymers and excipients were evaluated for
weight variation, t‘hickness, diameter, hardness, drug content (95-105% of the
label claim), in vitro drug release profiles (should be within the constraints defined
" at all time points) and finally optimized batches were subjected to stability studies
. as per ICH guidelines. In vitro drug release profiles of all the prepared batches
were subjected to fit into different kinetic- drug release modalities such as zero-
order first- order Higuchi's square root of time equation, Korsemeyer-Peppas’
power law equation, and Hixson-Crowell’s cube root of time equation. The
goodness of fit was evaluated by comparing the regression co-efficient. The
change in matrix tablet composition was correlated to the ~respective
shifts/deviations in drug release kinetics. The release profiles of glipizide
" containing optimized sustained release batches were compared to that of the
marketed sustained release formulation glytop-10 SR using similarity factor (f 2‘).

In addition, the optimized batches of both the drugs were further subjected to
swelling study, Kopcha model analysis and SEM study to confirm the drug
. release mechanisms. ’ |

‘ For the sake of srmphcrty the prepared matrices were divided into groups
~dependmg on the matrix former polymer used in the formulations. -
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‘ Glipizide Matrices:

- Different combinations of HPMC, MCC,  Starch 1500, and lactose at different
polymer. ratios (M-1 to M-35) were checked for their ability to retard glipizide
release. The effects of HPMC Vviscosity grades MCC particle size, and
compression - force - (effect of tablet - hardness) on-the drug release were also -
investigated. The increase in viscosity of HPMC reduces the mobmty of water
molecules within the gel !ayer and hence greater diffusional resistance leads to
decreased drug release in the order of HPMC K100LV > K4M > K15M > K100M.
MCC PH301 hydrates more’ quickly and promotes the drug release due to its
lower particle size as compared to that of MCC PH302. Addition of water-soluble
lactose creates channel by promoting the entry of dissolution medium within the
matrix and thereby increases: drug diffusion rate. Use of starch changes the
release profiles dependmg on its proportion in matrix. Due fo its swelling power
and super-disintegrant nature, it raises- initial drug release but latter on
synergistically contributes with HPMC to sustain the drug re!:ease. From this
group of matrices, combination of HPMC K4M and MCC PH301 could sustain the
.drug release for 12 -hours and hence this combination was studied by 32 full
factorial expenmental design: using HPMC K4M : MCC PH301 ratio and tablet
hardness as the formulation variables. Measured responses were cumulative
percentage gllplzrde dlssolved at 2, 4, 6, 8, 10, and 12 hour (Qt) Responses
surface were generated for: individual response variables ‘and overlapped to
.select the optimized region within which the matrices give desired release profile.
Formulations M—3 (HPMC K4M MCC PH301 at 25:75) and M- 25 (HPMC K4M :

~ MICC PH301 : Starch 1500 at 25:30:45) were found to be optimized. Drug release
kinetic data suggests that glipizide release from M-3 was combination of diffusion
and erosion both (initially erosion prevails and later on diffusio'n predominetes)
“while for M-25,diffusion was the main drug release mechanism. Both formulation
release profiles fit into Korsemeyer~Peppas kinetics and ghpnzrde release occurs
by non-fickian- anomalous transport mechamsm ‘

Directly compressed MCC~algmate matrices with -and without gel promoter
dibasic calcium phosphate disodium hydrogen phosphate calcrum gluconate,

" and chitosan (M -36 to M-47) were prepared to prolong the active drug release.

Presence of cations can rmprove gel strength and increased the mean dissolution

times - MDTso and MDTg to some extent, but chitosan prepared extremely strong

ionotropic ‘gel that released only about 50 % of the matrix dose within 12 hours.

None of the formulatron studred in this group passed the‘ dissolution constraints.
Glyceryl behenate was not found suitable for direct oompression.}
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Ethylcellulose was also tried as a drug release modifier (M-52 to M-61).
Suppression of initial drug release rate was attributed to its hydrophobic
characteristic which, delayed dissolution media penetration. However, after 4
hour, HPMC developed viscous gel that controlled drug release throughout
dissolution study. Guar gum matrices were difficult to compress because of its
poor carr's index value. Xanthan gum successfully controlled the drug release
(M-68-76) when tried in combination with different directly compressible
excipients. Batch M-70 (xanthan : MCC PH301 at 70:40) and M-75 (xanthan :
HPMC K4M : Starch 1500 at 70:25:15) released glipizide in controlled manner
and passed the constraints determined at all time points. Water uptake of both
matrices was around 1000 to 1200 % of its original weight. M-70 followed
Korsemeyer-Peppas kinetics and drug release was mainly by diffusion of glipizide
through the hydrated viscous gel barrier. While dissolution profile of M-75 fitted in
first order kinetics and drug release was initially erosion mediated and later on by
combination of diffusion and erosion.

Carbopol, anionic polymeric material was investigated to modify the drug release
depending on the change in viscosity grades and in combination with other
excipients (M-77 to M-97). Carbopol gained water (up to ~600%) upon hydration
and free carboxylic groups induced repulsion between like negative charges,
which resulted in extended carbopol gel structure. It causes drug release due to
increase in osmotic pressure within the matrix upon swelling, and sloughing off
discrete pieces of hydrogel. Addition of lactose in carbopol matrices increases
drug release due to its water-soluble nature. Carbopol 931P : MCC PH301 at
70:30 ratio (M-84) was found optimum to give desired drug release rate by fickian
diffusion and its drug release profile was best fitted to Korsemeyer-Peppas
model. Presence of pores in the SEM images confirmed the drug release by
diffusion.

Kappa-carrageenan (Gelcarin GP-911) formed rigid and brittle gel, which
disintegrated and complete drug release occurred within 20 min. On the other
hand, iota-carrageenan (Gelcarin GP-379) formed elastic and cohesive gel that
was capable to retard the drug release. Moreover, addition of the KCI further
prolonged mean dissolution time. Though none of the batch (M-98 to M-117)
resulted with optimized dissolution profiles, the carrageenan matrices extended
glipizide release about 5-11 hours depending on the matrix composition.

Eudragits are polymethacrylate polymers, and actively contributed in drug release

kinetics by its unique polymer particle erosion mechanism from different matrices
(M-118 to M-129). Uniike the other eroding tablets, which dissolved completely
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during the dissolution test, a turbid solution or suspension was formed during the
drug release study of tablets -showing polymer particle erosion. Eudragit S100
had poor compressibllity‘and was not able to sustain drug release efficiently.
However, Eudragit L100 showed good direct compressron propertles and two
‘combinations in this group were found optlmrzed The dissolution profiles of M-
120 (Eudragit L100 : HPMC K4M at 75:25) and M- -126.(Eudragit L100 : HPMC
K4M : Starch 1500 at 50:40:10) when ‘subjected to Kopcha ‘model analysis,
revealed that erosion was thé mechanism responsible for glipizide release. SEM
" also supported the drug release- phenomenon by the presence of rough eroded _
matrlx surfaces ' '

Alginate (Protonal LF 120M): was further tried to reduce drug.release r'ate by
combining it with HPMC K4M. or Carbopol 931P (M-130 to M"144) However,
unfortunately not a single formulatlon could extend the drug release more than 6-
8 hours at polymer ratios. selected for study.

Nateglinide Matrices

From the group of HPMC, MCC, starch. c’ontainth matrices, two batches J-11
- (HPMC K4M : MCC PH301 at 62.5:187.5) and J-16 (HPMC K4M MCC PH301 :

- Starch 1500 at 50:60:90) were the optrmrzed batches and their in vitro dissolution
profiles best fit into Korsemeyer—Peppas drug release kinetics, wrth non-fickian
anomalous transport mechanrsm Nateglinide was released from matrices by
systemic synchronrzatlon between diffusion and erosion dependmg on the drug :
‘polymer ratio and matrix composrtron The smooth hydrogel surfaces with pores
in SEM images. further supported the release mechanrsm

-Combination of hydrophob;c EC 7FP Premrum wrth swellabte MCC PH 301
extended the “drug . release effectrvely by non-fickian anomalous transport
mechanism. As the . EC/MCC ratio decreases, the drug releases kinetic shifts
from Htxson-Crowell to Korsemeyer—Peppas model. Batch J 20, (EC 7FP
Premium : MCC PH301 at 100 100) was one of the optrmrzed formulatlon in this
group of matnces ' » .

‘Hydrophlllc gel former Carbopol 934P was combined with erosron promoter
‘Eudragit L100 at drfferent ratios to get msrght of the drug release mechanism.
Eudragit, by its polymer. partrcle erosion propertres controlled the matrix erosion.
"and released nateglmrde throughout 12 h from the .viscous carbopol hydrogel.
.Partial substitution of eudragtt by starch also resulted in srmllar drug release
proflles as well as made formulatron cost-effective. Matnx J- 21 (Carbopol 934P :
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~ Eudragit L100 at 70:130) and J-23 (Carbopol 934P : Eudragit L100 : Starch 1500
- at 80:80:40) showed about 600 % of water uptake and their Kopcha model
analysis indicated erosion. predominance which was also confirmed by SEM
analysis. ' { _ '
Upon hydration, xanthan gum formed tortuous gel layer, which was strong
enough to sustain the diffusion of drug, and resulted in linear dissolution profiles.
J-34 formulation (Xanthan gum : Eudragit L100 : EC 7 FP Premium at 75:35:40)
successfully controlled nateglinide diffusion with the least total polymer level as
compared to other matrices. Drug release from this matrix followed Korsemeyer-
Peppas kinetics with non-fickian anomalous transport mechanism.

Eudragit L100 also showed polymer particle erosion initially from HPMC.
hydrogels and anisotropic swelling of matrices (more axial swelling as compared
to radial swelling). However, once the hydrogel gained enough viscosity, it
diminished the erosion and drug release was controlled by diffusion of drug .
through HPMC hydrogel. J-42 (Eudragit L100 : HPMC K4M at 114:61) and J-44
(Eudragit L100 : HPMC K4M : Starch 1500 at 80:40:80) formulations passed the
in vitro dissolution constraints at all time points and found to be optimized.

The list of the optimized batches with their formulation code, matrix composition,
and best fit drug release kinetic model, other in vitro parameters along with in
vivo parameters are enumerated in Table 1 and “Table 2 for glipizide and
nateglinide, respectively. All these listed directly compressed matrices are -
promising sustained release oral dosage forms for administration of glipizide and
nateglinide in view of their swelling, water uptake, synchronized diffusion-erosion
phenorﬁenon, ‘and active drug delivery rate. '

In Vivo Studies . ‘ » ‘ -

Chapter 8 includes the results of pharmacokinetic evaluation of the selected
optimized formulations. Pharmacokinetic parameters for glipizide containing
.matrices M-3 (HPMC K4M : MCC PH301 at 25:75), M-25 (HPMC K4M : MCC
PH301 : Starch 1500 at 25:30:45), M-75 (xanthan gum : HPMC K4M : Starch
1500 at 70:25:15), and M-120 (Eudragit L100 : HPMC K4M at 75:25) were
compared with that of the marketed sustained release formulation Glytop® 2.5
SR. Out of the 9 batches (A-1 to A-9) of HPMC K4M : MCC PH301 system
studied using 3? full factorial design, three batches hamely A-3, A-6 (= M-3), and
A-4 exhibited the slow, medium, and fast release profile, respectively, and hence
- were selected for establishment of IVIVC according to US FDA guidelines. The
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Table 1. Comparison of various in vitro and in vivo parameters for‘ optimized hydrophilic -

matrices of glipizide.’ ‘ - o '
R o - — YT SV
: ' . HPMC K4M:MCC - Xanthan
Composition HPM%S;&MCC PH301:Starch u mﬁgglir;-ism gum:HPMC
..................................................... 1500 - T T KaMiStarch 1500
Proportion - 25:75 o 253045 70:40:00 70:25:15
Tabletweight -~ 113 . LR S 123 .28
. Korsmeyer- Korsmeyer- Korsmeyer- :
Best M Model __Peppas Peppas ... Peppas_ ... Zeroorder
b (w.r.t. Glytop
osm. o o L B S
o Predominant : o Predominant =~ A

Release . _ Predominant : . Predominant

~ mechanism by- ems*é’;?f:g;g 6h, diffusion eros;é)i?f:gggz h; erosion
Kopchamodel afterward throughout afterward throughout

Oh-
Swe!ling
24h

SEM after 12
h dissolutiqn

Shelf-life . ’ 284 | 291 269 2.78
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Carbopol 934P:MCC Eudragit L100:HPMC -Eudragit L100:HPMC
PH301 K4M ’ K4M:Starch 1500

Composition

Release
mechanism by
Kopcha model

- Predominant diffusion Predominant erosion Predominant erosion
' throughout . throughout . = throughout

Swelling

24h

SEM after 12 h
dissolution

Shelf-life

'
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Table 2. Comparison of various in vitro and in vivo parameters for optimized l/drophilic
matrices of nateglinide.

Batch No.
Composition

Proportion
Tablet weight

Best fit Model

Release
mechanism by
Kopcha model

JSwing/ml)

Tmax (h)
MRT\h)

9(h:f)..counernn.
Shelf-life.............

........... 2.73

J-11

HPMC
K4M:MCC
PH301

62.5:187.5
436
Korsmeyer-
Peppas

Predominant
diffusion
throughout

J-16
HPMC
K4M:MCC
PH301: Starch
1500
50:60:90
386
Korsmeyer-
Peppas
Predominant
erosion up to 7
h, diffusion
afterward

J-20

EC 7 FP:MCC
PH301

100:100
386
Korsmeyer-
Peppas
Predominant
erosion up to 2
h, diffusion
afterward

........... 0.35. e T =

J-21

Carbopol
934P:Eudgagit
L100
70:130
386
Korsmeyer-
Peppas
Predominant
erosion up to 7
h, diffusion
afterward

185.78

8.4
0.37
0.26
2.64
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Compaosition

Predominant
erosion
throughout

Release
mechanism by
Kopcha model

Carbépol
'934P:Eudgagit .
L100:Starch

Xanthan gum:EC

p Eudragit
7 FP:Eudragit -
1100 L1 OO.HPMC K4M
75:30:45 61:114
_....336 361
Korsmeyer- Korsmeyer-
Peppas | Peppas
Predominant o
erosionupto4h, Prg%c;rg:a:nt
- diffusion

afterward

throughout

. Eudragit

L100:HPMC
K4M:Starch

Predominant

erosionup to 4

h, diffusion
afterward

- 0Oh
Swelling
24h

SEM after 12 h

dissolution
CAUC,. T i T T .
G ) e
e ) T SR, RN
o) T T e e
MART N T e e
a0 T U e
B T S T ] e

Shelf-life 2.98 3.17 2.95 3.22
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rapid decrease in glipizide concentration after oral solution administration reflects
' the fast disposition and elimination of the drug. The pharmacokinetic parameters
- like Cmax and MRT as well as the plasma concentration-time profiles of glipizide
explicitly indicate that all three matrix tablets sustained the absorption of glipizide
as compare to oral solution. The Cpnax and k, for A-3 < A-6 < A-4, and MRT for A-
3 > A-6 > A-4, which reflect the difference in the release rate kinetics of glipizide
between them. Simiiariy, resuits of in vivo study of nateglinide containing
matrices J-11 (HPMC K4M : MCC PH301 at 62.5:187.5) and J-21 (Carbopol
934P : Eudragit L100 at 70.130) were compared with that of marketed immediate
release formuiations'.Na’teiide‘.@ 60. A good linear point-to-point relationships were
observed for all studied formulations with slope approaching to unity, indicating a
close correlation between the in vitro release rate with their in.vivo absorption.
The results of internal predictability revealed that the predicted profiles were
comparable to the observed profiles for all three formulations. According to it, the
permissible % prediction error (PE) values for Cnaxand AUC-should be less than
+15% for each: product. The established ‘level A’ IVIVC confirms the efficacy of
this in Vitro model in sumulating in vivo conditions. ' '

in short, for each matrix form"er polymer, at a fixed polymer level, the viscosity of
the particular polymer grade ‘selected governs the performance of the matrix by
affecting the diffusional and mechanical characteristics of the gel. The wscosnty '
inducmg polymers such as HPMC carbopol, xanthan gum, mixture of chitosan-
alginate were also deemed te be essential not only for development of resistant
gel barrier but also for maintaining tablet integrity. The release of the drug was
primarily controlled by the arnount of the gelling polymers, except that-a minimum
“amount of viscosity increasing polymer was necessary to hold the matrix together
while swelling. The presence of hydrophobic component in the polymer blend
retarded matnx hydratlon and increased MDTs, and MDTg, and vice versa for
hydrophiiic excxplents The differences in release rates caused: by various co- .
excipients may be attributed to the changes in matrix porosity and dissolution or
* permeability of these matenals through hydrated gel layer. The structural features
- of the gel layer are related to the kinetics and mechanism of both water uptake
(swelling) and drug release. Aimost linear drug release from optimized hydrophilic
matrices hds been attnbuted 1o synchronization between swelling and erosion of
the polymer in mam’tammg a constant gel iayer Popularity. of all these used
polymers stem from their non-toxic nature, ease of direct compression, ability to
- accommodate a large percent of drug'and negligible influence of the processing
‘variables on drug release rate kinetics. The release rate of both the drugs can be
regulated by utilizing suitable amounts and ratio of polymers and co-excipients;
these preparations showed potential in terms of their release kinetics because
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they released appropriate glipizide and nateglinide fractions as per
predetermined constraints within 12 hours. Taken all together, formulations can
be manufactured using conventional pharmaceutical processes and equipmeht.
~ Moreover, they successfully sustained the absorpﬁon of glipizide and nateglinide
when compared with market samples, suggesting that all optimized directly
compressed - hydrophilic mairices achieved the complete dissolution and
absorption of active drug due to unique performance abilities of different
polymeric combmatlons

It was concluded from this study that the in vitro dissolution behavior was
reflected in the in vivo data for the prototype formulation prepared as per this
, fechnology. Significant in vitro—in vivo correlation was obtained, which could be
considered bioindicative. Thus, the technology described in this study has the
potential to be used in the design .of directly compressed sustained release
formulations. After internal validation of developed IVIVC model, in vitro
dissolution method might be used as a- surrogate for human bioequivalence
studies. An in vitro dissolution test can replace absorption studies during the pre-
.approval process, to develop a desirable formulation, and to ensure batch-to-
batch bioequivalence. It could also be extremely useful in performing possible:
post-approval changes in-the formulat;on scale«up or changes in the drug
substance or excipient supplier.. :
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